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1
starting physics

Physics has always been at the leading edge of human thought, not just in recent times but also before the Scientific Age, which began about four centuries ago. The theories of science that were held to be true long ago might seem very odd when we compare them with our present knowledge. We must not forget though that the scientists of ancient times, or natural philosophers as they were then called, came up with ideas and theories that were astonishingly sophisticated in comparison with other aspects of life in those times. In this chapter we will look at some of the physics ideas from long ago to see just how these ideas were developed and used. Then we will look at some of the important skills needed in physics, before moving on to use these skills to carry out density tests.


Before the Scientific Age

Many theories of science before the Scientific Age were based on the assumptions that the Earth was at the centre of the Universe and that living beings were created by one or more superior beings who designated a special role for humans.

Science as a recorded activity flourished in the culture of Ancient Greece and the Mediterranean civilizations that developed from Greece. The idea that matter is composed of ‘atoms’ too small to be seen individually was a theory put forward by Democritus (470–400 BCE). Two centuries later, Aristarchus put forward the theory that the Sun was at the centre of the Universe. In the next century, Archimedes (287–212 BCE) made important discoveries in mechanics and mathematics. The importance of the scientific heritage bequeathed by these and other natural philosophers of the ancient Mediterranean civilizations is undisputed. Indeed the impact of one particular natural philosopher, Aristotle (382–322 BCE), was to influence the conduct of science for many centuries, right through to the beginning of the Scientific Age.

Aristotle shaped science into a coherent set of ideas that were consistent with the prevailing world-view, namely that the Earth is the centre of the Universe and therefore a special place has been accorded to the human race by the creator of the Universe. However, Aristotle’s rejection of theories that did not fit in meant that interesting ideas were not followed up and investigated further. Aristotle stamped his method on science so firmly that it lasted for over 15 centuries. His approach of picking facts to support accepted theories dominated the way science was conducted long after his death, from Ancient Greece, through the Roman Empire, the Dark Ages and into the Middle Ages.

Archimedes, the first great scientist

Archimedes was born in Sicily, where he worked under the patronage of King Hiero, the island’s ruler. Archimedes kept in touch with the scholars of Alexandria in Egypt, where one of his inventions, the water screw, was put to practical use to raise water from the river Nile. This device consists of a tight-fitting screw in a cylinder. With the cylinder in water at its lower end, turning the screw raises water up the cylinder from the lower end. Archimedes’ screw allowed farmers to irrigate the land bordering the river Nile.

Archimedes also discovered the principle of the lever and worked out how a force could be increased using a lever. No doubt you have used the lever principle to move an object that is difficult to shift. For example, when you use a bottle opener as a lever to remove the cap from a bottle, the force you apply to the bottle opener causes a much larger force to act on the cap. The applied force on the lever is referred to as the effort. The lever pivots about a fixed point or fulcrum as shown in Figure 1.1. The force of the lever on the cap is much greater than the applied force because it acts much nearer to the fulcrum than the applied force does.
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Figure 1.1 (a) Using a lever. (b) Balancing a beam.

Archimedes investigated the equilibrium conditions for a beam balanced at its centre of gravity with a weight supported on each side of the beam. He found that the distance of each weight to the fulcrum was in inverse proportion to the amount of weight.


	For two objects of equal weight, the distances from the fulcrum must be equal for the beam to be in equilibrium.

	
For two objects of weights W1 and W0, the distances d1 and d0 of the weights from the fulcrum are in inverse ratio to the weights. In other words:
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If one of the objects is of known weight, by measuring the distances d1 and d0 the other weight can be calculated using the equation above. For example, suppose one of the objects is a standard weight at a distance of 0.50 m from the fulcrum; if the beam is balanced by an object of unknown weight at a distance of 0.25 m from the fulcrum, the unknown weight must be exactly twice as heavy as the standard weight.

Weights and measures

The scientific system of units is known as the SI system. This was agreed internationally several decades ago. Before this agreement was reached, different systems of units were used in different countries. In earlier times, before national systems were established, local systems developed by traders varied according to custom and practice.

