
The Story of Weights and Measures

Scores and Dozens

The tables of weights and measures used in Britain over the centuries is a curious mixture of scores and dozens with other factors as 3, 16, 28 and even 5 ½ . 

· A score of shillings made a pound (£1).

· A score of hundredweights make a ton.

· A score of ounces of water make a pint.

· A dozen pennies made a shilling.

· A dozen months makes a year.

· Two dozen hours make a day.

· A dozen inches makes a foot.

The word score comes from old English meaning a cut. A twig was used to ‘score’ a cricket match but cutting notches . In Charles Dickens’ “The Pickwick Papers” he writes “The scorers were prepared to notch the runs.” At one time accounts were kept by cutting notches on a stick called a tally. After the cuts had been made these tally sticks where split into two parts, one of which was kept by the buyer. If any dispute arose the two parts could be placed together to see if they “tallied”. A counter foil on a cheque or postal order is such a tally – something that is lost in the digital age of online banking.

The word dozen comes from the Latin duodecem which is two and ten, that is twelve. The Romans used to write their fractions as twelfths so one-half was written as six-twelfths, a third as four-twelfths, a quarter as three twelfths, and so on.  It is also from the Latin word uncie, a twelfth, that we get the words ounce and inch; where an ounce is a twelfth part of a pound troy and an inch being the twelfth part of a foot.

Tables of Length

The earliest measurements were calculated from parts of the human body; they were limb measurements. Probably the first of these was the length of the arm from the elbow to the tip of the middle finger – the cubic. The cubit was about 18 inches or 45 cm long. Other limb measurements included:- 

digit

width of a finger

palm (hand)
width of the hand

span

length of the outstretched fingers

fathom

length of the outstretched arms

4 digits = 1 palm

3 palms = 1 span

2 spans = 1 cubit

4 cubits = 1 fathom

	

	This derivation of the Vitruvian Man by Leonardo da Vinci, depicts nine historical units of measurement: the yard, the span, the cubit, the Flemish ell, the English ell, the French ell, the fathom, the hand, and the foot. The Vitruvian Man was drawn to scale, so the units depicted are displayed with their proper historical ratios.




The height of a horse might still be given in “hands”. A hand being 4 inches; about 10cm. [image: image3.png]



Other limb measurements used are the foot and yard.  At first a foot was two-thirds of a cubit and divided into twelve parts. The yard is the distance from the nose to the tip of the middle finger of the outstretched arms, this is, it is half a fathom.

The mile comes from the Latin word mille – a thousand. It is the length of a thousand paces or double steps (mille passus).

There are two land measurements that were adopted. Before fields were fenced by hedges the land was ploughed in strips by oxen which were encouraged to work by means of a long stick or pole. Both men and beast took a rest at the end of a furrow, and it was found that a convenient length for this strip was about one-eighth of a mile. It is this length which is known as a furlong (a furrow long).  The driver’s pole was a little more than 16 feet (485 cm) long and was used to measure the width of the strip. Farmers used to measure their fields by means of a piece of wood 5 ½ yards long, which is called a rod, perch or pole. This was replaced by a chain, equal in length to four poles, that is 22 yards – the length of a cricket pitch.

Standard Measurements

Limb measurements vary and the length of a pole or chain were also not fixed so it became necessary to have an agreed standard. King Henry I of England (1100 – 1135 A.D.) decreed that a yard should be the distance from the end of his nose to the end of the thumb of his outstretched hand. One hundred years later Edward I ordered a standard yard to be made from an iron bar and declared the foot to be 1/3 of this length. 

In 1150 A.D., King David of Scotland declared that the inch was to be the measure of “the thownmys of iij man; that is to say, a mekill man and man of messurabil statur and a lttell man. The thoums are to be messurit at the rut of the nayll.” 

King David was well aware that the limb measurements depended on the size of man and in order to get some definite length he decided to take the average width of the thumbs of three different sizes;  a medium man, a big man and a little man.

The earliest English law concerning the measurement of length was made in the year 1324 A.D., during the reign of Edward II. This law abolished all the limb measurements and declared that an inch should be the length of three barley corns or grains.

“Three barley corns, round and dry, make an inch.” 
Although an inch based upon the length of barley corn might be an improvement upon the inch based upon the width of the thumb clearly it is still indefinite. It was not until 1878, during the reign of Queen Victoria, that “The Weights and Measures Act” was passed as law. It defined that a yard was to be the length between two marks on a bar of metal bar kept at the Standards Office in London. This standard yard is made of s special metal and the two marks are cut on small plugs of gold sunk into the bar. Copies of the standard yard were used by the Government Inspectors who visit tradesmen to check their measuring instruments. 
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Imperial standards of length 1876 in Trafalgar Square, London.

The United States of America borrowed the yard as a basic unit of length from England, but the present United States yard is described in terms of the metric system of measure.

It was not until 1959 that the United Kingdom and United States redefined the yard to be exactly 0.9144 metres and hence one inch as exactly 25.4 mm. This is called the international inch.

