
CHAPTER 4: EXPERIMENTAL DATA ANALYSIS 
 
 
4.1 Introduction 
 
All experiments depend on the measurement system and each measurement need one unit 
system. When a scientists or engineers get a new findings, other researchers in same field 
want to know an information regarding on this findings as much as possible; quantitative 
estimations related on the characteristic such as density, pressure etc. These quantitative 
estimations will help them to do measurement in different laboratory, or even in different 
places. Therefore, for this comparison, all the people involved must agree to use one unit 
system that is consistent when the results or progress of the experiment is being reported. 
 
 
4.2 Dimension and unit 
 
Introduction 
 
There is a fundamental difference between dimensions and units. A dimension represents 
the definition of an inherent physical property that remains independent of the particular 
scheme used to denote its measure. For example, the quantity of matter present in a lump 
of metal has the dimension of mass and the physical size of the edge of a book has the 
dimension of length. There are several systems that been used around the world: MLT 
(mass, length, time) system, FLT (force, length, time, system), FMLT (force, mass, length, 
time) etc. For example, in MLT system, there are four basic or primary dimensions, and 
there are length, mass, time, and temperature. They may be abbreviated by using, 
respectively, L, M, T, and ø [Greek letter theta]. 
  
The dimensions of all other quantities may be found to be combinations of quantities 
expressible in terms of the basic or primary dimensions. These are known as derived or 
secondary dimensions. For example, area may be represented as a length times a length 
or L2. A list of the more common quantities and their dimensions (based on MLT system) are 
included in table I. 
 
 
 
 

TABLE I: SYSTEMS OF UNITS (based on MLT system) 
Units Quantity Basic dimensions  

SI B.E.S 
 
Length  L meter foot 
Mass  M kilogram slug 
Time  T second second 

Temperature  ø [Greek letter 
theta] °C (relative)  °F (relative  

  K (absolute) °R (absolute)  

 153



Units Quantity Derived 
dimensions  SI B.E.S 

 
Area  L2 meters2 feet2 
Volume  L3 meters3 feet3 
Velocity  LT-1 meters/second  feet/second 
Acceleration  LT-2 meters/second2 feet/second2 
Force  MLT-2 newton pound 
Pressure  ML-1T-2 newtons/meter2 pounds/foot2 
Density  ML-3 kilogram/meter 3 slugs/foot3 
Kinematic viscosity  L2T-1 meters2/second feet2/second 
Momentum  MLT-1 newton- second  pound-second 
Energy  ML2T-2 joule foot-pound  
Power  ML2T-3 watt foot - pound/second  
Angle  - radian or degree  radian or degree  
Angular velocity  T-1 radians/second  radians/second  
Angular 
acceleration  T-2 radians/second2 radians/second2 

Moment of inertia  ML2 kilogram - meter2  slug-ft2 
 
 

Table 2: Basic Units in SI and US System (based on FMLT system) 
  

Basic Units SI Unit US Unit 

Mass (M) = (FL-1T2) Kilogram (kg) = (N . sec2 / m) slug (lb . sec2 / ft) 

Force (F) = (MLT -2) Newton (N) = (kg . m / sec2). pound (lb)  

Length (L) meter (m) foot (ft) 

Time (T) second (sec) second (sec) 

 
 
While a unit represents the particular, arbitrary scheme used to denote the magnitude of 
a physical property. Thus, the mass of matter in the lump of metal may be expressed in 
kilograms or slugs and the length of the book expressed in meters or feet depending on 
the system of units selected. Usually the quantity to be measured influences the choice of 
units to be employed, that is, meters or feet to measure the length of the book rather than 
kilometers or miles. 
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Dimensional analysis 

Dimensional analysis is a conceptual tool often applied in physics, chemistry, and 
engineering to understand physical situations involving a mix of different kinds of physical 
quantities. It is routinely used by physical scientists and engineers to check the plausibility 
of derived equations. Only like dimensioned quantities may be added, subtracted, 
compared, or equated. When unlike dimensioned quantities appear opposite of the "+" 
or "−" or "=" sign, that physical equation is not plausible, which might prompt one to 
correct errors before proceeding to use it. When like dimensioned quantities or unlike 
dimensioned quantities are multiplied or divided, their dimensions are likewise multiplied 
or divided. When dimensioned quantities are raised to a power or a power root, the 
same is done to the dimensions attached to those quantities. 

The dimensions of a physical quantity is associated with symbols, such as M, L, T which 
represent mass, length and time, each raised to rational powers. For instance, the 
dimension of the physical variable, speed, is distance/time (L/T) and the dimension of a 
force is mass×distance/time² or ML/T². In mechanics, every dimension can be expressed in 
terms of distance (which physicists often call "length"), time, and mass, or alternatively in 
terms of force, length and mass. Depending on the problem, it may be advantageous to 
choose one or another other set of dimensions. In electromagnetism, for example, it may 
be useful to use dimensions of M, L, T, and Q, where Q represents quantity of electric 
charge. 

The units of a physical quantity are defined by convention, related to some standard; e.g. 
length may have units of meters, feet, inches, miles or micrometres; but a length always 
has a dimension of L whether it is measured in meters, feet, inches, miles or micrometres. 
Dimensional symbols, such as L, form a group: there is an identity, 1; there is an inverse to 
L, which is 1/L, and L raised to any rational power p is a member of the group, having an 
inverse of 1/L raised to the power p. There are conversion factors between units; for 
example one meter is equal to 39.37 inches, but a meter and an inch are both associated 
with the same symbol, L. 

In the most primitive form, dimensional analysis may be used to check the correctness of 
physical equations: in every physically meaningful expression, only quantities of the same 
dimension can be added or subtracted. Moreover, the two sides of any equation must 
have the same dimensions. For example, the mass of a rat and the mass of a flea may be 
added, but the mass of a flea and the length of a rat cannot be added. Furthermore, the 
arguments to exponential, trigonometric and logarithmic functions must be dimensionless 
numbers. The logarithm of 3 kg is undefined, but the logarithm of 3 is nearly 0.477. 

It should be noted that sometimes different physical quantities may have the same 
dimensions: work (or energy) and torque, for example, both have the same dimensions, M 
L2T-2. An equation with torque on one side and energy on the other would be 
dimensionally correct, but cannot be physically correct! However, torque multiplied by an 
angular twist measured in (dimensionless) radians is work or energy. (The radian is the 
mathematically natural measure of an angle and is the ratio of arc of a circle swept by 
such an angle divided by the radius of the circle. That ratio of like dimensioned quantities, 
length over length, is dimensionless.) 
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The value of a dimensionful physical quantity is written as the product of a unit within the 
dimension and a dimensionless numerical factor. Strictly, when like dimensioned quantities 
are added or subtracted or compared, these dimensioned quantities must be expressed in 
consistent units so that the numerical values of these quantities may be directly added or 
subtracted. But, conceptually, there is no problem adding quantities of the same dimension 
expressed in different units. For example, 1 meter added to 1 foot is a length, but it 
would not be correct to add 1 to 1 to get the result. A conversion factor, which is a ratio 
of like dimensioned quantities and is equal to the dimensionless unity: 

is identical to saying  

The factor   is identical to the dimensionless 1, so multiplying by this conversion 
factor changes nothing. Then when adding two quantities of like dimension, but expressed 
in different units, the appropriate conversion factor, which is essentially the dimensionless 
1, is used to convert the quantities to identical units so that their numerical values can be 
added or subtracted. 

