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Chapter-1 

Orders of Magnitude 

 

 

 
To help compare different orders of magnitude, the following list describes various speed 
levels between 1.3×10−11 m/s and 3×108 m/s. 

List of orders of magnitude for speed 
List of orders of magnitude for speed 

Factor Value (m/s) Value (km/h) Item 

10−11 9.5×10−11 3.4×10−10 Rate of global sea level rise in 1993–
2003 (approx. 3 mm/year). 

10−9 

1.3×10−9 4.68×10−9 Average rate of the Moon receding 
from the Earth (approx. 38 mm/year). 

0.3×10−9 to 
3×10−9 

1×10−9 to 
1×10−8 

Typical relative speed of continental 
drift. 

1.7×10−8 6.12×10−8 Hair growth. 

10−6 1.52×10−6 5.4×10−6 Speed of a cellular vesicle propelled 
by a motor protein. 

10−5 1.4×10−5 5.0×10−5 Growth rate of bamboo, the fastest-
growing woody plant, over 24 hours. 

10−4 
4.0×10−4 1.4×10−3 Speed of Jakobshavn Isbræ, one of 

the fastest glaciers, in 2003. 

6×10−4 2.2×10−3 Typical speed of Thiovulum majus, 
the fastest-swimming bacterium. 

10−2 
0.013 0.0468 Speed of a Garden snail . 
0.0476 0.171 Compact cassette tape speed. 

10−1 
0.28 1 1 km/hour. 
0.447 1.6093 1 mph. 

100 
1.2 4.32 Typical scanning speed of an audio 

compact disc. 
1–1.5 3.6–5.4 Average walking speed. 
2.39 8.53 World record time 50m freestyle 
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swim (20.94 seconds) 

5.72 20.42 World record time marathon 
(2h03m59s) 

101 

11.80 42.48 

Top speed of Donovan Bailey and 
Maurice Greene 1997 World 
Championship 100 meter sprint (Top 
speed ~42.5 km/h). 

11.1 40 Typical speed of car (city road). 
14 50 Typical speed of road-race cyclist. 

16.7 60 Typical speed of thoroughbred 
racehorse. 

16.7 60 Typical speed of racing greyhound. 

5–25 18–90 Speed of propagation for 
unmyelinated sensory neurons. 

30 108 

Typical speed of car (major road), 
Cheetah—fastest of all terrestrial 
animals, Sailfish—fastest Fish. 
Speed of go-fast boat. 

36 130 Land speed record for a human 
powered vehicle. 

40 144 
Typical peak speed of a local service 
train (or intercity on lower standard 
tracks). 

90 320 

Typical speed of a modern high-
speed train (e.g. latest generation of 
production TGV), a diving Peregrine 
Falcon—fastest bird. 

98.6 355 Maximum speed of the Enzo Ferrari. 

102 

103 370 Speed of super torpedo VA-111 
Shkval. 

105.5 379.8 Maximum speed of a Ferrari F50 
GT1. 

119.742 431.072 
Maximum speed of the Bugatti 
Veyron Super Sport (currently the 
fastest production car in the world). 

120 432 Speed of propagation for mammalian 
motor neurons. 

130 468 Wind speed of a powerful tornado. 

150.6 539 Top speed of an internal combustion 
powered NHRA Top Fuel Dragster. 

152.7 550 Speed of Transrapid. 
157 575 Speed of experimental test TGV in 
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2007. 
161 580 Speed of JR-Maglev in 2003. 

250 900 Typical cruising speed of a modern 
jet airliner, e.g. an Airbus A380. 

331.5 1,193.4 Speed of sound in dry air at 0 °C. 

344.66 1,240.77 
Max speed reached by the jet-
propelled car ThrustSSC in 1997—
Land speed record. 

428 1,540.8 Max speed of Bell X-1. 

464 1,670 Speed of Earth's rotation at the 
equator. 

603 2,170.8 Speed of the Concorde airliner. 
975 3,510 Muzzle velocity of M16 rifle. 

981 3,532 SR-71 Blackbird, the fastest aircraft 
driven by a mechanical jet engine. 

103 

1,500 5,400 Speed of sound in water. 

1 789 6,443 Speed of BrahMos II hypersonic 
cruise missile 

2,000 7,200 Estimated speed of a thermal 
neutron. 

2,019 7,268.4 Speed of the North American X-15 
rocket plane. 

7,111 25,599.6 Speed of the X-43 rocket/scramjet 
plane. 

7,700 27,700 
Speed of International Space Station 
and typical speed of a satellite and 
the space Shuttle in low Earth orbit. 

7,777 28,000 Speed of propagation of the 
explosion in a detonating cord. 

104 

11,082 39,895 Speed of Apollo 10—High speed 
record for manned vehicle. 

11,200 40,320 Escape velocity from Earth. 

16,210 58,356 
Escape speed from Earth by NASA 
New Horizons spacecraft—Fastest 
escape velocity. 

29,800 107,280 Speed of the Earth in orbit around the 
Sun. 

47,800 172,100 

Atmospheric entry speed of the 
Galileo atmospheric probe—Fastest 
controlled atmospheric entry for a 
man-made object. 



_________________WORLD TECHNOLOGIES_________________

WT

70,220 252,792 Speed of the Helios 2 solar probe—
Fastest man-made object. 

105 

200,000 700,000 Orbital speed of the solar system in 
the Milky Way galaxy. 

450,000 1,600,000 Typical speed of a particle of the 
solar wind, relative to the Sun. 

552,000 1,990,000 Speed of the Milky Way, relative to 
the cosmic microwave background. 

617,700 2,224,000 Escape velocity from the surface of 
the Sun. 

106 

1,000,000 3,600,000 Typical speed of a Moreton wave 
across the surface of the Sun. 

1,610,000 5,800,000 
Speed of hypervelocity star PSR 
B2224+65, which currently seems to 
be leaving the Milky Way. 

107 
36,000,000 129,600,000 Typical speed of a fast neutron. 

30,000,000 100,000,000 Typical speed of an electron in a 
cathode ray tube. 

108 

124,000,000 447,000,000 Speed of light in a diamond 
(Refractive index 2.417). 

200,000,000 720,000,000 Speed of a signal in a cable. 

299,792,458 1,079,252,848.8 
Speed of light (or electromagnetic 
radiation) in vacuum. Also, Planck 
speed 

Comparison of speeds in mph and km/h 

Comparison of speeds in mph and km/h 

Value (mph) Value (km/h) Item 

3 mph 5 km/h Walking speed 

12– 15 mph 20– 25 km/h Comfortable bicycling speed. 

18–31 mph 30– 50 km/h 
Typical residential speed limit. 
Top speed of a running cat, or 
dog. 

45–62 mph 72–100 km/h Speed limit on a major road. 
Top speed of an antelope. 
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55– 81 mph 88–130 km/h Highway or motorway speed. 

103 mph 166 km/h Top speed (as of 2006) of a 
baseball pitcher's fastball. 

128 mph 206 km/h 
The normal launch speed of the 
world's fastest roller coaster, 
Kingda Ka. 

190 mph 300 km/h Typical top running speed of 
High-speed train. 

267.856 mph 431.072 km/h 
Top speed of the world's fastest 
production car (Bugatti Veyron 
Super Sport). 

560 mph 900 km/h Jet airliner cruising speed. 

761 mph 1,225 km/h 
The speed of sound on sea level 
in standard atmosphere (15 °C & 
1 atm). 

763 mph 1,228 km/h Current world land speed record. 

6,000 mph 9,600 km/h Speed of wind on exoplanet HD 
189733b. 

16,250 mph 26,000 km/h Re-entry speed of a space shuttle. 

24,759 mph 40,320 km/h Earth's escape velocity at the 
equator. 

670,616,628.6 mph 1,079,252,848.8 km/h Speed of light. 

Example speeds in m/s 
Some examples of speeds in m/s 

Value (m/s) Item 

0.00275 m/s World record speed of the fastest snail in the 
Congham, UK . 

0.080 m/s The top speed of a sloth (= 8.0 cm/s). 

1.2 m/s 

A typical human walking speed (2.7 mph or 
4.3 km/h); below a speed of about 2 m/s, it is more 
efficient to walk than to run, but above that speed, it 
is more efficient to run. 
The speed of signals (action potentials) traveling 
along axons in the human cortex. 

2 m/s 

Maximum allowed wind speed in track and field 
competition for meet records to be set. Common in 
the sprints, jumping, and some of the throwing 
events. 
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10.44 m/s 
Average speed of Jamacian athlete Usain Bolt 
whilst setting the 100m world record in Berlin, 
2009. 

32 m/s Oft-quoted top speed of cheetah, the fastest land 
mammal (~110–120 km/h). 

89 m/s 
Speed of Peregrine falcon in a dive. Also the 
320 km/h or 200 mph Supercar limit: A parameter 
sometimes used in defining a supercar . 

120 m/s The maximum speed of signals (action potentials) 
traveling along myelinated axons in the spinal cord. 

320 m/s The speed of a typical .22 LR bullet. 

336 m/s The speed of sound in the Black Rock Desert when 
the land speed record was set in 1997. 

341 m/s 

The current land speed record, which was set by 
ThrustSSC in 1997. This was supersonic (Mach 
1.016) in the Black Rock Desert at the time but 
might not have been supersonic in other places. 

343 m/s 
The approximate speed of sound under standard 
conditions, which varies according to air 
temperature. 

559 m/s The average speed of the Concorde's Atlantic 
crossing (1996, based on 1250 mph). 

1,000 m/s The average top speed of a sub-orbital spacecraft. 

1,400 m/s The speed of the Space Shuttle when the solid 
rocket boosters separate. 

4,500 m/s A typical value for the specific impulse of current 
rockets is 4.5 km/s. 

8,000 m/s The speed of the Space Shuttle at main engine 
shutdown just before it enters orbit. 

17,000 m/s The approximate speed of the Voyager 1 probe 
relative to the sun, when it exited the Solar System. 

10,000 to 1,000,000 m/s Specific impulse of the proposed Project Orion 
atomic powered spaceship  

100,000,000 m/s The escape velocity of a neutron star. 

299,792,458 m/s The speed of light (exact value by definition of the 
metre). 
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Chapter-2 

Speed of Sound 

 

 

  
 
Pressure-pulse or compression-type wave (longitudinal wave) confined to a plane. This is 
the only type of sound wave that travels in fluids (gases and liquids) 
 

  
 
Transverse wave affecting atoms initially confined to a plane. This additional type of 
sound wave (additional type of elastic wave) travels only in solids, and the sideways 
shearing motion may take place in any direction at right angles to the direction of wave-
travel (only one shear direction is shown here, at right angles to the plane). Furthermore, 
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the right-angle shear direction may change over time and distance, resulting in different 
types of polarization of shear-waves 

The speed of sound is the distance travelled during a unit of time by a sound wave 
propagating through an elastic medium. In dry air at 20 °C (68 °F), the speed of sound is 
343.2 metres per second (1,126 ft/s). This is 1,236 kilometres per hour (768 mph), or 
about one kilometer in three seconds or approximately one mile in five seconds. 

In fluid dynamics, the speed of sound in a fluid medium (gas or liquid) is used as a 
relative measure of speed itself. The speed (in distance per time) divided by the speed of 
sound in the fluid is called the Mach number. Objects moving at speeds greater than 
Mach1 are traveling at supersonic speeds. 

The speed of sound in an ideal gas is independent of frequency, but it weakly depends on 
frequency for all real physical situations. It is a function of the square root of 
temperature, but is nearly independent of pressure or density for a given gas. For different 
gases, the speed of sound is inversely dependent on square root of the mean molecular 
weight of the gas, and affected to a lesser extent by the number of ways in which the 
molecules of the gas can store heat from compression, since sound in gases is a type of 
compression. Although, in the case of gases only, the speed of sound may be expressed in 
terms of a ratio of both density and pressure, these quantities are not fully independent of 
each other, and canceling their common contributions from physical conditions, leads to a 
velocity expression using the independent variables of temperature, composition, and 
heat capacity noted above. 

In common everyday speech, speed of sound refers to the speed of sound waves in air. 
However, the speed of sound varies from substance to substance. Sound travels faster in 
liquids and non-porous solids than it does in air. It travels about 4.3 times faster in water 
(1,484 m/s), and nearly 15 times as fast in iron (5,120 m/s), than in air at 20 degrees 
Celsius. 

In solids, sound waves propagate as two different types. A longitudinal wave is 
associated with compression and decompression in the direction of travel, which is the 
same process as all sound waves in gases and liquids. A transverse wave, often called 
shear wave, is due to elastic deformation of the medium perpendicular to the direction of 
wave travel; the direction of shear-deformation is called the "polarization" of this type of 
wave. In general, transverse waves occur as a pair of orthogonal polarizations. These 
different waves (compression waves and the different polarizations of shear waves) may 
have different speeds at the same frequency. Therefore, they arrive at an observer at 
different times, an extreme example being an earthquake, where sharp compression 
waves arrive first, and rocking transverse waves seconds later. 

The speed of an elastic wave in any medium is determined by the medium's 
compressibility and density. The speed of shear waves, which can occur only in solids, is 
determined by the solid material's stiffness, compressibility and density. 
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Basic concept 

The transmission of sound can be illustrated by using a toy model consisting of an array 
of balls interconnected by springs. For real material the balls represent molecules and the 
springs represent the bonds between them. Sound passes through the model by 
compressing and expanding the springs, transmitting energy to neighboring balls, which 
transmit energy to their springs, and so on. The speed of sound through the model 
depends on the stiffness of the springs (stiffer springs transmit energy more quickly). 
Effects like dispersion and reflection can also be understood using this model. 

In a real material, the stiffness of the springs is called the elastic modulus, and the mass 
corresponds to the density. All other things being equal, sound will travel more slowly in 
spongy materials, and faster in stiffer ones. For instance, sound will travel much faster in 
steel than soft iron, due to the greater stiffness of steel at about the same density. 
Similarly, sound travels about = about 1.41 times faster in light hydrogen (protium) 
gas than in heavy hydrogen (deuterium) gas, since deuterium has similar properties but 
twice the density. At the same time, "compression-type" sound will travel faster in solids 
than in liquids, and faster in liquids than in gases, because the solids are more difficult to 
compress than liquids, while liquids in turn are more difficult to compress than gases. 

Some textbooks mistakenly state that the speed of sound increases with increasing 
density. This is usually illustrated by presenting data for three materials, such as air, 
water and steel, which also have vastly different compressibilities which more than make 
up for the density differences. An illustrative example of the two effects is that sound 
travels only 4.3 times faster in water than air, despite enormous differences in 
compressibility of the two media. The reason is that the larger density of water, which 
works to slow sound in water relative to air, nearly makes up for the compressibility 
differences in the two media. 

Basic formula 

In general, the speed of sound c is given by the Newton-Laplace equation: 

 

where 

C is a coefficient of stiffness, the bulk modulus (or the modulus of bulk elasticity 
for gas mediums), 
ρ is the density 

Thus the speed of sound increases with the stiffness (the resistance of an elastic body to 
deformation by an applied force) of the material, and decreases with the density. For 
general equations of state, if classical mechanics is used, the speed of sound c is given by 
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where differentiation is taken with respect to adiabatic change. 

where p is the pressure and ρ is the density 

If relativistic effects are important, the speed of sound may be calculated from the 
relativistic Euler equations. 

In a non-dispersive medium sound speed is independent of sound frequency, so the 
speeds of energy transport and sound propagation are the same. For audible sounds air is 
a non-dispersive medium. But air does contain a small amount of CO2 which is a 
dispersive medium, and it introduces dispersion to air at ultrasonic frequencies (> 28 
kHz). 

In a dispersive medium sound speed is a function of sound frequency, through the 
dispersion relation. The spatial and temporal distribution of a propagating disturbance 
will continually change. Each frequency component propagates at its own phase velocity, 
while the energy of the disturbance propagates at the group velocity.  

Dependence on the properties of the medium 

The speed of sound is variable and depends on the properties of the substance through of 
which the wave is travelling. In solids, the speed of longitudinal waves depend on the 
stiffness to tensile stress, and the density of the medium. In fluids, the medium's 
compressibility and density are the important factors. 

In gases, compressibility and density are related, making other compositional effects and 
properties important, such as temperature and molecular composition. In low molecular 
weight gases, such as helium, sound propagates faster compared to heavier gases, such as 
xenon (for monatomic gases the speed of sound is about 75% of the mean speed that 
molecules move in the gas). For a given ideal gas the sound speed depends only on its 
temperature. At a constant temperature, the ideal gas pressure has no effect on the speed 
of sound, because pressure and density (also proportional to pressure) have equal but 
opposite effects on the speed of sound, and the two contributions cancel out exactly. In a 
similar way, compression waves in solids depend both on compressibility and density—
just as in liquids—but in gases the density contributes to the compressibility in such a 
way that some part of each attribute factors out, leaving only a dependence on 
temperature, molecular weight, and heat capacity. Thus, for a single given gas (where 
molecular weight does not change) and over a small temperature range (where heat 
capacity is relatively constant), the speed of sound becomes dependent on only the 
temperature of the gas. 

In non-ideal gases, such as a van der Waals gas, the proportionality is not exact, and there 
is a slight dependence of sound velocity on the gas pressure. 
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Humidity has a small but measurable effect on sound speed (causing it to increase by 
about 0.1%-0.6%), because oxygen and nitrogen molecules of the air are replaced by 
lighter molecules of water. This is a simple mixing effect. 

Implications for atmospheric acoustics 

In the Earth's atmosphere, the most important factor affecting the speed of sound is the 
temperature. Since temperature and thus the speed of sound normally decrease with 
increasing altitude, sound is refracted upward, away from listeners on the ground, 
creating an acoustic shadow at some distance from the source. The decrease of the sound 
speed with height is referred to as a negative sound speed gradient. However, in the 
stratosphere, the speed of sound increases with height due to heating within the ozone 
layer, producing a positive sound speed gradient. 

Practical formula for dry air 

 
 
Speed of sound graph of (red) truncated Taylor series (331.5+0.6*x) vs. the (green) more 
accurate equation (20.055*sqrt(x+273.15) in m/s. The x axis is the temperature in °C. 
Note that the slightly different value of 331.5 m/s (rather than 331.3 m/s) at °C, has been 
used in both equations in the graph. 

The approximate speed of sound in dry (0% humidity) air, in meters per second (m·s−1), 
at temperatures near 0 °C, can be calculated from: 
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where is the temperature in degrees Celsius (°C). 

This equation is derived from the first two terms of the Taylor expansion of the following 
more accurate equation: 

 

Dividing the first part, and multiplying the second part, on the right hand side, by 
gives the exactly equivalent form: 

 

The value of 331.3 m/s, which represents the 0 °C speed, is based on theoretical (and 
some measured) values of the heat capacity ratio, γ, as well as on the fact that at 1 atm 
real air is very well described by the ideal gas approximation. Commonly found values 
for the speed of sound at 0 °C may vary from 331.2 to 331.6 due to the assumptions made 
when it is calculated. If ideal gas γ is assumed to be 7/5 = 1.4 exactly, the 0 °C speed is 
calculated to be 331.3 m/s, the coefficient used above. 

This equation is correct to a much wider temperature range, but still depends on the 
approximation of heat capacity ratio being independent of temperature, and for this 
reason will fail, particularly at higher temperatures. It gives good predictions in relatively 
dry, cold, low pressure conditions, such as the Earth's stratosphere. The equation fails at 
extremely low pressures and short wavelengths, due to dependence on the assumption 
that the wavelength of the sound in the gas is much longer than the average mean free 
path between gas molecule collisions. A derivation of these equations will be given in the 
following section. 

A graph comparing results of the two equations is at right, using the slightly different 
value of 331.5 m/s for the speed of sound °C. 

Details 

Speed in ideal gases and in air 

For a gas, K (the bulk modulus in equations above, equivalent to C, the coefficient of 
stiffness in solids) is approximately given by 

 

thus 
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Where: 

γ is the adiabatic index also known as the isentropic expansion factor. It is the 
ratio of specific heats of a gas at a constant-pressure to a gas at a constant-
volume(Cp / Cv), and arises because a classical sound wave induces an adiabatic 
compression, in which the heat of the compression does not have enough time to 
escape the pressure pulse, and thus contributes to the pressure induced by the 
compression. 
p is the pressure. 
ρ is the density 

Using the ideal gas law to replace p with nRT/V, and replacing ρ with nM/V, the equation 
for an ideal gas becomes: 

 

where 

• cideal is the speed of sound in an ideal gas. 
• R (approximately 8.3145 J·mol−1·K−1) is the molar gas constant. 
• k is the Boltzmann constant 
• γ (gamma) is the adiabatic index (sometimes assumed 7/5 = 1.400 for diatomic 

molecules from kinetic theory, assuming from quantum theory a temperature 
range at which thermal energy is fully partitioned into rotation (rotations are fully 
excited), but none into vibrational modes. Gamma is actually experimentally 
measured over a range from 1.3991 to 1.403 at 0 degrees Celsius, for air. Gamma 
is assumed from kinetic theory to be exactly 5/3 = 1.6667 for monoatomic 
molecules such as noble gases). 

• T is the absolute temperature in kelvins. 
• M is the molar mass in kilograms per mole. The mean molar mass for dry air is 

about 0.0289645 kg/mol. 
• m is the mass of a single molecule in kilograms. 

This equation applies only when the sound wave is a small perturbation on the ambient 
condition, and the certain other noted conditions are fulfilled, as noted below. Calculated 
values for cair have been found to vary slightly from experimentally determined values. 

Newton famously considered the speed of sound before most of the development of 
thermodynamics and so incorrectly used isothermal calculations instead of adiabatic. His 
result was missing the factor of γ but was otherwise correct. 
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Numerical substitution of the above values gives the ideal gas approximation of sound 
velocity for gases, which is accurate at relatively low gas pressures and densities (for air, 
this includes standard Earth sea-level conditions). Also, for diatomic gases the use of 

requires that the gas exist in a temperature range high enough that 
rotational heat capacity is fully excited (i.e., molecular rotation is fully used as a heat 
energy "partition" or reservoir); but at the same time the temperature must be low enough 
that molecular vibrational modes contribute no heat capacity (i.e., insigificant heat goes 
into vibration, as all vibrational quantum modes above the minimum-energy-mode, have 
energies too high to be populated by a significant number of molecules at this 
temperature). For air, these conditions are fulfilled at room temperature, and also 
temperatures considerably below room temperature.  

For air, we use a simplified symbol . 

Additionally, if temperatures in degrees Celsius(°C) are to be used to calculate air speed 
in the region near 273 kelvins, then Celsius temperature may be 
used. Then: 

 

 

For dry air, where (theta) is the temperature in degrees Celsius(°C). 

Making the following numerical substitutions: 

 

is the molar gas constant in J/mole/Kelvin; 

 

is the mean molar mass of air, in kg; and using the ideal diatomic gas value of 
 

Then: 

 

Using the first two terms of the Taylor expansion: 
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The derivation includes the first two equations given in the Practical formula for dry air 
section above. 

Effects due to wind shear 

The speed of sound varies with temperature. Since temperature and sound velocity 
normally decrease with increasing altitude, sound is refracted upward, away from 
listeners on the ground, creating an acoustic shadow at some distance from the source. 
Wind shear of 4 m·s−1·km−1 can produce refraction equal to a typical temperature lapse 
rate of 7.5 °C/km. Higher values of wind gradient will refract sound downward toward 
the surface in the downwind direction, eliminating the acoustic shadow on the downwind 
side. This will increase the audibility of sounds downwind. This downwind refraction 
effect occurs because there is a wind gradient; the sound is not being carried along by the 
wind. 

For sound propagation, the exponential variation of wind speed with height can be 
defined as follows: 

 

 

where: 

= speed of the wind at height , and is a constant 
= exponential coefficient based on ground surface roughness, typically between 

0.08 and 0.52 

= expected wind gradient at height h 

In the 1862 American Civil War Battle of Iuka, an acoustic shadow, believed to have 
been enhanced by a northeast wind, kept two divisions of Union soldiers out of the battle, 
because they could not hear the sounds of battle only six miles downwind. 

Tables 

In the standard atmosphere: 

• T0 is 273.15 K (= 0 °C = 32 °F), giving a theoretical value of 331.3 m·s−1 (= 
1086.9 ft/s = 1193 km·h−1 = 741.1 mph = 644.0 knots). Values ranging from 
331.3-331.6 may be found in reference literature, however. 
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• T20 is 293.15 K (= 20 °C = 68 °F), giving a value of 343.2 m·s−1 (= 1126.0 ft/s = 
1236 km·h−1 = 767.8 mph = 667.2 knots). 

• T25 is 298.15 K (= 25 °C = 77 °F), giving a value of 346.1 m·s−1 (= 1135.6 ft/s = 
1246 km·h−1 = 774.3 mph = 672.8 knots). 

In fact, assuming an ideal gas, the speed of sound c depends on temperature only, not on 
the pressure or density (since these change in lockstep for a given temperature and 
cancel out). Air is almost an ideal gas. The temperature of the air varies with altitude, 
giving the following variations in the speed of sound using the standard atmosphere - 
actual conditions may vary. 

Effect of temperature 
Temperature Speed of sound Density of air Acoustic impedance 

in °C c in m·s−1 ρ in kg·m−3 Z in N·s·m−3 
+35 351.96 1.1455 403.2 
+30 349.08 1.1644 406.5 
+25 346.18 1.1839 409.4 
+20 343.26 1.2041 413.3 
+15 340.31 1.2250 416.9 
+10 337.33 1.2466 420.5 
 +5 334.33 1.2690 424.3 
 ±0 331.30 1.2920 428.0 
 -5 328.24 1.3163 432.1 
-10 325.16 1.3413 436.1 
-15 322.04 1.3673 440.3 
-20 318.89 1.3943 444.6 
-25 315.72 1.4224 449.1 

Given normal atmospheric conditions, the temperature, and thus speed of sound, varies 
with altitude: 

Altitude Temperature m·s−1 km·h−1 mph knots 
Sea level 15 °C (59 °F) 340 1225 761 661 
11 000 m−20 000 m 
(Cruising altitude of commercial jets, 
and first supersonic flight) 

−57 °C (−70 °F) 295 1062 660 573 

29 000 m (Flight of X-43A) −48 °C (−53 °F) 301 1083 673 585 

Effect of frequency and gas composition 

The medium in which a sound wave is travelling does not always respond adiabatically, 
and as a result the speed of sound can vary with frequency. 
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The limitations of the concept of speed of sound due to extreme attenuation are also of 
concern. The attenuation which exists at sea level for high frequencies applies to 
successively lower frequencies as atmospheric pressure decreases, or as the mean free 
path increases. For this reason, the concept of speed of sound (except for frequencies 
approaching zero) progressively loses its range of applicability at high altitudes.: The 
standard equations for the speed of sound apply with reasonable accuracy only to 
situations in which the wavelength of the soundwave is considerably longer than the 
mean free path of molecules in a gas. 

The molecular composition of the gas contributes both as the mass (M) of the molecules, 
and their heat capacities, and so both have an influence on speed of sound. In general, at 
the same molecular mass, monatomic gases have slightly higher sound speeds (over 9% 
higher) because they have a higher γ (5/3 = 1.66...) than diatomics do (7/5 = 1.4). Thus, at 
the same molecular mass, the sound speed of a monatomic gas goes up by a factor of 

= 1.091... 

This gives the 9 % difference, and would be a typical ratio for sound speeds at room 
temperature in helium vs. deuterium, each with a molecular weight of 4. Sound travels 
faster in helium than deuterium because adiabatic compression heats helium more, since 
the helium molecules can store heat energy from compression only in translation, but not 
rotation. Thus helium molecules (monatomic molecules) travel faster in a sound wave 
and transmit sound faster. (Sound generally travels at about 70% of the mean molecular 
speed in gases). 

Note that in this example we have assumed that temperature is low enough that heat 
capacities are not influenced by molecular vibration. However, vibrational modes simply 
cause gammas which decrease toward 1, since vibration modes in a polyatomic gas gives 
the gas additional ways to store heat which do not affect temperature, and thus do not 
affect molecular velocity and sound velocity. Thus, the effect of higher temperatures and 
vibrational heat capacity acts to increase the difference between sound speed in 
monatomic vs. polyatomic molecules, with the speed remaining greater in monatomics. 
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Mach number 
  

 
 
U.S. Navy F/A-18 breaking the sound barrier. The white halo consists of condensed 
water droplets formed by the sudden drop in air pressure behind the shock cone around 
the aircraft. 

Mach number, a useful quantity in aerodynamics, is the ratio of air speed to the local 
speed of sound. At altitude, for reasons explained, Mach number is a function of 
temperature. Aircraft flight instruments, however, operate using pressure differential to 
compute Mach number, not temperature. The assumption is that a particular pressure 
represents a particular altitude and, therefore, a standard temperature. Aircraft flight 
instruments need to operate this way because the stagnation pressure sensed by a Pitot 
tube is dependent on altitude as well as speed. 

Assuming air to be an ideal gas, the formula to compute Mach number in a subsonic 
compressible flow is derived from Bernoulli's equation for M<1: 

 

where 
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M is Mach number 
qc is dynamic pressure and 
P is static pressure. 

The formula to compute Mach number in a supersonic compressible flow is derived from 
the Rayleigh Supersonic Pitot equation: 

 

where 

M is Mach number 
qc is dynamic pressure measured behind a normal shock 
P is static pressure. 

As can be seen, M appears on both sides of the equation. The easiest method to solve the 
supersonic M calculation is to enter both the subsonic and supersonic equations into a 
computer spreadsheet such as Microsoft Excel, OpenOffice.org Calc, or some equivalent 
program. First determine if M is indeed greater than 1.0 by calculating M from the 
subsonic equation. If M is greater than 1.0 at that point, then use the value of M from the 
subsonic equation as the initial condition in the supersonic equation. Then perform a 
simple iteration of the supersonic equation, each time using the last computed value of M, 
until M converges to a value—usually in just a few iterations. 

Experimental methods 

A range of different methods exist for the measurement of sound in air. 

The earliest reasonably accurate estimate of the speed of sound in air was made by 
William Derham, and acknowledged by Isaac Newton. Derham had a telescope at the top 
of the tower of the Church of St Laurence in Upminster, England. On a calm day, a 
synchronized pocket watch would be given to an assistant who would fire a shotgun at a 
pre-determined time from a conspicuous point some miles away, across the countryside. 
This could be confirmed by telescope. He then measured the interval between seeing 
gunsmoke and arrival of the noise using a half-second pendulum. The distance from 
where the gun was fired was found by triangulation, and simple division (time / distance) 
provided velocity. Lastly, by making many observations, using a range of different 
distances, the inaccuracy of the half-second pendulum could be averaged out, giving his 
final estimate of the speed of sound. Modern stopwatches enable this method to be used 
today over distances as short as 200–400 meters, and not needing something as loud as a 
shotgun. 



_________________WORLD TECHNOLOGIES_________________

WT

Single-shot timing methods 

The simplest concept is the measurement made using two microphones and a fast 
recording device such as a digital storage scope. This method uses the following idea. 

If a sound source and two microphones are arranged in a straight line, with the sound 
source at one end, then the following can be measured: 

1. The distance between the microphones (x), called microphone basis. 2. The time of 
arrival between the signals (delay) reaching the different microphones (t) 

Then v = x / t 

Other methods 

In these methods the time measurement has been replaced by a measurement of the 
inverse of time (frequency). 

Kundt's tube is an example of an experiment which can be used to measure the speed of 
sound in a small volume. It has the advantage of being able to measure the speed of 
sound in any gas. This method uses a powder to make the nodes and antinodes visible to 
the human eye. This is an example of a compact experimental setup. 

A tuning fork can be held near the mouth of a long pipe which is dipping into a barrel of 
water. In this system it is the case that the pipe can be brought to resonance if the length 
of the air column in the pipe is equal to ({1+2n}λ/4) where n is an integer. As the 
antinodal point for the pipe at the open end is slightly outside the mouth of the pipe it is 
best to find two or more points of resonance and then measure half a wavelength between 
these. 