Table of Weights

The first measurement of weight was probably a comparison of two objects made by holding one in each hand and guessing which of the two was heavier. Balances were used in ancient Egypt who used stones to compare weights and in Babylon were grains of wheat where used. 

The standard pound of the 1878 Act is the avoirdupois pound with other units of ounce, dram, grains and ton.  A pound contains 16 ounces, an ounce contains 16 drams or 437 ½ grains and a ton 2240 pounds. 

The apothecaries’ weight system was used by chemists and doctors for drugs and medicines. In this system a pound contains 12 ounces or 5760 grains. An ounce contains 8 drachms or 480 grains, a drachm contains 3 scruples and a scruple contains 20 grains. 

The troy system was used in weighing gold, silver, platinum, coins and certain jewels. The troy pound is 12 ounces or 5760 grains, but an ounce is made up of 20 penny-weights, and a penny weight is made of 24 grains. The grain is the same in all three systems.

It is interesting to note that the gallon is also a measure of weight, as the 1878 Act gives the gallon as the volume of 10 pounds of water. 

The troy pound was abolished in 1879 but continued to be used in the United States. Americans weigh themselves in pounds were it is still common for the British to use stone and pounds. 

Weights between Imperial Units and U.S . Customary units are the same except the Americans use the short ton (2000 pounds) where as the Imperial measure is 20 hundredweight (112 pounds) = 2240 pounds.

Measurement of Land

Land was ploughed in strips a furrow long and pole wide, that is a furlong (220 yards) by 5 ½ yards. This area of 1210 square yards is called a rood or a quarter of an acre. So an acre is 4 roods, that is a strip which is a furlong long and 4 poles (22 yards) or a chain wide. Its area is 4 840 square yards. 
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Also a square pole is 5 ½ x 5 ½ square yards and 40 of these are contained in a rood.  An acre is equal to 10 square chains. 

Houses and estates for sale declare room dimensions in metres but the land in acres.

Some approximate areas

Football pitch 
~ 2 acres

Hockey pitch ~ 1/8 acre

Cricket square
~ 1/10 acre

Tennis court
~ 1/16 acre

How tall was Goliath of Gath “whose height was six cubits and a span”?

Find the length, breadth and height of Noak’s ark. “The length of the ark shall be three hundred cubits. The breadth of it fifty cubits and the height of it thirty cubits.”

A chain consists of 100 links (used for oxen to pull the plough. Find the length of a link in inches and decimal inch.

Tables of Volume

The Imperial Unit of volume is the gallon. A quarter of a gallon is a quart and two pints make a quart. A gallon has a volume of 277.4 cubic inches and a fluid ounce is 1/160th of a gallon. A bushel is 8 gallons. 

What is the weight in ounces of a fluid ounce and what is its volume in cubic inches?

Besides these units of volume there are also pecks, bushels, and dry substances are measured by a different sized pint.

The American colonists adopted the English wine gallon which is 231 cubic inches. At that time the British also had the ale gallon of 282 cubic inches. In 1824 Britain abandoned these and defined the Imperial gallon as 10 pounds of distilled water with the barometer standing at 30 inches of mercury and at a temperature of 62 degrees Fahrenheit, which is equivalent to 277.42 cubic inches. 

In Imperial Units the dry measure are the same as the liquid measure. In the United States they are not the same. The gallon and subdivisions are used for liquids; the bushel is used to measure certain dry commodities.  The US gallon is dived into four liquid quarts and the US bushel into 32 dry quarts. 

The British quart is divided into 40 fluid ounces where as the US quart is divided into 32 fluid ounces and so the US gallon is 128 fluid ounces.  The Imperial gallon is larger than the US gallon but the British fluid ounce is smaller than the US fluid ounce. The US gallon weights about 8 1/3 pounds.

1 US fluid ounce = 1.041 Imperial fluid ounce

1 Imperial fluid ounce = 0.961 US fluid ounce

1 US gallon = 0.833 Imperial gallon

1 Imperial gallon = 1.201 US gallons.

A US pint is 16 fluid ounces; whereas the British pint is 20 fluid ounces. 

When looking at fuel consumption of cars from America sources expressed as miles per gallon they are not like for like with those quoted in British sources. 

The Metric system

All countries of the world use the metric system now, even if only for science. A decimal based unit of length was suggested in England in 1668 and to use the pendulum half-period of one second to measure a standard length as discovered by Christiaan Huygens which was about 39 ¼ inches (997 mm) in length. John Wilkins proposed to define the metre as the length of a pendulum with a half-period of one second. The other approach suggested defining the metre as one ten-millionth of the length of the Earth's meridian along a quadrant, which is the distance from the Equator to the North Pole. In 1791, the French Academy of Science selected the meridional definition over the pendular definition because the force of gravity varies slightly over the surface of the Earth, which affects the period of a pendulum. In 1675 the Italian scientist Tito Livio Burattini used the words metro cattolico (metre catholic) as a universal measure. The word gave rise to the French mètre which in 1797 was introduced into the English language.

In 1793 France adopted as its official unit of length a metre based on provisional results from the expedition to measure the distance. A prototype bar was short by a fifth of a millimetre because of miscalculation of the flattening of the Earth.