 
 

 
 

  
  

Only in this manner, it is meaningful to speak of adding like dimensioned quantities of 
differing units, although to do so mathematically, all units must be the same. It is not 
meaningful, either physically or mathematically, to speak of adding unlike dimensioned 
physical quantities such as adding length (say, in meters) to mass (perhaps in kilograms). 

The Buckingham π-theorem forms the basis of the central tool of dimensional analysis. This 
theorem describes how every physically meaningful equation involving n variables can be 
equivalently rewritten as an equation of n-m dimensionless parameters, where m is the 
number of fundamental dimensions used. Furthermore, and most importantly, it provides a 
method for computing these dimensionless parameters from the given variables, even if 
the form of the equation is still unknown. 

A worked example 

A typical application of dimensional analysis occurs in fluid dynamics. If a moving fluid 
meets an object, it exerts a force on the object, according to a complicated (and not 
completely understood) law. We might suppose that the variables involved under some 
conditions to be the speed, density and viscosity of the fluid, the size of the body 
(expressed in terms of its frontal area A), and the drag force. Using the algorithm of the 
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π-theorem, one can reduce these five variables to two dimensionless parameters: the drag 
coefficient and the Reynolds number. 

Alternatively, one can derive the dimensionless parameters via direct manipulation of the 
underlying differential equations. 

That this is so becomes obvious when the drag force F is expressed as part of a function of 
the other variables in the problem: 

 

This rather odd form of expression is used because it does not assume a one-one 
relationship. Here, f is some function (as yet unknown) that takes five arguments. We note 
that the right hand side is zero in any system of units; so it should be possible to express 
the relationship described by f in terms of only dimensionless groups. 

There are many ways of combining the five arguments of f to form dimensionless groups, 
but the Buckingham Pi theorem states that there will be two such groups. The most 
appropriate are the Reynolds number, given by 

 

and the drag coefficient, given by 

 

Thus the original law involving a function of five variables may be replaced by one 
involving only two: 

 

where f is some function of two arguments. The original law is then reduced to a law 
involving only these two numbers. 

Because the only unknown in the above equation is F, it is possible to express it as 

 

or 
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Thus the force is simply ρAu2 times some (as yet unknown) function of the Reynolds number: 
a considerably simpler system than the original five-argument function given above. 

Dimensional analysis thus makes a very complex problem (trying to determine the 
behavior of a function of five variables) a much simpler one: the determination of the 
drag as a function of only one variable, the Reynolds number. 

The analysis also gives other information for free, so to speak. We know that, other things 
being equal, the drag force will be proportional to the density of the fluid. This kind of 
information often proves to be extremely valuable, especially in the early stages of a 
research project. 

To empirically determine the Reynolds number dependence, instead of experimenting on 
huge bodies with fast flowing fluids (such as real-size airplanes in wind-tunnels), one may 
just as well experiment on small models with slow flowing, more viscous fluids, because 
these two systems are similar. 

Another simple example 
 
Dimensional analysis can sometimes yield strong statements about the irrelevance of some 
quantities in a problem. What is the period of oscillation T of a mass m attached to an 
ideal linear spring with spring constant k suspended in gravity of strength g? The four 
quantities have the following dimensions: T [T]; m [M]; k [M/T^2]; and g [L/T^2]. From 
these we can form only one dimensionless group, T2k / m. There is no other group involving 
g. Thus the period of the mass on the spring is the same on the earth or the moon. Indeed, 

dimensional analysis tells us that , for some dimensionless constant κ. 
 
 
4.2.1 Dimension homogeneity 
 
One equation is said to have “dimension homogeneity” if all parameters at left side and 

right side equation has same dimensions. 

Example: 

Area = Length x Width 

  A      = l x w 
 m2    = m x m 

  L2     = L x L 
  L2        = L2 
 
Homogeneity is important because: 

• to ensure dimension of physical quantity 

Example: Velocity = Displacement/Time 
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        = L/T 
        = LT-1 

 
         Acceleration = Velocity/Time 

                 = LT-1/T 
                            = LT-2 

       
• to check dimensional homogeneity on equation: 

Bernoulli’s equation: 

  p/ρ + c2/2 + gz = constant 

p ≡ pressure 
ρ ≡ density 
c ≡ velocity 
g ≡ gravitational acceleration 
z ≡ level / height 
 

       

 

 

 

 

 

• to change a

 

• dimensional

 

Example 1.1 

Utilizing the prin
obtain the units 
  
Solution 1.1 
  

From 
  
Replacing the d
  
G → (M LT -2)(L
 

 

Example 1.2 

In studies of M

fluids flowing p
 

 

p/ρ = ML    1        L3 =    L2

           T2     L2      M       T2 
 
c2/2 =    L2   
              T2 
 
gz =  L  L  = L2   
         T2        T2 
 multiply in equation when using different system unit. 
 

 analysis 

ciples of "Dimensional Analysis" as demonstrated in Example - 1.14, 
of the Universal Constant of Gravitation in equation (1.6) , in MLT system.  

, we get,  

imensional equivalent of F ® M LT -2 we obtain,  

2) / M2 → M-1L3T -1 → m3 / kg . sec2. 

echanics of Fluids, the shearing stress between two parallel layers of 

ast each other is given by  
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where, ∆ v = difference of velocities between the two layers of fluids and ∆ y = distance 
between the center points of the two layers of fluids. µ is known as the absolute viscosity 
of the fluid. Knowing that the shear stress t is expressed as lbs / in2, express the absolute 
viscosity µ in Force, Length, Time (FLT) basic units as well as Mass, Length, Time (MLT) basic 
units.  
 
  

Solution 1.2 
  

Unit of ∆ v → velocity → L / T → LT -1 

Unit of ∆ y → distance → L → L 
Unit of t → stress → F / L2 → FL-2 

  
µ = τ (∆ y) / ∆ v → absolute → (FL-2) (L) / (LT -1) → FL-2T 
viscosity  
  
As per Newton’s Second Law, F = m a.  
Expressed in basic units, F → M (LT -2) 
  

Replacing F by MLT -2, we get, µ → FL-2T → ML-1T -1 

  

Thus, the absolute viscosity in SI unit (ML-1T -1) is expressed as kg / m. sec. When it is 
expressed in gm / cm. sec, it is called "poise". Water at 200 C has an absolute viscosity of 
1.002 centipoise. In US unit (FL-2T) there is no special name for absolute viscosity. It is 
expressed as lb. sec / ft2, consistent with (FL-2T). 
 

Example 1.3 
In science and engineering all equations must be dimensionally homogeneous. This means 
that each term in an equation must have the same dimensional attributes. Consider an 
experiment that was performed to determine the force exerted by a machine member. 

After analyzing the data an empirical equation was developed as 
where, F, v, θ , and d are force, velocity, temperature and diameter. C and A are 
constants. Applying principles of dimensional homogeneity determine the units of C and A. 
  