Here it is the case that v = fλ 

Non-gaseous media 

Speed of sound in solids 

In a solid, there is a non-zero stiffness both for volumetric and shear deformations. 
Hence, it is possible to generate sound waves with different velocities dependent on the 
deformation mode. Sound waves generating volumetric deformations (compressions) and 
shear deformations are called longitudinal waves and shear waves, respectively. In 
earthquakes, the corresponding seismic waves are called P-waves and S-waves, 
respectively. The sound velocities of these two type waves are respectively given by: 
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where K and G are the bulk modulus and shear modulus of the elastic materials, 
respectively. Note that the speed of longitudinal/compression waves depends both on the 
compression and shear resistance properties of the material, while the speed of shear 
waves depends on the shear properties only. 

Typically, compression or P-waves travel faster in materials than do shear waves, and in 
earthquakes this is the reason that onset of an earthquake is often preceded by a quick 
upward-downward shock, before arrival of waves that produce a side-to-side motion. E is 
the Young's modulus, and ν is Poisson's ratio. 
For example, for a typical steel alloy, K = 170 GPa, G = 80 GPa and ρ = 7700 kg/m3, 
yielding a longitudinal velocity cl of 6000 m/s. This is in reasonable agreement with 
cl=5930 m/s measured experimentally for a (possibly different) type of steel. 

The shear velocity cs is estimated at 3200 m/s using the same numbers. 

Speed of sound in liquids 

In a fluid the only non-zero stiffness is to volumetric deformation (a fluid does not 
sustain shear forces). 

Hence the speed of sound in a fluid is given by 

 

where 

K is the bulk modulus of the fluid 

Water 

The speed of sound in water is of interest to anyone using underwater sound as a tool, 
whether in a laboratory, a lake or the ocean. Examples are sonar, acoustic communication 
and acoustical oceanography.  
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Seawater 

  
 
Sound speed as a function of depth at a position north of Hawaii in the Pacific Ocean 
derived from the 2005 World Ocean Atlas. The SOFAR channel is centered on the 
minimum in sound speed at ca. 750-m depth. 

In salt water that is free of air bubbles or suspended sediment, sound travels at about 
1560 m/s. The speed of sound in seawater depends on pressure (hence depth), 
temperature (a change of 1 °C ~ 4 m/s), and salinity (a change of 1‰ ~ 1 m/s), and 
empirical equations have been derived to accurately calculate sound speed from these 
variables. Other factors affecting sound speed are minor. Since temperature decreases 
with depth while pressure and generally salinity increase, the profile of sound speed with 
depth generally shows a characteristic curve which decreases to a minimum at a depth of 
several hundred meters, then increases again with increasing depth (right).  

A simple empirical equation for the speed of sound in sea water with reasonable accuracy 
for the world's oceans is due to Mackenzie: 

c(T, S, z) = a1 + a2T + a3T2 + a4T3 + a5(S - 35) + a6z + a7z2 + a8T(S - 35) + a9Tz3 
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where T, S, and z are temperature in degrees Celsius, salinity in parts per thousand and 
depth in meters, respectively. The constants a1, a2, ..., a9 are: 

a1 = 1448.96, a2 = 4.591, a3 = -5.304×10-2, a4 = 2.374×10-4, a5 = 1.340, 
a6 = 1.630×10-2, a7 = 1.675×10-7, a8 = -1.025×10-2, a9 = -7.139×10-13 

with check value 1550.744 m/s for T=25 °C, S=35‰, z=1000 m. This equation has a 
standard error of 0.070 m/s for salinity between 25 and 40 ppt.  

Other equations for sound speed in sea water are accurate over a wide range of 
conditions, but are far more complicated, e.g., that by V. A. Del Grosso and the Chen-
Millero-Li Equation. 

Speed in plasma 

The speed of sound in a plasma for the common case that the electrons are hotter than the 
ions (but not too much hotter) is given by the formula  

 

In contrast to a gas, the pressure and the density are provided by separate species, the 
pressure by the electrons and the density by the ions. The two are coupled through a 
fluctuating electric field. 

Gradients 

When sound spreads out evenly in all directions in three dimensions, the intensity drops 
in proportion to the inverse square of the distance. However, in the ocean there is a layer 
called the 'deep sound channel' or SOFAR channel which can confine sound waves at a 
particular depth. 

In the SOFAR channel, the speed of sound is lower than that in the layers above and 
below. Just as light waves will refract towards a region of higher index, sound waves will 
refract towards a region where their speed is reduced. The result is that sound gets 
confined in the layer, much the way light can be confined in a sheet of glass or optical 
fiber. Thus, the sound is confined in essentially two dimensions. In two dimensions the 
intensity drops in proportion to only the inverse of the distance. This allows waves to 
travel much further before being undetectably faint. 

A similar effect occurs in the atmosphere. Project Mogul successfully used this effect to 
detect a nuclear explosion at a considerable distance. 
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Chapter-3 

Speed of Light 

 

 

 
Speed of light 

 
Sunlight takes about 8 minutes, 19 seconds to reach 

Earth 
Exact values 

metres per second 299,792,458 
miles per second 186,282.39 

Approximate values 
kilometres per second 300,000 
kilometres per hour 1,079 million 
miles per hour 671 million 
astronomical units per day 173 

Approximate light signal travel times 
Distance Time 
one foot 1.0 ns 
one metre 3.3 ns 
one kilometre 3.3 μs 
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one statute mile 5.4 μs 
from geostationary orbit to Earth 119 ms 
the length of Earth's equator 134 ms 
from Moon to Earth 1.3 s 
from Sun to Earth (1 AU) 8.3 min 
one parsec 3.26 years 
from Proxima Centauri to Earth 4.24 years 
from Alpha Centauri to Earth 4.37 years 
from the nearest galaxy (the Canis 
Major Dwarf Galaxy) to Earth 25,000 years 

across the Milky Way 100,000 years 
from the Andromeda Galaxy to 
Earth 

2.5 million 
years 

from the furthest observed galaxy 
to Earth 

13 billion 
years 

The speed of light, usually denoted by c, is a physical constant important in many areas 
of physics. Light and all other forms of electromagnetic radiation always travel at this 
speed in empty space (vacuum), regardless of the motion of the source or the inertial 
frame of reference of the observer. Its value is exactly 299,792,458 metres per second 
(approximately 186,282 miles per second). In the theory of relativity, c interrelates space 
and time, and appears in the famous equation of mass–energy equivalence E = mc2. It is 
the speed of all massless particles and associated fields in vacuo, and it is predicted by 
the current theory to be the speed of gravity (that is, gravitational waves) and an upper 
bound on the speed at which energy, matter, and information can travel. 

The speed at which light propagates through transparent materials, such as glass or air, is 
less than c. The ratio between c and the speed v at which light travels in a material is 
called the refractive index n of the material (n = c / v). For example, for visible light the 
refractive index of glass is typically around 1.5, meaning that light in glass travels at c / 
1.5 ≈ 200,000 km/s; the refractive index of air for visible light is about 1.0003, so the 
speed of light in air is about 90 km/s slower than c. 

In most practical cases, light can be thought of as moving instantaneously, but for long 
distances and very sensitive measurements the finite speed of light has noticeable effects. 
In communicating with distant space probes, it can take minutes to hours for the message 
to get from Earth to the satellite and back. The light we see from stars left them many 
years ago, allowing us to study the history of the universe by looking at distant objects. 
The finite speed of light also limits the theoretical maximum speed of computers, since 
information must be sent within the computer chips and from chip to chip. Finally, the 
speed of light can be used with time of flight measurements to measure large distances to 
high precision. 
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Ole Rømer first demonstrated in 1676 that light travelled at a finite speed (as opposed to 
instantaneously) by studying the apparent motion of Jupiter's moon Io. In 1905, Albert 
Einstein postulated that the speed of light in vacuum was independent of the source or 
inertial frame of reference, and explored the consequences of that postulate by deriving 
the theory of special relativity and showing that the parameter c had relevance outside of 
the context of light and electromagnetism. After centuries of increasingly precise 
measurements, in 1975 the speed of light was known to be 299,792,458 m/s with a 
relative measurement uncertainty of 4 parts per billion. In 1983, the metre was redefined 
in the International System of Units (SI) as the distance travelled by light in vacuum in 
1⁄299,792,458 of a second. As a result, the numerical value of c in metres per second is now 
fixed exactly by the definition of the metre. 

Numerical value, notation, and units 

The speed of light in vacuum is usually denoted by c, for "constant" or the Latin celeritas 
(meaning "swiftness"). Originally, the symbol V was used, introduced by James Clerk 
Maxwell in 1865. In 1856, Wilhelm Eduard Weber and Rudolf Kohlrausch used c for a 
constant later shown to equal √2  times the speed of light in vacuum. In 1894, Paul Drude 
redefined c with its modern meaning. Einstein used V in his original German-language 
papers on special relativity in 1905, but in 1907 he switched to c, which by then had 
become the standard symbol. 

Sometimes c is used for the speed of waves in any material medium, and c0 for the speed 
of light in vacuum. This subscripted notation, which is endorsed in official SI literature, 
has the same form as other related constants: namely, μ0 for the vacuum permeability or 
magnetic constant, ε0 for the vacuum permittivity or electric constant, and Z0 for the 
impedance of free space. Here we, uses c exclusively for the speed of light in vacuum. 

In the International System of Units (SI), the metre is defined as the distance light travels 
in vacuum in 1⁄299,792,458 of a second. This definition fixes the speed of light in vacuum at 
exactly 299,792,458 m/s. As a dimensional physical constant, the numerical value of c is 
different for different unit systems. 

In branches of physics in which c appears often, such as in relativity, it is common to use 
systems of natural units of measurement in which c = 1. Using these units, c does not 
appear explicitly because multiplication or division by 1 does not affect the result. 

Fundamental role in physics 

The speed at which light propagates in vacuum is independent both of the motion of the 
light source and of the inertial frame of reference of the observer. This invariance of the 
speed of light was postulated by Einstein in 1905, after being motivated by Maxwell's 
theory of electromagnetism and the lack of evidence for the luminiferous ether; it has 
since been consistently confirmed by many experiments. The theory of special relativity 
explores the consequences of this invariance of c with the assumption that the laws of 
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physics are the same in all inertial frames of reference. One consequence is that c is the 
speed at which all massless particles and waves, including light, must travel. 

  
 
The Lorentz factor γ as a function of velocity. It starts at 1 and approaches infinity as v 
approaches c. 

Special relativity has many counter-intuitive and experimentally verified implications. 
These include the equivalence of mass and energy (E = mc2), length contraction (moving 
objects shorten), and time dilation (moving clocks run slower). The factor γ by which 
lengths contract and times dilate, is known as the Lorentz factor and is given by γ = (1 − 
v2/c2)−1/2, where v is the speed of the object. The difference of γ from 1 is negligible for 
speeds much slower than c, such as most everyday speeds—in which case special 
relativity is closely approximated by Galilean relativity—but it increases at relativistic 
speeds and diverges to infinity as v approaches c. 
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The results of special relativity can be summarized by treating space and time as a unified 
structure known as spacetime (with c relating the units of space and time), and requiring 
that physical theories satisfy a special symmetry called Lorentz invariance, whose 
mathematical formulation contains the parameter c. Lorentz invariance is an almost 
universal assumption for modern physical theories, such as quantum electrodynamics, 
quantum chromodynamics, the Standard Model of particle physics, and general relativity. 
As such, the parameter c is ubiquitous in modern physics, appearing in many contexts 
that are unrelated to light. For example, general relativity predicts that c is also the speed 
of gravity and of gravitational waves. In non-inertial frames of reference (gravitationally 
curved space or accelerated reference frames), the local speed of light is constant and 
equal to c, but the speed of light along a trajectory of finite length can differ from c, 
depending on how distances and times are defined. 

It is generally assumed that fundamental constants such as c have the same value 
throughout spacetime, meaning that they do not depend on location and do not vary with 
time. However, it has been suggested in various theories that the speed of light may have 
changed over time. No conclusive evidence for such changes has been found, but they 
remain the subject of ongoing research. 

It also is generally assumed that the speed of light is isotropic, meaning that it has the 
same value regardless of the direction in which it is measured. Observations of the 
emissions from nuclear energy levels as a function of the orientation of the emitting 
nuclei in a magnetic field and of rotating optical resonators have put stringent limits on 
the possible anisotropy. 

Upper limit on speeds 

According to special relativity, the energy of an object with rest mass m and speed v is 
given by γmc2, where γ is the Lorentz factor defined above. When v is zero, γ is equal to 
one, giving rise to the famous E = mc2 formula for mass-energy equivalence. Since the γ 
factor approaches infinity as v approaches c, it would take an infinite amount of energy to 
accelerate an object with mass to the speed of light. The speed of light is the upper limit 
for the speeds of objects with positive rest mass. 
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Event A precedes B in the red frame, is simultaneous with B in the green frame, and 
follows B in the blue frame. 

More generally, it is normally impossible for information or energy to travel faster than c. 
One argument for this follows from the counter-intuitive implication of special relativity 
known as the relativity of simultaneity. If the spatial distance between two events A 
and B is greater than the time interval between them multiplied by c then there are frames 
of reference in which A precedes B, others in which B precedes A, and others in which 
they are simultaneous. As a result, if something were travelling faster than c relative to an 
inertial frame of reference, it would be travelling backwards in time relative to another 
frame, and causality would be violated. In such a frame of reference, an "effect" could be 
observed before its "cause". Such a violation of causality has never been recorded, and 
would lead to paradoxes such as the tachyonic antitelephone. 
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Faster-than-light observations and experiments 

There are situations in which it may seem that matter, energy, or information travels at 
speeds greater than c, but they do not. For example, as is discussed in the propagation of 
light in a medium section below, many wave velocities can exceed c. For example, the 
phase velocity of X-rays through most glasses can routinely exceed c, but such waves do 
not convey any information. 

If a laser beam is swept quickly across a distant object, the spot of light can move faster 
than c, although the initial movement of the spot is delayed because of the time it takes 
light to get to the distant object at the speed c. However, the only physical entities that are 
moving are the laser and its emitted light, which travels at the speed c from the laser to 
the various positions of the spot. Similarly, a shadow projected onto a distant object can 
be made to move faster than c, after a delay in time. In neither case does any matter, 
energy, or information travel faster than light. 

The rate of change in the distance between two objects in a frame of reference with 
respect to which both are moving (their closing speed) may have a value in excess of c. 
However, this does not represent the speed of any single object as measured in a single 
inertial frame. 

Certain quantum effects appear to be transmitted instantaneously and therefore faster than 
c, as in the EPR paradox. An example involves the quantum states of two particles that 
can be entangled. Until either of the particles is observed, they exist in a superposition of 
two quantum states. If the particles are separated and one particle's quantum state is 
observed, the other particle's quantum state is determined instantaneously (i.e., faster than 
light could travel from one particle to the other). However, it is impossible to control 
which quantum state the first particle will take on when it is observed, so information 
cannot be transmitted in this manner. 

Another quantum effect that predicts the occurrence of faster-than-light speeds is called 
the Hartman effect; under certain conditions the time needed for a virtual particle to 
tunnel through a barrier is constant, regardless of the thickness of the barrier. This could 
result in a virtual particle crossing a large gap faster-than-light. However, no information 
can be sent using this effect. 

So-called superluminal motion is seen in certain astronomical objects, such as the 
relativistic jets of radio galaxies and quasars. However, these jets are not moving at 
speeds in excess of the speed of light: the apparent superluminal motion is a projection 
effect caused by objects moving near the speed of light and approaching Earth at a small 
angle to the line of sight: since the light which was emitted when the jet was farther away 
took longer to reach the Earth, the time between two successive observations corresponds 
to a longer time between the instants at which the light rays were emitted. 

In models of the expanding universe, the farther galaxies are from each other, the faster 
they drift apart. This receding is not due to motion through space, but rather to the 
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expansion of space itself. For example, galaxies far away from Earth appear to be moving 
away from the Earth with a speed proportional to their distances. Beyond a boundary 
called the Hubble sphere, the rate at which their distance from Earth increases becomes 
greater than the speed of light. 

Propagation of light 

In classical physics, light is described as a type of electromagnetic wave. The classical 
behaviour of the electromagnetic field is described by Maxwell's equations, which predict 
that the speed c with which electromagnetic waves (such as light) propagate through the 
vacuum is related to the electric constant ε0 and the magnetic constant μ0 by the equation 
c = 1/√ ε0μ0 . In modern quantum physics, the electromagnetic field is described by the 
theory of quantum electrodynamics (QED). In this theory, light is described by the 
fundamental excitations (or quanta) of the electromagnetic field, called photons. In QED, 
photons are massless particles and thus, according to special relativity, they travel at the 
speed of light in vacuum. 

Extensions of QED in which the photon has a mass have been considered. In such a 
theory, its speed would depend on its frequency, and the invariant speed c of special 
relativity would then be the upper limit of the speed of light in vacuum. No variation of 
the speed of light with frequency has been observed in rigorous testing, putting stringent 
limits on the mass of the photon. The limit obtained depends on the model used: if the 
massive photon is described by Proca theory, the experimental upper bound for its mass 
is about 10−57 grams; if photon mass is generated by a Higgs mechanism, the 
experimental upper limit is less sharp, m ≤ 10−14 eV/c2  (roughly 2 × 10−47 g). 

Another reason for the speed of light to vary with its frequency would be the failure of 
special relativity to apply to arbitrarily small scales, as predicted by some proposed 
theories of quantum gravity. In 2009, the observation of the spectrum of gamma-ray burst 
GRB 090510 did not find any difference in the speeds of photons of different energies, 
confirming that Lorentz invariance is verified at least down to the scale of the Planck 
length (lP = √ ħG/c3  ≈ 1.6163×10−35 
 m) divided by 1.2. 

In a medium 

In a medium, light usually does not propagate at a speed equal to c; further, different 
types of light wave will travel at different speeds. The speed at which the individual 
crests and troughs of a plane wave (a wave filling the whole space, with only one 
frequency) propagates is called the phase velocity vp. An actual physical signal with a 
finite extent (a pulse of light) travels at a different speed. The largest part of the pulse 
travels at the group velocity vg, and its earliest part travels at the front velocity vf. 
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The blue dot moves at the speed of the ripples, the phase velocity; the green dot moves 
with the speed of the envelope, the group velocity; and the red dot moves with the speed 
of the foremost part of the pulse, the front velocity 

The phase velocity is important in determining how a light wave travels through a 
material or from one material to another. It is often represented in terms of a refractive 
index. The refractive index of a material is defined as the ratio of c to the phase 
velocity vp in the material: larger indices of refraction indicate lower speeds. The 
refractive index of a material may depend on the light's frequency, intensity, polarization, 
or direction of propagation; in many cases, though, it can be treated as a material-
dependent constant. The refractive index of air is approximately 1.0003. Denser media, 
such as water, glass, and diamond, have refractive indexes of around 1.3, 1.5 and 2.4 
respectively for visible light. 

In transparent materials, the refractive index generally is greater than 1, meaning that the 
phase velocity is less than c. In other materials, it is possible for the refractive index to 
become smaller than 1 for some frequencies; in some exotic materials it is even possible 
for the index of refraction to become negative. The requirement that causality is not 
violated implies that the real and imaginary parts of the dielectric constant of any 
material, corresponding respectively to the index of refraction and to the attenuation 
coefficient, are linked by the Kramers–Kronig relations. In practical terms, this means 
that in a material with refractive index less than 1, the absorption of the wave is so quick 
that no signal can be sent faster than c. 

A pulse with different group and phase velocities (which occurs if the phase velocity is 
not the same for all the frequencies of the pulse) smears out over time, a process known 
as dispersion. Certain materials have an exceptionally low (or even zero) group velocity 
for light waves, a phenomenon called slow light, which has been confirmed in various 
experiments. The opposite, group velocities exceeding c, has also been shown in 
experiment. It should even be possible for the group velocity to become infinite or 
negative, with pulses travelling instantaneously or backwards in time. 
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None of these options, however, allow information to be transmitted faster than c. It is 
impossible to transmit information with a light pulse any faster than the speed of the 
earliest part of the pulse (the front velocity). It can be shown that this is (under certain 
assumptions) always equal to c. 
 

It is possible for a particle to travel through a medium faster than the phase velocity of 
light in that medium (but still slower than c). When a charged particle does that in an 
electrical insulator, the electromagnetic equivalent of a shock wave, known as Cherenkov 
radiation, is emitted. 

Practical effects of finiteness 

The finiteness of the speed of light has implications for various sciences and 
technologies. In some cases, it is a hindrance: for example, c, being the upper limit of the 
speed with which signals can be sent, provides a theoretical upper limit for the operating 
speed of microprocessors. On the other hand, some techniques depend on it, for example 
in distance measurements. 

The speed of light is of relevance to communications. For example, given the equatorial 
circumference of the Earth is about 40,075 km and c about 300,000 km/s, the theoretical 
shortest time for a piece of information to travel half the globe along the surface is about 
67 milliseconds. When light is travelling around the globe in an optical fibre, the actual 
transit time is longer, in part because the speed of light is slower by about 35% in an 
optical fibre, depending on its refractive index n. Furthermore, straight lines rarely occur 
in global communications situations, and delays are created when the signal passes 
through an electronic switch or signal regenerator. 

 

 
 

 
 
A beam of light is depicted travelling between the Earth and the Moon in the time it takes 
a light pulse to move between them: 1.255 seconds at their mean orbital (surface-to-
surface) distance. The relative sizes and separation of the Earth–Moon system are shown 
to scale. 

Another consequence of the finite speed of light is that communications between the 
Earth and spacecraft are not instantaneous. There is a brief delay from the source to the 
receiver, which becomes more noticeable as distances increase. This delay was 
significant for communications between ground control and Apollo 8 when it became the 
first manned spacecraft to orbit the Moon: for every question, the ground control station 
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had to wait at least three seconds for the answer to arrive. The communications delay 
between Earth and Mars can vary between five and twenty minutes depending upon the 
relative positions of the two planets. As a consequence of this, if a robot on the surface of 
Mars were to encounter a problem, its human controllers would not be aware of it until at 
least five minutes, and possibly up to twenty minutes, later; it would then take a further 
five to twenty minutes for instructions to travel from Earth to Mars. 

The speed of light can also be of concern over very short distances. In supercomputers, 
the speed of light imposes a limit on how quickly data can be sent between processors. If 
a processor operates at 1 gigahertz, a signal can only travel a maximum of about 
30 centimetres (1 ft) in a single cycle. Processors must therefore be placed close to each 
other to minimize communication latencies; this can cause difficulty with cooling. If 
clock frequencies continue to increase, the speed of light will eventually become a 
limiting factor for the internal design of single chips. 

Distance measurement 

Radar systems measure the distance to a target by the time it takes a radio-wave pulse to 
return to the radar antenna after being reflected by the target: the distance to the target is 
half the round-trip transit time multiplied by the speed of light. A Global Positioning 
System (GPS) receiver measures its distance to GPS satellites based on how long it takes 
for a radio signal to arrive from each satellite, and from these distances calculates the 
receiver's position. Because light travels about 300,000 kilometres (186,000 miles) in one 
second, these measurements of small fractions of a second must be very precise. The 
Lunar Laser Ranging Experiment, radar astronomy and the Deep Space Network 
determine distances to the Moon, planets and spacecraft, respectively, by measuring 
round-trip transit times. 

Astronomy 

The finite speed of light is important in astronomy. Due to the vast distances involved, it 
can take a very long time for light to travel from its source to Earth. For example, it has 

 taken 13 billion (13×109) years for light to travel to Earth from the faraway galaxies 
viewed in the Hubble Ultra Deep Field images. Those photographs, taken today, capture 
images of the galaxies as they appeared 13 billion years ago, when the universe was less 
than a billion years old. The fact that more distant objects appear to be younger, due to 
the finite speed of light, allows astronomers to infer the evolution of stars, of galaxies, 
and of the universe itself. 

Astronomical distances are sometimes expressed in light-years, especially in popular 
science publications and media. A light-year is the distance light travels in one year, 
around 9461 billion kilometres, 5879 billion miles, or 0.3066 parsecs. Proxima Centauri, 
the closest star to Earth after the Sun, is around 4.2 light-years away. 



_________________WORLD TECHNOLOGIES_________________

WT

Measurement 

There are different ways to determine the value of c. One way is to measure the actual 
speed at which light waves propagate, which can be done in various astronomical and 
earth-based setups. However, it is also possible to determine c from other physical laws 
where it appears, for example, by determining the values of the electromagnetic constants 
ε0 and μ0 and using their relation to c. Historically, the most precise results have been 
obtained by separately determining the frequency and wavelength of a lightwave, with 
their product equaling c. 

In 1983 the metre was defined as "the length of the path travelled by light in vacuum 
during a time interval of 1⁄299,792,458 of a second", fixing the value of the speed of light 
at 299,792,458 m/s by definition, as described below. Consequently, precision 
measurements of the speed of light yield a precise realization of the metre rather than a 
precise value of c. 

Astronomical measurements 

Outer space is a natural setting for measuring the speed of light because of its large scale 
and nearly perfect vacuum. Typically, one measures the time needed for light to traverse 
some reference distance in the solar system, such as the radius of the Earth's orbit. 
Historically, such measurements could be made fairly accurately, compared to how 
accurately the length of the reference distance is known in Earth-based units. It is 
customary to express the results in astronomical units (AU) per day. An astronomical unit 
is approximately the average distance between the Earth and Sun; it is not based on the 
International System of Units. Because the AU determines an actual length, and is not 
based upon time-of-flight like the SI units, modern measurements of the speed of light in 
astronomical units per day can be compared with the defined value of c in the 
International System of Units. 

Ole Christensen Rømer used an astronomical measurement to make the first quantitative 
estimate of the speed of light. When measured from Earth, the periods of moons orbiting 
a distant planet are shorter when the Earth is approaching the planet than when the Earth 
is receding from it. The distance travelled by light from the planet (or its moon) to Earth 
is shorter when the Earth is at the point in its orbit that is closest to its planet than when 
the Earth is at the farthest point in its orbit, the difference in distance being the diameter 
of the Earth's orbit around the Sun. The observed change in the moon's orbital period is 
actually the difference in the time it takes light to traverse the shorter or longer distance. 
Rømer observed this effect for Jupiter's innermost moon Io and deduced that light takes 
22 minutes to cross the diameter of the Earth's orbit. 
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Aberration of light: light from a distant source appears to be from a different location for 
a moving telescope due to the finite speed of light. 

Another method is to use the aberration of light, discovered and explained by James 
Bradley in the 18th century. This effect results from the vector addition of the velocity of 
light arriving from a distant source (such as a star) and the velocity of its observer. A 
moving observer thus sees the light coming from a slightly different direction and 
consequently sees the source at a position shifted from its original position. Since the 
direction of the Earth's velocity changes continuously as the Earth orbits the Sun, this 
effect causes the apparent position of stars to move around. From the angular difference 
in the position of stars (maximally 20.5 arcseconds) it is possible to express the speed of 
light in terms of the Earth's velocity around the Sun, which with the known length of a 
year can be easily converted to the time needed to travel from the Sun to the Earth. In 
1729, Bradley used this method to derive that light travelled 10,210 times faster than the 
Earth in its orbit (the modern figure is 10,066 times faster) or, equivalently, that it would 
take light 8 minutes 12 seconds to travel from the Sun to the Earth. 

Nowadays, the "light time for unit distance"—the inverse of c, expressed in seconds per 
astronomical unit—is measured by comparing the time for radio signals to reach different 
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spacecraft in the Solar System, with their position calculated from the gravitational 
effects of the Sun and various planets. By combining many such measurements, a best fit 
value for the light time per unit distance is obtained. As of 2009, the best estimate, as 
approved by the International Astronomical Union (IAU), is: 

light time for unit distance: 499.004783836(10) s 
c = 0.00200398880410(4) AU/s = 173.144632674(3) AU/day. 

The relative uncertainty in these measurements is 0.02 parts per billion (2×10−11), 
equivalent to the uncertainty in Earth-based measurements of length by interferometry. 
Since the metre is defined to be the length travelled by light in a certain time interval, the 
measurement of the light time for unit distance can also be interpreted as measuring the 
length of an AU in metres. 

Time of flight techniques 

A method of measuring the speed of light is to measure the time needed for light to travel 
to a mirror at a known distance and back. This is the working principle behind the 
Fizeau–Foucault apparatus developed by Hippolyte Fizeau and Léon Foucault. 

  
 

Diagram of the Fizeau apparatus 

The setup as used by Fizeau consists of a beam of light directed at a mirror 8 kilometres 
(5 mi) away. On the way from the source to the mirror, the beam passes through a 
rotating cogwheel. At a certain rate of rotation, the beam passes through one gap on the 
way out and another on the way back, but at slightly higher or lower rates, the beam 
strikes a tooth and does not pass through the wheel. Knowing the distance between the 
wheel and the mirror, the number of teeth on the wheel, and the rate of rotation, the speed 
of light can be calculated. 
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The method of Foucault replaces the cogwheel by a rotating mirror. Because the mirror 
keeps rotating while the light travels to the distant mirror and back, the light is reflected 
from the rotating mirror at a different angle on its way out than it is on its way back. 
From this difference in angle, the known speed of rotation and the distance to the distant 
mirror the speed of light may be calculated. 

Nowadays, using oscilloscopes with time resolutions of less than one nanosecond, the 
speed of light can be directly measured by timing the delay of a light pulse from a laser or 
an LED reflected from a mirror. This method is less precise (with errors of the order of 
1%) than other modern techniques, but it is sometimes used as a laboratory experiment in 
college physics classes. 
 

Electromagnetic constants 

An option for measuring c that does not directly depend on the propagation of 
electromagnetic waves is to use relation between c and the vacuum permittivity ε0 
vacuum permeability μ0 established by Maxwell theory: c2 = 1/(ε0μ0). The vacuum 
permittivity may be determined by measuring the capacitance and dimensions of a 
capacitor, whereas the value of the vacuum permeability is fixed at exactly 4π×10−7 
 H·m−1 through the definition of the ampere. Rosa and Dorsey used this method in 1907 
to find a value of 299,710±22 km/s. 

Cavity resonance 

  
 

Electromagnetic standing waves in a cavity. 



_________________WORLD TECHNOLOGIES_________________

WT

Another way to measure the speed of light is to independently measure the frequency f 
and wavelength λ of an electromagnetic wave in vacuum. The value of c can then be 
found by using the relation c = fλ. One option is to measure the resonance frequency of a 
cavity resonator. If the dimensions of the resonance cavity are also known, these can be 
used determine the wavelength of the wave. In 1946, Louis Essen and A.C. Gordon-
Smith establish the frequency for a variety of normal modes of microwaves of a 
microwave cavity of precisely known dimensions. The dimensions were established to an 
accuracy of about ±0.8 μm using gauges calibrated by interferometry. As the wavelength 
of the modes was known from the geometry of the cavity and from electromagnetic 
theory, knowledge of the associated frequencies enabled a calculation of the speed of 
light. 

The Essen–Gordon-Smith result, 299,792±9 km/s, was substantially more precise than 
those found by optical techniques. By 1950, repeated measurements by Essen established 
a result of 299,792.5±3.0 km/s. 

A household demonstration of this technique is possible, using a microwave oven and 
food such as marshmallows or margarine: if the turntable is removed so that the food 
does not move, it will cook the fastest at the antinodes (the points at which the wave 
amplitude is the greatest), where it will begin to melt. The distance between two such 
spots is half the wavelength of the microwaves; by measuring this distance and 
multiplying the wavelength by the microwave frequency (usually displayed on the back 
of the oven, typically 2450 MHz), the value of c can be calculated, "often with less than 
5% error". 

Interferometry 

  
 
An interferometric determination of length. Left: constructive interference; Right: 
destructive interference. 

Interferometry is another method to find the wavelength of electromagnetic radiation for 
determining the speed of light. A coherent beam of light (e.g. from a laser), with a known 
frequency (f), is split to follow two paths and then recombined. By adjusting the path 
length while observing the interference pattern and carefully measuring the change in 
path length, the wavelength of the light (λ) can be determined. The speed of light is then 
calculated using the equation c = λf. 
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Before the advent of laser technology, coherent radio sources were used for 
interferometry measurements of the speed of light. However interferometric 
determination of wavelength becomes less precise with wavelength and the experiments 
were thus limited in precision by the long wavelength (~0.4 cm) of the radiowaves. The 
precision can be improved by using light with a shorter wavelength, but then it becomes 
difficult to directly measure the frequency of the light. One way around this problem is to 
start with a low frequency signal of which the frequency can be precisely measured, and 
from this signal progressively synthesize higher frequency signals whose frequency can 
then be linked to the original signal. A laser can then be locked to the frequency, and its 
wavelength can be determined using interferometry. This technique was due to a group at 
the National Bureau of Standards (NBS) (which later became NIST). They used it in 
1972 to measure the speed of light in vacuum with a fractional uncertainty of 3.5×10−9 
. 

