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Getting Started In Physics - How to Pass your WoF
Physics helps us to understand our world better and to use this understanding for the benefit of people and the environment. For example, a geophysicist studies earthquakes and uses the knowledge gained from observations and experiments to predict when further earthquakes will occur, and what their effect might be on nearby people, wildlife and buildings.

Physics involves a wide range of ideas and areas of investigation: it plays an important part in the home, leisure, medicine, industry, transport and in communications.

Physics is involved in many other areas of science. Some recent growth, areas involving physics include: biotechnology, forensic science, sports medicine, physical chemistry and biophysics.

For example, an English physicist, Francis Crick, and an American biochemist, James Watson, discovered the structure of the DNA molecule. This was one of the most important advances in biology of the twentieth century.

As with other sciences, physics involves observation and experiment. In physics, observations and experiments are used to discover the relationships between things. These relationships can often be expressed as laws and written as mathematical equations. Physicists try to make sense of these relationships by developing theories and models. Useful theories are able to predict further behaviour, which can then be tested by new experiments.

A) Physical Quantities, Units
Physics involves measuring physical quantities, such as the length of a spring or the change in temperature of a liquid. Every measurement of a physical quantity involves a unit. A unit is a standard amount of that quantity.  Most quantities can be measured by several different units. E.g., the thickness of a sheet of paper can be measured in inches (an older unit) or millimetres (preferred), while mass can be measured in such units as ounces, pounds and kilograms.

To avoid using different units when measuring the same physical quantities, a standard system of units to measure all physical quantities has been agreed on.

The system of units used to measure physical quantities is called the ‘System International d’Unites’ (commonly abbreviated to SI). 
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Note: The symbols for the physical quantities are the symbols that appear in formulas and equations.

[image: image2.png]Time
Frequency

Length

Area

Volume
Speed, velocity
Acceleration

Mass

Density

Force

Work, energy, heat

Power
Pressure

Temperature

Electric current
Charge

Potential difference
Resistance

second
hertz Hz

metre

metre x metre

metre x metre x metre
metre / second

metre / (second x second)

kilogram

mass / volume

newton N

Jjoule J Nm
electronvolt eV  1.60x10¢ J
watt w /s
pascal Pa N/m2
kelvin

ampere

coulomb c

volt v J/c
ohm Q VI/A

mz

ms?
ms2

kg

kg m=
kg m sz
kg m2 sz

kg mz s
kg m s2

K

A

As

kg m2 A1 s3
kgm2 A2s3



 

The units for all other physical quantities can be derived from the set of units above. For example, speed (symbol, v) is the rate at which distance is moved with time. A simple formula for constant speed is: 
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  so the SI unit for speed is the SI unit for distance (metre) divided by the SI unit for time, t (second), 
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= ms-1.

Note:  In just the same way that 
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is written as 10-1, 
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can be written as ms-1. The notation ms-1 will be used throughout physics.

B) Standard Prefix Multipliers

The SI system is a metric system because each unit can be reduced or enlarged using multiples of 10. This is done using a standard set of prefix multipliers. The table shown, lists the prefix multipliers along with the symbols for the prefixes and the power of ten each one represents.
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1.
( is a Greek symbol pronounced ‘mew’.

2.
There are other SI prefix multipliers, but these are the most common ones.

3.
A non-standard prefix in common usage is 10-2 centi, symbol c.
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 Example A

a.
Change 8km to m.

b.
How many micrograms are there in a kilogram?

c.
Write 2.8 x l010watts in gigawatts.

a.
8km 
= 8000m      

[since kilo means 103]

b.
lkg 
= lxl03g  = 1x 103 x 106(g   [since 1g = 106(g]     =109 (g



c.
2.8 x 1010W

= 28 x 109W

= 28GW
[since 109W = I GW]

C) Uncertainty in Measurement Definitions 
When people measure different quantities, as they do in physics, there is always some uncertainty in the measured value. Uncertainty refers to the fact that a measurement is only an estimation of the true value.

The two main sources of uncertainty in measurements are random and systematic uncertainties. Together, these contribute to the experimental uncertainty in a measurement or in a whole experiment.