Solution 1.3 
 Dimensionally the above equation is expressed as follows. 
MLT -2 = (C) (LT -1)1.5 + A (θ )(L)0.5 

  
Each term of the equation must have a dimension MLT -2. Thus, 
  
(C) (LT -1)1.5 → (C) L1.5 T -1.5 → MLT -2 

giving, C → ML-0.5T -0.5 → kg / (m . sec)0.5 

  
A (θ )(L)0.5 → MLT -2 

giving, A → (θ ) -1ML0.5T -2 → (kg . m0.5 / sec2) per 0 C 
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Note: The above equation is completely fictitious. It has been used to present the concept 
of dimensional homogeneity. 
4.2.2 Basic quantity and unit (SI) 
 

The International System of Units (abbreviated SI from the French phrase, Système 
International d'Unités) is the most widely used system of units. It is the most common system 
for everyday commerce in the world, and is almost universally used in the realm of 
science. 

In 1960, SI was selected as a specific subset of the existing Metre-Kilogram-Second 
systems of units (MKS), rather than the older Centimetre-Gram-Second system (CGS). 
Various new units were added with the introduction of the SI and at later times. SI is 
sometimes referred to as the metric system, especially in the United States, whose 
population has not widely adopted it, and in the United Kingdom, where conversion is only 
partial. SI is a specific canon of measurements derived and extended from the Metric 
system; however, not all metric units of measurement are accepted as SI units. 

History 

Scientists, chiefly in France, had been advocating and discussing a decimal system of 
measurement based on natural units at least since 1640, but the first official adoption of 
such a system was after the French Revolution of 1789. The metric system tried to choose 
units which were non-arbitrary and practical, merging well with the revolution's official 
ideology of "pure reason"; it was proposed as a considerable improvement over the 
inconsistent customary units which existed before, whose value often depended on the 
region. 

The most important unit is that of length: one metre was originally defined to be equal to 
1/10 000 000th of the distance from the pole to the equator along the meridian through 
Paris. (Prior discussions had often suggested the length of a seconds pendulum in some 
standard gravity, which would have been only slightly shorter, and perhaps easier to 
determine.) This is approximately 10% longer than one yard. Later on, a platinum rod 
with a rigid, X-shaped cross section was produced to serve as the easy-to-check standard 
for one metre's length. Due to the difficulty of actually measuring the length of a meridian 
quadrant in the 18th century, the first platinum prototype was short by 0.2 millimetres. 
More recently, the metre was redefined as a certain multiple of a specific radiation 
wavelength, and currently it is defined as the distance travelled by light in a vacuum in a 
specific period of time. Attempts to relate an integer multiple of the metre to any meridian 
have been abandoned. 

The original base unit of mass in the metric system was the gram, chosen to match the mass 
of one cubic centimetre of water. For practical reasons, the reference standard that was 
deposited at the Archives de la république on June 22, 1799 was a kilogram (a cylinder of 
platinum). One kilogram is about 2.2 pounds. In 1889, the first General Conference on 
Weights and Measures (CGPM) sanctioned a replacement prototype, a cylinder of a 90% 
platinum, 10% iridium alloy; this has served as the standard ever since, and is stored in a 
Paris vault. The kilogram became the base unit in 1901. 
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Also in 1901, a kilogram of distilled pure water at its densest (+3.98 degrees Celsius) 
under a standard atmosphere of pressure was used to define the litre, a more convenient 
unit than the very large cubic metre. Because this litre turned out to be different from the 
cubic decimetre by about 28 millionths, this definition was abandoned in 1964 in favour 
of the cubic decimetre. 

The kilogram is the only base unit not to have been redefined in terms of an unchanging 
natural phenomenon. Such a definition, said to be in terms of an artefact (the cylinder in 
Paris), is particularly inconvenient, because, in principle, it can be used only by travelling 
to Paris and, with permission, comparing one's own candidate standard to the reference 
one. For this reason, as well as the effort required to protect the standard from absorption 
or dispersion of gases and vapours, at a meeting of the Royal Society in London on 15 
February 2005, scientists called for the mass of the standard kilogramme in Paris to be 
replaced by a standard based on "an invariable property of nature"; but no decision on 
redefinition can be taken before 2007. 

The unit of temperature became the centigrade or inverted Celsius grade, which means 
the mercury scale is divided into 100 equal-length parts between the water-ice mixture at 
0 °C and the boiling point of pure, distilled water at 100 °C (under a standard 
atmosphere). This is the metric unit of temperature in everyday use. A hundred years later, 
the discovery of absolute zero prompted the establishment of a new temperature scale, 
the Kelvin Scale which relocates the zero point at absolute zero, with the difference 
between freezing and boiling water close to 100 K. 

The metric unit of time became the second, originally defined as 1/86 400th of a mean 
solar day. The formal definition of the second has been changed several times as more 
accurate definitions became possible, based first on astronomic observations, then the 
tuning fork clock, quartz clock, and today the caesium atomic clock. 

The SI was first given its name in 1960, and last added to in 1971. It is administered by 
the standards organization: the Bureau International des Poids et Mesures (International 
Bureau of Weights and Measures). 

Cultural issues 

The swift worldwide adoption of the metric system as a tool of economy and everyday 
commerce was based mainly on the lack of customary systems in many countries to 
adequately describe some concepts, or as a result of an attempt to standardize the many 
regional variations in the customary system. International factors also affected the 
adoption of the metric system, as many countries increased their trade. Scientifically, it 
provides ease when dealing with very large and small quantities because it lines up so 
well with our decimal numeral system. 

Cultural differences can be represented in the local everyday uses of metric units. For 
example, bread is sold in one-half, one or two kilogram sizes in many countries, but you 
buy them by multiples of one hundred grams in the former USSR. In some countries, the 
informal cup measurement has become 250 mL, and prices for items are sometimes given 
per 100 g rather than per kilogram. A profound cultural difference between physicists 
and engineers, especially radio engineers, existed prior to the adoption of the MKS 
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system and hence its descendent, SI. Engineers work with volts, amperes, ohms, farads, and 
coulombs, which are of great practical utility, while the CGS units, which are fine for 
theoretical physics can be inconvenient for electrical engineering usage and are largely 
unfamiliar to householders using appliances rated in volts and watts. 

Non-scientific people should not be put off by the fine-tuning that has happened to the 
metric base units over the past 200 years, as experts have tried frequently to refine the 
metric system to fit the best scientific research (e.g. CGS to MKS to SI system changes or 
the invention of the Kelvin scale). These changes do not affect the everyday use of metric 
units. The presence of these adjustments has been one reason advocates of the U.S. 
customary units had used against metrication; these customary units, however, are 
nowadays defined in terms of SI units, thus any difference in the definition of the SI units 
results in a difference of the definition of the customary units. 

Basis 

SI consists of seven base units and several derived units, together with a set of prefixes. 

The seven SI base units are the kilogram, metre, second, ampere, kelvin, mole, and 
candela. 

SI also defines a number of SI prefixes to be used with the units: these combine with any 
unit name to give subdivisions and multiples. For example, the prefix kilo denotes a 
multiple of a thousand, so the kilometre is 1000 metres, the kilogram 1000 grams, and so 
on. The prefixes are never combined; a millionth of a kilogram is a milligram, and not a 
'microkilogram'. 

SI writing style 

• Symbols are written in lower case, except for symbols derived from the name of a 
person. For example, the unit of pressure is named after Blaise Pascal, so its 
symbol is written "Pa" whereas the unit itself is written "pascal". The one exception 
is the litre, whose original abbreviation "l" is dangerously similar to "1". The NIST 
recommends that "L" be used instead, a usage which is common in the U.S., Canada 
and Australia, and has been accepted as an alternative by the CGPM. The cursive 
"ℓ" is occasionally seen, especially in Japan, but this is not currently recommended 
by any standards body. For more information, see Litre.  