History 
History of measurements of c (in km/s) 

1675 Rømer and Huygens, 
moons of Jupiter 220,000 

1729 James Bradley, 
aberration of light 301,000 

1849 Hippolyte Fizeau, 
toothed wheel 315,000 

1862 Léon Foucault, 
rotating mirror 298,000±500 

1907 Rosa and Dorsey, 
EM constants 299,710±30 

1926 Albert Michelson, 
rotating mirror 299,796±4 

1950 
Essen and Gordon-
Smith, 
cavity resonator 

299,792.5±3.0 

1958 K.D. Froome, 
radio interferometry 299,792.50±0.10 

1972 Evenson et al., 
laser interferometry 299,792.4562±0.0011 

1983 17th CGPM, 
definition of the metre 299,792.458 (exact) 
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Until the early modern period, it was not known whether light travelled instantaneously 
or at a very fast finite speed. The first extant recorded examination of this subject was in 
ancient Greece. Empedocles was the first to claim that the light has a finite speed. He 
maintained that light was something in motion, and therefore must take some time to 
travel. Aristotle argued, to the contrary, that "light is due to the presence of something, 
but it is not a movement". Euclid and Ptolemy advanced the emission theory of vision, 
where light is emitted from the eye, thus enabling sight. Based on that theory, Heron of 
Alexandria argued that the speed of light must be infinite because distant objects such as 
stars appear immediately upon opening the eyes. 

Early Islamic philosophers initially agreed with the Aristotelian view that light had no 
speed of travel. In 1021, Alhazen (Ibn al-Haytham) published the Book of Optics, in 
which he presented a series of arguments dismissing the emission theory in favour of the 
now accepted intromission theory of vision, in which light moves from an object into the 
eye. This led Alhazen to propose that light must have a finite speed, and that the speed of 
light is variable, decreasing in denser bodies. He argued that light is substantial matter, 
the propagation of which requires time, even if this is hidden from our senses. 

Also in the 11th century, Abū Rayhān al-Bīrūnī agreed that light has a finite speed, and 
observed that the speed of light is much faster than the speed of sound. Roger Bacon 
argued that the speed of light in air was not infinite, using philosophical arguments 
backed by the writing of Alhazen and Aristotle. In the 1270s, Witelo considered the 
possibility of light travelling at infinite speed in vacuum, but slowing down in denser 
bodies. 

In the early 17th century, Johannes Kepler believed that the speed of light was infinite, 
since empty space presents no obstacle to it. René Descartes argued that if the speed of 
light were finite, the Sun, Earth, and Moon would be noticeably out of alignment during a 
lunar eclipse. Since such misalignment had not been observed, Descartes concluded the 
speed of light was infinite. Descartes speculated that if the speed of light were found to 
be finite, his whole system of philosophy might be demolished. 

First measurement attempts 

In 1629, Isaac Beeckman proposed an experiment in which a person observes the flash of 
a cannon reflecting off a mirror about one mile (1.6 km) away. In 1638, Galileo Galilei 
proposed an experiment, with an apparent claim to having performed it some years 
earlier, to measure the speed of light by observing the delay between uncovering a lantern 
and its perception some distance away. He was unable to distinguish whether light travel 
was instantaneous or not, but concluded that if it were not, it must nevertheless be 
extraordinarily rapid. Galileo's experiment was carried out by the Accademia del 
Cimento of Florence, Italy, in 1667, with the lanterns separated by about one mile, but no 
delay was observed. Based on the modern value of the speed of light, the actual delay in 
this experiment is about 11 microseconds. 
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Rømer's observations of the occultations of Io from Earth 

The first quantitative estimate of the speed of light was made in 1676 by Rømer. From 
the observation that the periods of Jupiter's innermost moon Io appeared to be shorter 
when the Earth was approaching Jupiter than when receding from it, he concluded that 
light travels at a finite speed, and estimated that it takes light 22 minutes to cross the 
diameter of Earth's orbit. Christiaan Huygens combined this estimate with an estimate for 
the diameter of the Earth's orbit to obtain an estimate of speed of light of 220,000 km/s, 
26% lower than the actual value. 

In his 1704 book Opticks, Isaac Newton reported Rømer's calculations of the finite speed 
of light and gave a value of "seven or eight minutes" for the time taken for light to travel 
from the Sun to the Earth (the modern value is 8 minutes 19 seconds). Newton queried 
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whether Rømer's eclipse shadows were coloured; hearing that they were not, he 
concluded the different colours travelled at the same speed. In 1729, James Bradley 
discovered the aberration of light. From this effect he determined that light must travel 
10,210 times faster than the Earth in its orbit (the modern figure is 10,066 times faster) 
or, equivalently, that it would take light 8 minutes 12 seconds to travel from the Sun to 
the Earth. 

19th and early 20th century 

In the 19th century Hippolyte Fizeau developed a method to determine the speed of light 
based on time-of-flight measurements on Earth and reported a value of 315,000 km/s. His 
method was improved upon by Léon Foucault who obtained a value of 298,000 km/s in 
1862. In the year 1856, Wilhelm Eduard Weber and Rudolf Kohlrausch measured the 
ratio of the electromagnetic and electrostatic units of charge, 1/√ε0μ0, by discharging a 
Leyden jar, and found that its numerical value was very close to the speed of light as 
measured directly by Fizeau. The following year Gustav Kirchhoff calculated that an 
electric signal in a resistanceless wire travels along the wire at this speed. In the early 
1860s, Maxwell showed that according to the theory of electromagnetism which he was 
working on, that electromagnetic waves propagate in empty space at a speed equal to the 
above Weber/Kohrausch ratio, and drawing attention to the numerical proximity of this 
value to the speed of light as measured by Fizeau, he proposed that light is in fact an 
electromagnetic wave. 

It was thought at the time that empty space was filled with a background medium called 
the luminiferous aether in which the electromagnetic field existed. Some physicists 
thought that this aether acted as an absolute reference frame for all physics and therefore 
it should be possible to measure the motion of the Earth with respect to this medium. 
Beginning in the 1880s several experiments were performed to try to detect this motion, 
the most famous of which is the experiment performed by Albert Michelson and Edward 
Morley in 1887. The detected motion was always less than the observational error. 
Modern experiments indicate that the two-way speed of light is isotropic (the same in 
every direction) to within 6 nanometres per second. Because of this experiment Hendrik 
Lorentz proposed that the motion of the apparatus through the aether may cause the 
apparatus to contract along its length in the direction of motion, by a factor such as to 
ensure that there is no interference fringes detected by the interferometer. Based on 
Lorentz's theory, Poincare concluded in 1904 that the speed of light is a limiting factor in 
dynamics. In 1905 Einstein proposed that the speed of light in vacuum, measured by a 
non-accelerating observer, is independent of the motion of the source or observer. Using 
this and the principle of relativity as a basis he derived the special theory of relativity, in 
which the speed of light in vacuum c featured as a fundamental parameter, also appearing 
in contexts unrelated to light. 

Increased accuracy of c and redefinition of the metre 

In the second half of the 20th century much progress was made in increasing the accuracy 
of measurements of the speed of light, first by cavity resonance techniques and later by 



_________________WORLD TECHNOLOGIES_________________

WT

laser interferometer techniques. In 1972, using the latter method, a group at NBS in 
Boulder, Colorado determined the speed of light in vacuum to be 
c = 299,792,456.2±1.1 m/s. This was 100 times less uncertain than the previously 
accepted value. The remaining uncertainty was mainly related to the definition of the 
metre. Since similar experiments found comparable results for c, the 15th Conférence 
Générale des Poids et Mesures (CGPM) in 1975 recommended using the value 
299,792,458 m/s for the speed of light. 

Because the previous definition was deemed inadequate for the needs of various 
experiments, the 17th CGPM in 1983 decided to redefine the metre. The new (and 
current) definition reads: "The metre is the length of the path travelled by light in vacuum 
during a time interval of 1/299 792 458 of a second." As a result of this definition, the 
value of the speed of light in vacuum is exactly 299,792,458 m/s and has become a 
defined constant in the SI system of units. Improved experimental techniques do not 
affect the value of the speed of light in SI units, but do result in a more precise realization 
of the metre. 
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Chapter-4 

Variable Speed of Light 

 

 

 
The variable speed of light (VSL) concept states that the speed of light in a vacuum, 
usually denoted by c, may not be constant in some cases. In most situations in condensed 
matter physics when light is traveling through a medium, it effectively has a slower 
speed. Virtual photons in some calculations in quantum field theory may also travel at a 
different speed for short distances; however, this doesn't imply that anything can travel 
faster than light. While it is usually thought that no meaning can be ascribed to a 
dimensional quantity such as the speed of light varying in time (as opposed to a 
dimensionless number such as the fine structure constant), in some controversial theories 
in cosmology, the speed of light also varies by changing the postulates of special 
relativity. This though would require a rewrite of much of modern physics, to replace the 
current system which depends on a constant c. 

Varying c in classical physics 

The photon, the particle of light which mediates the electromagnetic force is believed to 
be massless. The so-called Proca action describes a theory of a massive photon. 
Classically, it is possible to have a photon which is extremely light but nonetheless has a 
tiny mass, like the neutrino. These photons would propagate at less than the speed of light 
defined by special relativity and have three directions of polarization. However, in 
quantum field theory, the photon mass is not consistent with gauge invariance or 
renormalizability and so is usually ignored. However, a quantum theory of the massive 
photon can be considered in the Wilsonian effective field theory approach to quantum 
field theory, where, depending on whether the photon mass is generated by a Higgs 
mechanism or is inserted in an ad hoc way in the Proca Lagrangian, the limits implied by 
various observations/experiments may be different. 

Varying c in quantum theory 

In quantum field theory the Heisenberg uncertainty relations indicate that photons can 
travel at any speed for short periods. In the Feynman diagram interpretation of the theory, 
these are known as "virtual photons", and are distinguished by propagating off the mass 
shell. These photons may have any velocity, including velocities greater than the speed of 
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light. To quote Richard Feynman "...there is also an amplitude for light to go faster (or 
slower) than the conventional speed of light. You found out in the last lecture that light 
doesn't go only in straight lines; now, you find out that it doesn't go only at the speed of 
light! It may surprise you that there is an amplitude for a photon to go at speeds faster or 
slower than the conventional speed, c." These virtual photons, however, do not violate 
causality or special relativity, as they are not directly observable and information cannot 
be transmitted acausally in the theory. Feynman diagrams and virtual photons are 
interpreted not as a physical picture of what is actually taking place, but rather as a 
convenient calculation tool (which, in some cases, happen to involve faster-than-light 
velocity vectors). 

Varying c in time 

In 1937, Paul Dirac and others began investigating the consequences of natural constants 
changing with time. For example, Dirac proposed a change of only 5 parts in 1011 per 
year of Newton's constant G to explain the relative weakness of the gravitational force 
compared to other fundamental forces. This has become known as the Dirac large 
numbers hypothesis. However, Richard Feynman showed in his famous lectures that the 
gravitational constant most likely could not have changed this much in the past 4 billion 
years based on geological and solar system observations (although this may depend on 
assumptions about the constant not changing other constants).  

It is not clear what a variation in a dimensionful quantity actually means, since any such 
quantity can be changed merely by changing one's choice of units. John Barrow wrote: 

"[An] important lesson we learn from the way that pure numbers like α define the world 
is what it really means for worlds to be different. The pure number we call the fine 
structure constant and denote by α is a combination of the electron charge, e, the speed of 
light, c, and Planck's constant, h. At first we might be tempted to think that a world in 
which the speed of light was slower would be a different world. But this would be a 
mistake. If c, h, and e were all changed so that the values they have in metric (or any 
other) units were different when we looked them up in our tables of physical constants, 
but the value of α remained the same, this new world would be observationally 
indistinguishable from our world. The only thing that counts in the definition of worlds 
are the values of the dimensionless constants of Nature. If all masses were doubled in 
value [including the Planck mass mP] you cannot tell because all the pure numbers 
defined by the ratios of any pair of masses are unchanged." 

Any equation of physical law can be expressed in such a manner to have all dimensional 
quantities normalized against like dimensioned quantities (called nondimensionalization) 
resulting in only dimensionless quantities remaining. In fact, physicists often choose their 
units so that the physical constants c, G, h/(2π), and 4πε0 take the value one, resulting in 
every physical quantity being normalized against its corresponding Planck unit. As such, 
many physicists think that specifying the evolution of a dimensionful quantity is at best 
meaningless and at worst inconsistent. When Planck units are used and such equations of 
physical law are expressed in this nondimensionalized form, no dimensional physical 
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constants such as c, G, or h remain, only dimensionless quantities. Shorn of their 
anthropometric unit dependence, there simply is no speed of light, gravitational constant, 
or Planck's constant, remaining in mathematical expressions of physical reality to be 
subject to such hypothetical variation. For example, in the case of the gravitational 
constant, G, the relevant dimensionless quantities that were assumed to vary ultimately 
became the ratios of the Planck mass to the masses of the fundamental particles. Some 
key dimensionless quantities (thought to be constant) depend on the speed of light, 
notably the fine-structure constant, would have meaningful variance and their possible 
variation continues to be studied. 

In relativity, space-time is 4 dimensions of the same physical property of either space or 
time, depending on which perspective is chosen. The conversion factor of 
length=i*c*time is described in Appendix 2 of Einstein's Relativity. A changing c in 
relativity would mean the imaginary dimension of time is changing compared to the other 
three real-valued spacial dimensions of space-time. 

Specifically regarding VSL, if the SI meter definition was reverted to its pre-1960 
definition as a length on a prototype bar (making it possible for the measure of c to 
change), then a conceivable change in c (the reciprocal of the amount of time taken for 
light to travel this prototype length) could be more fundamentally interpreted as a change 
in the dimensionless ratio of the meter prototype to the Planck length or as the 
dimensionless ratio of the SI second to the Planck time or a change in both. If the number 
of atoms making up the meter prototype remains unchanged (as it should for a stable 
prototype), then a perceived change in the value of c would be the consequence of the 
more fundamental change in the dimensionless ratio of the Planck length to the sizes of 
atoms or to the Bohr radius or, alternatively, as the dimensionless ratio of the Planck time 
to the period of a particular caesium-133 radiation or both. 

One group, studying distant quasars, has claimed to detect a variation of the fine structure 
constant  at the level in one part in 105. Other authors dispute these results. Other groups 
studying quasars claim no detectable variation at much higher sensitivities. Moreover, 
even more stringent constraints, placed by study of certain isotopic abundances in the 
Oklo natural nuclear fission reactor, seem to indicate no variation is present. 

Paul Davies and collaborators have suggested that it is in principle possible to disentangle 
which of the dimensionful constants (the elementary charge, Planck's constant, and the 
speed of light) of which the fine-structure constant is composed is responsible for the 
variation. However, this has been disputed by others and is not generally accepted. 

The varying speed of light cosmology 

The varying speed of light cosmology has been proposed independently by Jean-Pierre 
Petit in 1988, John Moffat in 1992, and the two-man team of Andreas Albrecht and João 
Magueijo in 1998 to explain the horizon problem of cosmology and propose an 
alternative to cosmic inflation. An alternative VSL model has also been proposed. 
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In Petit's VSL model, the variation of c accompanies the joint variations of all physical 
constants combined to space and time scale factors changes, so that all equations and 
measurements of these constants remain unchanged through the evolution of the universe. 
The Einstein field equations remain invariant through convenient joint variations of c and 
G in Einstein's constant. Late-model restricts the variation of constants to the higher 
energy density of the early universe, at the very beginning of the Radiation-Dominated 
Era where spacetime is identified to space-entropy with a metric conformally flat. 
However it should be noted that while this was the first VSL model to be published, and 
the sole to date where an evolution law is given relating the joint variations of constants 
through time while leaving the physics unchanged, these papers received few citations in 
the later VSL literature. 

The idea from Moffat and the team Albrecht-Magueijo is that light propagated as much 
as 60 orders of magnitude faster in the early universe, thus distant regions of the 
expanding universe have had time to interact at the beginning of the universe. There is no 
known way to solve the horizon problem with variation of the fine-structure constant, 
because its variation does not change the causal structure of spacetime. To do so would 
require modifying gravity by varying Newton's constant or redefining special relativity . 
Classically, varying speed of light cosmologies propose to circumvent this by varying the 
dimensionful quantity c by breaking the Lorentz invariance of Einstein's theories of 
general and special relativity in a particular way. More modern formulations preserve 
local Lorentz invariance. 

Possibility c ± Vreceiver ≠ const 

Some scholars consider the principle of the constancy of the velocity of light 
insufficiently substantiated. Simplified for understanding the meaning constant c = const, 
they divide it into two parts: c ± Vsource = c ± Vreceiver. Argue that, although the first part of 
this equation (c ± Vsource = const) is proved experimentally (experiments de Sitter [1913], 
etc.), the second one (c ± Vreceiver = const) - yet requires experimental confirmation. And 
physics is mistakenly received experiments, proving the first part of this constant, as a 
confirmation of a constant, it is the principle of the constancy of the speed of light. The 
authors note this point as the main flaw of theory of relativity. Accordingly, the authors 
admit the possibility c ± Vreceiver ≠ const. 
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Chapter-5 

Kilometres, Miles and Metre Per Hour 

 

 
 

Kilometres per hour 

 
 
Automobile speedometer, measuring speed in miles per hour on the outer track, and 
kilometres per hour on the inner track. 
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The kilometre per hour (American English: kilometer per hour) is a unit of speed or 
velocity, expressing the number of kilometres traveled in one hour. The unit symbol is 
km/h or km·h−1. 

Worldwide, the km/h is the most commonly used speed unit on road signs and car 
speedometers. Along with the kW·h, km/h is the most commonly used metric unit based 
on the hour, the latter being a unit for time accepted for use with the International System 
of Units by the International Bureau of Weights and Measures (BIPM). 

In Australian and North American slang and military usage, km/h is commonly 
pronounced, and sometimes even written, as klicks or kays (K's), although these may also 
be used to refer to kilometres. 

Use of kph 

The colloquial abbreviations "kph" and "kmph" are sometimes also used in English-
speaking countries, in analogy to miles per hour (mph), even though the official 
recommendation from the BIPM is to use km/h. The symbol (as opposed to abbreviation) 
is in near-universal use elsewhere, even though the letters "km" and "h" do not always 
correspond to "kilometres" or "hours" in the language concerned. 

  
 

Irish speed restriction sign showing km/h 

The following are translations of the text "kilometres per hour" where either "km" or "h" 
do not appear in the text. 

• Italian: Chilometri all'ora 
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• Dutch: kilometer per uur 
• German: Kilometer pro Stunde 
• Greek: χιλιόμετρα ανά ώρα 
• Portuguese: quilómetros por hora / quilômetro por hora 
• Bulgarian Километър в час 
• Russian: Километр в час 

In all cases, EU directives require the use of "km/h" in official documents in these 
languages. 

Conversions 

• 3.6 km/h ≡ 1 m/s, the SI unit of speed, metre per second 
• 1 km/h ≈ 0.277 78 m/s 
• 1 km/h ≈ 0.621 37 mph ≈ 0.911 34 feet per second 
• 1 knot ≡ 1.852 km/h (exactly) 
• 1 mile per hour ≡ 1.609344 km/h (~1.61 km/h) 

Conversions between common units of speed 
 m/s km/h mph knot ft/s 

1 m/s = 1 3.6 2.236936 1.943844 3.280840 
1 km/h = 0.277778 1 0.621371 0.539957 0.911344 
1 mph = 0.44704 1.609344 1 0.868976 1.466667 
1 knot = 0.514444 1.852 1.150779 1 1.687810 
1 ft/s = 0.3048 1.09728 0.681818 0.592484 1 

(Values in bold face are exact.) 
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Miles per hour 
 
 

  
 
Automobile speedometer, measuring speed in miles per hour on the outer track, and 
kilometres per hour on the inner track. 

Miles per hour is an imperial unit of speed expressing the number of statute miles 
covered in one hour. It is currently the standard unit used for speed limits, and to express 
speeds generally, on roads in the United Kingdom and the United States. It is also often 
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used to express the speed of delivery of a ball in various sporting events, such as cricket, 
tennis, and baseball. A common abbreviation is mph or MPH. 

In the International System of Units (SI), the basic unit of speed or velocity is m/s. Road 
traffic speeds in most countries are quoted in km/h. Occasionally, however, both systems 
are used: for example, in Ireland, a judge considered a speeding case by examining 
speeds in both kilometres per hour and miles per hour. The judge was quoted as saying 
the speed seemed "very excessive" at 180 km/h but did not look "as bad" at 112 mph; a 
reduced fine was still imposed on the speeding driver. 

Nautical and aeronautical applications, however, favour the knot as a common unit of 
speed: one knot is one nautical mile per hour. 

Conversions 

1 mph is equal to: 

• 0.44704 m/s, the SI derived unit 
• 1.609344 km/h 
• 1.4667 feet per second (= 22/15 feet per second) 
• approx. 0.868976 knots 

When converting miles per hour to another unit of measurement, or vice versa, it helps to 
know exactly how miles and hours are related to other units of distance and time, 
respectively. For example, 1 mile is equal to 5,280 feet, 1,760 yards, or 1,609.344 metres. 
Likewise, 1 hour is equal to 60 minutes, or 3,600 seconds. 

Conversions between common units of speed 
 m/s km/h mph knot ft/s 

1 m/s = 1 3.6 2.236936 1.943844 3.280840 
1 km/h = 0.277778 1 0.621371 0.539957 0.911344 
1 mph = 0.44704 1.609344 1 0.868976 1.466667 
1 knot = 0.514444 1.852 1.150779 1 1.687810 
1 ft/s = 0.3048 1.09728 0.681818 0.592484 1 

(Values in bold face are exact.) 

 

Metre per hour 
Metre per hour (American spelling: meter per hour) is a metric unit of both speed 
(scalar) and velocity (Vector (geometry)). Its symbol is m/h or m·h−1 (not to be confused 
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with the imperial unit symbol mph. By definition, an object travelling at a speed of 1 m/h 
for an hour would move 1 metre. 

The term is rarely used however as the units of metres per second and kilometres per hour 
are considered sufficient for the majority of circumstances. Metres per hour can however 
be convenient for documenting extremely slow moving objects. A Garden Snail for 
instance, typically moves at a speed of up to 47 metres per hour.  

Conversions 

• 3,600 m/h ≡ 1 m·s−1, the SI derived unit of speed, metre per second 
• 1 m/h ≈ 0.00027778 m/s 
• 1 m/h ≈ 0.00062137 mph ≈ 0.00091134 feet per second 

How to convert 

• To convert from kilometres per hour to metres per hour, multiply the figure by 
1,000 (hence the prefix kilo- from the ancient Greek language word for thousand). 

• To convert from metres per second to metres per hour, divide the figure by 3,600 
(that is 60 * 60, i.e. 60 seconds for each of the 60 minutes). 
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Chapter-6 

Knot, Inch Per Second and Metre Per Second 

 

 

 

Knot (unit) 
The knot is a unit of speed equal to one nautical mile (which is defined as 1.852 km) per 
hour, approximately 1.151 mph. The abbreviation kn is preferred by the International 
Hydrographic Organization (IHO), which includes every major sea-faring nation; 
however, the abbreviations kt (singular) and kts (plural) are also widely used. The knot is 
a non-SI unit accepted for use with the International System of Units (SI). Worldwide, 
the knot is used in meteorology, and in maritime and air navigation—for example, a 
vessel travelling at 1 knot along a meridian travels one minute of geographic latitude in 
one hour. Etymologically, the term knot derives from counting the number of knots that 
unspooled from the reel of a chip log in a specific time. 

Definitions 
1 international knot = 

1 nautical mile per hour (by definition), 
1.852 kilometres per hour (exactly), 
0.514 metres per second, 
1.151 miles per hour (approximately). 

1,852 m is the length of the internationally-agreed nautical mile. The U.S. adopted the 
international definition in 1954, having previously used the U.S. nautical mile 
(1,853.248 m). The U.K. adopted the international nautical mile definition in 1970, 
having previously used the U.K. Admiralty nautical mile (6,080 ft [1,853.184 m]). 

The speeds of vessels relative to the fluids in which they travel (boat speeds and air 
speeds) are measured in knots. For consistency, the speeds of navigational fluids (tidal 
streams, river currents and wind speeds) are also measured in knots. Thus, speed over the 
ground (SOG) (ground speed (GS) in aircraft) and rate of progress towards a distant point 
("velocity made good", VMG) are also given in knots. 

Conversions between common units of speed 
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 m/s km/h mph knot ft/s 
1 m/s = 1 3.6 2.236936 1.943844 3.280840 

1 km/h = 0.277778 1 0.621371 0.539957 0.911344 
1 mph = 0.44704 1.609344 1 0.868976 1.466667 
1 knot = 0.514444 1.852 1.150779 1 1.687810 
1 ft/s = 0.3048 1.09728 0.681818 0.592484 1 

(Values in bold face are exact.) 

Origin 

Until the mid-19th century vessel speed at sea was measured using a chip log. This 
consisted of a wooden panel, weighted on one edge to float upright, and thus present 
substantial resistance to moving with respect to the water around it, attached by line to a 
reel. The chip log was "cast" over the stern of the moving vessel and the line allowed to 
pay out. Knots placed at a distance of 47 feet 3 inches (14.4018 m) passed through a 
sailor's fingers, while another sailor used a 30 second sand-glass (28 second sand-glass is 
the current accepted timing) to time the operation. The knot count would be reported and 
used in the sailing master's dead reckoning and navigation. This method gives a value for 
the knot of 20.25 in/s, or 1.85166 km/h. The difference from the modern definition is less 
than 0.02%. 

Modern use 
 

 
 
Graphic scale from a Mercator projection world map, showing the change with latitude. 

Although the unit knot does not fit within the primary SI system, its retention for nautical 
and aviation use is important because standard nautical charts are on the Mercator 
projection and the scale varies with latitude. On a chart of the North Atlantic, the scale 
varies by a factor of two from Florida to Greenland. A single graphic scale, of the sort on 
many maps, would, therefore, be useless on such a chart. Since the length of a nautical 
mile is, for practical purposes, identical to a minute of latitude, a distance in nautical 
miles on a chart can easily be measured by using dividers and the latitude scales on the 
sides of the chart. 
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Speed is sometimes incorrectly expressed as "knots per hour", which would actually be a 
measure of acceleration, as in "nautical miles per hour per hour". 

Aeronautical terms 

Prior to 1969, airworthiness standards for civil aircraft in the United States Federal 
Aviation Regulations specified that distances were to be in statute miles, and speeds in 
miles per hour. In 1969 these standards were progressively amended to specify that 
distances were to be in nautical miles, and speeds in knots. 

The following abbreviations are used to distinguish between various measurements of 
airspeed. 

• KTAS is "knots true airspeed", the airspeed of an aircraft relative to undisturbed 
air. 

• KIAS is "knots indicated airspeed", the speed shown on an aircraft's pitot-static 
airspeed indicator. 

• KCAS is "knots calibrated airspeed", the indicated airspeed corrected for position 
error and instrument error. 

• KEAS is "knots equivalent airspeed", the calibrated airspeed corrected for 
adiabatic compressible flow for the particular altitude. 

 

Inch per second 
The inch per second is a unit of speed or velocity. It expresses the distance in inches (in) 
traveled or displaced, divided by time in seconds (s, or sec). The equivalent SI unit is the 
metre per second. 

Abbreviations include in/s, in/sec and ips, although the representation in s−1 is not often 
used. 

Conversions 

1 inch per second is equivalent to: 

= 0.0254 metres per second (exactly) 
= 1⁄12 or 0.083 feet per second (exactly) 
= 5⁄88 or 0.05681 miles per hour (exactly) 
= 0.09144 km·h−1 (exactly) 

1 metre per second ≈ 39.370079 inches per second (approximately) 
1 foot per second = 12 inches per second (exactly) 
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1 mile per hour = 17.6 inches per second (exactly) 
1 kilometre per hour ≈ 10.936133 inches per second (approximately) 

Uses 

In magnetic tape sound recording, magnetic tape speed is often quoted in inches per 
second (abbreviated "ips"). 

Also computer mice sensitivity is also often referred to in inches per second (abbreviated 
as "ips") along with g force. 

In rotorcraft health monitoring, rotor and shaft induced vibration levels are often quoted 
in inches per second. 

 

Metre per second 
Metre per second (U.S. spelling: meter per second) is an SI derived unit of both speed 
(scalar) and velocity (vector quantity which specifies both magnitude and a specific 
direction), defined by distance in metres divided by time in seconds. 

The official SI symbolic abbreviation is m·s−1, or equivalently either m/s or . Where 
metres per second are several orders of magnitude too slow to be convenient, such as in 
astronomical measurements, velocities may be given in kilometres per second, where 
1 km/s is equivalent to 103 metres per second. 

Conversions 

1 m/s is equivalent to: 

= 3.6 km·h−1 (exactly) 
≈ 3.2808 feet per second (approximately) 
≈ 2.2369 miles per hour (approximately) 
≈ 1.9438 knots (approximately) 

1 foot per second = 0.3048 m·s−1 (exactly) 

1 mile per hour = 0.44704 m·s−1 (exactly) 

1 km·h-1 ≈ 0.2778 m·s−1 (approximately) 

1 kilometre per second is equivalent to: 
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≈ 0.6213 miles per second (approximately) 
≈ 2237 miles per hour (approximate) 

Relation to other measures 

Although m·s−1 is an SI derived unit, it could be viewed as more fundamental than the 
metre, since the latter is derived from the speed of light in a vacuum, which is defined as 
exactly 299 792 458 m·s−1 by the BIPM. It follows that one metre is the length of the path 
travelled by light in a vacuum during a time interval of 1/299 792 458 of one second. 
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Chapter-7 

Week 

 

 

 
A week is a time unit equal to seven days. 

The English word week continues an Old English wice, ultimately from a Common 
Germanic *wikōn-, from a root *wik- "turn, move, change". The Germanic word probably 
had a wider meaning prior to the adoption of the Roman calendar, perhaps "succession 
series", as suggested by Gothic wikō translating taxis "order" in Luke 1:8. 

The term "week" is sometimes expanded to refer to other time units comprising a few 
days. Such "weeks" of between 4 and 10 days have been used historically in various 
places. Intervals longer than 10 days are not usually termed "weeks" as they are closer in 
length to the fortnight or the month than to the seven-day week. 

Seven-day week 

Evidence of continuous use of a seven-day week appears with the Jews during the 
Babylonian Captivity of the 6th century BC. Both Judaism (based on the Creation 
narrative in the Torah/Bible) and ancient Babylonian religions used a seven day week. 
Other cultures adopted the seven-day week at different times. Between the 1st and 3rd 
centuries the Roman Empire gradually replaced the eight day Roman nundinal cycle with 
the seven-day week. Hindus may have adopted a seven day week as early as the 1st 
century BC. There is evidence of some Chinese groups using a seven day week as early 
as 4th century AD. 

Systems derived from the seven-day week 

Soviet Union 

Between 1929 and 1931 USSR changed from the 7-day week to a 5-day week. There 
were 72 weeks and an additional five national holidays inserted within three of them 
totaling a year of 365 days. 
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In 1931 after the Soviet Union's 5-day week they changed to a 6-day week. Every 6th day 
(6th, 12th, 18th, 24th and 30th) of the Gregorian Calendar was a state rest day. The 5 
additional national holidays in the earlier 5-day week remained and did not fall on the 
state rest day. 

But as January, March, May, July, August, October and December have 31 days, the 
week after the state rest day of the 30th was 7 days long (31st–7th). This extra day was a 
working day for most or extra holiday for others. 