In 1875 the Metre convention established a permanent International Bureai of Weight and Measures at Sevres, France and in 1889 at the first General Conference on Weights and Measures (CGPM: Conférence Générale des Poids et Mesures), establishing the International Prototype Metre as the distance between two lines on a standard bar composed of an alloy of ninety percent platinum and ten percent iridium, measured at the melting point of ice. This remained the standard until 1960, when the eleventh CGPM defined the metre in the new SI system as equal to 1,650,763.73 wavelengths of the orange-red emission line in the electromagnetic spectrum of the krypton-86 atom in a vacuum. 

To further reduce uncertainty, the seventeenth CGPM in 1983 replaced the definition of the metre with its current definition, thus fixing the length of the metre in terms of the second and the speed of light:

    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.

SI (Standard International) prefixes are employed to denote decimal multiples and submultiples of a metre.  Long distances are usually expressed in km, astronomical units, light-years or parsecs rather than Mm, Gm, Pm, Em, Zm or Ym.

The term micron is often used instead of micrometre, but this practice is officially discouraged. Originally all multiples of a metre where capitals, so Dm for decametre, Hm for hectometre and Km for kilometre. 
	SI multiples for metre (m)

	Submultiples
	
	Multiples

	Value
	Symbol
	Name
	
	Value
	Symbol
	Name

	10−1 m
	dm
	decimetre
	
	101 m
	dam
	decametre

	10−2 m
	cm
	centimetre
	
	102 m
	hm
	hectometre

	10−3 m
	mm
	millimetre
	
	103 m
	km
	kilometre

	10−6 m
	µm
	micrometre
	
	106 m
	Mm
	megametre

	10−9 m
	nm
	nanometre
	
	109 m
	Gm
	gigametre

	10−12 m
	pm
	picometre
	
	1012 m
	Tm
	terametre

	10−15 m
	fm
	femtometre
	
	1015 m
	Pm
	petametre

	10−18 m
	am
	attometre
	
	1018 m
	Em
	exametre

	10−21 m
	zm
	zeptometre
	
	1021 m
	Zm
	zettametre

	10−24 m
	ym
	yoctometre
	
	1024 m
	Ym
	yottametre

	Common prefixed units are in bold face.




	Metric unit
expressed in non-SI units  
	Non-SI unit
expressed in metric units

	1 metre
	≈
	39.37
	inches
	              
	1 inch
	≡
	0.0254
	metres
	          


	centimetres
	 

	1 millimetre
	≈
	0.03937
	inch
	 
	1 inch
	≡
	25.4
	millimetres
	 

	1 metre
	≡
	1×1010
	Ångström
	 
	1 Ångström
	≡
	1×10−10
	metre
	 

	1 nanometre
	≡
	10
	Ångström
	 
	1 Ångström
	≡
	100
	picometres
	 

	1 metre
	≈
	3.2808 
	ft
	 
	1 foot
	≡
	304.8
	millimetres
	 

	1 metre
	≈
	1.0936
	yards
	 
	1 yard
	≡
	914.4
	millimetres
	 

	1 kilometre
	≈
	0.6214
	mile
	 
	1 mile
	≡
	1609.344
	metres
	 


Within this table, "inch" means "international inch". 

"≈" means "is approximately equal to".

"≡" means "equals by definition" or equivalently, "is exactly equal to".

A simple mnemonic aid exists to assist with conversion;

1 metre is equivalent to 3 feet, 3 and 3/8 inches. This gives an over-estimate of 0.125 mm.
Units of area are based on the square of the length of side of the basic units. A special unit the hectare is 100 ares and an are is equal to 100 m2.

Units of volume are based on the cubic centimetre (cm3, formally written cc) as the volume of 1 cm3 of water weights 1 gram and is called a millilitre. These units were based on water taken at 4o C when water is its most dense. A slight error was made at the time and the kilogram is actually equal to the mass of 1 000.028 cm3 of water.
The SI units were developed in 1960 from the metre-kilogram-second system rather than the centimetre-gram-second system. 

The only measurement system legally sanctioned by the United States Congress is the metric system. This was done in a law passed in 1886 which specifically made it lawful to use the metric system and which made it unlawful to refuse to trade or deal in metric quantities. There is no such legislation for gallons and pounds.

The United Kingdom introduced SI units in schools in 1969 and by 1971 all text books were fully decimalised and metric. For business and industry adoption of metric units has been long and drawn out.  So in 2010 we can still buy pints (1,2,4, and 6 pints bottle) of milk and beer but wine and other drinks are sold in millilitres; even with some odd volumes (330 ml as well as 500 ml) as well as others displaying harping back 40 years e.g. 237 ml (8 fl oz) bottles. Although weights are now universally in grams we still have 453 g (1 lbs) and 340 g (12oz) jars of jam.
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 Driver location sign (large and blue) and distance marker post (smaller, with a red reflective stripe) on A38 in the West Midlands shows distances in kilometres although the road signs for motorists are in miles.
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