• Symbols are written in singular form: i.e. "25 kg", not "25 kgs". Pluralization would 
be language dependent; "s" plurals (as in French and English) are particularly 
undesirable since "s" is the symbol of the second.  

• Symbols do not have an appended period (.).  
• It is preferable to write symbols in upright Roman type (m for metres, L for litres), 

so as to differentiate from the italic type used for mathematical variables (m for 
mass, l for length).  

• A space should separate the number and the symbol, e.g. "2.21 kg", 
"7.3×102 m2", "22 °C". Exceptions are the symbols for plane angular degrees, 
minutes and seconds (°, ′ and ″), which are placed immediately after the number 
with no intervening space.  
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• Spaces should be used to group decimal digits in threes, e.g. 1 000 000 or 
342 142 (in contrast to the commas or dots used in other systems, e.g. 1,000,000 
or 1.000.000).  

• The 10th resolution of CGPM in 2003 declared that "the symbol for the decimal 
marker shall be either the point on the line or the comma on the line". In practice, 
the full stop is used in English, and the comma in most other European languages.  

• Symbols for derived units formed from multiple units by multiplication are joined 
with a space or centre dot (·), e.g. N m or N·m.  

• Symbols formed by division of two units are joined with a solidus (/), or given as a 
negative exponent. For example, the "metre per second" can be written "m/s", 

"m s-1", "m·s-1" or . A solidus should not be used if the result is ambiguous, i.e. 
"kg·m-1·s-2" is preferable to "kg/m/s2".  

With a few exceptions (such as draught beer sales in the United Kingdom) the system is 
legally being used in every country in the world and many countries do not maintain 
definitions of other units. Those countries that still give recognition to non-SI units (e.g. the 
US and UK) have defined many of the modern units in terms of SI units; for example, the 
common yard is defined to be exactly 0.9144 metres. In the US, survey distances are also 
defined in terms of metric units, but differently: 1 survey yard = 3600/3937 m. They 
have, however, not been redefined due to the accumulation of error it would entail and 
the survey foot and survey mile remain as separate units. (This was not a problem for the 
United Kingdom, as the Ordnance Survey has been metric since before World War II.) 
(See weights and measures for a history of the development of units of measurement.) 

Base units 

The following are the fundamental units from which all others are derived, they are 
dimensionally independent. The definitions stated below are widely accepted. 

SI Base units  

Name Symbol Quantity Definition  

kilogram kg Mass 

The unit of mass is equal to the mass of the 
international prototype kilogram (a platinum-iridium 
cylinder) kept at the Bureau International des Poids 
et Mesures (BIPM), Sèvres, Paris (1st CGPM (1889), 
CR 34-38). Note that the kilogram is the only base 
unit with a prefix; the gram is defined as a derived 
unit, equal to 1/1000 of a kilogram; prefixes such 
as mega are applied to the gram, not the kg; e.g. 
Gg, not Mkg. It is also the only unit still defined by a 
physical prototype instead of a measurable natural 
phenomenon. 

 

second s Time The unit of time is the duration of exactly 9 192 631 
770 periods of the radiation corresponding to the  
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transition between two hyperfine levels of the 
ground state of the caesium-133 atom at a 
temperature of 0 K (13th CGPM (1967-1968) 
Resolution 1, CR 103). 

meter m Length 

The unit of length is equal to the length of the path 
traveled by light in a vacuum during the time interval 
of 1/299 792 458 of a second (17th CGPM (1983) 
Resolution 1, CR 97). 

 

ampere A Electrical current 

The unit of electrical current is the constant current 
which, if maintained in two straight parallel 
conductors, of infinite length and negligible cross-
section, placed 1 metre apart in a vacuum, would 
produce a force between these conductors equal to 
2×10 −7 newtons per metre of length (9th CGPM 
(1948) Resolution 7, CR 70). 

 

kelvin K Thermodynamic 
temperature 

The unit of thermodynamic temperature (or absolute 
temperature) is the fraction 1/273.16 (exactly) of 
the thermodynamic temperature at the triple point of 
water (13th CGPM (1967) Resolution 4, CR 104). 

 

mole mol Amount of 
substance 

The unit of amount of substance is the amount of 
substance which contains as many elementary entities 
as there are atoms in 0.012 kilograms of pure 
carbon-12 (14th CGPM (1971) Resolution 3, CR 78). 
(Elementary entities may be atoms, molecules, ions, 
electrons, or particles.) It is approximately equal to 
6.02214199×1023 units (Avogadro's number). 

 

candela cd Luminous 
intensity 

The unit of luminous intensity is the luminous intensity, 
in a given direction, of a source that emits 
monochromatic radiation of frequency 540×1012 
hertz and that has a radiant intensity in that direction 
of 1/683 watt per steradian (16th CGPM (1979) 
Resolution 3, CR 100). 

 

 

Dimensionless derived units 

The following SI units are actually dimensionless ratios, formed by dividing two identical SI 
units. They are therefore considered by the BIPM to be derived. Formally, their SI unit is 
simply the number 1, but they are given these special names, for use whenever the lack of 
a unit might be confusing. 
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SI dimensionless units  

Name Symbol Quantity Definition  

radian rad Angle 
The unit of angle is the angle subtended at the centre of a 
circle by an arc of the circumference equal in length to the 
radius of the circle. There are 2π radians in a circle. 

 

steradian sr Solid 
angle 

The unit of solid angle is the solid angle subtended at the 
centre of a sphere of radius r by a portion of the surface of 
the sphere having an area r2. There are 4π steradians on a 
sphere. 

 

 

Derived units with special names 

Base units can be put together to derive units of measurement for other quantities. Some 
have been given names. 

SI derived units with special names  

Name Symbol Quantity Expressed in base units  

hertz Hz Frequency s−1  

newton N Force m·kg·s−2  

joule J Energy N m = m2·kg·s−2  

watt W Power J/s = m2·kg·s−3  

pascal Pa Pressure, Stress N/m2 = m−1·kg·s−2  

lumen lm Luminous flux cd·sr = m2·m−2·cd = cd  

lux lx Illuminance lm/m2 = m2·m−4·cd = m−2·cd  

coulomb C Electric charge or flux s·A  

volt V Electrical potential difference W/A = J/C = m2·kg·s−3·A−1  

ohm Ω Electric resistance V/A = m2·kg·s−3·A−2  

farad F Electric capacitance C/V = m−2·kg−1·s4·A2  

weber Wb Magnetic flux m2·kg·s−2·A−1  

tesla T Magnetic flux density Wb/m2 = kg·s−2·A−1  

henry H Inductance Wb/A = m2·kg·s−2·A−2  

siemens S Electric conductance Ω−1 = m−2·kg−1 s3·A2  

becquerel Bq Radioactivity (decays per unit s−1  
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time) 

gray Gy Absorbed dose (of ionising 
radiation) J/kg = m2·s−2  

sievert Sv Equivalent dose (of ionising 
radiation) J/kg = m2·s−2  

katal kat Catalytic activity mol/s = s−1·mol  

degree 
Celsius °C Thermodynamic temperature K (0 °C = 273.15 K, 0 K = 

−273.15 °C)  

molarity M Concentration mol/L (mols of substance/liters of 
solution)  

 

Non-SI units accepted for use with SI 

The following units are not SI units but are "accepted for use with the International 
System." 