Also as February is only 28 or 29 days depending if a leap year or not, the 1st of March 
was also made a state rest day, although not every enterprise conformed to this. 

To clarify, the week after the state rest day, 24/25 February to 1 March, was only 5 or 6 
days long, depending if a leap year or not. The week after that, 2 to 6 March, was only 5 
days long. 

The calendar was abandoned 26 June 1940 and the 7-day week reintroduced the day 
after. 

Decimal calendar 

A 10-day week, called décade, was used in France for 9½ years from October 1793 to 
April 1802; furthermore, the Paris Commune adopted the Revolutionary Calendar for 18 
days in 1871. 

Christian "eighth day" 

For early Christians, Sunday, as well as being the first day of the week, was also the 
spiritual eighth day, as it symbolised the new world created after Christ's resurrection. 
The concept of the eighth day was symbolic only and had no effect on the use of the 
seven-day week for calendar purposes. Justin Martyr wrote: "the first day after the 
Sabbath, remaining the first of all the days, is called, however, the eighth, according to 
the number of all the days of the cycle, and [yet] remains the first". This does not set up 
an 8-day week, since the eighth day is also considered to be the first day of the next cycle 
(i.e., not the following day). 

A period of eight days, starting and ending on a Sunday or starting on a major feast day 
and finishing on the same day of the week a (7-day) week later, is called an octave. For 
centuries these were a major feature of the liturgical calendar, particularly of the Catholic 
Church, and some are still observed, though the number of such octaves has now been 
radically reduced. Some modern Church uses also preserve the idea of an eight-day 
period, starting and finishing on the same day of the week, and retain the name "octave" 
for them; for example, many churches observe an annual "Octave of Prayer for Christian 
Unity" on 18–25 January or in the week that begins with Pentecost Sunday. 
Organizations such as 8th Day Center for Justice, based out of Chicago, Illinois, use the 
concept in terms of social justice as well. 
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Hermetic lunar week 

The Hermetic Lunar Week Calendar is one of many proposed reforms to the Gregorian 
Calendar. The lunation is divided into the four Moon Phases and has 6, 7, 8, or 9 days 
depending on the actual time difference between the full moon, First Quarter, new moon 
and Last Quarter. 

"Weeks" in other calendars 

Periods termed "weeks" in calendars unrelated to the Judeo-Christian tradition. 

Three day 

The names of the days of the week (aste) in Guipuscoan Basque point to an earlier three-
day week. 

1. astelehena ("week-first", Monday) 
2. asteartea ("week-between", Tuesday) 
3. asteazkena ("week-last", Wednesday) 

Four-day 

The Igbo of Nigeria have a traditional calendar with a 4-day week. This "market week" 
features prominently in the fiction of Chinua Achebe. 

Five-day 

The Javanese people of Indonesia have a 5-day week known as the Pasaran cycle. This is 
still in use today and superimposed with Gregorian calendar and Islamic calendar to 
become what is known as the Wetonan Cycle. 

Six-day 

The Akan people of West Africa have 42 day cycle known as Adaduanan. The 
Adaduanan cycle appears to be based on an older six-day week, still existant in some 
northern Guan communities such as the Nchumuru , on which is superimposed a seven-
day week which may have been brought south with itinerant traders from the Savannah. 
The six-day week is referred to as Nanson (literally seven-days) and reflects the lack of 
zero in the numbering systems; the last day and the first day are both included when 
counting the days of a week. 
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Eight-day 

Nundinal cycle 

The ancient Etruscans developed an 8-day market week known as the nundinal cycle 
around 8th or 7th century BC. This was passed on to the Romans no later than the 6th 
century BC. As Rome expanded, it encountered the 7-day week and for a time attempted 
to include both. The popularity of the 7-day rhythm won and the 8-day week disappeared 
forever. 

The cycle of seven days, named after the sun, the moon, and the five planets visible to the 
naked eye, was already customary in the time of Justin Martyr, who wrote of the 
Christians meeting on the Day of the Sun (Sunday). 

Emperor Constantine eventually established the 7-day week in the Roman calendar in AD 
321. 

Celts 

It is believed the Celtic people used a nine-night week. The moon was used to measure 
one day from another so nights were more significant. The 9 nights divided nicely into a 
Sidereal Month of 27 nights. Each week of 9 nights had 8 days. There was also a half 
week of 5 nights and 4 days. 

Nine-day 

  
 
The Gediminas Sceptre, a medieval Lithuanian calendar. Showing 12 months and 9 days 
in a week 
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Baltic calendars 

In the 14th century, the Grand Duchy of Lithuania used a solar-lunar calendar. The 
structure of this calendar was understood with the help of the so-called Gediminas 
Sceptre discovered in 1680. 

Historical recordsgive evidence that the week of ancient Balts was nine-days long. Thus, 
the sidereal month must have been divided into three parts. 

Ten-day 

China 

The Chinese 10 day week went as far back as the Shang Dynasty (1200-1045 BC). The 
law in the Han Dynasty (206 BC – AD 220) required officials of the empire to rest every 
5 days, called "mu", while it was changed into 10 days in the Tang Dynasty (AD 618 – 
907), called "huan" or xún (旬). Months were almost 3 weeks long (alternating 29 and 30 
days to keep in line with the lunation). The weeks were labelled shàng xún (上旬), zhōng 
xún (中旬), and xià xún (下旬) which mean roughly "upper", "middle" and "lower" 
week. 

Egypt 

Ancient Egypt had a 10-day week, 3 weeks per month with 5 extra days at the end of the 
year. 
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Other calendar intervals 

Aztecs 

  
 

Restored Aztec sun stone showing the 20 Days 

The Aztecs divided a ritual cycle of 260 days, known as Tonalpohualli, into 20 weeks of 
13 days known as Trecena. 

The Aztecs divided a solar year of 365 days, Xiuhpohualli into 18 periods of 20 days and 
5 nameless days known as Nemontemi. Although some call this 20-day division or 
grouping a month, it has no relation to a lunation and therefore the word "week" is more 
appropriate. 

Maya 

The Maya divided a 260 ritual cycle known Tzolk'in as into 20 weeks of 13 days known 
as Trecena. 
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The Maya also divided the year, Haab', into 18 periods of 20 days, Uinal, and 5 nameless 
days known as Wayeb'. 

Bali, Indonesia 

The Pawukon is a 210-day calendar consisting of 10 different concurrent weeks of 1, 2, 3, 
4, 5, 6, 7, 8, 9, and 10 days. 
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Chapter-8 

Year 

 

 

 
A year (from Old English gēar) is the orbital period of the Earth moving around the Sun. 
For an observer on Earth, this corresponds to the period it takes the Sun to complete one 
course throughout the zodiac along the ecliptic. 

In astronomy, the Julian year is a unit of time, defined as 365.25 days of 86,400 SI 
seconds each. 

There is no universally accepted symbol for the year as a unit of time. The International 
System of Units does not propose one. A common abbreviation in international use is a 
(for Latin annus), in English also y or yr. 

Due to the Earth's axial tilt, the course of a year sees the passing of the seasons, marked 
by changes in weather, hours of daylight, and consequently vegetation and fertility. In 
temperate and subpolar regions, generally four seasons are recognized: spring, summer, 
autumn and winter, astronomically marked by the Sun reaching the points of equinox and 
solstice, although the climatic seasons lag behind their astronomical markers. In some 
tropical and subtropical regions it is more common to speak of the rainy (or wet, or 
monsoon) season versus the dry season. 

A calendar year is an approximation of the Earth's orbital period in a given calendar. A 
calendar year in the Gregorian calendar (as well as in the Julian calendar) has either 365 
(common years) or 366 (leap years) days. 

The word "year" is also used of periods loosely associated but not strictly identical with 
either the astronomical or the calendar year, such as the seasonal year, the fiscal year or 
the academic year, etc. By extension, the term year can mean the orbital period of any 
planet: for example, a "Martian year" is the time in which Mars completes its own orbit. 
The term is also applied more broadly to any long period or cycle, such as the Platonic 
"Great Year". 
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Seasonal year 

A seasonal year is the time between successive recurrences of a seasonal event such as 
the flooding of a river, the migration of a species of bird, the flowering of a species of 
plant, the first frost, or the first scheduled game of a certain sport. All of these events can 
have wide variations of more than a month from year to year. 

Calendar year 

A calendar year is the time between two dates with the same name in a calendar. 

A half year (one half of a year) may run from January to June, or July to December. 

No astronomical year has an integer number of days or lunar months, so any calendar that 
follows an astronomical year must have a system of intercalation such as leap years. 
Financial and scientific calculations often use a 365-day calendar to simplify daily rates. 

In the Julian calendar, the average length of a year is 365.25 days. In a non-leap year, 
there are 365 days, in a leap year there are 366 days. A leap year occurs every 4 years. 

The Gregorian calendar attempts to keep the vernal equinox on or soon before March 21, 
hence it follows the vernal equinox year. The average length of this calendar's year is 
365.2425 mean solar days (as 97 out of 400 years are leap years); this is within one ppm 
of the current length of the mean tropical year (365.24219 days). It is estimated that, by 
the year 4000, the vernal equinox will fall back by one day in the Gregorian calendar, not 
because of this difference, but because of the slowing down of the Earth's rotation and the 
associated lengthening of the sidereal day. 

The Persian calendar, in use in Afghanistan and Iran, has its year begin on the day of the 
vernal equinox as determined by astronomical computation (for the time zone of Tehran), 
as opposed to using an algorithmic system of leap years. 

Numbering calendar years 

A calendar era is used to assign a number to individual years, using a reference point in 
the past as the beginning of the era. In many countries, the most common era is from the 
estimated date of the birth of Jesus Christ; dates in this era are designated anno Domini 
("in the year of the Lord", abbreviated A.D.) or C.E. (common era). Other eras are also 
used to enumerate the years in different cultural, religious or scientific contexts. 

Other annual periods 

Fiscal year 

A fiscal year or financial year is a 12-month period used for calculating annual financial 
statements in businesses and other organizations. In many jurisdictions, regulations 
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regarding accounting require such reports once per twelve months, but do not require that 
the twelve months constitute a calendar year. 

For example, the federal government of the U.S. has a fiscal year that starts on October 1 
instead of January 1. In India the fiscal year is between April 1 and March 31. In the 
United Kingdom and Canada, the financial year runs from April 6 and April 1 
respectively, and in Australia it runs from July 1. 

Academic year 

An academic year refers to the annual period during which a student attends school, 
college or university. 

The school year can be divided up in various ways, two of which are most common in 
North American educational systems. 

• Some schools in the UK and USA divide the academic year into three roughly 
equal-length terms (called trimesters in the USA), more or less coinciding with 
autumn, winter, and spring. At some, a shortened summer session, sometimes 
considered part of the regular academic year, is attended by students on a 
voluntary or elective basis. 

• Other schools break the year into two main semesters, a first (typically August 
through December) and a second (January through May). Each of these main 
semesters may be split in half by mid-term exams, and each of the halves is 
referred to as a quarter (or term in some countries). There may also be an elective 
summer session, and/or a short January session. 

• Some other schools, including some in the United States, have four marking 
periods. The school year in many countries starts in August or September and 
ends in May, June or July. 

• Some schools in the United States, notably Boston Latin School, may divide the 
year into five or more marking periods. Some state in defense of this that there is 
perhaps a positive correlation between report frequency and academic 
achievement. 

• There are 180 days of teaching each year in schools in the USA, excluding 
weekends and breaks, 190 days for pupils in state schools in the United Kingdom, 
New Zealand and Canada. 

• In India the academic year normally starts from June 1 and ends on May 31. 
Though schools start closing from mid-March, the actual academic closure is on 
May 31 and in Nepal it starts from July 15. 

• Schools and universities in Australia typically have academic years that roughly 
align with the calendar year (i.e. starting in February or March and ending in 
October to December), as the southern hemisphere experiences summer from 
December to February. 
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Astronomical years 

Julian year 

The Julian year, as used in astronomy and other sciences, is a time unit defined as 
exactly 365.25 days. This is the normal meaning of the unit "year" (symbol "a" from the 
Latin annus) used in various scientific contexts. The Julian century of 36525 days and the 
Julian millennium of 365250 days are used in astronomical calculations. Fundamentally, 
expressing a time interval in Julian years is a way to precisely specify how many days 
(not how many "real" years), for long time intervals where stating the number of days 
would be unwieldy and unintuitive. By convention, the Julian year is used in the 
computation of the distance covered by a light-year. 

In the Unified Code for Units of Measure, the symbol a (without subscript) always refers 
to the Julian year aj of exactly 31557600 seconds. 

365.25 days of 86400 seconds = 1 a = 1 aj = 31.5576 Ms 

The SI multiplier prefixes may be applied to it to form ka (kiloannum), Ma 
(megaannum) etc. 

Sidereal, tropical, and anomalistic years 

Each of these three years can be loosely called an 'astronomical year'. 

The sidereal year is the time taken for the Earth to complete one revolution of its orbit, 
as measured against a fixed frame of reference (such as the fixed stars, Latin sidera, 
singular sidus). Its duration in SI days of 86,400 SI seconds each is on average: 

365.256 363 004 days (365 d 6 h 9 min 9.7676 s) (at the epoch J2000.0 = 2000 
January 1 12:00:00 TT). 

The tropical year is "the period of time for the ecliptic longitude of the Sun to increase 
by 360 degrees. Since the Sun's ecliptic longitude is measured with respect to the 
equinox, the tropical year comprises a complete cycle of the seasons...The mean tropical 
year is approximated by 365 days, 5 hours, 48 minutes, 45 seconds." (= 365.24219 days) 
The tropical year is shorter than the sidereal year because of the precession of the 
equinoxes. 

The anomalistic year is the time taken for the Earth to complete one revolution with 
respect to its apsides. The orbit of the Earth is elliptical; the extreme points, called 
apsides, are the perihelion, where the Earth is closest to the Sun (January 3 in 2011), and 
the aphelion, where the Earth is farthest from the Sun (July 4 in 2011). The anomalistic 
year is usually defined as the time between two successive perihelion passages. Its 
average duration is: 
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365.259 636 days (365 d 6 h 13 min 52.6 s) (at the epoch J2011.0). 

The anomalistic year is slightly longer than the sidereal year because of the precession of 
the apsides (also known as anomalistic precession, orbital precession, and, perihelion 
precession.) 

Draconic year 

The draconic year, draconitic year, eclipse year, or ecliptic year is the time taken for 
the Sun (as seen from the Earth) to complete one revolution with respect to the same 
lunar node (a point where the Moon's orbit intersects the ecliptic). This period is 
associated with eclipses: these occur only when both the Sun and the Moon are near these 
nodes; so eclipses occur within about a month of every half eclipse year. Hence there are 
two eclipse seasons every eclipse year. The average duration of the eclipse year is: 

346.620 075 883 days (346 d 14 h 52 min 54 s) (at the epoch J2000.0). 

This term is sometimes erroneously used to designate the draconic or nodal period of 
lunar precession, that is the time it takes for a complete revolution of the Moon's 
ascending node around the ecliptic: 18.612 815 932 Julian years (6798.331 019 days; at 
the epoch J2000.0). 

Full moon cycle 

The full moon cycle is the time for the Sun (as seen from the Earth) to complete one 
revolution with respect to the perigee of the Moon's orbit. This period is associated with 
the apparent size of the full moon, and also with the varying duration of the synodic 
month. The duration of one full moon cycle is: 

411.784 430 29 days (411 d 18 h 49 min 34 s) (at the epoch J2000.0). 

Lunar year 

The lunar year comprises twelve full cycles of the phases of the Moon, as seen from 
Earth. It has a duration of approximately 354.37 days. 

Vague year 

The vague year, from annus vagus or wandering year, is an integral approximation to the 
year equaling 365 days, which wanders in relation to more exact years. Typically the 
vague year is divided into 12 schematic months of 30 days each plus 5 epagomenal days. 
The vague year was used in the calendars of Ancient Egypt, Iran, Armenia and in 
Mesoamerica among the Aztecs and Maya. 
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Heliacal year 

A heliacal year is the interval between the heliacal risings of a star. It differs from the 
sidereal year for stars away from the ecliptic due mainly to the precession of the 
equinoxes. (To visualise: the constellation Crux, which rose and set as seen from the 
Mediterranean in ancient Greek times, is never above the horizon in current times.) 

Sothic year 

The Sothic year is the interval between heliacal risings of the star Sirius. It is equal to the 
sidereal year and its duration is very close to the mean Julian year of 365.25 days. 

Gaussian year 

The Gaussian year is the sidereal year for a planet of negligible mass (relative to the 
Sun) and unperturbed by other planets that is governed by the Gaussian gravitational 
constant. Such a planet would be slightly closer to the Sun than Earth's mean distance. Its 
length is: 

365.256 898 3 days (365 d 6 h 9 min 56 s). 

Besselian year 

The Besselian year is a tropical year that starts when the (fictitious) mean Sun reaches an 
ecliptic longitude of 280°. This is currently on or close to 1 January. It is named after the 
19th century German astronomer and mathematician Friedrich Bessel. A formula to 
compute the current Besselian epoch (in years): 

B = 1900.0 + (Julian dateTT − 2415020.31352) / 365.242198781 

The TT subscript indicates for this formula, the Julian date should use the Terrestrial 
Time scale, or its predecessor, ephemeris time. 

Variation in the length of the year and the day 

The exact length of an astronomical year changes over time. The main sources of this 
change are: 

• The precession of the equinoxes changes the position of astronomical events with 
respect to the apsides of Earth's orbit. An event moving toward perihelion recurs 
with a decreasing period from year to year; an event moving toward aphelion 
recurs with an increasing period from year to year (though this effect does not 
change the average value of the length of the year). 

• Each planet's movement is perturbed by the gravity of every other planet. 
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• Tidal drag between the Earth and the Moon and Sun increases the length of the 
day and of the month (by transferring angular momentum from the rotation of the 
Earth to the revolution of the Moon); since the apparent mean solar day is the unit 
with which we measure the length of the year in civil life, the length of the year 
appears to change. Tidal drag in turn depends on factors such as post-glacial 
rebound and sea level rise. 

• Changes in the effective mass of the Sun, caused by solar wind and radiation of 
energy generated by nuclear fusion and radiated by its surface, will affect the 
Earth's orbital period over a long time (approximately an extra 1.25 microsecond 
per year). 

• The Poynting–Robertson effect shortens the year by about 30 nanoseconds per 
year. 

• Gravitational radiation shortens the year by about 165 attoseconds per year. 

Summary 

• 346.62 days: a draconitic year. 
• 353, 354 or 355 days: the lengths of common years in some lunisolar calendars. 
• 354.37 days (12 lunar months): the average length of a year in lunar calendars, 

notably the Muslim calendar. 
• 365 days: a vague year and a common year in many solar calendars. 
• 365.24219 days: a mean tropical year (rounded to five decimal places) for the 

epoch 2000. 
• 365.2424 days: a vernal equinox year (rounded to four decimal places) for the 

epoch 2000. 
• 365.2425 days: the average length of a year in the Gregorian calendar. 
• 365.25 days: the average length of a year in the Julian calendar. 
• 365.2564 days: a sidereal year. 
• 366 days: a leap year in many solar calendars. 
• 383, 384 or 385 days: the lengths of leap years in some lunisolar calendars. 
• 383.9 days (13 lunar months): a leap year in some lunisolar calendars. 

An average Gregorian year is 365.2425 days = 52.1775 weeks = 8,765.82 hours = 
525,949.2 minutes = 31,556,952 seconds (mean solar, not SI). 

A common year is 365 days = 8,760 hours = 525,600 minutes = 31,536,000 seconds. 

A leap year is 366 days = 8,784 hours = 527,040 minutes = 31,622,400 seconds. 

The 400-year cycle of the Gregorian calendar has 146,097 days and hence exactly 20,871 
weeks. 
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Symbol 

There is no universally accepted symbol for the year as a unit of time. The International 
System of Units does not propose one. NIST SP811 and ISO 80000-3:2006 suggest the 
symbol a is taken from the Latin word annus. In English, the abbreviations y or yr are 
sometimes used, specifically in geology and paleontology, where kyr, myr, byr 
(thousands, millions, and billions of years, respectively) and similar abbreviations are 
used to denote intervals of time remote from the present. 

Symbol a 

NIST SP811 and ISO 80000-3:2006 suggest the symbol a (in the International System of 
Units, although a is also the symbol for the are, the unit of area used to measure land 
area, but context is usually enough to disambiguate). In English, the abbreviations y and 
yr are also used.   

The Unified Code for Units of Measure disambiguates the varying symbologies of ISO 
1000, ISO 2955 and ANSI X3.50  by using 

ar for are (unit), and: 
at = a_t = 365.24219 days for the mean tropical year 
aj = a_j = 365.25 days for the mean Julian year 
ag = a_g = 365.2425 days for the mean Gregorian year 
a = 1 aj year (without further qualifier) 

SI prefix multipliers 

• ka (for kiloannum), is a unit of time equal to one thousand (103) years. 
• Ma (for megaannum), is a unit of time equal to one million (106) years. It is 

commonly used in scientific disciplines such as geology, paleontology, and 
celestial mechanics to signify very long time periods into the past or future. For 
example, the dinosaur species Tyrannosaurus rex was abundant approximately 65 
Ma (65 million years) ago (ago may not always be mentioned; if the quantity is 
specified while not explicitly discussing a duration, one can assume that "ago" is 
implied; the alternative but deprecated "mya" unit includes "ago" explicitly.). In 
astronomical applications, the year used is the Julian year of precisely 365.25 
days. In geology and paleontology, the year is not so precise and varies depending 
on the author. 

• Ga (for gigaannum), is a unit of time equal to 109 years (one billion on the short 
scale, one milliard on the long scale). It is commonly used in scientific disciplines 
such as cosmology and geology to signify extremely long time periods in the past. 
For example, the formation of the Earth occurred approximately 4.57 Ga (4.57 
billion years) ago. 

• Ta (for teraannum), is a unit of time equal to 1012 years (one trillion on the short 
scale, one billion on the long scale). It is an extremely long unit of time, about 70 
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times as long as the age of the universe. It is the same order of magnitude as the 
expected life span of a small red dwarf star. 

• Pa (for petaannum), is a unit of time equal to 1015 years (one quadrillion on the 
short scale, one billiard on the long scale). The half-life of the nuclide cadmium-
113 is about 8 Pa. This symbol coincides with that for the pascal without a 
multiplier prefix, though both are infrequently used and context will normally be 
sufficient to distinguish time from pressure values. 

• Ea (for exaannum), is a unit of time equal to 1018 years (one quintillion on the 
short scale, one trillion on the long scale). The half-life of tungsten-180 is 1.8 Ea. 

Symbols y and yr 

In astronomy, geology, and paleontology, the abbreviation yr for "years" and ya for 
"years ago" are sometimes used, combined with prefixes for "thousand", "million", or 
"billion". They are not SI units, using y to abbreviate English year, but following 
ambiguous international recommendations, use either the standard English first letters as 
prefixes (t,m,and b) and/or the familiar metric multiplier prefixes (k, m, and g). These 
abbreviations include: 

 SI-prefixed 
equivalent order of magnitude 

kyr "ka" * Thousands forms 
myr "Ma" * Millions forms 
byr "Ga" * Billions forms 

tya or 
kya "ka ago" 

• Appearance of Homo sapiens, ca. 200 tya 
• Out-of-Africa migration, ca. 60 tya 
• Last Glacial Maximum, ca. 20 tya 
• Neolithic Revolution, ca. 10 tya 

mya "Ma ago" 

• Pliocene 5.3 to 2.6 mya  
o The last geomagnetic reversal was 0.78 

mya 
o The (Eemian Stage) Ice Age started 

0.13 mya 
• Holocene started 0.01 mya 

bya or 
gya "Ga ago" 

• oldest Eukaryotes, 2 bya 
• age of the Earth, 4.5 bya 
• Big Bang, 13.7 bya 

Use of "mya" and "bya" is deprecated in modern geophysics, the recommended usage 
being "Ma" and "Ga" for dates Before Present, but "m.y." for the duration of epochs. This 
ad hoc distinction between "absolute" time and time intervals is somewhat controversial 
amongst members of the Geological Society of America. 
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Note that on graphs using "ya" units on the horizontal axis time flows from right to left, 
which may seem counter-intuitive. If the "ya" units are on the vertical axis, time flows 
from top to bottom which is probably easier to understand than conventional notation. 

"Great years" 

Equinoctial cycle 

The Great year, Platonic year, or Equinoctial cycle corresponds to a complete 
revolution of the equinoxes around the ecliptic. Its length is about 25,700 years, and 
cannot be determined precisely as the precession speed is variable. 

Galactic year 

The Galactic year is the time it takes Earth's solar system to revolve once around the 
galactic center. It comprises roughly 230 million Earth years. 



_________________WORLD TECHNOLOGIES_________________

WT

Chapter-9 

Month 

 

 

 
A month is a unit of time, used with calendars, which was first used and invented in 
Mesopotamia, as a natural period related to the motion of the Moon; month and Moon are 
cognates. The traditional concept arose with the cycle of moon phases; such months 
(lunations) are synodic months and last approximately 29.53 days. From excavated tally 
sticks, researchers have deduced that people counted days in relation to the Moon's 
phases as early as the Paleolithic age. Synodic months, based on the Moon's orbital 
period, are still the basis of many calendars today, and are used to divide the year. 

Types of months 

The following types of months are mainly of significance in astronomy, most of them 
(but not the distinction between sidereal and tropical months) first recognized in 
Babylonian lunar astronomy. 

Sidereal month 

The period of the Moon's orbit as defined with respect to the celestial sphere (of the fixed 
stars, nowadays the International Celestial Reference Frame (ICRF)) is known as a 
sidereal month because it is the time it takes the Moon to return to a given position 
among the stars (Latin: sidus): 27.321661 days (27 d 7 h 43 min 11.5 s). This type of 
month has been observed among cultures in the Middle East, India, and China in the 
following way: they divided the sky into 27 or 28 lunar mansions, one for each day of the 
month, identified by the prominent star(s) in them. 

Tropical month 

It is customary to specify positions of celestial bodies with respect to the vernal equinox. 
Because of precession, this point moves back slowly along the ecliptic. Therefore it takes 
the Moon less time to return to an ecliptic longitude of zero than to the same point amidst 
the fixed stars: 27.321582 days (27 d 7 h 43 min 4.7 s). This slightly shorter period is 
known as tropical month; cf. the analogous tropical year of the Sun. 
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Anomalistic month 

The Moon's orbit approximates an ellipse rather than a circle. However, the orientation 
(as well as the shape) of this orbit is not fixed. In particular, the position of the extreme 
points (the line of the apsides: perigee and apogee), makes a full circle (lunar precession) 
in about nine years. It takes the Moon longer to return to the same apsis because it moved 
ahead during one revolution. This longer period is called the anomalistic month, and has 
an average length of 27.554551 days (27 d 13 h 18 min 33.2 s). The apparent diameter of 
the Moon varies with this period, and therefore this type has some relevance for the 
prediction of eclipses, whose extent, duration, and appearance (whether total or annular) 
depend on the exact apparent diameter of the Moon. The apparent diameter of the full 
moon varies with the full moon cycle which is the beat period of the synodic and 
anomalistic month, and also the period after which the apsides point to the Sun again. 

Draconic month 

Sometimes written 'draconitic' month, and also called the nodical month. The orbit of the 
moon lies in a plane that is tilted with respect to the plane of the ecliptic: it has an 
inclination of about five degrees. The line of intersection of these planes defines two 
points on the celestial sphere: the ascending node, when the moon's path crosses the 
ecliptic as the moon moves into the northern hemisphere, and descending node when the 
moon's path crosses the ecliptic as the moon moves into the southern hemisphere. The 
draconic or nodical month is the average interval between two successive transits of the 
moon through its ascending node. Because of the sun's gravitational pull on the moon, the 
moon's orbit gradually rotates westward on its axis, which means the nodes gradually 
rotate around the earth. As a result, the time it takes the moon to return to the same node 
is shorter than a sidereal month. It lasts 27.212220 days (27 d 5 h 5 min 35.8 s). The 
plane of the moon's orbit precesses over a full circle in about 18.6 years. 

Because the moon's orbit is inclined with respect to the ecliptic, the sun, moon, and earth 
are in line only when the moon is at one of the nodes. Whenever this happens a solar or 
lunar eclipse is possible. The name "draconic" refers to a mythical dragon, said to live in 
the nodes and eat the sun or moon during an eclipse. 

Synodic month 

This is the average period of the Moon's revolution with respect to the Sun. The synodic 
month is a description of the Moon's phases, because the Moon's appearance depends on 
the position of the Moon with respect to the Sun as seen from the Earth. While the moon 
is orbiting the Earth, the Earth is progressing in its orbit around the Sun. This means that 
after completing a sidereal month the Moon must move a little farther to reach the new 
position of the Earth with respect to the Sun. This longer period is called the synodic 
month (Greek: σὺν ὁδῴ, sun hodō, meaning "with the way [of the Sun]"). Because of 
perturbations in the orbits of the Earth and Moon, the actual time between lunations may 
range from about 29.27 to about 29.83 days. The long-term average duration is 
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29.530589 days (29 d 12 h 44 min 2.9 s). The synodic month is used in the Metonic 
cycle. 

Month lengths 

Here is a list of the average length of the various astronomical lunar months. These are 
not constant, so a first-order (linear) approximation of the secular change is provided: 

Valid for the epoch J2000.0 (1 January 2000 12:00 TT): 

anomalistic month 27.554549878 − 0.000000010390 × Y days 

sidereal month 27.321661547 + 0.000000001857 × Y days 

tropical month 27.321582241 + 0.000000001506 × Y days 

draconic month 27.212220817 + 0.000000003833 × Y days 

synodic month 29.530588853 + 0.000000002162 × Y days 

Note: time expressed in Ephemeris Time (more precisely Terrestrial Time) with days of 
86,400 SI seconds. Y is years since the epoch (2000), expressed in Julian years of 365.25 
days. Note that for calendrical calculations, one would probably use days measured in the 
time scale of Universal Time, which follows the somewhat unpredictable rotation of the 
Earth, and progressively accumulates a difference with ephemeris time called ΔT. 

Calendrical consequences 

At the simplest level, all lunar calendars are based on the approximation that 2 lunations 
last 59 days: a 30 day full month followed by a 29 day hollow month — but this is only 
marginally accurate and quickly needs correction by using larger cycles, or the equivalent 
of leap days. 

Second, the synodic month does not fit easily into the year, which makes constructing 
accurate, rule-based lunisolar calendars difficult. The most common solution to this 
problem is the Metonic cycle, which takes advantage of the fact that 235 lunations are 
approximately 19 tropical years (which add up to not quite 6940 days). However, a 
Metonic calendar (such as the Hebrew calendar) will drift against the seasons by about 1 
day every 200 years. 
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The problems of creating reliable lunar calendars may explain why solar calendars, 
having months which no longer relate to the phase of the Moon, and being based only on 
the motion of the Sun against the sky, have generally replaced lunar calendars for civil 
use in most societies. 

Months in various calendars 

Beginning of the lunar month 

The Hellenic calendars, the Hebrew Lunisolar calendar and the Islamic Lunar calendar 
started the month with the first appearance of the thin crescent of the new moon. 

However, the motion of the Moon in its orbit is very complicated and its period is not 
constant. The date and time of this actual observation depends on the exact geographical 
longitude as well as latitude, atmospheric conditions, the visual acuity of the observers, 
etc. Therefore the beginning and lengths of months in these calendars can not be 
accurately predicted. 

While some like the Karaites Jews still rely on actual moon observations, most people 
use the Gregorian solar calendar. 

Julian and Gregorian calendars 

The Gregorian calendar, like the Julian calendar before it, has twelve months: 

Chronology Alphabetic Days 

1 January 31 days 

2 February 28 days, 29 in leap years 

3 March 31 days 

4 April 30 days 

5 May 31 days 

6 June 30 days 
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7 July 31 days 

8 August 31 days 

9 September 30 days 

10 October 31 days 

11 November 30 days 

12 December 31 days 

 
 
On top of the knuckles (yellow): 31 days Between the knuckles (blue): 30 days February 
(red) has 28 or 29 days. 

 

 
 
The white keys of the musical keyboard correlate to months with 31 days. ('F' correlates 
to January.) 