A random uncertainty is one for which the measurement is just as likely to be larger or smaller than the true value. This type of uncertainty shows up ​when the same quantity is measured several times. The measured values are spread randomly around an average value.

Measurements are described as precise if the spread of their values is small. If several measurements of the same thing are taken, the result can be taken as the average of all the measurements.

Random uncertainties can be caused by:

*
the measuring instrument not being particularly sensitive, e.g., random uncertainties occur when measurements are estimated to the nearest division on a measuring instrument. 

*
lack of perfection in the observer, e.g., several people timing the same running event with stopwatches will produce a range of times randomly spread around an average value.

*
random fluctuations in the object being measured, e.g., the light level may vary when the voltage from a solar cell is being measured.

A systematic uncertainty is one that consistently makes the measurement either larger or smaller than the true value. This effect can result from:

*
an incorrectly adjusted measuring instrument, such as a stopwatch that runs too fast and so always gives a smaller time. This is called a calibration error.

*
an instrument that has a zero error, i.e., it does not read zero for zero measurement. For  example, a voltmeter needle may point to 0.1 V even when it is not connected in a circuit.

*
a measuring procedure carried out by the observer that consistently gives a biased reading. For example, always reading a metre rule from the right-hand side rather than from directly above. An uncertainty due to viewing the measuring scale from an angle is called a parallax error.

Systematic uncertainties are difficult to eliminate. It is not always possible to use other measuring instruments and observers.

An accurate measurement (or experiment) is one that has a small systematic uncertainty, i.e., it closely measures the desired quantity. This must not be confused with precision. Precision indicates a small random uncertainty. It is possible to be precise but inaccurate. For example, a race measured using a precise stopwatch with hundredths of a second is likely to be less accurate than using electronic timing. This is due to the delayed reaction of the person starting the stopwatch at the beginning of the race.

D) Significant figures & Scientific Notation
The number of significant figures in a measurement expresses the precision of the measurement. The larger the number of significant figures, the more precise the measurement.

A significant figure (abbreviated to s.f. or sig. fig.) is any digit (0, 1,2,..., 9) in a number that is not being used as a place-holder. In any number the first significant figure is the first non-zero digit. The next digit is the second significant figure and so on.

Example B

a.
0.0104 has 3 significant figures. [the first two zeros are place-holders]

b.
23.56 x 10-3 has 4 significant figures.

It is important to note that for some measurements, trailing zeros may be significant. This is illustrated in the following example.

Example C: The length and width of an A4 sheet of paper is measured using a 30 cm ruler able to measure down to tenths of a centimetre (0.1 cm) and are recorded as 29.8 cm and 21.0 cm. Each of these measurements is to 3 sig. fig., including 21.0 cm. The trailing zero in 21.0 cm is significant because the ruler is able to measure tenths of a centimetre; 21.0 cm tells us that there were zero tenths of a centimetre.

Note:
The measurement 29.8 cm means that the actual length lies somewhere between 29.75 cm and 29.85 cm. The ruler is not sensitive enough to distinguish between distances within this range. Similarly, 21.0 cm means an actual length somewhere between 20.95 and 21.05 cm.

It is not always clear how many significant figures there are in some measurements. This difficulty can be overcome by using scientific notation, also called standard form, to express each measurement.

Example D: It would be difficult to say how many significant figures are in a measurement written as 300 s. The measurement may be to 1 sig. fig. if it was estimated by a person without a watch, or it may be to 3 sig. fig. if it was measured using a watch able to be read to the nearest second.

300s = 3 x 102 s (1 sig. fig.)

300 s = 3.0 x 102 s (2 sig. fig.)

300s = 3.00 x 102 s (3 sig. fig.)

The only type of measurement that should not involve uncertainty is the direct counting of whole objects. Even then a mistake could be made in the counting. Mistakes can contribute to the overall uncertainty in the result of an experiment.

Mistakes can also arise through:

*
misreading scales,

*
faulty arithmetic or incorrect use of calculators,

*
using a wrong equation,

*
copying (correct) numbers incorrectly.