Non-SI units accepted for use with SI  

Name Symbol Quantity Equivalent SI unit  

minute min time 1 min = 60 s  

hour h time 1 h = 60 min = 3600 s  

day d time 1 d = 24 h = 1440 min = 86400 s  

degree of arc ° angle 1° = (π/180) rad  

minute of arc ′ angle 1′ = (1/60)° = (π/10800) rad  

second of arc ″ angle 1″ = (1/60)′ = (1/3600)° = 
(π/648000) rad  

litre l or L volume 0.001 m3  

tonne t mass 1 t = 103 kg  

Non-SI units not formally adopted by the CGPM 

neper, field 
quantity Np ratio 

(dimensionless) LF = ln(F/F0) Np  

neper, power 
quantity Np ratio 

(dimensionless) LP = ½ ln(P/P0) Np  

bel, field quantity B ratio 
(dimensionless) LF = 2 log10(F/F0) B  

bel, power 
quantity B ratio 

(dimensionless) LP = log10(P/P0) B  
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Non-SI units with values obtained only by experiment 

electronvolt eV energy 1 eV = 1.60217733 (49) × 10−19 J  

atomic mass unit u mass 1 u = 1.6605402 (10) × 10−27 kg  

astronomical unit AU length 1 AU = 1.49597870691 (30) × 1011 m  

Non-SI units whose use is not encouraged 

nautical mile   length 1 nautical mile = 1852 m  

knot   speed 1 knot = 1 nautical mile per hour = 
(1852/3600) m/s  

are a area 1 a = 1 dam2 = 100 m2  

hectare ha area 1 ha = 100 a = 10000 m2  

bar bar pressure 1 bar = 105 Pa  

ångström, 
angstrom Å length 1 Å = 0.1 nm = 10−10 m  

barn b area 1 b = 10−28 m2  
 

SI prefixes 

The following SI prefixes can be used to prefix any of the above units to produce a 
multiple or submultiple of the original unit. This includes the degree Celsius (e.g. "1.2 
m°C"); however, to avoid confusion, prefixes are not used with the time-related unit 
symbols min (minute), h (hour), d (day). They are not recommended for use with the angle-
related symbols ° (degree), ' (minute of arc), and " (second of arc), but for astronomical 
usage, they are sometimes used with seconds of arc. 

SI prefixes 

10n Prefix Symbol Short scale Long scale Decimal equivalent 

1024 yotta Y Septillion Quadrillion 1 000 000 000 000 000 
000 000 000 

1021 zetta Z Sextillion Trilliard (thousand 
trillion) 

1 000 000 000 000 000 
000 000 

1018 exa E Quintillion Trillion 1 000 000 000 000 000 
000
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000 

1015 peta P Quadrillion Billiard (thousand 
billion) 1 000 000 000 000 000 

1012 tera T Trillion Billion 1 000 000 000 000 

109 giga G Billion Milliard (thousand 
million) 1 000 000 000 

106 mega M Million 1 000 000 

103 kilo k Thousand 1 000 

102 hecto h Hundred 100 

101 deca, 
deka da Ten 10 

100 none none One 1 

10−1 deci d Tenth 0.1 

10−2 centi c Hundredth 0.01 

10−3 milli m Thousandth 0.001 

10−6 micro µ Millionth 0.000 001 

10−9 nano n Billionth Milliardth 0.000 000 001 
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10−12 pico p Trillionth Billionth 0.000 000 000 001 

10−15 femto f Quadrillionth Billiardth 0.000 000 000 000 001 

10−18 atto a Quintillionth Trillionth 0.000 000 000 000 000 
001 

10−21 zepto z Sextillionth Trilliardth 0.000 000 000 000 000 
000 001 

10−24 yocto y Septillionth Quadrillionth 0.000 000 000 000 000 
000 000 001 

 

Obsolete metric prefixes 

The following metric prefixes are no longer in use: myria-, myrio-, and any double 
prefixes such as those formerly used in micromicrofarads, hectokilometres, millimicrons. 

Spelling variations 

Several nations, notably the United States, typically use the spellings 'meter' and 'liter' 
instead of 'metre' and 'litre'. This is in keeping with standard American English spelling (for 
example, Americans also use 'center' rather than 'centre,' using the latter only rarely for its 
stylistic implications; see also American and British English differences). In addition, the 
official US spelling for the SI prefix 'deca' is 'deka'. 

The US government has approved these spellings for official use. In scientific contexts only 
the symbols are used; since these are universally the same, the differences do not arise in 
practice in scientific use. 

The unit 'gram' is also sometimes spelled 'gramme' in English-speaking countries other than 
the United States, though that is an older spelling and use is declining. 

 
4.3 Number, multiplication and subtraction of unit 
 

Small integer without unit usually write in words: 

… observation on soil corrosion has been implemented in eight area… 
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… rotodynamic pump can be classified into three categories… 

In addition, integer also can be wrote as number: 

… at velocity 1400 r.p.m., the rate of mass flow… 

… measurement voltage 5.12 mV represents… 

Integer which is too large, or too small, can easily read if it is written with space between 
one group of three digits: 

23 234 430 034 1 352 487 0.451 73 0.154 621 

Although the number wrote with this way is one of the international standards, sometimes a 
reader found that this type of writing is confusing. In technical writing, especially the 
number which is too large or too small, it can be described in scientific notation format: 

3.089 x 106 1.548 x 10-3 

In addition, for units which are too large or too small (in term of multiplication), an SI 
prefix is used. An SI prefix is a prefix that can be applied to an SI unit to form a decimal 
multiple or submultiple. 

Many SI prefixes predate the introduction of the SI in 1960. They can be applied 
correctly to many non-SI units. 

As part of the SI system they are officially determined by the Bureau International des 
Poids et Mesures. 

Overview 

As an example, the prefix kilo multiplies by one thousand, so a kilometre is 1,000 metres, 
and a kilowatt is 1,000 watts. The prefix milli subdivides by a thousand, so a millimetre is 
one-thousandth of a metre (1000 millimetres in a metre), and a millilitre is one-thousandth 
of a litre. The ability to apply the same prefixes to any SI unit is one of the key strengths 
of the SI, since it considerably simplifies the system's learning and use. 