The average month in the Gregorian calendar has a length of 30.4167 days or 4.345 
weeks in a non-leap year and 30.5 days or 4.357 weeks in a leap year, or 30.436875 days 
in a mean Gregorian month overall (365.2425 ÷ 12). 



_________________WORLD TECHNOLOGIES_________________

WT

Months existing in the Roman calendar in the past include: 

• Mercedonius, an occasional month after February to realign the calendar. 
• Quintilis, renamed to July in honour of Julius Caesar. 
• Sextilis, renamed to August in honour of Augustus. 

The famous mnemonic Thirty days hath September is the most common way of teaching 
the lengths of the months in the English-speaking world. 

Also, note that the latter 10 months of the year form a pair of 31-30-31-30-31-day 5-
month cycles. 

The knuckles of the four fingers of one's hand and the spaces between them can be used 
to remember the lengths of the months. By making a fist, each month will be listed as one 
proceeds across the hand. All months landing on a knuckle are 31 days long and those 
landing between them are not. When the knuckle of the index finger is reached (July), go 
back to the first knuckle (or over to the first knuckle on the other fist, held next to the 
first) and continue with August. This physical mnemonic has been taught to primary 
school students for many decades. 

This cyclical pattern of month lengths matches the musical keyboard alternation of white 
and black keys (with the note 'F' correlating to the month of January). 

Calends, nones, and ides 

The ides occur on the thirteenth day in eight of the months, but in March, May, July, and 
October, they occur on the fifteenth. The nones always occur 8 days before the ides, i.e., 
on the fifth or the seventh. The calends are always the first day of the month. 

Islamic calendar 

There are also twelve months in the Islamic calendar. They are named as follows: 

1. Muharram ul Haram (or shortened to Muhar  
2. Safar رفص 
3. Rabi`-ul-Awwal (Rabi' I) لوألا عيبر 
4. Rabi`-ul-Akhir (or Rabi` al-Tיhaany) (Rabi' II) يناثلا عيبر وأ رخآلا عيبر 
5. Jumaada-ul-Awwal (Jumaada I) لوألا ىدامج 
6. Jumaada-ul-Akhir (or Jumaada al-Thaany) (Jumaada II) ىدامج وأ رخآلا ىدامج 

 يناثلا
7. Rajab بجر 
8. Sha'aban نابعش 
9. Ramadhan ناضمر 
10.  
11. Dhul Qadah (or Thou al-Qi`dah) ةدعقلا وذ 
12. Dhul Hijja (or Thou al-Hijjah) ةجحلا وذ 
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Bahá'í calendar 

The Bahá'í calendar is the calendar used by the Bahá'í Faith. It is a solar calendar with 
regular years of 365 days, and leap years of 366 days. Years are composed of 19 months 
of 19 days each (361 days), plus an extra period of "Intercalary Days" (4 in regular and 5 
in leap years). The months are named after the attributes of God. Days of the year begin 
and end at sundown. 

Hebrew Calendar 

The Hebrew calendar has 12 or 13 months. 

1. Nisan, 30 days ןסינ 
2. Iyyar, 29 days רייא 
3. Sivan, 30 days ןויס 
4. Tammuz, 29 days זומת 
5. Av, 30 days בא 
6. Elul, 29 days לולא 
7. Tishri, 30 days ירשת 
8. Heshvan, 29/30 days ןושח 
9. Kislev, 29/30 days ולסכ 
10. Tevet, 29 days תבט 
11. Shevat, 30 days טבש 
12. Adar 1, 30 days, intercalary month א רדא 
13. Adar 2, 29 days ב רדא 

Adar 1 is only added 7 times in 19 years. In ordinary years, Adar 2 is simply called Adar. 

French Republican calendar 

This calendar was proposed during the French Revolution, and used by the French 
government for about twelve years from late 1793. There were twelve months of 30 days 
each, grouped into three ten-day weeks called décades. The five or six extra days needed 
to approximate the tropical year were placed after the months at the end of each year. A 
period of four years ending on a leap day was to be called a Franciade. It began at the 
autumn equinox: 

• Autumn: 

1. Vendémiaire 
2. Brumaire 
3. Frimaire 

• Winter: 

1. Nivôse 
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2. Pluviôse 
3. Ventôse 

• Spring: 

1. Germinal 
2. Floréal 
3. Prairial 

• Summer: 

1. Messidor 
2. Thermidor 
3. Fructidor 

Iranian/Persian calendar 

The Iranian / Persian calendar, currently used in Iran and Afghanistan, also has 12 
months. The Persian names are included in the parentheses. 

1. , 31 days 
2. , 31 days 
3. , 31 days 
4. , 31 days 
5. , 31 days 
6. , 31 days 
7. , 30 days 
8. , 30 days 
9. , 30 days 
10. , 30 days 
11. , 30 days 
12. , 29 days, 30 in leap years 

Reformed Bengali calendar 

The Bangla Calendar, used in Bangladesh, follows solar months and it has six seasons. 
The months and seasons in the calendar are: 

Grishho (Summer) 

1. Baishakh- 31 days 
2. Jyoishtho- 31 days 

Borsha (Rainy) 

1. Aashar- 31 days 
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2. Shrabon- 31 days 

Sharat (Autumn) 

1. Bhadro- 31 days 
2. Aashwin- 30 days 

Hemanta (Late Autumn) 

1. Kartik- 30 days 
2. Aghrahayon- 30 days 

Sheeth (Winter) 

1. Poush- 30 days 
2. Magh- 30 days 

Bashanta (Spring) 

1. Falgoon- 30 days 
2. Chaitra- 30 days (31 days in leap year) 

Tongan Calendar 

The Tongan Calendar are based on the cycles of the moon around the earth in one 
year.The following months are: 

1. Liha Mu'a 
2. Liha Mui 
3. Vai Mu'a 
4. Vai Mui 
5. Faka'afu Mo'ui 
6. Faka'afu Mate 
7. Hilinga Kelekele 
8. Hilinga Mea'a 
9. 'Ao'ao 
10. Fu'ufu'unekinanga 
11. 'Uluenga 
12. Tanumanga 
13. 'O'oamofanongo 

Hindu Calendar 

The Hindu Calendar has various systems of naming the months. The months in the lunar 
calendar are: 
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 Sanskrit name Bengali name Tamil name 

# Chaitra Chaitra ( ) Chitirai 

# Vaishaakha *Baishakha ( ) Vaikasi 

# Jyaishtha Jyaishtha ( ) Aani 

# Aashaadha Ashadha ( ) Aadi 

# Shraavana Shravana ( ) Aavani 

# Bhaadrapada Bhadra ( ) Purratasi 

# Aashvayuja Ashwina ( ) Aiypasi 

# Kaartika Kartika ( ) Kaarthigai 

# Maargashiirsha Agrahayana ( ) Maargazhi 

# Pausha Pausha ( ) Thai 

# Maagha Magha ( ) Maasi 

# Phaalguna Phalguna ( ) Panguni 

In Bengali reckoning, Baishakha is the first month. 

These are also the names used in the Indian national calendar for the newly redefined 
months. 

The names in the solar calendar are just the names of the zodiac sign in which the sun 
travels. They are 

1. Mesha 
2. Vrishabha 
3. Mithuna 
4. Kataka 
5. Simha 
6. Kanyaa 
7. Tulaa 
8. Vrishcika 
9. Dhanus 
10. Makara 
11. Kumbha 
12. Miina 
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Sinhala calendar 

The Sinhala calendar is the Buddhist calendar in Sri Lanka with Sinhala names. Each full 
moon Poya day marks the start of a Buddhist lunar month. The first month is Bak. The 
Sinhala and Tamil New Year Day is the start of the Hindu solar calendar (usually 14 
April), an event unrelated to the Buddhist calendar. 

1. Duruthu 
2. Navam 
3. Medin 
4. Bak 
5. Vesak 
6. Poson 
7. Esala 
8. Nikini 
9. Binara 
10. Vap 
11. Il (iL) 
12. Unduvap 

Icelandic/Old Norse calendar 

The old Icelandic calendar is not in official use anymore, but some Icelandic holidays and 
annual feasts are still calculated from it. It has 12 months, broken down into two groups 
of six often termed "winter months" and "summer months". The calendar is peculiar in 
that the months always start on the same weekday rather than on the same date. Hence 
Þorri always starts on a Friday sometime between January 19 and January 25 (Old style: 
January 9 to January 15), Góa always starts on a Sunday between February 18 and February 
24 (Old style: February 8 to February 14). 

• Skammdegi ("Short days") 

1. Gormánuður (mid October - mid November, "slaughter month" or "Gór's month") 
2. Ýlir (mid November - mid December, "Yule month") 
3. Mörsugur (mid December - mid January, "fat sucking month") 
4. Þorri (mid January - mid February, "frozen snow month") 
5. Góa (mid February - mid March, "Góa's month) 
6. Einmánuður (mid March - mid April, "lone" or "single month") 

• Náttleysi ("Nightless days") 

1. Harpa (mid April - mid May, Harpa is a female name, probably a forgotten 
goddess, first day of Harpa is celebrated as Sumardagurinn fyrsti - first day of 
summer) 

2. Skerpla (mid May - mid June, another forgotten goddess) 
3. Sólmánuður (mid June - mid July, "sun month") 
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4. Heyannir (mid July - mid August, "hay business month") 
5. Tvímánuður (mid August - mid September, "two" or "second month") 
6. Haustmánuður (mid September - mid October, "autumn month") 

Old English calendar 

Like the Old Norse calendar, the Anglo-Saxons had their own calendar before they were 
Christianized which reflected native traditions and deities. These months were attested by 
Bede in his work On Chronology written in the 8th century. His months are probably 
those as written in the Northumbrian dialect of Old English which he was familiar with. 
The months were so named after the moon; the new moon marking the end of an old 
month and start of a new month; the full moon occurring in the middle of the month, after 
which the month was named. 

1. Æfterra-ġēola mōnaþ (January, 'After-Yule month’) 
2. Sol-mōnaþ (February, 'Sol month') 
3. Hreþ-mōnaþ (March, 'Hreth month’) 
4. Ēostur-mōnaþ (April, 'Ēostur month’) 
5. Ðrimilce-mōnaþ (May, 'Three-milkings month’) 
6. Ærra-Liþa (June, 'Ere-Litha') 
7. Æftera-Liþa (July, 'After-Litha') 
8. Wēod-mōnaþ (August, 'Weed month’) 
9. Hāliġ-mōnaþ or Hærfest-mōnaþ (September, 'Holy month’ or 'Harvest month') 
10. Winter-fylleþ (October, 'Winter-filleth’) 
11. Blōt-mōnaþ (November, 'Blót month’) 
12. Ærra-ġēola mōnaþ (December, 'Ere-Yule') 

Old Hungarian calendar 

Historically Hungary used a 12-month calendar that appears to have been zodiacal in 
nature but eventually came to correspond to the Gregorian months as shown below: 

1. Boldogasszony hava (January, ‘month of the happy/blessed lady’) 
2. Böjtelő hava (February, ‘month of early fasting/Lent’ or ‘month before 

fasting/Lent’) 
3. Böjtmás hava (March, ‘second month of fasting/Lent’) 
4. Szent György hava (April, ‘St. George’s month) 
5. Pünkösd hava (May, ‘Pentecost month’) 
6. Szent Iván hava (June, ‘St. Ivan’s month’) 
7. Szent Jakab hava (July, ‘St. James’ month’) 
8. Kisasszony hava (August, ‘month of the Virgin’) 
9. Szent Mihály hava (September, ‘St. Michael’s month’) 
10. Mindszent hava (October, ‘all saints month’) 
11. Szent András hava (November, ‘St. Andrew’s month’) 
12. Karácsony hava (December, ‘month of Yule/Christmas’) 
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Old Egyptian calendar 

The ancient civil Egyptian calendar had a year that was 365 days long and was divided 
into 12 months of 30 days each, plus 5 extra days (epagomenes) at the end of the year. 
The months were divided into 3 "weeks" of ten days each. Because the ancient Egyptian 
year was almost a quarter of a day shorter than the solar year and stellar events 
"wandered" through the calendar, it is referred to as Annus Vagus or "Wandering Year". 

1. Thout 
2. Paopi 
3. Hathor 
4. Koiak 
5. Tooba 
6. Emshir 
7. Paremhat 
8. Paremoude 
9. Pashons 
10. Paoni 
11. Epip 
12. Mesori 

Nisga'a calendar 

The Nisga'a Calendar coincides with the Gregorian Calendar with each month referring 
to the type of Harvesting that is done during the month. 

1. K'aliiyee = Going North - referring to the Sun returning to its usual place in the 
sky 

2. Buxwlaks = Needles Blowing About - February is usually a very windy month in 
the Nass River Valley 

3. Xsaak = To Eat Oolichans - Oolichans are harvested during this month 
4. Mmaal = Canoes - The river has defrosted, hence canoes are used once more 
5. Yansa'alt = Leaves are Blooming - Warm weather has arrived and leaves on the 

trees begin to bloom 
6. Miso'o = Sockeye - majority of Sockeye Salmon runs begin this month 
7. Maa'y = Berries - berry picking season 
8. Wii Hoon = Great Salmon - referring to the abundance of Salmon that are now 

running 
9. Genuugwwikw = Trail of the Marmot - Marmots, Ermines and animals as such 

are hunted 
10. Xlaaxw = To Eat Trout - trout are mostly eaten this time of year 
11. Gwilatkw = To Blanket - The earth is "blanketed" with snow 
12. Luut'aa = Sit In - the Sun "sits" in one spot for a period of time 
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Chapter-10 

Millennium 

 

 

 
A millennium (plural millenniums or millennia) is a period of time equal to one 
thousand years (1,000) (from the Latin phrase mille, thousand, and annus, year), often 
but not necessarily related numerically to a particular dating system. 

For example, a millennium could start at the beginning of the year 289 and finish at the 
beginning of the year 1289. 

Sometimes, it is used specifically for periods of one thousand years that begin at the 
starting point (initial reference point) of the calendar in consideration (Thus is typically 
the year "1".), or in later years which are whole number multiples of a thousand years 
after it. The term can also refer to an interval of time beginning on any date. Frequently 
in the latter case (and sometimes also in the former) it may have religious or theological 
implications. Sometimes in religious usages, such an interval called a "millennium" 
might be interpreted less precisely, i.e., not always being exactly 1000 years long. 

Counting years 

Ordinal 

The original method of counting years was ordinal, whether 1st year A.D. or regnal 10th 
year of King Henry VIII. This ordinal numbering is still present in the names of the 
millennia and centuries, for example 1st Millennium or the 20th century, and sometimes 
in the names of decades, e.g. 1st decade of the 21st century. 

Ranges 

A change from ordinals to cardinals is incomplete and might not ever be completed; the 
main issues arise from the content of the various year ranges. Similar issues affect the 
contents of centuries. Decades are usually referred to by their leading numbers and are 
therefore immune to this controversy: the decade called 1990s would by its naming not 
include 2000. Similarly the 100 years comprising the 1900s share 99 years in common 
with the 20th century, but do not include 2000. 
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Those following ordinal year names naturally choose 

• 2001–2100 as the current century 
• 2001–3000 as the current millennium 

Those following cardinal year names equally naturally choose 

• 2000–2099 as the current century 
• 2000–2999 as the current millennium 

Debate over millennium celebrations 

The common Western calendar, i.e. the Gregorian calendar, has been defined with 
counting origin 1. Thus each period of 1,000 years concludes with a year number with 
three zeroes, e.g. the first thousand years in the Western calendar included the year 1000. 
However, there are two viewpoints about how millennia should be thought of in practice, 
one which relies on the formal operation of the calendar and one which appeals to other 
notions that attract popular sentiment. A number of countries have legally adopted ISO 
8601, also used in other contexts, which uses the astronomical calendar in which year 
counting starts at 0. Thus, when using this calendar, the millennium starts at x000 and 
ends at x999. There was a popular debate leading up to the celebrations of the year 2000 
as to whether the beginning of that year should be understood (and celebrated) as the 
beginning of a new millennium. Historically, there has been debate around the turn of 
previous decades, centuries, and millennia. The issue is tied to the convention of using 
ordinal numbers to count millennia (as in "the third millennium"), as opposed to using 
cardinal numbers (as in "the two thousands"), which is unambiguous as it does not 
depend on which year counting starts. The first convention is common in English 
speaking countries, but the latter is favored in for example Sweden ("tvåtusentalet"). 

Arbitrariness of the selection of the Year One 

As a side-note to the debate on timing of the "turning of the millennium", the 
arbitrariness of the era itself can be raised. Mathematically, the choice of the zero point 
on any timeline is an arbitrary one. (However, once chosen, it must be abided.) 

The Gregorian calendar is a secularized, de facto standard, based on a significant 
Christian event, the purported date of the birth of Jesus Christ. Thus, the foundation of 
the calendar may not be as relevant to non-Christians. The calendar is one among many 
other calendars that are still in use and have been used, historically. Adjustments and 
errors in the calendar (such as Dionysius Exiguus's incorrect calculation of the year 
1 AD) make the particular dates we use today arbitrary. 

However, everyone can utilize the current, very common calendar, referring to its years 
as either being year of the "Christian Era" or the "Common Era", or the years earlier than 
this one as being either before the "Christian Era" or before the "Common Era", 
abbreviated BCE.. 
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Viewpoint 1: x001–y000 

Those holding that the arrival of new millennium should be celebrated in the transition 
from 2000 to 2001 (i.e. December 31, 2000), argued that since the Gregorian Calendar 
has no year zero, the millennia should be counted from 1 AD. Thus the first period of one 
thousand complete years runs from the beginning of 1 AD to the end of 1000 AD, and the 
beginning of the second millennium took place at the beginning of 1001. The second 
millennium thus ends at the end of the year 2000. Then again, those who defend the 
opposite idea state that the new millennium started with the year 2000 (because of the 
changes made to the Gregorian calendar in 1582, or because the first millennium started 
in 1 AD. and ended in 999 AD, being the only millennium (along with the last 
millennium b.c.) not with 1000 years, but with 999 years). 

Arthur C. Clarke gave this analogy (from a statement received by Reuters): "If the scale 
on your grocer's weighing machine began at 1 instead of 0, would you be happy when he 
claimed he'd sold you 10 kg of tea?" This statement illustrates the common confusion 
about the calendar. If one counts from the beginning of AD 1 to the ending of AD 1000, 
one would have counted 1000 years. The next 1000 years (millennium) would begin on 
the first day of 1001. So the calendar has not 'cheated' anyone out of a year. In other 
words, the argument is based on the fact that the last year of the first two thousand years 
in the Gregorian Calendar was 2000, not 1999. 

Viewpoint 2: x000–x999 

The "year 2000" has also been a popular phrase referring to an often utopian future, or a 
year when stories in such a future were set, adding to its cultural significance. There was 
also media and public interest in the Y2K bug. Thus, the populist argument was that the 
new millennium should begin when the zeroes "rolled over" to 2000, i.e. the day after 
December 31, 1999. People felt that the change of hundred digit in the year number, and 
the zeros rolling over, created a sense that a new century had begun. This is similar to the 
common demarcation of decades by their most significant digits, e.g. naming the period 
1980 to 1989 as the 1980s or "the eighties". Similarly, it would be valid to celebrate the 
year 2000 as a cultural event in its own right, and name the period 2000 to 2999 as "the 
2000s". 

Most historians agree that Dionysius nominated Christ's birth as December 25 of the year 
before AD 1. This corresponded with the belief that the birth year itself was considered 
too holy to mention. It also corresponds to the notion that AD 1 was "the first year of his 
life", as distinguished from being the year after his first birthday. Similarly in 1000 AD 
the church actively discouraged any mention of that year and in modern times it labelled 
2000 AD as the "Jubilee Year 2000" marking the 2000th anniversary of the birth of 
Christ. The AD system counts years with origin 1. Some assume a preceding Year 0 for 
the start of the first Christian millennium in order to start the millennia in year numbers 
multiple of 1000. 
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Popular approach 

The majority popular approach was to treat the end of 1999 as the end of a millennium, 
and to hold millennium celebrations at midnight between December 31, 1999 and 
January 1, 2000, as per viewpoint 2. The cultural and psychological significance of the 
events listed above combined to cause celebrations to be observed one year earlier than 
the formal Gregorian date. This does not, of course, establish that insistence on the 
formal Gregorian date is "incorrect", though some view it as pedantic (as in the comment 
of Douglas Adams mentioned below). Some event organisers hedged their bets by calling 
their 1999 celebrations things like "Click" referring to the odometer-like rolling over of 
the nines to zeros. A second approach was to adopt two different views on the 
millennium problem and celebrate the new millennium twice. 

Commentary on "The Millennium" 

• Stephen Jay Gould noted in his essay Dousing Diminutive Dennis' Debate (or 
DDDD = 2000) (Dinosaur in a Haystack) that celebrations and media 
announcements marked the turn into the twentieth century along the boundary of 
1900 and 1901, citing, among other examples, the New York Times's headline 
"Twentieth Century's Triumphant Entry" on January 1, 1901. Gould also included 
comments on adjustments to the calendar, such as those by Dionysius Exiguus 
(the eponymous "Diminutive Dennis"), the timing of celebrations over different 
transitional periods, and the "high" versus "pop" culture interpretation of the 
transition. Further of his essays on this topic are collected in Questioning the 
Millennium: A Rationalist's Guide to a Precisely Arbitrary Countdown. 

• In the editorial to 2002's Best American Essays Gould highlights the use of 
historical events, rather than transitional dates, to delineate periods of history: 
"Many commentators have stated — quite correctly in my view — that the 
twentieth century did not truly begin in 1900 or 1901, by any standard of 
historical continuity, but rather at the end of World War I, the great shatterer of 
illusions about progress and human betterment... I suspect that future chroniclers 
will date the inception of the third millennium from September 11, 2001." 

• Douglas Adams highlighted the sentiment that those in favor of a 2001 
celebration were pedantic spoil-sports in his short Internet article Significant 
Events of the Millennium. This sentiment was also demonstrated when, in 1997, 
the Australian Prime Minister John Howard made a point in favor of the 
celebration's being in 2001, and he was named "the party pooper of the century" 
by local newspapers. 

• In an episode of the American television series, Seinfeld, titled "The Millennium", 
Jerry Seinfeld states, "Since there was no year zero, the millennium doesn't begin 
until the year two-thousand and one." 
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• In the TV series, The X-Files, there is an episode titled "Millennium", continuing 
the TV series of the same name. In this episode Dr. Scully mentions that the new 
Millennium doesn't start until January 1, 2001. She is made fun of, but not 
suggested to be incorrect. Mulder responds, "No one likes a math geek, Scully." 

• The action of the book The Headless Bust: A Melancholy Meditation on the False 
Millennium, by Edward Gorey, takes place on December 31, 1999, and it refers to 
the next coming year as the start of the new Millennium, despite the fact that the 
title of the book calls it the "False Millennium." 

• The host of the game show Jeopardy!, Alex Trebek, proudly welcomed his guests 
and the contestants to the "first day of the 21st century" on January 1, 2001. 

• The science writer Sir Arthur C. Clarke firmly stated in his writings that the 
beginning of the New Millennium would be on January 1, 2001. Clarke had also 
very optimistically prophesied that on that date, all telephone calls, worldwide, 
would become local calls. In other words, there would no longer be any extra 
charges for long-distance calls, anywhere. 

• Linguist Arnold Zwicky suggested an analogy with the adjustment from Julian to 
Gregorian calendar: 

Let's take a clue from the defective Gregorian year, the one with only 355 days in 
it. ... If a year can be stipulated to be defective by some days, why can't a decade, 
century, or millennium be stipulated to be defective by a year? Why don't we just 
say that the first decade in our western calendar was short by a year? Then as a 
result the first century was similarly short, and the first millennium too. Thereafter 
nothing's defective. This stipulation performs a cultural function; it aligns the 
beginning of every decade, century, and millennium (except the very first of each 
of these) with an auspiciously numbered year. 
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Chapter-11 

Kilogram 

 

 

 
Kilogram 

 
A computer-generated image of the international prototype kilogram 
(IPK). The IPK is the kilogram. The IPK, which is roughly the size of 
a golf ball, sits here alongside a ruler. The IPK is made of a platinum-

iridium alloy and is stored in a vault at the International Bureau of 
Weights and Measures in Sèvres, France. Like the other prototypes, 

the edges of the IPK have a four-angle chamfer to minimize wear. For 
other kilogram-related images. 

Unit information 
Unit system: SI base unit 
Unit of... Mass 
Symbol: kg 

Unit conversions 
1 kg in... is equal to... 
   U.S. customary    ≈ 2.205 pounds 

   Natural units 

   ≈ 4.59×107 
 Planck masses 
≈1.356392733(68)×1050 
hertz  
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The kilogram (symbol: kg) is the base unit of mass in the International System of Units 
(SI, from the French Système international d'unités), which is the modern standard 
governing the metric system. The kilogram is defined as being equal to the mass of the 
international prototype kilogram (IPK), which is almost exactly equal to the mass of one 
liter of water. It is the only SI base unit with an SI prefix as part of its name. It is also the 
only SI unit that is still defined by an artifact, whereas all other SI units have been 
redefined using a fundamental physical property that can be reproduced in adequately 
equipped laboratories. 

In everyday usage, the mass of an object is often referred to as its weight though these are 
in fact different concepts and quantities. In scientific contexts, mass refers to the amount 
of matter in an object, whereas weight refers to the force experienced by an object due to 
gravity once it has come to rest against another object. In other words, an object with a 
mass of one kilogram will weigh one kilogram on Earth, less on Mars, much more on 
Saturn, and nothing in space and in free fall close to planets and other objects. 
Throughout most of the world, force is measured with the SI unit newton and the non-SI 
unit kilogram-force. Similarly, the avoirdupois (or international) pound, used in both the 
imperial system and U.S. customary units, is a unit of mass and its related unit of force is 
the pound-force. The avoirdupois pound is defined as exactly 0.45359237 kg, making one 
kilogram approximately equal to 2.2046 avoirdupois pounds. 

Many units in the SI system are defined relative to the kilogram, so its stability is 
important. After the international prototype kilogram had been found to vary in mass over 
time, the International Committee for Weights and Measures (known also by its French-
language initials CIPM) recommended in 2005 that the kilogram be redefined in terms of 
a fundamental constant of nature. No final decision is expected before 2015. 
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Nature of mass 
 

 
 
The chains on the swing hold all the child’s weight. If one were to stand behind her at the 
bottom of the arc and try to stop her, one would be acting against her inertia, which arises 
purely from mass, not weight. 

The kilogram is a unit of mass, the measurement of which corresponds to the general, 
everyday notion of how “heavy” something is. However, mass is actually an inertial 
property; that is, the tendency of an object to remain at constant velocity unless acted 
upon by an outside force. According to Sir Isaac Newton's 324-year-old laws of motion 
and an important formula that sprang from his work, F = ma, an object with a mass, m, 
of one kilogram will accelerate, a, at one meter per second per second (about one-tenth 
the acceleration due to earth’s gravity) when acted upon by a force, F, of one newton. 

While the weight of matter is entirely dependent upon the strength of gravity, the mass of 
matter is invariant. Accordingly, for astronauts in microgravity, no effort is required to 
hold objects off the cabin floor; they are “weightless”. However, since objects in 
microgravity still retain their mass and inertia, an astronaut must exert ten times as much 
force to accelerate a 10-kilogram object at the same rate as a 1-kilogram object. 
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On earth, a common swing set can demonstrate the relationship of force, mass, and 
acceleration without being appreciably influenced by weight (downward force). If one 
were to stand behind a large adult sitting stationary in a swing and give him a strong 
push, the adult would accelerate relatively slowly and swing only a limited distance 
forwards before beginning to swing backwards. Exerting that same effort while pushing 
on a small child would produce much greater acceleration. 
 

History 

Early definitions 

On 7 April 1795, the gram was decreed in France to be equal to “the absolute weight of a 
volume of water equal to the cube of the hundredth part of the meter, at the temperature 
of melting ice.” The concept of using a specified volume of water to define a unit 
measure of mass was first advanced by the English philosopher John Wilkins in 1668. 

Since trade and commerce typically involve items significantly more massive than one 
gram, and since a mass standard made of water would be inconvenient and unstable, the 
regulation of commerce necessitated the manufacture of a practical realization of the 
water-based definition of mass. Accordingly, a provisional mass standard was made as a 
single-piece, metallic artifact one thousand times more massive than the gram—the 
kilogram. 

At the same time, work was commissioned to precisely determine the mass of a cubic 
decimeter (one liter) of water. Although the decreed definition of the kilogram specified 
water at 0 °C—its highly stable temperature point—the French chemist, Louis Lefèvre-
Gineau and the Italian naturalist, Giovanni Fabbroni after several years of research chose 
to redefine the standard in 1799 to water’s most stable density point: the temperature at 
which water reaches maximum density, which was measured at the time as 4 °C. They 
concluded that one cubic decimeter of water at its maximum density was equal to 
99.9265% of the target mass of the provisional kilogram standard made four years earlier. 
That same year, 1799, an all-platinum kilogram prototype was fabricated with the 
objective that it would equal, as close as was scientifically feasible for the day, the mass 
of one cubic decimeter of water at 4 °C. The prototype was presented to the Archives of 
the Republic in June and on 10 December 1799, the prototype was formally ratified as the 
kilogramme des Archives (Kilogram of the Archives) and the kilogram was defined as 
being equal to its mass. This standard stood for the next ninety years. 

International prototype kilogram 

The Metre Convention was signed on 20 May 1875 and established the SI system, which 
since 1889 defines the magnitude of the kilogram to be equal to the mass of the 
international prototype kilogram, often referred to in the professional metrology world as 
the “IPK”. The IPK is made of a platinum alloy known as “Pt-10Ir”, which is 90% 
platinum and 10% iridium (by mass) and is machined into a right-circular cylinder 
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(height = diameter) of 39.17 millimeters to minimize its surface area. The addition of 
10% iridium improved upon the all-platinum Kilogram of the Archives by greatly 
increasing hardness while still retaining platinum’s many virtues: extreme resistance to 
oxidation, extremely high density (more than twice as dense as lead and more than 21 
times as dense as water), satisfactory electrical and thermal conductivities, and low 
magnetic susceptibility. The IPK and its six sister copies are stored at the International 
Bureau of Weights and Measures (known by its French-language initials BIPM) in an 
environmentally monitored safe in the lower vault located in the basement of the BIPM’s 
House of Breteuil in Sèvres on the outskirts of Paris. Three independently controlled keys 
are required to open the vault. Official copies of the IPK were made available to other 
nations to serve as their national standards. These are compared to the IPK roughly every 
50 years. 

The IPK is one of three cylinders made in 1879. In 1883, it was found to be 
indistinguishable from the mass of the Kilogram of the Archives made eighty-four years 
prior, and was formally ratified as the kilogram by the 1st CGPM in 1889. 

Modern measurements of Vienna Standard Mean Ocean Water, which is pure distilled 
water with an isotopic composition representative of the average of the world’s oceans, 
show it has a density of 0.999975 ±0.000001 kg/L at its point of maximum density 
(3.984 °C) under one standard atmosphere (760 torr) of pressure. Thus, a cubic decimeter 
of water at its point of maximum density is only 25 parts per million less massive than 
the IPK; that is to say, the 25 milligram difference shows that the scientists over 212 
years ago managed to make the mass of the Kilogram of the Archives equal that of a 
cubic decimeter of water at 4 °C to within the mass of a single excess grain of rice. 
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Stability of the international prototype kilogram 
 

 
 
Mass drift over time of national prototypes K21–K40, plus two of the IPK’s sister copies: 
K32 and K8(41). All mass changes are relative to the IPK. The initial 1889 starting-value 
offsets relative to the IPK have been nulled. The above are all relative measurements; no 
historical mass-measurement data is available to determine which of the prototypes has 
been most stable relative to an invariant of nature. There is the distinct possibility that all 
the prototypes gained mass over 100 years and that K21, K35, K40, and the IPK simply 
gained less than the others. 