Mistakes can usually be avoided by careful double-checking of measurements and calculations.

Work to 3 or 4 significant figures when solving ‘theoretical’ or example problems. As a guide, work to at least one extra significant figure than the number of significant figures in the final answer. This will reduce the effect of rounding too early in the calculation.

Solving Problems
Physics is mainly a problem solving science.

Physicists seek explanations to various problems that occur. Very often physics is used (as in engineering) to determine such things as the amount of concrete needed to construct a dam, the size of the forces produced by winds on a tall building, the energy output of generator, etc. Mathematics is a tool used in physics to determine final answers.

Usually a ‘physics problem’ can be separated into four parts:

1.
Work out what the problem requires. Identify what information and data are given. A sketch of the situation may help organise your thoughts.

2.
Organise the way in which the problem can be analysed and solved. Usually this involves writing down a mathematical equation involving the quantities in the problem.

3.
Rearrange, simplify and solve the problem.

4.
Interpret the result and check that it is reasonable and makes sense.

Example E: Before installing a waterbed in your bedroom it would be wise (as some, particularly in older houses, have discovered) to know whether the floor will support the weight of the bed. You read in an advertisement for a bed that the dimensions of the plastic containing the water are: length 2.0 m, width 1.4 m, depth 0.30 m.  A reference book shows that the density of water is 

1 000 kgm3, i.e., that 1 cubic metre of water has a mass of 1 000 kg.

Solution: 

Part 1. The problem requires the mass of the water in the bed and the mass of the material in the bed’s framework. The mass of water can be found from the bed’s dimensions and the density of the water, both of which are known. The mass of material in the bed’s framework is given as 

60 kg.

Part 2. The volume of the bed is given by V = l x w x d   Density, ρ is given by ρ =
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Part 3. The volume is 
V = l x w x d

    =
2.0 x 1.4 x 0.30 = 0.84m3
Substituting the values for density and volume in the density equation gives 1000 =
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, which can be rearranged to give the mass of water:

m = 1000 x 0.84    =
840kg

Part 4. The total mass of water is 840 kg. The mass of the material in the bed’s framework is 

60 kg. The bed’s total mass is 900 kg. This is the same as the mass of a small car. Another way to interpret the result is that it is approximately the mass of 11 adult people! The result does suggest that you should talk to a person with building knowledge to find out how well the floor is supported.

Mathematics in Physics

Mathematics plays an important part in physics, because mathematics is used to express the relationships between physical quantities and to find the size of those quantities.  It is best to use a scientific calculator.

An important activity in physics is finding the mathematical relationship between two sets of dimensions.

Graphs

A useful way to display the relationship between two sets of measurements is to use a graph. Usually, trends in the relationship between measurements can be easily seen on a graph.

Two sets of numbers are called variables because their values vary. One variable is described as being the dependent variable and is plotted vertically. The independent variable is plotted horizontally. The dependent set of measurements is those measurements that are taken as a result of varying the independent variable.

Example F: The temperature of the air near a flame depends on the distance away from the flame. To investigate this, an experiment could be done to measure the temperature of the air near a flame by placing a thermometer at different distances away from the flame. The measured results could then be displayed on a graph with temperature (the dependent variable) plotted vertically and distance (the independent variable) plotted horizontally.

Note:
Time is a quantity that we usually have no control over, i.e., it is difficult to make time pass quickly or slowly. For this reason, time is considered an independent variable and is plotted on the horizontal axis.

The most common type of graph used in physics is the line graph that displays measurements from two continuous variables. A continuous variable is one in which measurements vary smoothly. Between any two measurements there can be another measurement; e.g., the heights of penguins in the Antarctic.

Note:
Variables that are not continuous are called discrete variables; e.g., the number of students in a class; the number of days with a temperature over 18°C. Values in-between are not possible. Bar graphs are often used to display discrete variables.

The following points should be followed in drawing a graph:

1.
Determine the range of values to be plotted on both axes.

2.
Choose the scale of the axes so that the graph is as large as possible.

3.
The graph should have a title. It is usual to write the dependent variable first and the independent variable second (see example G).