SI prefixes 

10n Prefix Symbol Short scale Long scale Decimal equivalent 

1024 yotta Y Septillion Quadrillion 1 000 000 000 000 000 
000 000 000 
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1021 zetta Z Sextillion Trilliard (thousand 
trillion) 

1 000 000 000 000 000 
000 000 

1018 exa E Quintillion Trillion 1 000 000 000 000 000 
000 

1015 peta P Quadrillion Billiard (thousand 
billion) 1 000 000 000 000 000 

1012 tera T Trillion Billion 1 000 000 000 000 

109 giga G Billion Milliard (thousand 
million) 1 000 000 000 

106 mega M Million 1 000 000 

103 kilo k Thousand 1 000 

102 hecto h Hundred 100 

101 deca, 
deka da Ten 10 

100 none none One 1 

10−1 deci d Tenth 0.1 

10−2 centi c Hundredth 0.01 

10−3 milli m Thousandth 0.001 
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10−6 micro µ Millionth 0.000 001 

10−9 nano n Billionth Milliardth 0.000 000 001 

10−12 pico p Trillionth Billionth 0.000 000 000 001 

10−15 femto f Quadrillionth Billiardth 0.000 000 000 000 001 

10−18 atto a Quintillionth Trillionth 0.000 000 000 000 000 
001 

10−21 zepto z Sextillionth Trilliardth 0.000 000 000 000 000 
000 001 

10−24 yocto y Septillionth Quadrillionth 0.000 000 000 000 000 
000 000 001 

Examples: 

• 5 cm = 5 × 10−2 m = 5 × 0.01 m = 0.05 m  
• 3 MW = 3 × 106 W = 3 × 1 000 000 W = 3 000 000 W  

Prefixes cannot be combined: for example 10−9 metre must be written as 1 nm, not as 1 
mµm. 

The prefix always takes precedence over any exponentiation; thus "km²" means square 
kilometre and not kilo–square metre. For example, 3 km² is equal to 3 000 000 m² and 
not to 3000 m² (nor to 9 000 000 m²). Thus the SI prefixes provide steps of a factor one 
million instead of one thousand in the case of an exponent 2, of a billion in the case of an 
exponent 3, etc. As a result large numbers may be needed, even if the prefixes are fully 
used. 

Prefixes where the exponent is divisible by three are recommended. Hence "100 m" 
rather than "1 hm". Notable exceptions include centimetre, hectare (hecto-are), centilitre, 
cubic decimetre (equivalent to one litre), hectopascal, and decibel (one-tenth of a bel). The 
obsolete prefixes myria- and myrio- were dropped before SI was adopted in 1960, 
probably because they do not fit this pattern, no symbol was available (M, m and µ 
already being used), and were rarely used anyway. 
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Double prefixes such as micromicrofarads (picofarads), hectokilometres (100 kilometres), 
and millimicrons or micromillimetres (both nanometres) were also dropped with the 
introduction of the SI. 

The kilogram stands out among all SI base units as the only one that has a prefix. It is 
derived from the mass of an actual object. The gram is defined as 1/1000 of this object's 
mass. 

Though in principle legal, most combinations of prefixes with quantities are very rarely 
used, even in a scientific or engineering context: 

• Mass: hectogram, gram, milligram, microgram, and smaller are common. However, 
megagram or larger are rarely used; tonnes or scientific notation are used 
instead. Megagram is sometimes used to disambiguate the (metric) tonne from the 
various (non-metric) tons.  

• Volume in litres: litre, decilitre, centilitre, millilitre, microlitre, and smaller are 
common. Larger volumes are sometimes denoted in hectolitres; otherwise in cubic 
metres or cubic kilometres. In Australia (what about elsewhere?), large quantities of 
water are measured in kilolitres and megalitres.  

• Length: kilometre, metre, decimetre, centimetre, millimetre, and smaller are 
common. megametre, gigametre, and larger are rarely used. Often used are 
astronomical units, light years, and parsecs; the astronomical unit is mentioned in 
the SI standards as an accepted non-SI unit  

• Time: second, millisecond, microsecond, and shorter are common. The kilosecond 
and megasecond also have some use, though for these and longer times one 
usually uses either scientific notation or minutes, hours, and so on.  

† Britain, Ireland, Australia and New Zealand previously used the long scale number name 
conventions, but have now at least partly switched to the short scale usage. Note in 
particular that above a million and below a millionth, the same name has different values 
in the two naming systems, so billion and trillion (for example) become unfortunately 
potentially ambiguous terms internationally. Using the SI prefixes can circumvent this 
problem. 

Use outside SI 

The symbol "k" is often used to mean a multiple of a thousand, so one may talk of "a 40K 
salary" (40,000), or the Y2K problem. Note that in these cases an upper case K is often 
used, although it should be noted that using an uppercase K is never correct when writing 
under the rules of the SI. Also, it is often used as a prefix to designate the binary prefix 
kilo = 210 = 1024. 

Non-SI units 

• Prefixes go back to the introduction of the metric system in the 1790s, long before 
the SI was introduced in 1960. The prefixes (including those introduced after the 
introduction of SI) are used with any metric units, SI or not (e.g. millidynes).  

• SI prefixes rarely appear coupled with imperial units except in some specialised 
cases (e.g. microinches, kilofeet).  
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• They are also used with other specialized units used in particular fields (e.g. 
megaelectronvolts, gigaparsecs).  

• They are also occasionally used with currency units (e.g., gigadollar), mainly by 
people who are familiar with the prefixes from scientific usage.  

Computing 

The prefixes k and greater are common in computing, where they are applied to 
information and storage units like the bit and the byte. Since 210 = 1024, and 103 = 
1000, this led to the SI prefix letters being (ab-)used to denote "binary" prefixes. 
Although these are incorrect usages according to the SI standards it seems common to 
apply base 10 prefixes, when relating to computers, as follows: 

k  
= 210 = 1,024  

M  
= 220 = 1,048,576  

G  
= 230 = 1,073,741,824  

T  
= 240 = 1,099,511,627,776  

P  
= 250 = 1,125,899,906,842,624.  

However, these prefixes usually retain their powers-of-1000 meanings when used to 
describe rates of data transmission (bit rates): 10 Mbit/s Ethernet runs at 10,000,000 
bit/s, not 10,485,760 bit/s. The problem is compounded by the fact that the units of 
information (the bit and the byte) are not part of SI, where the bit, byte, octet, baud or 
symbol rate would rather be given in hertz. Although it is clearer symbology to use "bit" 
for the bit and "b" for the byte, "b" is often used for bit and "B" for byte. (In SI, B stands 
for the bel.) French-speaking countries often use "o" for "octet", nowadays a synonym for 
byte, but this is unacceptable in SI because of the risk of confusion with the zero. 

Consequently, the International Electrotechnical Commission (IEC) adopted new binary 
prefixes in 1998, formed from the first syllable of the decimal prefix plus 'bi' (pronounced 
'bee'). The symbol is the decimal symbol plus 'i'. So now, one kilobyte (1 kB) equals 1000 
bytes, whereas one kibibyte (1 KiB) equals 210 = 1024 bytes. Likewise mebi (Mi; 220), 
gibi (Gi; 230), tebi (Ti; 240), pebi (Pi; 250), and exbi (Ei; 260). Although the IEC standard 
does not mention them, the sequence can be readily extended to zebi (Zi; 270) and yobi 
(Yi; 280). The adoption of these prefixes has been very limited. 

Proposed extensions 

Continuing backwards in the alphabet, after zetta and yotta, proposals for the next large 
number include xenta and xona (among others), the latter as an alteration of the Latin-
derived numerical prefix nona-, and the next small number would also start with an x. 

Preserving the rule on abbreviating the prefixes (a Latin capital for the large number and 
a lower-case letter for the small number), even without consensus on the full name the 
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following prefix symbols could be used without ambiguity: X, W, V, x, w, v. The logically 
next small prefix symbol, "u", is the accepted substitution for "µ" (ISO 2955), the symbol 
for "micro". 

However, even some official prefixes may not be understood by all readers, let alone 
extrapolations of them, so giving an explanation is advisable when using them in 
communication (as opposed to using them in notes for oneself). 