By definition, the error in the measured value of the IPK’s mass is exactly zero; the IPK 
is the kilogram. However, any changes in the IPK’s mass over time can be deduced by 
comparing its mass to that of its official copies stored throughout the world, a process 
called “periodic verification.” For instance, the U.S. owns four 90% platinum / 
10% iridium (Pt-10Ir) kilogram standards, two of which, K4 and K20, are from the 
original batch of 40 replicas delivered in 1884. The K20 prototype was designated as the 
primary national standard of mass for the U.S. Both of these, as well as those from other 
nations, are periodically returned to the BIPM for verification. 

Note that none of the replicas has a mass precisely equal to that of the IPK; their masses 
are calibrated and documented as offset values. For instance, K20, the U.S.’s primary 
standard, originally had an official mass of 1 kg − 39 micrograms (µg) in 1889; that is to 
say, K20 was 39 µg less than the IPK. A verification performed in 1948 showed a mass 
of 1 kg − 19 µg. The latest verification performed in 1999 shows a mass precisely 
identical to its original 1889 value. Quite unlike transient variations such as this, the 
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U.S.’s check standard, K4, has persistently declined in mass relative to the IPK—and for 
an identifiable reason. Check standards are used much more often than primary standards 
and are prone to scratches and other wear. K4 was originally delivered with an official 
mass of 1 kg − 75 µg in 1889, but as of 1989 was officially calibrated at 1 kg − 106 µg 
and ten years later was 1 kg − 116 µg. Over a period of 110 years, K4 lost 41 µg relative 
to the IPK. 

Beyond the simple wear that check standards can experience, the mass of even the 
carefully stored national prototypes can drift relative to the IPK for a variety of reasons, 
some known and some unknown. Since the IPK and its replicas are stored in air (albeit 
under two or more nested bell jars), they gain mass through adsorption of atmospheric 
contamination onto their surfaces. Accordingly, they are cleaned in a process the BIPM 
developed between 1939 and 1946 known as “the BIPM cleaning method” that comprises 
lightly rubbing with a chamois soaked in equal parts ether and ethanol, followed by steam 
cleaning with bi-distilled water, and allowing the prototypes to settle for 7–10 days 
before verification. Cleaning the prototypes removes between 5 and 60 µg of 
contamination depending largely on the time elapsed since the last cleaning. Further, a 
second cleaning can remove up to 10 µg more. After cleaning—even when they are 
stored under their bell jars—the IPK and its replicas immediately begin gaining mass 
again. The BIPM even developed a model of this gain and concluded that it averaged 
1.11 µg per month for the first 3 months after cleaning and then decreased to an average 
of about 1 µg per year thereafter. Since check standards like K4 are not cleaned for 
routine calibrations of other mass standards—a precaution to minimize the potential for 
wear and handling damage—the BIPM’s model of time-dependent mass gain has been 
used as an “after cleaning” correction factor. 
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K48, above, came from the second batch of kilogram replicas to be produced. It was 
delivered to Denmark in 1949 with an official mass of 1 kg + 81 µg. Like all other 
replicas, it is stored under two nested bell jars virtually all the time. Still, its mass and that 
of the IPK diverged markedly in only 40 years; the mass of K48 was certified as 1 
kg + 112 µg during the 1988–1992 periodic verification. 

Because the first forty official copies are made of the same alloy as the IPK and are 
stored under similar conditions, periodic verifications using a large number of replicas—
especially the national primary standards, which are rarely used—can convincingly 
demonstrate the stability of the IPK. What has become clear after the third periodic 
verification performed between 1988 and 1992 is that masses of the entire worldwide 
ensemble of prototypes have been slowly but inexorably diverging from each other. It is 
also clear that the mass of the IPK lost perhaps 50 µg over the last century, and possibly 
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significantly more, in comparison to its official copies. The reason for this drift has 
eluded physicists who have dedicated their careers to the SI unit of mass. No plausible 
mechanism has been proposed to explain either a steady decrease in the mass of the IPK, 
or an increase in that of its replicas dispersed throughout the world. This relative nature 
of the changes amongst the world’s kilogram prototypes is often misreported in the 
popular press, and even some notable scientific magazines, which often state that the IPK 
simply “lost 50 µg” and omit the very important caveat of “in comparison to its official 
copies.” Moreover, there are no technical means available to determine whether or not 
the entire worldwide ensemble of prototypes suffers from even greater long-term trends 
upwards or downwards because their mass “relative to an invariant of nature is unknown 
at a level below 1000 µg over a period of 100 or even 50 years.” Given the lack of data 
identifying which of the world’s kilogram prototypes has been most stable in absolute 
terms, it is equally as valid to state that the first batch of replicas has, as a group, gained 
an average of about 25 µg over one hundred years in comparison to the IPK. 

What is known specifically about the IPK is that it exhibits a short-term instability of 
about 30 µg over a period of about a month in its after-cleaned mass. The precise reason 
for this short-term instability is not understood but is thought to entail surface effects: 
microscopic differences between the prototypes’ polished surfaces, possibly aggravated 
by hydrogen absorption due to catalysis of the volatile organic compounds that slowly 
deposit onto the prototypes as well as the hydrocarbon-based solvents used to clean them. 

It has been possible to rule out many explanations of the observed divergences in the 
masses of the world’s prototypes proposed by scientists and the general public. The 
BIPM's FAQ explains, for example, that the divergence is dependent on the amount of 
time elapsed between measurements and not dependent on the number of times the 
artifacts have been cleaned or possible changes in gravity or environment. 

Scientists are seeing far greater variability in the prototypes than previously believed. The 
increasing divergence in the masses of the world’s prototypes and the short-term 
instability in the IPK has prompted research into improved methods to obtain a smooth 
surface finish using diamond-turning on newly manufactured replicas and has intensified 
the search for a new definition of the kilogram.  
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Importance of the kilogram 

  
 
The magnitude of many of the units comprising the SI system of measurement, including 
most of those used in the measurement of electricity and light, are highly dependent upon 
the stability of a 132-year-old, golf ball-size cylinder of metal stored in a vault in France. 

The stability of the IPK is crucial because the kilogram underpins much of the SI system 
of measurement as it is currently defined and structured. For instance, the newton is 
defined as the force necessary to accelerate one kilogram at one meter per second 
squared. If the mass of the IPK were to change slightly, so too must the newton by a 
proportional degree. In turn, the pascal, the SI unit of pressure, is defined in terms of the 
newton. This chain of dependency follows to many other SI units of measure. For 
instance, the joule, the SI unit of energy, is defined as that expended when a force of one 
newton acts through one meter. Next to be affected is the SI unit of power, the watt, 
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which is one joule per second. The ampere too is defined relative to the newton, and 
ultimately, the kilogram. With the magnitude of the primary units of electricity thus 
determined by the kilogram, so too follow many others; namely, the coulomb, volt, tesla, 
and weber. Even units used in the measure of light would be affected; the candela—
following the change in the watt—would in turn affect the lumen and lux. 

Because the magnitude of many of the units comprising the SI system of measurement is 
ultimately defined by the mass of a 132-year-old, golf ball-sized piece of metal, the 
quality of the IPK must be diligently protected to preserve the integrity of the SI system. 
Yet, in spite of the best stewardship, the average mass of the worldwide ensemble of 
prototypes and the mass of the IPK have likely diverged another 5.1 µg since the third 
periodic verification 22 years ago. Further, the world’s national metrology laboratories 
must wait for the fourth periodic verification to confirm whether the historical 
trends persisted. 

Fortunately, definitions of the SI units are quite different from their practical realizations. 
For instance, the meter is defined as the distance light travels in a vacuum during a time 
interval of 1⁄299,792,458 of a second. However, the meter’s practical realization typically 
takes the form of a helium-neon laser, and the meter’s length is delineated—not 
defined—as 1,579,800.298728 wavelengths of light from this laser. Now suppose that the 
official measurement of the second was found to have drifted by a few parts per billion (it 
is actually extremely stable). There would be no automatic effect on the meter because 
the second—and thus the meter’s length—is abstracted via the laser comprising the 
meter’s practical realization. Scientists performing meter calibrations would simply 
continue to measure out the same number of laser wavelengths until an agreement was 
reached to do otherwise. The same is true with regard to the real-world dependency on 
the kilogram: if the mass of the IPK was found to have changed slightly, there would be 
no automatic effect upon the other units of measure because their practical realizations 
provide an insulating layer of abstraction. Any discrepancy would eventually have to be 
reconciled though because the virtue of the SI system is its precise mathematical and 
logical harmony amongst its units. If the IPK’s value were definitively proven to have 
changed, one solution would be to simply redefine the kilogram as being equal to the 
mass of the IPK plus an offset value, similarly to what is currently done with its replicas; 
e.g., “the kilogram is equal to the mass of the IPK + 42 parts per billion” (equivalent to 
42 µg). 

The long-term solution to this problem, however, is to liberate the SI system’s 
dependency on the IPK by developing a practical realization of the kilogram that can be 
reproduced in different laboratories by following a written specification. The units of 
measure in such a practical realization would have their magnitudes precisely defined and 
expressed in terms of fundamental physical constants. While major portions of the SI 
system would still be based on the kilogram, the kilogram would in turn be based on 
invariant, universal constants of nature. While this is a worthwhile objective and much 
work towards that end is ongoing, no alternative has yet achieved the uncertainty of a 
couple parts in 108 (~20 µg) required to improve upon the IPK. However, as of April 
2007, the U.S.’s National Institute of Standards and Technology (NIST) had an 
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implementation of the watt balance that was approaching this goal, with a demonstrated 
uncertainty of 36 µg.  

Proposed future definitions 
In the following sections, wherever numeric equalities are shown in ‘concise form’—such 
as 1.85487(14)×1043 
—the two digits between the parentheses denote the uncertainty at 1σ standard deviation 
(68% confidence level) in the two least significant digits of the significand. 

The kilogram is the only SI unit that is still defined by an artifact. Note that the meter was 
also once defined as an artifact (a single platinum-iridium bar with two marks on it). 
However, it was eventually redefined in terms of invariant, fundamental constants of 
nature (the wavelength of light emitted by krypton, and later the speed of light) so that 
the standard can be reproduced in different laboratories by following a written 
specification. Today, physicists are investigating various approaches to doing the same 
with the kilogram. 

In October 2010, the International Committee for Weights and Measures (known by its 
French-language initials CIPM) voted to submit a resolution for consideration at the 
General Conference on Weights and Measures (CGPM), to "take note of an intention" 
that the kilogram be defined in terms of the Planck constant, h. Such a definition would 
theoretically permit any apparatus that was capable of delineating the kilogram in terms 
of the Planck constant to be used as long as it possessed sufficient precision, accuracy 
and stability. The watt balance (discussed below) may be able to do this. 

In getting to the threshold of replacing the last artifact that underpins much of the 
International System of Units (SI), a variety of other fundamentally different technologies 
were considered and explored over many years. Some of the approaches are 
fundamentally very different from each other. They too are covered below. Some of these 
now-abandoned approaches were based on equipment and procedures that would have 
enabled the reproducible production of new, kilogram-mass prototypes on demand (albeit 
with extraordinary effort) using measurement techniques and material properties that are 
ultimately based on, or traceable to, fundamental constants. Others were based on devices 
that measured either the acceleration or weight of hand-tuned, kilogram test masses and 
which expressed their magnitudes in electrical terms via special components that permit 
traceability to fundamental constants. All approaches depend on converting a weight 
measurement to a mass, and therefore require the precise measurement of the strength of 
gravity in laboratories. All approaches would have precisely fixed one or more constants 
of nature at a defined value. 
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The watt balance 

  
 
The NIST’s watt balance is a project of the U.S. Government to develop an “electronic 
kilogram.” The vacuum chamber dome, which lowers over the entire apparatus, is visible 
at top. 

The watt balance is essentially a single-pan weighing scale that measures the electric 
power necessary to oppose the weight of a kilogram test mass as it is pulled by earth’s 
gravity. It is a variation of an ampere balance in that it employs an extra calibration step 
that nulls the effect of geometry. The electric potential in the watt balance is delineated 
by a Josephson voltage standard, which allows voltage to be linked to an invariant 
constant of nature with extremely high precision and stability. Its circuit resistance is 
calibrated against a quantum Hall resistance standard. 

The watt balance requires exquisitely precise measurement of the local gravitational 
acceleration g in the laboratory, using a gravimeter. For instance, the NIST compensates 
for earth’s gravity gradient of 309 µGal per meter when the elevation of the center of the 
gravimeter differs from that of the nearby test mass in the watt balance; a change in the 
weight of a one-kilogram test mass that equates to about 316 µg/m. 
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In April 2007, the NIST’s implementation of the watt balance demonstrated a combined 
relative standard uncertainty (CRSU) of 36 µg and a short-term resolution of 10–15 µg. 
The UK’s National Physical Laboratory’s watt balance demonstrated a CRSU of 70.3 µg 
in 2007. That watt balance was disassembled and shipped in 2009 to Canada’s Institute 
for National Measurement Standards (part of the National Research Council), where 
research and development with the device could continue. 

If the CGPM adopts the new proposal and the new definition of the kilogram becomes 
part of the SI, the Planck constant (h), which is a measure that relates the energy of 
photons to their frequency, would be precisely fixed; for example, to h 
= 6.626069×10−34 
 J·s (from the 2006 CODATA value of 6.62606896(33)×10−34J·s). Once agreed upon 
internationally, the kilogram would no longer be defined as the mass of the IPK. With the 
definition of the kilogram in terms of electric power and a frequency (the Planck 
constant’s J·s), electric power would be directly identical to mechanical power by 
definition rather than being a derivative. All the remaining units in the International 
System of Units (the SI) that today have dependencies upon the kilogram and the joule 
would also fall in place, their magnitudes ultimately defined, in part, in terms of photon 
oscillations rather than a 132-year-old metal artifact stored in a vault. 

 
 
the local gravitational acceleration g is measured with exceptional precision with the help 
of a laser interferometer. The laser’s pattern of interference fringes—the dark and light 
bands above—blooms at an ever faster rate as a free-falling corner reflector drops inside 
an absolute gravimeter. The pattern’s frequency sweep is timed by an atomic clock. 



_________________WORLD TECHNOLOGIES_________________

WT

Gravity and the nature of the watt balance, which oscillates test masses up and down 
against the local gravitational acceleration g, are exploited so that mechanical power is 
compared against electrical power, which is the square of voltage divided by electrical 
resistance. However, g varies significantly—nearly one percent—depending upon where 
on earth’s surface the measurement is made. There are also subtle seasonal variations in g 
due to changes in underground water tables, and larger semimonthly and diurnal changes 
due to tidal distortions in the earth’s shape caused by the moon. Although g would not be 
a term in the definition of the kilogram, it would be crucial in the delineation of the 
kilogram when relating energy to power. Accordingly, g must be measured with at least 
as much precision and accuracy as are the other terms, so measurements of g must also be 
traceable to fundamental constants of nature. For the most precise work in mass 
metrology, g is measured using dropping-mass absolute gravimeters that contain an 
iodine-stabilized helium–neon laser interferometer. The fringe-signal, frequency-sweep 
output from the interferometer is measured with a rubidium atomic clock. Since this type 
of dropping-mass gravimeter derives its accuracy and stability from the constancy of the 
speed of light as well as the innate properties of helium, neon, and rubidium atoms, the 
‘gravity’ term in the delineation of an all-electronic kilogram is also measured in terms of 
invariants of nature—and with very high precision. For instance, in the basement of the 
NIST’s Gaithersburg facility in 2009, when measuring the gravity acting upon Pt-10Ir 
test masses (which are denser, smaller, and have a slightly lower center of gravity inside 
the watt balance than stainless steel masses), the measured value was typically within 
8 ppb of 9.80101644 m/s2. 

The virtue of electronic realizations like the watt balance is that the definition and 
dissemination of the kilogram would no longer be dependent upon the stability of 
kilogram prototypes, which must be very carefully handled and stored. It would free 
physicists from the need to rely on assumptions about the stability of those prototypes. 
Instead, hand-tuned, close-approximation mass standards would simply be weighed and 
documented as being equal to one kilogram plus an offset value. With the watt balance, 
while the kilogram would be delineated in electrical and gravity terms, all of which are 
traceable to invariants of nature; it would be defined in a manner that is directly traceable 
to just three fundamental constants of nature. The Planck constant defines the kilogram in 
terms of the second and the meter. By fixing the Planck constant, the definition of the 
kilogram would depend only on the definitions of the second and the meter. The 
definition of the second depends on a single defined physical constant: the ground state 
hyperfine splitting frequency of the caesium 133 atom Δν(133Cs)hfs. The meter depends on 
the second and on an additional defined physical constant: the speed of light c. If the 
Kilogram is redefined in this manner, mass artifacts—physical objects calibrated in a 
watt balance, including the IPK—would no longer be part of the definition, but would 
instead become transfer standards. 

Scales like the watt balance also permit more flexibility in choosing materials with 
especially desirable properties for mass standards. For instance, Pt-10Ir could continue to 
be used so that the specific gravity of newly produced mass standards would be the same 
as existing national primary and check standards (≈21.55 g/ml). This would reduce the 
relative uncertainty when making mass comparisons in air. Alternately, entirely different 
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materials and constructions could be explored with the objective of producing mass 
standards with greater stability. For instance, osmium-iridium alloys could be 
investigated if platinum’s propensity to absorb hydrogen (due to catalysis of VOCs and 
hydrocarbon-based cleaning solvents) and atmospheric mercury proved to be sources of 
instability. Also, vapor-deposited, protective ceramic coatings like nitrides could be 
investigated for their suitability to isolate these new alloys. 

The challenge with watt balances is not only in reducing their uncertainty, but also in 
making them truly practical realizations of the kilogram. Nearly every aspect of watt 
balances and their support equipment requires such extraordinarily precise and accurate, 
state-of-the-art technology that—unlike a device like an atomic clock—few countries 
would currently choose to fund their operation. For instance, the NIST’s watt balance 
used four resistance standards in 2007, each of which was rotated through the watt 
balance every two to six weeks after being calibrated in a different part of NIST 
headquarters facility in Gaithersburg, Maryland. It was found that simply moving the 
resistance standards down the hall to the watt balance after calibration altered their values 
10 ppb (equivalent to 10 µg) or more. Present-day technology is insufficient to permit 
stable operation of watt balances between even biannual calibrations. If the kilogram is 
defined in terms of the Planck constant, it is likely there will only be a few—at most—
watt balances initially operating in the world. 

Alternative approaches to redefining the kilogram that were fundamentally different from 
the watt balance were explored to varying degrees with some abandoned, as follows: 

Atom-counting approaches 

Carbon-12 

Though not offering a practical realization, this definition would precisely define the 
magnitude of the kilogram in terms of a certain number of carbon-12 atoms. Carbon-12 
(12C) is an isotope of carbon. The mole is currently defined as “the quantity of entities 
(elementary particles like atoms or molecules) equal to the number of atoms in 12 grams 
of carbon-12.” Thus, the current definition of the mole requires that 1000⁄12 (83⅓) moles of 
12C has a mass of precisely one kilogram. The number of atoms in a mole, a quantity 
known as the Avogadro constant, is experimentally determined, and the current best 
estimate of its value is 6.02214179(30)×1023 
entities per mole (CODATA, 2006). This new definition of the kilogram proposes to fix 
the Avogadro constant at precisely 6.02214179×1023 
with the kilogram being defined as “the mass equal to that of 1000⁄12 · 6.02214179×1023 
atoms of 12C.” 

The accuracy of the measured value of the Avogadro constant is currently limited by the 
uncertainty in the value of the Planck constant—a measure relating the energy of photons 
to their frequency. That relative standard uncertainty has been 50 parts per billion (ppb) 
since 2006. By fixing the Avogadro constant, the practical effect of this proposal would 
be that the uncertainty in the mass of a 12C atom—and the magnitude of the kilogram—
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could be no better than the current 50 ppb uncertainty in the Planck constant. Under this 
proposal, the magnitude of the kilogram would be subject to future refinement as 
improved measurements of the value of the Planck constant become available; electronic 
realizations of the kilogram would be recalibrated as required. Conversely, an electronic 
definition of the kilogram, which would precisely fix the Planck constant, would continue 
to allow 83⅓ moles of 12C to have a mass of precisely one kilogram but the number of 
atoms comprising a mole (the Avogadro constant) would continue to be subject to future 
refinement. 

A variation on a 12C-based definition proposes to define the Avogadro constant as being 
precisely 84,446,8863 (≈6.02214098×1023 
) atoms. An imaginary realization of a 12-gram mass prototype would be a cube of 12C 
atoms measuring precisely 84,446,886 atoms across on a side. With this proposal, the 
kilogram would be defined as “the mass equal to 84,446,8863 × 83⅓ atoms of 12C.” The 
value 84,446,886 was chosen because it has a special property; its cube (the proposed 
new value for the Avogadro constant) is evenly divisible by twelve. Thus with this 
definition of the kilogram, there would be an integer number of atoms in one gram of 12C: 
50,184,508,190,229,061,679,538 atoms. 
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Avogadro project 

  
 
One of the master opticians at the Australian Centre for Precision Optics (ACPO) is 
holding a 1 kg, single-crystal silicon sphere for the Avogadro project. These spheres are 
among the roundest man-made objects in the world. If the best of these spheres were 
scaled to the size of earth, its high point—a continent-size area—would gently rise to a 
maximum elevation of only 2.4 meters above “sea level.” 

Another Avogadro constant-based approach, known as the Avogadro project, would 
define and delineate the kilogram as a softball-size (93.6 mm diameter) sphere of silicon 
atoms. Silicon was chosen because a commercial infrastructure with mature processes for 
creating defect-free, ultra-pure monocrystalline silicon already exists to service the 
semiconductor industry. To make a practical realization of the kilogram, a silicon boule 
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(a rod-like, single-crystal ingot) would be produced. Its isotopic composition would be 
measured with a mass spectrometer to determine its average relative atomic mass. The 
boule would be cut, ground, and polished into spheres. The size of a select sphere would 
be measured using optical interferometry to an uncertainty of about 0.3 nm on the 
radius—roughly a single atomic layer. The precise lattice spacing between the atoms in 
its crystal structure (≈192 pm) would be measured using a scanning X-ray interferometer. 
This permits its atomic spacing to be determined with an uncertainty of only three parts 
per billion. With the size of the sphere, its average atomic mass, and its atomic spacing 
known, the required sphere diameter can be calculated with sufficient precision and low 
uncertainty to enable it to be finish-polished to a target mass of one kilogram. 

Experiments are being performed on the Avogadro Project’s silicon spheres to determine 
whether their masses are most stable when stored in a vacuum, a partial vacuum, or 
ambient pressure. However, no technical means currently exist to prove a long-term 
stability any better than that of the IPK’s because the most sensitive and accurate 
measurements of mass are made with dual-pan balances like the BIPM’s FB-2 flexure-
strip balance. Balances can only compare the mass of a silicon sphere to that of a 
reference mass. Given the latest understanding of the lack of long-term mass stability 
with the IPK and its replicas, there is no known, perfectly stable mass artifact to compare 
against. Single-pan scales, which measure weight relative to an invariant of nature, are 
not precise to the necessary long-term uncertainty of 10–20 parts per billion. Another 
issue to be overcome is that silicon oxidizes and forms a thin layer (equivalent to 5–20 
silicon atoms) of silicon dioxide (quartz) and silicon monoxide. This layer slightly 
increases the mass of the sphere, an effect which must be accounted for when polishing 
the sphere to its finish dimension. Oxidation is not an issue with platinum and iridium, 
both of which are noble metals that are roughly as cathodic as oxygen and therefore don’t 
oxidize unless coaxed to do so in the laboratory. The presence of the thin oxide layer on a 
silicon-sphere mass prototype places additional restrictions on the procedures that might 
be suitable to clean it to avoid changing the layer’s thickness or oxide stoichiometry. 

All silicon-based approaches would fix the Avogadro constant but vary in the details of 
the definition of the kilogram. One approach would use silicon with all three of its natural 
isotopes present. About 7.78% of silicon comprises the two heavier isotopes: 29Si and 
30Si. As described in Carbon-12 above, this method would define the magnitude of the 
kilogram in terms of a certain number of 12C atoms by fixing the Avogadro constant; the 
silicon sphere would be the practical realization. This approach could accurately 
delineate the magnitude of the kilogram because the masses of the three silicon nuclides 
relative to 12C are known with great precision (relative uncertainties of 1 ppb or better). 
An alternative method for creating a silicon sphere-based kilogram proposes to use 
isotopic separation techniques to enrich the silicon until it is nearly pure 28Si, which has a 
relative atomic mass of 27.9769265325(19). With this approach, the Avogadro constant 
would not only be fixed, but so too would the atomic mass of 28Si. As such, the definition 
of the kilogram would be decoupled from 12C and the kilogram would instead be defined 
as 1000⁄27.9769265325 · 6.02214179×1023 
atoms of 28Si (≈35.74374043 fixed moles of 28Si atoms). Physicists could elect to define 
the kilogram in terms of 28Si even when kilogram prototypes are made of natural silicon 
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(all three isotopes present). Even with a kilogram definition based on theoretically pure 
28Si, a silicon-sphere prototype made of only nearly pure 28Si would necessarily deviate 
slightly from the defined number of moles of silicon to compensate for various chemical 
and isotopic impurities as well as the effect of surface oxides. 

Ion accumulation 

Another Avogadro-based approach, ion accumulation, since abandoned, would have 
defined and delineated the kilogram by precisely creating new metal prototypes on 
demand. It would have done so by accumulating gold or bismuth ions (atoms stripped of 
an electron) and counted them by measuring the electrical current required to neutralize 
the ions. Gold (197Au) and bismuth (209Bi) were chosen because they can be safely 
handled and have the two highest atomic masses among the mononuclidic elements that 
is effectively non-radioactive (bismuth) or is perfectly stable (gold).  

With a gold-based definition of the kilogram for instance, the relative atomic mass of 
gold could have been fixed as precisely 196.9665687, from the current value of 
196.9665687(6). As with a definition based upon carbon-12, the Avogadro constant 
would also have been fixed. The kilogram would then have been defined as “the mass 
equal to that of precisely 1000⁄196.9665687 · 6.02214179×1023 
atoms of gold” (precisely 3,057,443,620,887,933,963,384,315 atoms of gold or about 
5.07700371 fixed moles). 

In 2003, German experiments with gold at a current of only 10 µA demonstrated a 
relative uncertainty of 1.5%. Follow-on experiments using bismuth ions and a current of 
30 mA were expected to accumulate a mass of 30 g in six days and to have a relative 
uncertainty of better than 1 ppm. Ultimately, ion-accumulation approaches proved to be 
unsuitable. Measurements required months and the data proved too erratic for the 
technique to be considered a viable future replacement to the IPK. 

Among the many technical challenges of the ion-deposition apparatus was obtaining a 
sufficiently high ion current (mass deposition rate) while simultaneously decelerating the 
ions so they could all deposit onto a target electrode embedded in a balance pan. 
Experiments with gold showed the ions had to be decelerated to very low energies to 
avoid sputtering effects—an phenomenon whereby ions that had already been counted 
ricochet off the target electrode or even dislodged atoms that had already been deposited. 
The deposited mass fraction in the 2003 German experiments only approached very close 
to 100% at ion energies of less than around 1 eV (<1 km/s for gold). 

If the kilogram had been defined as a precise quantity of gold or bismuth atoms deposited 
with an electric current, not only would the Avogadro constant and the atomic mass of 
gold or bismuth have to have been precisely fixed, but also the value of the elementary 
charge (e), likely to 1.602176487×10−19 
 C (from the present 2006 CODATA value of 1.602176487(40)×10−19 
). Doing so would have effectively defined the ampere as a flow of 1⁄1.602176487×10−19 

(6,241,509,647,120,417,390) electrons per second past a fixed point in an electric circuit. 
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The SI unit of mass would have been fully defined by having precisely fixed the values of 
the Avogadro constant and elementary charge, and by exploiting the fact that the atomic 
masses of bismuth and gold atoms are invariant, universal constants of nature. 

Beyond the slowness of making a new mass standard and the poor reproducibility, there 
were other intrinsic shortcomings to the ion-accumulation approach that proved to be 
formidable obstacles to ion-accumulation-based techniques becoming a practical 
realization. The apparatus necessarily required that the deposition chamber have an 
integral balance system to enable the convenient calibration of a reasonable quantity of 
transfer standards relative to any single internal ion-deposited prototype. Furthermore, the 
mass prototypes produced by ion deposition techniques would have been nothing like the 
freestanding platinum-iridium prototypes currently in use; they would have been 
deposited onto—and become part of—an electrode imbedded into one pan of a special 
balance integrated into the device. Moreover, the ion-deposited mass wouldn’t have had a 
hard, highly polished surface that can be vigorously cleaned like those of current 
prototypes. Gold, while dense and a noble metal (resistant to oxidation and the formation 
of other compounds), is extremely soft so an internal gold prototype would have to be 
kept well isolated and scrupulously clean to avoid contamination and the potential of 
wear from having to remove the contamination. Bismuth, which is an inexpensive metal 
used in low-temperature solders, slowly oxidizes when exposed to room-temperature air 
and forms other chemical compounds and so would not have produced stable reference 
masses unless it was continually maintained in a vacuum or inert atmosphere. 
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Ampere-based force 

  
 
A magnet floating above a superconductor bathed in liquid nitrogen demonstrates perfect 
diamagnetic levitation via the Meissner effect. Experiments with an ampere-based 
definition of the kilogram flipped this arrangement upside-down: an electric field 
accelerated a superconducting test mass supported by fixed magnets. 

This approach would define the kilogram as “the mass which would be accelerated at 
precisely 2×10−7 
 m/s2 when subjected to the per-meter force between two straight parallel conductors of 
infinite length, of negligible circular cross section, placed one meter apart in vacuum, 
through which flow a constant current of 1⁄1.602176487×10−19 

(≈6,241,509,647,120,417,390) elementary charges per second.” 

Effectively, this would define the kilogram as a derivative of the ampere rather than 
present relationship, which defines the ampere as a derivative of the kilogram. This 
redefinition of the kilogram would specify elementary charge (e) as precisely 
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1.602176487×10−19 
coulomb rather than the current 2006 CODATA value of 1.602176487(40)×10−19 
. Effectively, the coulomb would be the sum of 6,241,509,647,120,417,390 elementary 
charges. It would necessarily follow that the ampere (one coulomb per second) would 
also become an electrical current of this precise quantity of elementary charges per 
second passing a given point in an electric circuit. The virtue of a practical realization 
based upon this definition is that unlike the watt balance and other scale-based methods, 
all of which require the careful characterization of gravity in the laboratory, this method 
delineates the magnitude of the kilogram directly in the very terms that define the nature 
of mass: acceleration due to an applied force. Unfortunately, it is extremely difficult to 
develop a practical realization based upon accelerating masses. Experiments over a 
period of years in Japan with a superconducting, 30 g mass supported by diamagnetic 
levitation never achieved an uncertainty better than ten parts per million. Magnetic 
hysteresis was one of the limiting issues. Other groups performed similar research that 
used different techniques to levitate the mass. 

SI multiples 

Because SI prefixes may not be concatenated (serially linked) within the name or symbol 
for a unit of measure, SI prefixes are used with the gram, not the kilogram, which already 
has a prefix as part of its name. For instance, one-millionth of a kilogram is 1 mg (one 
milligram), not 1 µkg (one microkilogram). 

SI multiples for gram (g) 
Submultiples 

 

Multiples 
Value Symbol Name Value Symbol Name 
10−1 g dg decigram 101 g dag decagram 
10−2 g cg centigram 102 g hg hectogram 
10−3 g mg milligram 103 g kg kilogram 
10−6 g µg microgram (mcg) 106 g Mg megagram (tonne) 
10−9 g ng nanogram 109 g Gg gigagram 
10−12 g pg picogram 1012 g Tg teragram 
10−15 g fg femtogram 1015 g Pg petagram 
10−18 g ag attogram 1018 g Eg exagram 
10−21 g zg zeptogram 1021 g Zg zettagram 
10−24 g yg yoctogram 1024 g Yg yottagram 

Common prefixes are in bold face. 

 

• When the Greek lowercase “µ” (mu) in the symbol of microgram is 
typographically unavailable, it is occasionally—although not properly—replaced 
by Latin lowercase “u”. 