4.
Each axis should be labelled with the variable quantities. Their units should be placed in brackets.

5.
Plot the measurements in pencil (a mistake is easy then to correct). Use crosses, or circled dots for the points, since these are easy to see.

6.
Where possible include the origin (0,0) on the graph. Do not concertina either axis.

Example G: Consider the following set of measurements that were recorded by measuring the masses and volumes of different sized pieces of a metal.

	Mass (g)
	8.4
	17.1
	25.5
	34.2
	42.3
	51.0

	Volume (cm3)
	1.0
	2.0
	3.0
	4.0
	5.0
	6.0
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Note:
The title, ‘Graph of Mass against Volume’ shows that mass is the dependent variable and volume is the independent variable.

The graph shows a linear relationship between the metal’s mass and its volume; i.e., the graph’s points lie in a straight line. When this occurs, a ‘straight line of best fit’ can be drawn in using a clear perspex ruler. The line of best fit may or may not cross over any of the plotted points.

A line’s slope (or gradient) gives the proportionality constant between the two variables.
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The slope (symbol m) is found by choosing two points on the line and finding the change in the y axis, (y, and the change in the x axis, (x, between the two points. The slope is m = 
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Example H: The slope of the graph in Example P can be found from the co-ordinates of points A and B.

A has co-ordinates (1.4 cm3, 12.0 g) 

and point B has co-ordinates (6.0 cm3, 50.0 g). 

       (y = 50.0 — 12.0 = 38.Og 

and (x = 6.0 — 1.4 = 4.6cm3
The slope is m = 
[image: image12.wmf]x

y

D

D




=
[image: image13.wmf]6

.

4

0

.

38


= 8.3 gcm3 

(to 2 sig. fig.)

The measurements between mass and volume can be expressed mathematically: 

mass = slope of graph x volume.

Note:


1. 
Points A and B are chosen as far apart as possible to reduce uncertainty in the slope of a graph caused by uncertainties in reading the values of A and B from the graph.

2.
The slope of a graph often has units. In the example above, the units gcm3 are those of density. The slope of the graph in Example H is the density of the metal: mass = density x volume. 

On many occasions the relationship between two variables is not linear and a curved graph results.

Example I: Consider the following measurements and graph.

	Distance (m)
	0.0
	2.0
	8.0
	18.0
	32.0
	50.0

	Time (s)
	0.0
	1.0
	2.0
	3.0
	4.0
	5.0


It is difficult to see the relationship between the variables, especially if there is an amount of random uncertainty present.


Usually the variables are changed (by squaring or taking square roots etc.) until a graph becomes linear. When a linear graph is obtained, the relationship is more dearly seen since the changed variables are proportional to one another.

Example J: The following table and graph uses the same data from the previous example and squares the time measurements.

	Distance (m)
	0.0
	2.0
	8.0
	18.0
	32.0
	50.0

	Time (s)
	0.0
	1.0
	2.0
	3.0
	4.0
	5.0

	Time2 (s2)
	0.0
	1.0
	4.0
	9.0
	16
	25



The graph between the changed variables is a straight line. This means that distance is proportional to time2.

Taking the origin (0,0) and the co-ordinates (25 s2, 50 m) as the two points to calculate the slope: m =
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        =
50 - 0
            25 - 0

        =
2.0 ms-2
The mathematical relationship between distance and time is:

distance = 2.0 x time2 or d = 2.0t2
A graph can be used to estimate the value of a variable.

Example K: To find the time at which the distance is 30 m on the graph in Example J, a horizontal dotted line is drawn across from the 30 m mark on the distance axis to where it intersects the curve. Another dotted line is drawn vertically down to where it intersects the time axis. The time is estimated to be 3.8 s.

This process of estimating values within the range of plotted measurements is called interpolation.

Estimation of values outside the range of measurements is called extrapolation.  This type of estimation is less certain because it is not known whether or not the relationship is still valid for larger or smaller values.

Note:	The SI unit for mass is the kilogram (symbol kg), not the gram.
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