Another proposal for xenta/xona is novetta, from the Italian nove. This does not have the 
convenience of backward alphabetic order. 

There are also proposals for further harmonization of the capitalisation. Therefore the 
symbols for deka, hecto and kilo would be changed from "da", "h" and "k" to "D" or "Da", 
"H" and "K" respectively. Likewise some lobby for the removal of prefixes that don't fit 
the 10±3·n scheme, namely hecto, deka, deci and centi. The CGPM has postponed its 
decision on both matters for now. 

An unsolved (and maybe unsolvable) issue is the application of prefixes to units with 
exponents other than ±1. The prefix is always applied before the exponent currently. In 
volume measuring, for example, this inconvenience has lead to the continued use of the 
litre, which is one thousandth cubic metre (0.001 m³) or one cubic decimetre (1 dm³), 
where it could be handy to call it "one milli-cubic metre" ("1 m(m³)")—one cubic millimetre 
(mm³) is one billionth of a cubic metre. 

 
 
4.4 Data arrangement  
 
It is important to arrange the data gathered from experiment, and the most suitable way 
to arrange the data is making a table in order to arrange the data into it. Table that 
been designed should be easy to understand and independent from report text; it should 
be functioned as one part of the report, not to repeat the explanation that has been 
discussed.  
 
In engineering report, usually information is in number, and the value for each parameter 
is arranged in column. It is necessary for us to reduce the horizontal and vertical line in 
table except for complex table, where it is needed to have a line in order to make a 
reading easier. Lines should be sketched below the table’s title, column’s title and the 
bottom of the table. 
 
Each column is headed by an explanation that explain the contents of the column, 
complete with related symbol and unit. Column that shows a middle of the calculation is 
not necessary to include, as well as a column where all the values are same. The most left 
column can be used to relate all rows with parameters, as shown in Table 4.5. 
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Table 4.5 Performance at maximum efficiency for setting A05 
 Introduction Testing 960308a 960313a 960313b 960314b 960314a 

max (%)η  70 63 66 67 70 
( /cm kg s)  0.224 0.118 0.152 0.136 0.200 

cθ  0.068 0.036 0.046 0.048 0.060 

RP  1.80 1.70 1.65 1.67 1.70 

1 (degree)sα  -7 67 55 49 25 
i  (degree) -23 -14 -16 -19 -20 

1 ,s relM  0.6 0.3 0.4 0.4 0.5 

2α (degree) 83 100 93 92 85 

 

 

 

 

 

 

 

 

Number in each column must be arranged so that the decimal point will in one straight line, 
as in Table 4.6. 
 
 

Table 4.6 Performance of compressor A at maximum efficiency 
 
 N 

 
(rpm) 

cm   
 

(kg/s) 
Mi,rel M2 

60000 0.20 0.56 0.56 
70000 0.25 0.66 0.58 
75000 0.24 0.69 0.62 
60000 0.09 0.29 0.59 
70000 0.10 0.33 0.67 
80000 0.12 0.39 0.76 

85000 0.13 0.41 0.81 

 
 
 
 
 
 
 
 
 
 
 
 
 
If the number of the table is more than one, each table must be numbered and be 
referred using the number that been defined for each table. Place a table after the 
explanation regarding on that table. Refer to the table as “… as in Table 6.1” or 
“…Table 6.1” and avoid to refer the table with “…above table…” or “…table 
below…”. All comments related to accuracy must be used when inserting the data into the 
table. 
 
We will often see two conditions when doing experimental measurement: 

• measurement where the quantity that been measured is remains same, even the 
measurement is repeated to that quantity. 

• measurement in order to make a relation between two quantities, for example a 
and b. 
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In these two situation, an easier way to present the data, whether in logbook or in lab 
report, is in table. Table 4.7 shows the values regarding on time taken for small object to 
fall in range 25 m, where measurement on time has been taken ten times. For table where 
the contents can be fully used, it is needed to attach details that explain a quantity units 
that been measured clearly. Usually, unit will be shown in the contents after the name of 
the measured quantity, Table 4.7. 
 

Table 4.7: Time taken for object to fall from height 2.5. m 
 

Time taken (s)  2.2   2.0   2.6   1.9   2.1   2.4   2.2   2.3   2.3   2.0 

 

When an experiment is in progress, values that been measured need to be recorded in a 
table without try to modify the data. If the data are modified, and in modification 
process, mistakes has been done, it is too difficult to find the mistakes that been occurred. 
The mistakes that usually done are to change from one measurement unit to other unit, for 
example, changing from mm that been read from the manometer to meter in order to 
record in the logbook. 
 
Data that been described in scientific notation in the table will make it easy to read when 
the multiplication is shows at the head of the certain row or column, as in Table 4.8. 
 
 

Table 4.8: Reading of pressure gauge at compressor input 

Pressure (x105 bar) 1.102  1.012  1.205  1.019  1.032 

 

 
 
 Recording on uncertainty in measurement 
 
Although we had designed the best measurement system, variability in measured 
quantities in the experiment will still occurs. Manometer reading will increase or decrease 
between 756 mmH2O and 760 mmH20, or maybe it is difficult to ensure that reading of 
mercury barometer is at 99.5 oC or maybe had achieved 100 oC. In experiment, 
“accurate measurement” is not existed. We only can try to control all involved parameters 
so that the reading on measured quantity is accurate as we can and “some part” of 
uncertainties will remains in the measured quantities. 
 
Referring back to the reading of mercury barometer, if the mercury reading is less than 
0.5 oC, we can write the temperature of that liquid as (99.5 ± 0.5) oC. The “ ± ” mark 
indicates that what we believe, that the temperature of the liquid is in range  (99.5 –0.5) 
oC to (99.5+0.5) oC, which is the value between 99.0 oC and 100.0 oC. 
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Table 4.9 : Pressure change with voltage 

Pressure (Bar)  ±  0.5 Voltage (V) ±  0.02 

3.1 

3.1 

3.3 

3.6 

1.35 

2.15 

2.85 

3.15 

  
 
4.4.1 Significant figures and rounding 
 

The hypothetical idea of significant figures (sig figs or sf), also called significant digits 
(sig digs) is a method of expressing error in measurement. 

Sometimes the term is used to describe some rules-of-thumb, known as significance 
arithmetic, which attempt to indicate the propagation of errors in a scientific experiment or 
in statistics when perfect accuracy is not attainable or not required. Scientific notation is 
often used when expressing the significant figures in a number. 

The concept of significant figures originated from measuring a value and then estimating 
one degree below the limit of the reading; for example, if an object, measured with a 
ruler marked in millimeters, is known to be between six and seven millimeters and can be 
seen to be approximately 2/3 of the way between them, an acceptable measurement for 
it could be 6.6 mm or 6.7 mm, but not 6.666666 recurring mm. This rule is based upon the 
principle of not implying more precision than can be justified when measurements are 
taken in this manner. 

Determining significant figures 

Significant figures conventionally follow certain sets of rules. Such that: 

All non-zero digits are significant: for example, 87.636 has five significant figures. In 
addition, any zeros that are between non-zeros are also considered significant; for 
example, 40.02 has four significant figures. Any zeros that follow immediately to the right 
of the decimal place in numbers smaller than one are not considered significant, e.g., 
0.00057 has two sf. The situation regarding trailing zero digits that fall to the left of the 
decimal place in a number with no digits provided that fall to the right of the decimal 
place is less clear, but these are typically not considered significant unless the decimal 
point is placed at the end of the number to indicate otherwise (e.g., "2000." versus 
"2000"). However, any zeros that follow the last non-zero digit to the right of the decimal 
point are significant, e.g.: 0.002400 has four significant figures. 