_________________WORLD TECHNOLOGIES_________________

WT

• The microgram is often abbreviated “mcg”, particularly in pharmaceutical and 
nutritional supplement labeling, to avoid confusion since the “µ” prefix is not well 
recognized outside of technical disciplines. Note however, that the abbreviation 
“mcg”, is also the symbol for an obsolete CGS unit of measure known as the 
“millicentigram”, which is equal to 10 µg. 

• The unit name “megagram” is rarely used, and even then, typically only in 
technical fields in contexts where especially rigorous consistency with the units of 
measure is desired. For most purposes, the unit “tonne” is instead used. The tonne 
and its symbol, t, were adopted by the CIPM in 1879. It is a non-SI unit accepted 
by the BIPM for use with the SI. According to the BIPM, “In English speaking 
countries this unit is usually called ‘metric ton’.” Note also that the unit name 
“megatonne” or “megaton” (Mt) is often used in general-interest literature on 
greenhouse gas emissions whereas the equivalent value in scientific papers on the 
subject is often the “teragram” (Tg). 

Glossary 

• Abstracted: Isolated and its effect changed in form, often simplified or made 
more accessible in the process. 

• Artifact: A simple human-made object used directly as a comparative standard in 
the measurement of a physical quantity. 

• Check standard:  
1. A standard body’s backup replica of the international prototype kilogram 

(IPK). 
2. A secondary kilogram mass standard used as a stand-in for the primary 

standard during routine calibrations. 
• Definition: A formal, specific, and exact specification. 
• Delineation: The physical means used to mark a boundary or express the 

magnitude of an entity. 
• Disseminate: To widely distribute the magnitude of a unit of measure, typically 

via replicas and transfer standards. 
• IPK: Abbreviation of “international prototype kilogram” (CG image), the mass 

artifact in France internationally recognized as having the defining mass of 
precisely one kilogram. 

• Magnitude: The extent or numeric value of a property 
• National prototype: A replica of the IPK possessed by a nation. 
• Practical realization: A readily reproducible apparatus to conveniently delineate 

the magnitude of a unit of measure. 
• Primary national standard:  

1. A replica of the IPK possessed by a nation 
2. The least used replica of the IPK when a nation possesses more than one. 

• Prototype:  
1. A human-made object that serves as the defining comparative standard in 

the measurement of a physical quantity. 
2. A human-made object that serves as the comparative standard in the 

measurement of a physical quantity. 
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3. The IPK and any of its replicas 
• Replica: An official copy of the IPK. 
• Sister copy: One of six official copies of the IPK that are stored in the same safe 

as the IPK and are used as check standards by the BIPM. 
• Transfer standard: An artifact or apparatus that reproduces the magnitude of a 

unit of measure in a different, usually more practical, form. 
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Chapter-12 

Ton and Tonne 

 

 

 

Ton 
The ton is a unit of measure. It has a long history and has acquired a number of meanings 
and uses over the years. It is used principally as a unit of weight, and as a unit of volume. 
It can also be used as a measure of energy, for truck classification, or as a colloquial term. 

It is derived from the tun, the term applied to a barrel of the largest size. This could 
contain a volume between 210 and 256 gallons (800 to 1000 L), which could weigh 
around 2,000 pounds (900 kg) and occupy some 60 cubic feet (1700 L) of space. 

In the United Kingdom, the ton is a unit of measure which, when it ceased to be legal for 
trade in 1985, was defined in British legislation as being a weight or mass equal to 
2,240 pounds (1,016 kg) (avoirdupois pounds). In the United States and Canada, 
however, a ton is defined to be 2,000 pounds (907 kg). To avoid confusion, the former is 
more specifically referred to as a "long ton" and the latter, a "short ton"; neither should be 
confused with the metric ton (tonne), which is 1,000 kilograms (2,205 lb). While they do 
vary, a ton is generally one of the heaviest units of weight or mass referred to in 
colloquial speech. 

The term "ton" is also used to refer to a number of units of volume, ranging from 35 to 
100 cu ft (around 1000 to 2800 L) in capacity. 

It can also be used as a unit of energy, expressed as an equivalent of coal burnt, TNT 
detonated, or in refrigeration, ice melted. 
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Units of mass/weight 

There are several similar units of mass or volume called the ton: 

Full name(s) Common 
name Quantity Notes 

long ton, 
weight ton, 
gross ton 

"ton" (UK) 2,240 lb 
(1,016.047 kg) 

Used in countries such as the 
United Kingdom that formerly 

used the Imperial system 
short ton, net 

ton "ton" (US) 2,000 lb 
(907.1847 kg) Used in North America 

metric ton, 
tonne 

"tonne" or 
"metric 

ton" 

1,000 kg 
(2,204.623 lb) 

In the UK, Canada, Australia, and 
other areas that had used the 

Imperial system, the metric ton is 
the form of ton legal in trade. 

Conveniently, it is less than 2% 
different from the long ton. 

ton 
shortweight  2240 lb Used in the iron industry in the 

17th and 18th centuries. 
ton 

longweight  2400 lb Used in the iron industry in the 
17th and 18th centuries. 

 
Note 1: The longweight and shortweight tons were used as a means of making an 
allowance for wastage in an industrial process. The workman is provided with a 
longweight ton and is expected to return a shortweight ton of processed product. These 
measures were particulary used in the operation of hammering iron blooms into shape. 
Note 2: In other industries, a different longweight ton might be used. Coal miners 
delivered coal to the surface in longweight tons but were paid only for a shortweight ton. 
This was supposedly to allow for "dirt" (non-coal rocks) in the output. Mine owners, 
however, were free to set the value of the longweight ton at a value of their own 
choosing, and in at least some cases, it was set to 25 cwt (2800 lb) compared to the 20 
cwt shortweight ton. This was a source of discontent amongst the miners who saw the 
practice as unfairly in favour of the mine owners. 
Others 

• The long ton is used for petroleum products such as aviation fuel. 
• Deadweight ton (abbreviation 'DWT' or 'dwt') is a measure of a ship's carrying 

capacity, including bunker oil, fresh water, ballast water, crew and provisions. It 
is expressed in tonnes (1000 kg) or long tons (2240 pounds, about 1016 kg). This 
measurement is also used in the U.S. tonnage of naval ships. 

• Increasingly, tonnes are being used rather than long tons in measuring the 
displacement of ships.  

• Harbour ton used in South Africa in the 20th century, 2000 pounds or one short 
ton. 
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Both the long ton and the short ton are composed of 20 hundredweight, being 112 and 
100 pounds respectively. Prior to the 15th century in England, the ton was composed of 
20 hundredweight, each of 108 lb, giving a ton of 2,160 pounds (980 kg). 

Assay ton (abbreviation 'AT') is not a unit of measurement, but a standard quantity used 
in assaying ores of precious metals; it is 29 1⁄6 grams (short assay ton) or 32 2⁄3 grams 
(long assay ton), the amount which bears the same ratio to a milligram as a short or long 
ton bears to a troy ounce. In other words, the number of milligrams of a particular metal 
found in a sample of this size gives the number of troy ounces contained in a short or 
long ton of ore. 

In documents that predate 1960 the word ton is sometimes spelled tonne, but in more 
recent documents tonne refers exclusively to the metric ton. 

In nuclear power plants tHM and MTHM mean tonnes of heavy metals, and MTU 
means tonnes of uranium. In the steel industry, the abbreviation THM means 'tons/tonnes 
hot metal', which refers to the amount of liquid iron or steel that is produced, particularly 
in the context of blast furnace production or specific consumption. 

A dry ton or dry tonne has the same mass value, but the material (sludge, slurries, 
compost, and similar mixtures in which solid material is soaked with or suspended in 
water) has been dried to a relatively low, consistent moisture level (dry weight). If the 
material is in its natural, wet state, it is called a wet ton or wet tonne. 

Units of volume 

The displacement ton is a unit of volume used for calculating the displacement of a ship. 
While displacement is a measure of a ships weight, being the volume of water displaced 
multiplied by its density and measured in long tons (tons displacement), the 
displacement ton is the standard volume of water representing one ton displacement. It 
equates to 35 cubic feet (0.9911 m3) of sea water at average density, being slightly less 
than the 224 imperial gallons, of the water ton (qv). It is usually abbreviated as DT. 

One measurement ton or freight ton is equal to 40 cubic feet (1.133 m3), but 
historically it has had several informal definitions. It is sometimes abbreviated as 
"MTON". The freight ton represents the volume of a truck, train or other freight carrier. 
In the past it has been used for a cargo ship but the register ton is now preferred. It is 
correctly abbreviated as "FT" but some users are now using freight ton to represent a 
weight of 1 tonne (1,000 kg; 2,205 lb), thus the more common abbreviations are now 
M/T, MT, or MTON (for measurement ton), which still cause it to be confused with the 
tonne, or even the megatonne. 

The register ton is a unit of volume used for the cargo capacity of a ship, defined as 
100 cubic feet (2.832 m3). It is often abbreviated RT or GRT for gross registered ton 
(The former providing confusion with the refrigeration ton). It is known as a tonneau de 
mer in Belgium, but, in France, a tonneau de mer is 1.44 cubic metres (50.85 cu ft). 
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The Panama Canal/Universal Measurement System (PC/UMS) is based on net 
tonnage, modified for Panama Canal billing purposes. PC/UMS is based on a 
mathematical formula to calculate a vessel's total volume; a PC/UMS net ton is 
equivalent to 100 cubic feet of capacity. 

The water ton was formerly used in Great Britain and is equal to 224 imperial gallons 
(35.96 cu ft; 1.018 m3), the volume occupied by a mass of 1 long ton (2,240 lb; 1,016 kg) 
under the conditions that define 1 imperial gallon (1.201 US gal; 4.546 L). 

Units of energy and power 

Ton of TNT 

• A ton of TNT or tonne of TNT is a unit of energy equal to 109 (thermochemical) 
calories, also known as a gigacalorie (Gcal), equal to 4.184 gigajoules (GJ). 

• A kiloton of TNT or kilotonne of TNT is a unit of energy equal to 1012 calories, 
also known as a teracalorie (Tcal), equal to 4.184 terajoules (TJ). 

• A megaton of TNT (1,000,000 metric tonnes) or megatonne of TNT is a unit of 
energy equal to 1015 calories, also known (infrequently) as a petacalorie (Pcal), 
equal to 4.184 petajoules (PJ). 

Note that these are small calories (cal). The dietary calorie (Cal) is distinct and equal to 
one kilocalorie (Kcal), and is gradually being replaced by the latter correct term. 

Early values for the explosive energy released by trinitrotoluene (TNT) ranged from 900 
to 1100 calories per gram. In order to standardise the use of the term TNT as a unit of 
energy, an arbitrary value was assigned based on 1000 calories (1 kcal or 4.184 kJ) per 
gram. Thus there is no longer a direct connection to the chemical TNT itself. It is now 
merely a unit of energy that happens to be expressed using words normally associated 
with mass (e.g., kilogram, tonne, pound). The definition applies for both spellings: ton of 
TNT and tonne of TNT. 

Measurements in tons of TNT have been used primarily to express nuclear weapon 
yields, though they have also been used since in seismology as well. 

Ton of coal equivalent 

• A ton of coal equivalent or tonne of coal equivalent (TCE), a conventional value 
of 7 Gcal (IT) = 29.3076 GJ. 

Refrigeration 

The unit ton is used in refrigeration and air conditioning to measure heat absorption. Prior 
to the introduction of mechanical refrigeration, cooling was accomplished by delivering 
ice. Installing one ton of refrigeration replaced the daily delivery of one ton of ice. 
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• In North America, a standard ton of refrigeration is 12,000 BTU/h (3,517 W). 
"The heat absorption per day is approximately the heat of fusion of 1 ton of ice at 
32 °F (0 °C)." This is approximately the power required to melt one short ton 
(2,000 lb or 907 kg) of ice at 0 °C (32 °F) in 24 hours, thus representing the 
delivery of 1 ton of ice per day. 

• A less common usage is the power required to cool 1 long ton (2,240 lb or 
1,016 kg) of water by 1 °F (0.556 °C) every 10 minutes = 13,440 BTU/h ≈ 
3939 W. 

A Refrigeration Ton should be regarded as power produced by a chiller when operating 
in standard ARI conditions, which are typically 44 °F (7 °C) for chilled water unit, and 
95 °F (35 °C) air entering the condenser. This is commonly referred to as "true ton". 
Manufacturers can also provide tables for chillers operating at other chilled water 
temperature conditions (as 65 °F or 18 °C) which can show more favorable data, which 
are not valid when making performance comparisons among units unless conversion rates 
are applied. 

The refrigeration ton is commonly abbreviated as RT. 

Informal tons 

• Ton is also used informally, often as slang, to mean a large amount of something 
(material or not), for example, "Man, I just ate a ton of french fries back there". 

• In Britain, a ton is colloquially used to refer to 100 of a given unit. Ton can thus 
refer to a speed of 100 miles per hour, and in this instance is always prefixed by 
the definite article, e.g. "Lee was doing the ton down the motorway"; to money 
e.g. "How much did you pay for that?" "A ton" (£100); to 100 points in a game 
e.g. "Eric just threw a ton in our darts game" (in some games, e.g. cricket, more 
commonly called a century); or to a hundred of pretty much anything else. 

 

Tonne 
The tonne (unit symbol t) or metric ton (U.S.), often written tautologously as metric 
tonne, is a unit of mass equal to 1,000 kg (2,204.62 lb) or approximately the mass of one 
cubic metre of water at four degrees Celsius. It is sometimes abbreviated to mt in the 
United States, although this conflicts with other SI symbols. The tonne is not a unit in the 
International System of Units (SI), but is accepted for use with the SI. In SI units and 
prefixes, the tonne is a megagram (Mg). The spelling tonne pre-dates the introduction of 
the SI in 1960; it has been used with this meaning in France since 1842 (when there were 
no metric prefixes for multiples of 106 and above), and is now used as the standard 
spelling for the metric mass measurement in most English-speaking countries. In the 
United States, the unit was originally referred to using the French words millier or 
tonneau, but these terms are now obsolete. The Imperial and US customary units 
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comparable to the tonne are both spelled ton in English, though they differ in mass. 
Pronunciation of tonne (the word used in the UK) and ton is usually identical. 
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Derived units 
Multiple Name Symbol 

 

Multiple (SI) Name Symbol 
100 tonne t 106 megagram Mg 
103 kilotonne kt 109 gigagram Gg 
106 megatonne Mt 1012 teragram Tg 
109 gigatonne Gt 1015 petagram Pg 
1012 teratonne Tt 1018 exagram Eg 
1015 petatonne Pt 1021 zettagram Zg 
1018 exatonne Et 1024 yottagram Yg 

Origin 

Ton and tonne are both derived from a Germanic word in general use in the North Sea 
area since the Middle Ages (cf. Old English and Old Frisian tunne, Old High German and 
Medieval Latin tunna, German and French tonne) to designate a large cask, or tun. A full 
tun, standing about a metre high, could easily weigh a tonne. The old English wine cask 
volume measurement known as a tun is close to a metric tonne in weight as it defines 
about 954 litres which for many commonly used liquids (aqueous solutions) 
approximates to as many kilograms. 

Conversions 

One tonne is equivalent to: 

• One megagram (exactly);  
o This is the official SI term, but generally not used in industry or shipping, 

nor colloquially 
• 1000⁄0.453 592 37 pounds (exactly by definition), giving approximately  

o 2205 lb (to four significant digits) 
• 98.42% of a long ton  

o One long ton (2,240 lb) is 101.605% of a tonne 
• 110.23% of a short ton  

o One short ton (2,000 lb) is 90.72% of a tonne 

Explanation 

The unit symbol for the tonne is t. T and mT and mt (especially in the combination mmt 
for million metric tons compare to Mt for megatonne) are also occasionally used, but all 
of these are deprecated since they conflict with internationally agreed SI symbols. (T is 
the SI symbol for the tesla and m is SI prefix 'milli', meaning 0.001.) Te is also 
sometimes used, particularly in the offshore and nuclear industries. 

In France and the English-speaking countries that are predominantly metric, the spelling 
tonne is widespread. This is generally true in Britain; however, the ton used prior to 
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metrication was the long ton of 2,240 pounds (1,016 kg) and this is so close to the tonne 
that some people draw little distinction and continue to use the old spelling. For example, 
even the Guinness Book of World Records accepts metrication without marking this by 
changing the spelling. For the United States, metric ton is the name for this unit used and 
recommended by NIST. In the U.S. an unqualified mention of a ton almost invariably 
refers to a short ton of 2,000 pounds (907 kg). 

Like the gram and the kilogram, the tonne gave rise to a (now obsolete) force unit of the 
same name, the tonne-force, equivalent to about 9.8 kilonewtons: a unit also often called 
simply "tonne" or "metric ton" without identifying it as a unit of force. Note that it is only 
the tonne as a unit of mass (an exact decimal multiple of the SI unit of mass, the 
kilogram) which is accepted for use with SI: the tonne-force or metric ton-force is not 
acceptable for use with SI, partly because it is not an exact multiple of the SI unit of 
force, the newton. 

Use of mass as proxy for energy 

The tonne of trinitrotoluene (TNT) is used as a proxy for energy, usually of explosions 
(TNT is a common high explosive). Prefixes are used: kiloton(ne), megaton(ne), 
gigaton(ne), especially for expressing nuclear weapon yield, based on a specific 
combustion energy of TNT of about 4.2 MJ/kg (or one thermochemical calorie per 
milligram). Hence, 1 kt TNT = 4.2 TJ, 1 Mt TNT = 4.2 PJ. 

The SI unit of energy is the joule. Assuming that a TNT explosion releases 1,000 small 
(thermochemical) calories per gram (4.2 kJ/g), one tonne of TNT is equivalent to 4.2 
gigajoules. 

Alternate usage 

A metric ton unit (MTU) can mean 10 kilograms (22 lb) within metal (e.g. tungsten, 
manganese) trading, particularly within the USA. It traditionally referred to a metric ton 
of ore containing 1% (i.e. 10 kg) of metal. 

In the case of uranium, the acronym MTU is sometimes considered to be metric ton of 
uranium, meaning 1,000 kg. 
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Chapter-13 

Ounce and Grain 

 

 

 

Ounce 
The ounce (abbreviated: oz, the old Italian word onza, now spelled oncia; apothecary 
symbol: ℥) is a unit of mass with several definitions, the most commonly used of which 
are equal to approximately 28 grams. The ounce is used in a number of different systems, 
including various systems of mass that form part of the imperial and United States 
customary systems. Its size can vary from system to system. The most commonly used 
ounces today are the international avoirdupois ounce and the international troy ounce. 

Etymology 

Ounce derives from Latin uncia, a unit that was one twelfth (1/12) of the Roman pound 
(libra). Ounce was borrowed twice: first into Old English as ynsan or yndsan from an 
unattested Vulgar Latin form with ts for c before i (palatalization) and second into Middle 
English through Anglo-Norman and Middle French (unce, once, ounce). 

Inch comes from the same Latin word, but is different because it was borrowed into Old 
English and underwent i-mutation or umlaut (u → y) and palatalization (k → ch). 

Definitions 

Historically, in different parts of the world, at different points in time, and for different, 
the ounce (or its translation) has referred to broadly similar but different standards of 
mass. 

Summary of ounce units 
ounce variant equivalent in grams equivalent in grains 

International avoirdupois ounce 28.3495231 437.5 
International troy ounce 

31.1034768 480 
Apothecaries' ounce 
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Maria Theresa ounce 28.0668   
Spanish ounce 28.75   
Dutch metric ounce 100   
Chinese metric ounce 50   

International avoirdupois ounce 

The avoirdupois ounce is the most commonly used ounce today. It is defined to be one 
sixteenth of an avoirdupois pound. The avoirdupois pound is defined as 7000 grains; one 
ounce is therefore equal to 437.5 grains. 

In 1958 the United States and countries of the Commonwealth of Nations agreed to 
define the international avoirdupois ounce to be exactly 0.45359237⁄16 kg (28.349523125 g) 
by definition. 

The ounce is commonly used as a unit of mass in the United States. 

On January 1, 2000, it ceased to be a legal unit of measure within the United Kingdom 
for economic, health, safety or administrative purposes but remains a familiar unit, 
especially amongst older people. 

International troy ounce 

A troy ounce (abbreviated as t oz) is equal to 480 grains. Consequently, the international 
troy ounce is equal to exactly 31.1034768 grams. There are 12 troy ounces in the now 
obsolete troy pound. 

Today, the troy ounce is used only to express the mass of precious metals such as gold, 
platinum, palladium or silver. Bullion coins are the most common products produced and 
marketed in troy ounces, but precious metal bars also exist in gram and kilogram(kg) 
sizes. (A kilogram bullion bar contains 32.15074657 troy ounces.) 

For historical measurement of gold, 

• a fine ounce is a troy ounce of 99.5% (".995") pure gold 
• a standard ounce is a troy ounce of 22 carat gold, 91.66% pure (11 "fine ounces" 

plus one ounce of alloy material) 
• in modern day, an ounce of gold (1 troy ounce) is referred as a 99.99% pure gold 

piece or gold grains (gold shot) 

Apothecaries' ounce 

The obsolete apothecaries' ounce (abbreviated ℥) equivalent to the troy ounce, was 
formerly used by apothecaries (now called pharmacists or chemists). 
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Maria Theresa ounce 

"Maria Theresa ounce" was once introduced in Ethiopia and some European countries, 
which was equal to the weight of one Maria Theresa thaler, or 28.0668 g. Both the weight 
and the value are the definition of one "Birr", still in use in present-day Ethiopia and 
formerly in Eritrea. 

Spanish ounce 

The Spanish pound (Spanish libra) was 460 g. The Spanish ounce (Spanish onza) was 1⁄16 
of a pound, i.e. 28.75 g. 

Metric ounces 

Some countries have redefined their ounces in the metric system. 

In 1820, the Dutch have redefined their ounce (in Dutch, ons) as 100 grams. Dutch 
amendments to the metric system, such as an ons of 100 grams, has been inherited, 
adopted, and taught in Indonesia beginning in elementary school. It is also listed as 
standard usage in Indonesia's national dictionary, the Kamus Besar Bahasa Indonesia, 
and the government's official elementary‐school curriculum. 

East Asia has a traditional ounce, known as a tael, of varying value. In China, it has been 
given a metric value of 50 grams. 

Ounce-force 

An ounce force is 1/16 of a pound-force, or 0.2780139 newton. It is not necessary to 
identify it as an avoirdupois ounce; there is no troy ounce-force. 

Fluid Ounce 

A fluid ounce (abbreviated fl oz, fl. oz. or oz. fl.) is a unit of volume equal to about 28 ml 
in the imperial system or 30 ml in the US system. The fluid ounce is sometimes referred 
to simply as an "ounce" in applications where its use is implicit. The imperial fluid ounce 
is also equivalent to the volume occupied by 1 imperial ounce of water weighed in air at 
62°F. 

Other uses 

Fabric weight 

Ounces are also used to express the "weight", or more accurately density, of a textile 
fabric in North America, Asia or the UK, as in "16 oz denim". The number refers to the 
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weight in ounces of a given amount of fabric, either a yard of a given width, or a square 
yard. 

 

Grain 

 
 
The small golden disk close to the 5cm marker is a piece of pure gold weighing one troy 
grain. Shown for comparison are a tape measure and coins of major world currencies. 

A grain is a unit of measurement of mass that is based upon the mass of a single seed of 
a cereal. In medieval times the average masses of wheat and barley grain were used to 
define units of mass, with the troy grain based on barley. The grain is the only unit of 
mass measure common to the three traditional English mass and weight systems 
(avoirdupois, Apothecaries', troy); the obsolete Tower grain was lighter than the troy 
grain. 

Since 1958, the grain or troy grain (Symbol: gr) measure has been defined in terms of 
units of mass in the International System of Units as precisely 64.79891 milligrams. 
However, the measure for pearls and diamonds - the pearl grain and the metric grain - 
are equal to 1⁄4 of a (metric) carat, i.e. 50 mg (0.77 gr). 

There are precisely 7,000 grains per avoirdupois pound in the Imperial and U.S. 
customary units, and 5,760 grains in the Troy pound. 
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Usage in North America 
 

 
 

A box of .38 Special cartridges that have 148-grain bullets 

The grain is used to measure the mass of bullets, gunpowder, smokeless powder, and 
preformed gold foil; it is the measure used by the balances used in handloading; bullets 
are measured in increments of one grain, gunpowder in increments of 0.1 grains. 
Moreover, the grain is used to weigh fencing equipment, including the foil. In archery, 
the grain is used to weigh arrows and arrow parts. 

The grain is the most common unit used to measure the hardness of water. In particular it 
is used to quantitively describe the abundance of calcium Ca2+ and magnesium Mg2+ 
minerals in water. Typically, the measure is noted in Grains per Gallon (GPG). Water, 
untreated, typically can measure up to 100 gpg. This measure is critical to setting 
accurately the resin cation bead regeneration cycle periodicity of both sodium chloride 
brine and potassium chloride brine flushed water softeners. 
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The 5-grain aspirin. The back of a bottle of aspirin indicates that the dosage is "325 mg 
(5 gr)". 

Grains are still used occasionally in medicine in the United States, especially in medical 
prescriptions, usually via the abbreviation "gr." For example, a regular tablet of aspirin is 
sometimes referred to as "five grain aspirin," or 325 mg. Grains are commonly used for 
medications that have been included in the United States Pharmacopeia for many 
decades, such as codeine, opium and phenobarbital combinations. For example, a 
prescription for tablets containing 325 mg of aspirin and 30 mg of codeine (brand name is 
Empirin with codeine), is written thus: "ASA gr. v c cod. gr. ss tablets," where "ASA" is 
short for aspirin (AcetylSalicylic Acid), "v" is the roman numeral for five, "c" is the 
abbreviation for "with" and "ss" stands for one-half. Likewise, a prescription for B&O 
Supprettes #15A, which is a compound medication containing belladonna alkaloids and 
opium, may be written: "Belladonna gr. 1/4 c opium gr ss", as B&O Supprettes #15A 
contain 16.2 mg (1/4 grain) of powdered belladonna and 30 mg (1/2 grain) of opium. 
Similarly, a prescription for 60 mg (1 grain) of phenobarbital is often written: 
"Phenobarb. gr. i". Formulations of these older medications (e.g., Donnatal, 
Phenobarbital, etc.), often use grains on the product label along with the metric 
equivalent. For example, Extended-Release Donnatal tablets contain 3⁄4 grain 
(approximately 48.6 mg) of phenobarbital. Given the potential error in mistaking the 
abbreviations for "grains" and "grams" (gr and g, respectively), and for consistency with 
other medical orders, metric units are preferred to avoirdupois or apothecary units; hence, 
the use of grains in the medical profession is rapidly becoming outmoded. 
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Bottle of 1/4 grain phenobarbital tablets 

Grains are also used in environmental permitting to quantify particulate emissions. Grains 
are used to measure the amount of moisture per cubic foot of air, a measure of absolute 
humidity. 

History 
carob seed ~200 mg 
barley grain ~65 mg 
wheat grain ~50 mg 

At least since antiquity, grains of wheat or barley were used by Mediterranean traders to 
define units of mass; along with other seeds, especially those of the carob tree. According 
to a longstanding tradition, 1 carat (the mass of a carob seed) was equivalent to the 
weight of 4 wheat grains or 3 barleycorns. But since the weights of these seeds are highly 
variable, especially that of the cereals as a function of moisture, this is a convention more 
than an absolute law. 

The history of the modern troy grain can be traced back to a royal decree in 13th century 
England: 

By consent of the whole Realm the King's Measure was made, so that an English Penny, 
which is called the Sterling, round without clipping, shall weigh Thirty-two Grains of 
Wheat dry in the midst of the Ear; Twenty-pence make an Ounce; and Twelve Ounces 
make a Pound. 
—Henry III of England 
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The traditional reading of this text is that it refers to the troy pound, and that the reference 
to sterling pennies is purely symbolic. According to a more recent reading, however, the 
pound in question is the Tower pound, and it talks about the actual mass of real sterling 
pennies. The Tower pound, abolished in 1527, consisted of 12 ounces like the troy pound, 
but was 1⁄16 lighter. In any case, with both readings one needs to substitute 24 barley 
grains for the 32 wheat grains of the text, according to the general convention of a 4:3 
equivalence, for it to make sense. The weight of the original sterling pennies was 22½ 
troy grains, or 24 "Tower grains" if the Tower pound was divided in the same way as the 
troy pound. Regardless of which pound this text originally referred to, a (troy) ounce still 
equals 20×24 = 480(troy) grains, and a pound consists of 12×20×24 = 5760 grains. 

Originally the troy pound was only "the pound of Pence, Spices, Confections, as of 
Electuaries", and the merchants used different standards, which had to be compatible 
with those used abroad. One such standard, the avoirdupois pound, was later fixed 
officially at exactly 7000 troy grains. It consists of 16 avoirdupois ounces of 437½ troy 
grains each. 
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Chapter-14 

Pound 

 

 

 
The pound or pound-mass (abbreviations:lb, lbm, lbm) is a unit of mass used in the 
imperial, United States customary and other systems of measurement. A number of 
different definitions have been used, the most common today being the international 
avoirdupois pound which is legally defined as exactly 0.45359237 kilograms. 

The unit is descended from the Roman libra (hence the abbreviation "lb"); the name 
pound is a Germanic adaptation of the Latin phrase libra pondo, 'a pound weight'. 

Usage of the unqualified term pound reflects the historical conflation of mass and weight 
resulting from the near uniformity of gravity on Earth. This accounts for the modern 
distinguishing terms pound-mass and pound-force. 

Definitions 

Historically, in different parts of the world, at different points in time, and for different 
applications, the pound (or its translation) has referred to broadly similar but not identical 
standards of mass or force. 

British pounds 

A number of different definitions of the pound have been used in Britain. Amongst these 
are the avoirdupois pound and the obsolete tower, merchant's and London pounds. The 
weight of precious metals when given in pounds and/or ounces usually assumes Troy 
pounds and ounces; these units are not otherwise used today. 

Historically the pound sterling was a tower pound of silver. In 1528 the standard was 
changed to the Troy pound. 
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English pounds 

Unit 
Pounds Ounces 

Grains 
Metric 

avdp. troy tower merc. lond. metric avdp. troy tower g kg 
Avoirdupois 1 175⁄144 35⁄27 28⁄27 35⁄36 10⁄11 16 14 7⁄12 15 5⁄9 7000 454 9⁄20 

Troy 144⁄175 1 16⁄15 64⁄75 4⁄5 3⁄4 13 29⁄175 12 12 4⁄5 5760 373 3⁄8 

Tower 27⁄35 15⁄16 1 4⁄5 3⁄4 7⁄10 12 12⁄35 11 1⁄4 12 5400 350 7⁄20 

Merchant 27⁄28 75⁄64 5⁄4 1 15⁄16 7⁄8 15 3⁄7 14 1⁄16 15 6750 437 7⁄16 

London 36⁄35 5⁄4 4⁄3 16⁄15 1 14⁄15 16 16⁄35 15 16 7200 467 7⁄15 

Metric 11⁄10 4⁄3 10⁄7 8⁄7 15⁄14 1 17 3⁄5 16 17 1⁄7 7716 500 1⁄2 
1. ^ English-metric ratios (in grey) are approximate. 

Avoirdupois pound 

The avoirdupois pound was invented by London merchants in 1303. Originally it was 
based on independent standards. During the reign of Henry VIII of England, the 
avoirdupois pound was redefined as 7,000 troy grains. Since then, the grain has often 
been considered as a part of the avoirdupois system. By 1758, two standard weights for 
the avoirdupois pound existed, and when measured in troy grains they were found to be 
of 7,002 grains and 6,999 grains. 