The five base units of the SI system are:


	the second, which is defined as the time taken for a specified number of vibrations of a certain type of atom in an atomic clock.

	the metre, which is defined as the distance travelled by light in a vacuum in a specified time.

	the kilogram, which is the unit of mass. This is defined as the quantity of matter in a block of platinum kept in the Bureau of International Weights and Measures (BIPM) in Paris. Standard masses kept in other scientific laboratories are measured by comparison with the standard one kilogram mass in Paris. The weight of an object is the force of gravity on the object. Because the weight of an object is in proportion to its mass, a beam balance as described earlier may be used to compare the masses of any two objects.

	the kelvin, which is the scientific unit of temperature.

	the ampere, which is the scientific unit of electric current.



All other scientific units are derived from these five base units. Some examples of derived units are given in the following table. Note that in writing the symbol for a unit, the historical use of the oblique symbol ‘/’ for ‘per’ (as in metre/second) is usually replaced in more advanced work by a numerical superscript after the symbol (as in ms–1).

 



	Quantity

	Definition

	Unit




	Area of a rectangle

	length × breadth

	square metres, m2




	Volume of a box

	length × breadth × height

	cubic metres, m3




	Density

	mass per unit volume

	kilogram per cubic metre, kg/m3 or kg m–3




	Speed

	distance moved per unit of time

	metre per second, m/s or ms–1





Powers of ten

Scientific measurements and calculations involve values that can range from extremely small to enormously large. For example, the diameter of an atom is about 0.0000000003 metres and the distance from the Earth to the Sun is about 150 000 000 000 metres. Such values are usually written in standard form as a number between 1 and 10 multiplied by an appropriate power of ten. For example, the distance from the Earth to the Sun written in this way is 1.5 × 1011 m, where m is the abbreviation for metres and 1011 = 100 000 000 000. Note that 1011 is quoted as ‘ten to the power eleven’. The above value for the diameter of an atom would be written as 3.0 × 10–10 m, where 10–10 = 1 ÷ 1010 = 0.0000000001. Note that a negative power of ten is a code for expressing powers of ten less than 1. Thus 10–10 is 1 divided by ‘ten to the power ten’, usually quoted as ‘ten to the power minus ten’.

Scientific prefixes are used to represent certain powers of ten. For example, the prefix kilo- represents a thousand (= 103). Other standard scientific prefixes are listed below.
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Notes


	The prefix symbol for micro, μ, is pronounced ‘mu’.

	1 centimetre (cm) = 10–2 m and 1000 grams = 1 kilogram.



Density tests

The density of a substance is its mass per unit volume. The scientific unit of density is the kilogram per cubic metre (kg/m3).

For example, the density of lead is about 11 000 kg/m3. In comparison, the density of water is 1000 kg/m3. Thus lead is 11 times more dense than water. The mass of a certain volume of lead is 11 times greater than the mass of the same volume of water.

Density calculations
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The unit of density is the kilogram per cubic metre (kg/m3).

The density formula can be rearranged as:
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Density measurements – liquids


	The volume of a liquid is measured by pouring the liquid into an empty measuring cylinder and measuring the level of the liquid in the cylinder against its graduated scale. The scale is usually marked in cubic centimetres (cm3). To convert the reading into cubic metres (m3), divide the measurement in cm3 by 1 million (= 106) because 1 m3 = 106 cm3.
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Figure 1.2 Using a measuring cylinder.


	The mass of a measured volume of liquid can be measured by using a top pan balance. This is used to measure the mass of an empty beaker. Then the liquid is poured into the beaker and the total mass of the beaker and the liquid is remeasured. The mass of the liquid is the difference between the total mass of the beaker and liquid and the mass of the empty beaker. A top pan balance usually gives a reading in grams (g). Note that 1000 g = 1 kg.
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Figure 1.3 Using a top pan balance.


	
The density is calculated by dividing the mass in kilograms by the volume in m3.



Sample measurements

Volume of liquid in measuring cylinder = 90 cm3 = 90 × 10–6 m3

Mass of empty beaker = 115 g

Mass of beaker and liquid from measuring cylinder = 220 g

Therefore, the mass of liquid = 220 – 115 = 105 g = 0.105 kg
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Density measurements – solids


	Use a top pan balance to measure the mass of a piece of a solid.

	Pour some water into a suitable measuring cylinder. Note the volume of the water from the reading of the water level. Tie the piece of solid to a thread and lower it into the water until it is completely submerged. The level of water in the cylinder will rise as a result. Note the new reading of the water level. The volume of the piece of solid is the difference between the two readings.
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