Imperial Standard Pound 

In the United Kingdom, weights and measures have been defined by a long series of Acts 
of Parliament, the intention of which has been to regulate the sale of commodities. 
Materials traded in the marketplace must be quantified according to accepted units and 
standards in order to avoid fraud; the standards themselves must be legally defined so as 
to facilitate the resolution of disputes brought to the courts; only legally defined measures 
will be recognised by the courts. Quantifying devices used by traders (weights, weighing 
machines, containers of volumes, measures of length) are subject to official inspection, 
and penalties apply if they are fraudulent. The Weights and Measures Act of 1878 
marked a major overhaul of the British system, and the definition of the Pound given 
there remained in force until modern times. The Pound was defined thus (Paragraph 4) 
‘The … platinum weight … deposited in the Standards department of the Board of Trade 
… shall continue to be the imperial standard of ..weight… and the said platinum weight 
shall continue to be the imperial standard for determining the imperial standard pound for 
the United Kingdom’. Para 13 states that the weight ‘in vacuo’ of this standard shall be 
called the imperial standard pound, and that all other weights mentioned in the act and 
permissible for commerce shall be ascertained from it alone. The First Schedule of the 
Act gives more details of the standard pound:- It is a platinum cylinder nearly 1.35 inches 
high, and 1.15 inches diameter, and the edges are carefully rounded off. It has a groove 
about 0.34 inches from the top, to allow the cylinder to be lifted using an ivory fork. It 
was constructed following the destruction of the Houses of Parliament by fire in 1834, 
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and is stamped P.S. 1844, 1 lb (P.S. stands for 'Parliamentary Standard'). This definition 
of the imperial pound remains unchanged. 

Relationship to the kilogram 

The 1878 Act says that contracts worded in terms of metric units will be deemed by the 
courts to be made according to the imperial units defined in the Act, and a table of metric 
equivalents is supplied whereby, in such cases, the imperial equivalents may be legally 
calculated. This effectively defines, for the UK courts and for commerce, the metric units 
in terms of imperial ones. The equivalence for the pound is given as 1 lb = 453.59265 g 
or 0.45359 kg, which would make the kilogram weigh approximately 2.2046213 lb. In 
1883, it was determined jointly by the Standards Department of the Board of Trade and 
the Bureau International that 0.4535924277 kg was a better approximation, and this 
figure, rounded to 0.45359243 kg was given legal status by an Order in Council in May 
1898. The Weights and Measures Acts (WMAs) of 1939 and 1958 defined the pound by 
reference to the WMA of 1878, so as late as 1963 the legal definition of the pound was 
the same as that given in 1878 (i.e. the platinum standard of 1844). 

However, in the WMA of 1963 the pound was redefined for the first time as a mass (not a 
weight) equal to 0.45359237 kg (to match the definition of the International pound agreed 
in 1959), and 'For the purposes of any measurement of weight, ... the weight of any thing 
may be expressed... in the same terms as its mass'. The definition of the Pound mass in 
terms of the imperial standard pound of 1844 was also ratified. This is its present status in 
the United Kingdom, the same dimension and value having been ratified in the Weights 
and Measures Act 1985. 

United States usage 

In the United States, the (avoirdupois) pound as a unit of mass has been officially defined 
in terms of the kilogram since the Mendenhall Order of 1893. In 1893, the relationship 
was specified to be 2.20462 pounds per kilogram. In 1894, the relationship was specified 
to be 2.20462234 pounds per kilogram. This change followed a determination of the 
British pound. 

According to a 1959 NIST publication, the international pound differed from the United 
States 1894 pound by approximately one part in 10 million. The difference is so 
insignificant that it can be ignored for almost all practical purposes. 

International pound 

The United States and countries of the Commonwealth of Nations agreed upon common 
definitions for the pound and the yard. Since 1 July 1959, the international avoirdupois 
pound has been defined as exactly 0.45359237 kg. 

In the United Kingdom, the use of the international pound was implemented in the 
Weights and Measures Act 1963. 
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The yard or the metre shall be the unit of measurement of length and the pound or the 
kilogram shall be the unit of measurement of mass by reference to which any 
measurement involving a measurement of length or mass shall be made in the United 
Kingdom; and- (a) the yard shall be 0.9144 metre exactly; (b) the pound shall be 
0.45359237 kilogram exactly. 
—Weights and Measures Act, 1963, Section 1(1) 

An avoirdupois pound is equal to 16 avoirdupois ounces and to exactly 7,000 grains. The 
conversion factor between the kilogram and the international pound was therefore chosen 
to be divisible by 7, and an (international) grain is thus equal to exactly 
64.79891 milligrams. 

Troy pound 

The troy pound takes its name from the French market town of Troyes in France where 
English merchants traded at least as early as the time of Charlemagne (early 9th century). 
The system of Troy weights was used in England by apothecaries and jewellers. 

A troy pound is equal to 12 troy ounces and to 5,760 grains. Today, the grain is common 
to the avoirdupois and troy systems of units of mass making an international troy pound 
equal to 373.2417216 grams. 

The troy pound is no longer in general use. In Canada, Australia, the United Kingdom, 
and other places the troy pound is no longer a legal unit for trade (WMA 1878). In the 
United Kingdom, the use of the troy pound was abolished on 6 January 1879 in 
accordance with the WMA of 1878, though the troy ounce was retained. The troy ounce 
is still used for measurements of precious metals such as gold, silver, and platinum, and 
sometimes gems such as opals. 

Most measurements of the mass of precious metals using pounds refer to troy pounds, 
even though it is not always explicitly stated that this is the case. Some notable 
exceptions are: 

• Encyclopædia Britannica which uses either avoirdupois pounds or troy ounces, 
likely never both in the same article, and 

• the mass of Tutankhamun's sarcophagus lid. This is 110 kilograms. It is often 
stated to have been 242 or 243 (avoirdupois) pounds but sometimes, much less 
commonly, it is stated as 296 (troy) pounds. 

Tower pound 

The system called tower weight was the more general name for King Offa's pound. This 
dates to 757 AD and was based on the silver penny. This in turn was struck over Arabic 
dirhams (2d). The pound was based on the weight of 120 Arabic silver dirhams, which 
have been found in Offa's Dyke. The same coin weight was used throughout the 
Hanseatic League. 
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The mercantile pound (1304) of 6750 troy grains, or 9600 tower grains, derives from this 
pound, as 25 shilling-weights or 15 tower ounces, for general commercial use. Multiple 
pounds based on the same ounce were quite common. In much of Europe, the 
apothecaries' and commercial pounds were different numbers of the same ounce. 

 
The tower system was referenced to a standard prototype found in the Tower of London 
and ran concurrently with the avoirdupois and troy systems, until it fell out of use and 
was abolished in 1527. 

The tower pound is equivalent to about 350 grams. 

1 mercantile pound (15 oz) =  9,600 tower grains =  6,750 troy grains 
1 tower pound (12 oz) =  7,680 tower grains =  5,400 troy grains 
1 tower ounce (20 dwt) = 640 tower grains = 450 troy grains 
1 tower pennyweight (dwt)  = 32 tower grains = 22½ troy grains 

Merchants' pound 

The merchants' pound (mercantile pound, libra mercantoria or commercial pound) was 
equal to 9,600 wheat grains (15 tower ounces or 6,750 grains). It was used in England 
until the 14th century for most goods (other than money, spices and electuaries). 

London pound 

The London pound is that of the Hansa, as used in their various trading places. This is 
based on 16 of tower ounces, each ounce divided as the tower ounce. It never became a 
legal standard in England; the use of this pound waxed and waned with the influence of 
the Hansa itself. 

A London pound was equal to 7,200 troy grains (16 tower ounces or, equivalently, 15 
troy ounces). 

1 London pound =  1⅓ tower pounds =  7,200 troy grains 
1 London ounce = 1 tower ounce = 450 troy grains 
1 London pennyweight  = 1 tower pennyweight = 22½ troy grains 

Wool pound 

The wool pound was equal to 6,992 grains. It was a unit of mass used to measure the 
weight of wool. 
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Roman libra 

 
 

Various historic pounds from a German textbook dated 1848 
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The libra (Latin for "scales / balance") is an ancient Roman unit of mass that was 
equivalent to approximately 327 grams. It was divided into 12 uncia, or ounces. The libra 
is the origin of the abbreviation for pound, lb. The commonly used abbreviation lbs to 
indicate the plural unit of measurement does not reflect Latin usage, in which lb is both 
the singular and plural abbreviation. 

French livre 

Since the Middle Ages, various pounds (livre) have been used in France. Since the 19th 
century, a livre has referred to the metric pound, 500g. 

The livre esterlin was equivalent to about 367.1 grams (5,665 gr) and was used between 
the late 9th century and the mid-14th century. 

The livre poids de marc or livre de Paris was equivalent to about 489.5 grams (7,555 gr) 
and was used between the 1350s and the late 18th century. It was introduced by the 
government of John II. 

The livre métrique was set equal to the kilogram by the decree of 13 Brumaire an IX 
between 1800 and 1812. This was a form of official metric pound. 

The livre usuelle was defined as 500 grams, by the decree of 28 March 1812. It was 
abolished as a unit of mass effective 1 January 1840 by a decree of 4 July 1837, but is 
still used informally. 

German and Austrian Pfund 

Originally derived from the Roman libra, the definition varied throughout Germany in the 
Middle Ages and onward. The measures and weights of the Habsburg monarchy were 
reformed in 1761 by Empress Maria Theresia of Austria. The unusually heavy Habsburg 
(civil) pound of 16 ounces was later (after the kilogram was defined) found to be 
560.012 g. Bavarian reforms in 1809 and 1811 adopted essentially the same standard 
pound. In Prussia, a reform in 1816 defined a uniform civil pound in terms of the 
Prussian foot and distilled water, resulting in a Prussian pound of 467.711 g. 

Between 1803 and 1815 all German regions west of the River Rhine were French, 
organised in the départements Roer, Sarre, Rhin-et-Moselle, and Mont-Tonnerre. As a 
result of the Congress of Vienna these became part of various German states. However, 
many of these regions retained the metric system and the French système usuel with the 
metric pound of precisely 500 g. In 1854 the pound of 500 g also became the official 
mass standard of the German Customs Union, but states differed in the way they 
subdivided it (decimally, in 30 parts or in 32 parts), and local pounds continued to co-
exist with the Zollverein pound for some time in some German states. Nowadays, the 
term Pfund is still in common use and universally refers to a pound of 500 g. 
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Russian funt 

The Russian pound (Фунт, funt) is an obsolete Russian unit of measurement of mass. It is 
equal to 409.51718 grams. 

Skålpund 

The Skålpund was a Scandinavian measurement that varied in weight between regions. 
From the 17th century onward, it was equal to 425.076 grams in Sweden. It was 
abandoned in 1889 when Sweden switched to the metric system. 

In Norway the same name was used for a weight of 498.1 grams, and in Denmark it 
equalled 471 grams. 

In the 19th century Denmark followed Germany's lead and redefined the pound as 
500 grams. 

20 skålpund = 1 lispund 

Jersey pound 

A Jersey pound is an obsolete unit of mass used on the island of Jersey from the 14th 
century to the 19th century. It was equivalent to about 7,561 grains (490 grams). It may 
have been derived from the French livre poids de marc. 

Trone pound 

The trone pound is one of a number of obsolete Scottish units of measurement. It was 
equivalent to between 21 and 28 avoirdupois ounces (about 600-800 grams). 

Metric pounds 

In many countries upon the introduction of a metric system, the pound (or its translation) 
became an informal term for 500 grams, 

The Dutch pond is an exception. It was officially redefined as 1 kilogram, with an ounce 
of 100 grams, but people seldom use it this way. In daily life pond is exclusively used for 
amounts of 500 grams, and to a lesser extent, ons for 100 grams. 

In German the term is Pfund, in French livre, in Dutch pond, in Spanish and Portuguese 
libra, in Italian libbra, and in Danish and Swedish pund. 

Though not from the same linguistic origin, the Chinese jin (also known a "catty") has a 
modern definition of exactly 500 grams, divided into ten cun. Traditionally about 
605 grams, the jin has been in use for more than two thousand years, serving the same 
purpose as "pound" for the common-use measure of weight. 
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Hundreds of older pounds were replaced in this way. Examples of the older pounds are 
one of around 459 to 460 grams in Spain, Portugal, and Latin America; one of 
498.1 grams in Norway; and several different ones in what is now Germany. 

Although the use of the pound as an informal term persists in these countries to a varying 
degree, scales and measuring devices are denominated only in grams and kilograms. A 
pound of product must be determined by weighing the product in grams as the use of the 
pound is not sanctioned for trade within the European Union. 

Use in commerce 

In the United States of America the United States Department of Commerce, the 
Technology Administration, and the National Institute of Standards and Technology 
(NIST) have defined the use of mass and weight in the exchange of goods under the 
Uniform Laws and Regulations in the areas of legal metrology and engine fuel quality in 
NIST Handbook 130. 

NIST Handbook 130 states: 

V. "Mass" and "Weight."  
The mass of an object is a measure of the object’s inertial property, or the amount of 
matter it contains. The weight of an object is a measure of the force exerted on the object 
by gravity, or the force needed to support it. The pull of gravity on the earth gives an 
object a downward acceleration of about 9.8 m/s2. In trade and commerce and everyday 
use, the term "weight" is often used as a synonym for "mass." The "net mass" or "net 
weight" declared on a label indicates that the package contains a specific amount of 
commodity exclusive of wrapping materials. The use of the term "mass" is predominant 
throughout the world, and is becoming increasingly common in the United States. (Added 
1993) 
W. Use of the Terms "Mass" and "Weight." 
When used in this handbook, the term "weight" means "mass". The term "weight" 
appears when inch-pound units are cited, or when both inch-pound and SI units are 
included in a requirement. The terms "mass" or "masses" are used when only SI units are 
cited in a requirement. The following note appears where the term "weight" is first used 
in a law or regulation. 
NOTE 1: When used in this law (or regulation), the term "weight" means "mass."  

U.S. federal law, which supersedes this handbook, also defines weight, particularly Net 
Weight, in terms of the avoirdupois pound or mass pound. From 21CFR101 Part 101.105 
– Declaration of net quantity of contents when exempt: 

(a) The principal display panel of a food in package form shall bear a declaration of the 
net quantity of contents. This shall be expressed in the terms of weight, measure, 
numerical count, or a combination of numerical count and weight or measure. The 
statement shall be in terms of fluid measure if the food is liquid, or in terms of weight if 
the food is solid, semisolid, or viscous, or a mixture of solid and liquid; except that such 
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statement may be in terms of dry measure if the food is a fresh fruit, fresh vegetable, or 
other dry commodity that is customarily sold by dry measure. If there is a firmly 
established general consumer usage and trade custom of declaring the contents of a liquid 
by weight, or a solid, semisolid, or viscous product by fluid measure, it may be used. 
Whenever the Commissioner determines that an existing practice of declaring net 
quantity of contents by weight, measure, numerical count, or a combination in the case of 
a specific packaged food does not facilitate value comparisons by consumers and offers 
opportunity for consumer confusion, he will by regulation designate the appropriate term 
or terms to be used for such commodity. 
(b)(1) Statements of weight shall be in terms of avoirdupois pound and ounce. 

From paragraph "a" above, although the avoirdupois pound is a measure of mass, in 
commerce it is used with the term "Net Weight", because "there is a firmly established 
general consumer usage and trade custom of declaring the contents of a liquid by weight, 
or a solid..." 

Use in weaponry 

Smoothbore cannon and carronades are designated by the weight in imperial pounds of 
round solid iron shot of diameter to fit the barrel. A cannon that fires a six-pound ball, for 
example, is called a six-pounder. Standard sizes are 6, 12, 18, 24, 32 and 42 pounds; 68-
pounders also exist, and other nonstandard weapons use the same scheme.  
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Chapter-15 

Maund and Candy 

 

 

 

Maund 

 
 
The vast extent of the Bengal Presidency (shown here in 1858) facilitated the adoption of 
the standard of 100 Troy pounds for the maund throughout British India. 

The maund is the anglicized name for a traditional unit of mass used in British India, and 
also in Afghanistan, Persia and Arabia: the same unit in the Moghul Empire was 
sometimes written as mun in English, while the equivalent unit in the Ottoman Empire 
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and Central Asia was called the batman. At different times, and in different South Asian 
localities, the mass of the maund has varied, from as low as 25 pounds (11 kg) to as high 
as 160 pounds (72½ kg): even greater variation is seen in Persia and Arabia. 

In British India, the maund was first standardized in the Bengal Presidency in 1833, 
where it was set equal to 100 Troy pounds (82.28 lbs. av.). This standard spread 
throughout the British Raj. After the independence of India and Pakistan, the definition 
formed the basis for metrication, one maund becoming exactly 37.3242 kilograms. A 
similar metric definition is used in Nepal. 

Origins 

Anglicized as "maund", the man as a unit of weight is thought to be of at least Chaldean 
origin, with Sir Henry Yule attributing Akkadian origins to the word. The Hebrew maneh 
 and the Ancient Greek mina (μνᾶ) are thought to be cognate. It was originally equal (הנמ)
to one-ninth of the weight of an artaba of water, or approximately four to seven 
kilograms in modern units. 

The modification of the vowel in the anglicized name is thought to be an indication that 
the word came into English via Portuguese.  

South Asia 
British Indian 
units of mass 

Mughal Empire 
1 maund = 40 seers 
1 seer = 30 dams 
1 dam = 5 tanks 
1 tank = 3 mashas 
1 masha = 8 ruttees 

 

Bengal Presidency 
1 maund = 8 passerees 
1 passeree = 5 seers 
1 seer = 16 chitaks 
1 chitak = 5 tolas 
1 tola = 12 mashas 
1 masha = 8 rattis 
1 ratti = 4 dhans 
Regulation VII 1833 fixed the mass of one tola as 180 troy grains 

(11.663 8038 grams) 
 

Bombay Presidency 
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1 candy = 20 maunds 
1 maund = 40 seers 
1 seer = 72 tanks 
The maund was fixed at 28 pounds avoirdupois (¼ hundredweight) 

(12.700 586 36 kilograms) 
 

Madras Presidency 
1 candy = 20 maunds 
1 maund = 8 vis 
1 vis = 5 seers 
1 seer = 8 pollums 
1 pollum = 10 pagodas 
The maund was fixed at 25 pounds avoirdupois 

(11.339 809 25 kilograms) 
 

Mughal Empire 

Prinsep (1840) summarizes the evidence as to the weight of the mun (later "maund") 
during the reign (1556–1605) of Akbar the Great, which comes from the Ain-i-Akbari 
written by the vizier Abu'l-Fazl ibn Mubarak (anglicized as "Abul Fuzl"). The principal 
definition is that the mun is forty seers; and that each seer is thirty dams. 

1 mun = 40 seers = 1200 dams 

The problem arises in assigning the values of the smaller units. 

The section of the Ain-i-Akbari that defines the mun also defines the dam as five tanks. A 
separate section defines the tank as twenty-four ruttees. However, by the 19th century, 
the tank was no longer a uniform unit across the former Mughal territories: Prinsep 
quotes values of 50 grains (3.24 g) in Darwar, 72 grains (4.67 g) in Bombay and 
268 grains (17.37 g) in Ahmednugur. 

The jilály, a square silver rupee coin issued by Akbar, was said by the Ain-i-Akbari to be 
11¼ mashas in weight: surviving jilály and other Mughal rupee coins weigh 170–
175 Troy grains (11.02–11.34 g), so the masha, defined as eight ruttees, would be about 
15½ grains (1 g). Masha weights sent back to London in 1819 agree with this value. This 
basis gives a mun of 34¾ lb. av. (15¾ kg). 

However, in yet another section of the Ain-i-Akbari, the dam is said to be "twenty mashas 
seven ruttees": using this definition would imply an Imperial mass of about 47 lb. av. 
(21⅓ kg) for the mun. Between these two values, the maund in Central India was often 
found to be around 40 lb. av. (18 kg) in the East India Company survey of 1821. 

A Maund was 55.5 British pounds under Akbar. 
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Nineteenth century 

  
 
British India is shown in pink on this 1837 map. The Madras Presidency is in the 
southeast, the Bombay Presidency is in the west and the Bengal Presidency is in the 
northeast. 

The maund of India may as a genus be divided into four different species: 

1. That of Bengal, containing 40 seers, and averaging about 80 lbs. avoir. 
2. That of Central India (Malwa, Ajmeer, &c.) generally equal to 40 lbs. 

avoir. and containing 20 seers (so that the seer of this large portion of the 
continent assimilates to that of Bengal.) 

3. The maund of Guzerat and Bombay, equal to ¼ cwt. or 28 pounds and 
divided into 40 seers of smaller grade. 
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4. The maund of Southern India, fixed by the Madras government at 25 lbs. 
avoir. 

There are, however many other varieties of maund, from 15 to 64 seers in weight; which 
it is unnecessary to particularize.  

– Prinsep (1840), p. 77 

Prinsep's values for the maund come from a survey organized by the East India Company 
in 1821. The Company's agents were asked to send back examples of the standard 
weights and measures used in the places they were stationed, and these were compared 
with the English standards in London by Patrick Kelly, the leading British metrologist of 
the time. The results were published as an appendix to the second edition of Kelly's 
Universal Cambist (1831), and later as a separate book entitled Oriental Metrology 
(1832). 

It will be seen from Kelly's results below that Prinsep's generalizations are only partially 
correct. The Gujarat maund is more closely related to the Central Indian maund than to 
the standardized Bombay maund, except in the town of Anjar, except that it is divided 
into 40 seers instead of 20 as was found in Malwa. 

Central India and Gujarat 

Place Sub- 
division 

Imperial Metric 
kg lb. oz. dr. 

Ahmadābād, in Gujarat 40 seers 42 4 13 19.817 
Amod, in Broach 40 seers 40 8 12  
Anjar, in Cutch 40 seers 27 3 8  
Bairseah, in Malwa 40 seers 77 1 12  
Bārdoli, in Surat 39¾ seers, 2 pice 37 4 4¾  
Broach, in Gujarat 40 seers 40 8 12  
Baroda, in Gujarat 42 seers 44 9 10  
Cambay, in Gujarat 40 seers 37 8 0  
Chanadore, Central Provinces 64 seers 149 12 0  
Dewas, in Malwa 64 seers 137 8 2  
Doongurpoor, in Rajputana 40 seers 50 1 14  

Hānsot, in Broach 
40 seers, "market" 38 9 9  
42 seers, for oil 40 8 6  
40 pergunna seers 39 3 10  

Indore, in Malwa 
20 seers, for grain 40 8 6  
40 seers, for opium 81 0 12  

Jambusar, in Broach 40 seers, "market" 40 6 4  
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42 seers, for cotton 42 6 9  
Kota, in Rajputana 40 seers 30 0 0  
Kumbharia, in Surat 40 seers 8 pice 37 13 10  
Kurod, in Surat 40 seers 15 pice 37 15 8½  
Malwa 20 seers 40 7 8  
Mundissor, in Malwa 15 seers 34 4 4½  

Okalesur, in Broach 
40 seers 38 8 13  
40 seers, "pergunna" 40 6 13  

Omutwara, in Malwa 28 seers 54 10 8  
Oujein, in Malwa 16⅞ seers 33 5 13  
Pertabgurh, in Ajmer 20 seers 38 8 14  
Rutlam, in Malwa 20 seers 40 7 8  
Surat, in Gujarat 40 seers 37 8 0  
  

Bombay Presidency 

Place Sub- 
division 

Imperial Metric 
kg lb. oz. dr. 

Ahmadnagar 40 seers 78 15 12  
Aurangabad 40 seers 74 10 10  
Belgaum 44 seers 26 3 15  
Bombay 40 seers 28 0 0  
Carwar, in Kanara 42 seers 26 0 0  
Dindoor 64 seers 157 10 10  

Dukhun Poona 
12½ seers, for ghee, etc. 24 10 4⅓  
14 seers, for metals 27 9 9⅔  
48 seers, for grain 94 9 8  

Goa (Portuguese) — 24 12 0  
Jamkhair, in Ahmednagar 64 seers 147 10 0  
Jaulnah, in Hyderabad 40 seers 80 2 8  
Onore, in Kanara 40–44 seers 25 0 0  

Poona 
12½ seers, for ghee, etc. 24 10 4⅓  
14 seers, for metals 27 9 9⅔  
48 seers, for grain 94 9 8  

Roombharee, in Ahmednagar 64 seers 160 13 8  
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Madras Presidency 

Place Sub- 
division 

Imperial Metric 
kg lb. oz. dr. 

Anjengo, in Travancore — 28 0 0  
Bangalore, in Mysore 40 seers 25 0 0  
Bellary, in Madras 48 seers 25 6 0  
Calicut, in Malabar 68 seers 34 11 11  
Cochin, in Malabar 42½ seers 27 2 11  
Coimbatoor, in Mysore 40 seers 24 1 0  
Colachy, in Travancore 125 pollums 18 12 13  

Hyderabad, in Madras 
12 seers, "kucha" 23 13 0  
40 seers, "pucka" 79 6 0  

Madras 40 seers, or 8 vis 25 0 0  
Madura, in Carnatic 39.244 seers 25 0 0  

Mangalore 
46 seers, "market" 28 2 4  
46 seers, "Company's" 28 8 13  
40 seers, for sugar 24 7 8  

Masulipatam, in Madras 
"kucha" 35 10 0  
"pucka" 80 0 0  

Negapatam, in Carnatic 41.558 seers 25 0 0  
Pondicherry 8 vis 25 14 5½  
Quilon, in Travancore 25 old Dutch pounds 27 5 8  
Sankeridroog, in Carnatic 41.256 seers 25 0 0  
Seringapatam 40 seers, "kucha" 24 4 8  
Tellicherry, in Malabar 64 seers 32 11 0  
Tranquebar, in Coromandel 68 Danish pounds 74 12 9.6  
Travancore, in Madras — 25 0 6½  
Trichinopoly, in Carnatic 13.114 seers 25 0 0  

Vizagapatam, in Madras 
"kucha" 35 10 0  
"pucka" 80 0 0  
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Candy 

  
 
British India is shown in pink on this 1837 map. The Madras Presidency is in the 
southeast, the Bombay Presidency is in the west and the Bengal Presidency is in the 
northeast. 

The candy or candee , also known as the maunee, was a traditional South Asian unit of 
mass, equal to 20 maunds and roughly equivalent to 500 pounds avoirdupois 
(227 kilograms). It was most used in southern India, to the south of Akbar's empire, but 
has been recorded elsewhere in South Asia. In Marathi, the same word was also used for 
a unit of area of 120 bighas (25 hectares, very approximately), and it is also recorded as a 
unit of dry volume. 
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The candy was generally one of the largest (if not the largest) unit in a given system of 
measurement. The word was adopted into several South Asian languages before the 
compilation of dictionaries, presumably through trade as several Dravidian languages 
have local synonyms.  

Unit of mass 

The candy was equal to twenty maunds, but the value of the maund was not standardised 
across South Asia. There were at least three different approximate values for maund in 
early nineteenth century India, ranging from 11.34 kg to 37.32 kg, and values from 
outside India varied even wider. Much of our knowledge of the values of South Asian 
mass units comes from an 1821 study ordered by the British East India Company and 
subsequently published as Kelly's Oriental Metrology, although the approximate value of 
500 pounds for the candy is attested as early as 1618. The earliest European reference to 
the candy (1563) puts its mass at 522 arráteis (239.6 kg, 528.2 lbs.). 

The three Presidencies of British India had already undertaken a fair degree of 
standardisation of weights and measures by the time of Kelly's study. In the Madras 
Presidency, the maund was fixed at 25 lbs. av. (11.340 kg), making the candy equal to 
500 lbs. av. (226.796 kg). In the Bombay Presidency, the maund was fixed at 28 lbs. av. 
(12.701 kg), making the candy exactly equal to 5 hundredweight (560 lbs. av., 
254.012 kg). In Bombay itself (present-day Mumbai), a separate value of the candy was 
recorded for "grain", equal to 8 parahs or 358 lbs. 6 oz. 4 dr. (162.563 kg). In the Bengal 
Presidency, where the candy was not traditionally used, the maund (or mun) was a much 
larger unit, 100 troy pounds (37.324 kg, equivalent to a candy of 746.5 kg). 

The effects of this standardisation can also be seen in other territories under direct British 
control. In Ceylon, the candy (also known as the bahar) was 500 lbs (226.796 kg) as on 
the Continent. Use of the candy is also recorded in British Burma, where it was the 
equivalent of 150 vis: its equivalent in Imperial units was measured as 500 lbs. 
(226.796 kg) in Pegu and 550 lbs. (249.476 kg) in Rangoon. 

Perhaps the most striking example is from the princely state of Travancore in southwest 
India. At the British East India Company trading station of Anjengo, (near modern-day 
Kadakkavoor), the candy was equal to 35 telong and fixed at 560 lbs. (254.012 kg), as in 
Bombay. At Colachy (modern-day Kolachal) however, less than 50 miles (80 km) to the 
south, the candy was measured at only 376 lbs. 1 oz. 2 dr. (170.583 kg). 
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Madras Presidency shown in an 1880 map. 
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Bombay Presidency in an 1880 map. 
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Bengal Presidency in 1880. 

In the region of the Central Provinces, the maund was roughly 40 lbs., which is probably 
about the value it had under the Mughal Empire. The candy was not recorded as being in 
use as a unit of measurement in this region in 1821. Although not a part of the Central 
Provinces region, the unusually high value recorded for the candy in Baroda, Gujarat 
(modern-day Vadodara) – 892 lbs. 1 oz. 4 dr. (404.640 kg) – can be explained by this 
higher value of the Mughal maund. The candy in Surat, the main port of Gujerat, is also 
consistently quoted as being much larger than the same unit further south. 

Unit of area 

The candy is also recorded as a unit of area in Marathi, equal to 120 bighas. It is 
impossible to accurately convert this to modern units given the huge variability in the 
different values of the bigha in different locations. In particular, Kelly's 1821 study of 
South Asian metrology is completely silent on land measures in the Bombay Presidency. 
Molesworth defines the Marathi bigha as equal to twenty pandas or to 400 square kathys 
but also notes that it varies in different districts. The same author defines the kathy as "a 
land measure,—five cubits and five handbreadths […] also the measuring rod": other 
authors are silent on the unit. A cubit is roughly equal to five handbreadths, so the kathy 
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can be taken to be roughly 25 square cubits: that is, 8100 square inches or 6.25 square 
yards. This would make the bigha roughly 2500 square yards, or half an acre, in 
agreement with measurements in other areas of India. The candy, therefore, can be taken 
to be approximately 60 acres or 25 hectares. 

The celebrated Scottish orientalist Sir Henry Yule gives a slightly larger value for the 
candy as a unit of area ("approximately 75 acres"), and describes it as the area of land 
which will produce one candy of grain. The Telegu unit of the putty is also used in the 
same way: one putty of land is that area which will produce one putty of rice. 

Unit of dry volume 

Several sources also describe the candy as a unit of dry measure. Again, it is difficult to 
give an accurate conversion to modern units, as most sources quote conversions to mass 
units for specific goods, and the few specific conversion factors that exist range from 8 to 
25 bushels. More plausible is that one candy of dry measure was the volume that would 
have been occupied by one candy (in mass) of water, that is about 254 litres (7 bushels) 
in Bombay (present-day Mumbai). 

• One candy of "grain" (unspecified) in Bombay was recorded by Kelly as 8 parahs 
or 358 lbs. 6 oz. 4 dr. (162.563 kg), compared to a standard Bombay candy of 
560 lbs. (254.012 kg), a factor of 0.640. This factor is lower than the relative 
density of modern hulled rice (0.753) but higher than the that of rough rice 
(0.577). 

• One parah for salt measure for Bombay was reported as 1607.6 cubic inches 
(26.344 litres), implying a candy for dry measure of salt as 210.8 litres: the factor 
(1.20, based on 254 litres for one candy of water) is identical to the relative 
density of caked salt. 

• The Ceylonese standard parah was a cube of sides 11.57 inches, that is 
25.41 litres. 

• Molesworth defines the Marathi palah as 120 seers, implying a candy of 960 seers 
and a maund of 48 seers. The Bombay seer is given by Kelly as 11 oz. 3 dr. 
(317.2 g) for both grain and other commercial goods. 

Not all grain measures in candies should be taken as dry measures. The United Nations 
Statistical Office reported that the candy was in use in the 20th century: 

• in east India for measuring rice, with a value of approximately 210.636 kg 
compared to the old Madras standard candy of 226.796 kg; 

• in Ceylon (later Sri Lanka) for measuring copra, with a value of 560 lbs. 

Both of these are obviously related to the candy as a unit of mass. 

 