Conventionally, a number with value 0 is considered to have one significant figure. 
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In order to indicate exactly which digits are significant, values such as two thousand can 
be expressed in scientific notation, if necessary, using the correct number of significant 
figures. If only two digits — the '2' and the first '0' — are significant (i.e., the true value 
could be anywhere from 1950 to 2049), the conventional representation is 2.0 × 10³; if 
three are significant (the value is in the range 1995 to 2004) then it is 2.00 × 10³; if four 
are significant (from 1999.5 to 2000.4), then it could be either 2000 (two, zero, zero, 
zero) or 2.000 × 10³. (For clarity, the former form could be written 2000., with a decimal 
point; otherwise, some may read the number as having just one significant digit and three 
zeros for placement.) If five, it could be either 2000.0 or 2.0000 × 10³. 

The same can be achieved by using another unit for the quantity expressed. A distance of 
2000 m is supposed to have four significant digits, but 2 km has only one. More informally 
it can be done by using words to express numbers. The value 12 million has two significant 
digits, while officially 12,000,000 has 8. In practical situations it is wise to consider 
multiple trailing zeroes as insignificant. 

Sometimes a bar over a trailing zero is used to indicate that it is significant. For example, 
appears to have four significant digits; the bar indicates that in fact the second 

zero is the last significant digit. 

Measuring with significant figures 

As illustrated in the above example involving the length measurement in millimeters, the 
significant figures method is that, when measuring using a non-electronic instrument, the 
observer should estimate within the nearest tenth of a division marked on the instrument. 
For example, if a graduated cylinder were marked off at every millilitre (ml), the 
observer should measure the amount of volume contained in the cylinder to the nearest 
tenth of a millilitre. 

In order to express the degree of precision to which a value was measured, decimal 
numerals are used. When using significant figures rules, it should be assumed that the last 
significant digit of every measurement was estimated. Using the previous example, if the 
observer read the amount of liquid in the cylinder to be exactly at the 12 ml mark, the 
observer would write the value as 12.0 ml, which would indicate that the tenths place was 
the precision obtained, and the 0 was estimated. If the cylinder were marked off to every 
tenth of a ml, the observer would write the value as 12.00 ml. 

Note that exact numbers obtained by counting discrete objects are not subject to the rules 
of significant figures and should be expressed as exact integers. Similarly, mathematical 
constants (such as π) do not have significant figures—they should be treated as having an 
infinite number of significant figures. The same is true of defined values, such as the speed 
of light or the atomic mass of carbon 12. Empirically-determined 'constants', however, do 
have error bounds; sometimes these bounds can be ignored because the value has been 
determined to much higher precision than other numbers in the expression. Likewise, some 
published values (perhaps inevitably) contain false accuracy. An example would be census 
estimates of a nation's population. 
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Rounding 

There are two commonly-used rules for rounding off. 

A good rule to avoid biased results is as follows: If the digit following the last reportable 
digit has a value of four (or less), then the last reportable digit stays as it was. If the digit 
following the last reportable digit is six or more, the last reportable digit increases by 
one. If the digit following the last reportable digit is a five followed by non-zero digits, 
the last reportable digit will be increased by one, but if the five is succeeded by nothing, 
odd last reportable digits are decreased by one, and even last reportable digits stay the 
same. 

Alternatively, it is also common (e.g., in accounting) to use a rounding rule that does not 
depend on the value of the last reportable digit. Typically in such uses, a rounded digit 
equal to 5 with no following non-zero digits will cause the last reportable digit to be 
increased by one. In all other cases, the rule is the same as for the other rounding rule 
described above. 

Other methods of rounding include round towards zero (AKA: truncate), round away from 
zero, floor (reduce non-round numbers to greatest lesser round number) and ceiling 
(increase non-ound numbers to least greater round number). 

Rounding can be analyzed as a form of quantization. 

Additional notes: 
 
We understand that all measured quantities have unavoidable uncertainties, because of 
limitations on the instruments used and our limitations in using them.  We have learned to 
use the STANDARD DEVIATION IN THE MEAN to calculate this uncertainty when we have 
several independent measurements of the same quantity, and can calculate the mean – 
e.g. 

gg ∆±  
 

where g∆  equals the Standard Deviation in our determination of g , our average value 
of g, based on several separate measurements of g. 
 
Frequently, we are unable to make multiple measurements, but have to use our judgement 
to decide on the uncertainty, for instance, when we estimate between the closest marks on 
any scale, which we do rather than round the reading to the nearest mark. 
 
We use a definition of SIGNIFICANT FIGURES which tells us that we don’t keep digits in 
our result beyond the first digit that is subject to our experimental uncertainty.  For 
instance, if we have an experimentally determined number such as 
 

3.05.16 ±=S  
 

                                                                           ↑  
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          This (5) is the first digit which is affected 
by the uncertainty, so we have 3 significant figures.  Even if a pocket calculator gave us 
more figures on its display, it would not make sense to use them –i.e. 
 
 WRONG  [ ]3.04696.16 ±=S→  Too many digits, not all significant. 
 
Should not be quoted as written, but should be rounded off to 16.5. 
 
PLEASE NOTE:  THE POSITION OF THE DECIMAL POINT DOES NOT AFFECT THE NUMBER 
OF SIGNIFICANT FIGURES. 
 
Calculation using significant figures must now be described.  Suppose we measure two 
different lengths, with different instruments, getting 1.05.4 ±  cm (2 significant figures) and 

 cm (4 significant figures), with every number except the zero before the 
decimal point being significant (this zero, incidentally, is written just to aid the eye in 
noticing the decimal point).  What is the sum of these two lengths?  Simple arithmetic 
suggests 4.8352, but the indicated sum 

0002.03352.0 ±

4.5xxx 
 

0.3352 
 

4.8yyy 
 

shows that this is not reliable.  The three x’s after 4.5 represent unknown values and the 
three y’s in the sum are therefore unknown.  The rule for addition or subtraction requires us 
to drop all but the first uncertain figure – we must drop the y’s and the answer correctly is 
4.8 cm. 
 
Suppose instead we want to multiply these two lengths, to get an area.  Simple arithmetic 
gives 1.50840, but it looks suspicious to get six figures with only two in the factor 4.5.  By 
writing 4.5xx and multiplying it by 0.3352, you will quickly find the trouble: x’s will come 
into most of the figures in 1.50840.  Again the rule is simple: in multiplication or division, 
find the factor with the smallest number of significant figures (4.5, here), round off the 
other to the same number of figures (0.34), and carry out the calculation (to get, here, 
1.530), which must also be rounded.  There is another part of the rule:  When the first 
significant figure is 1 or 2 as in the answer here, keep one more significant figure than 
when the first figure is 3, 4,. …Hence our answer is 1.53, not 1.5.  It is understood that 3, 
the last figure, is an estimate, as is the 5 in 4.5.  Taking a square or other root is a form of 
division, and so similar procedures are followed. 
 
Electronic calculators know nothing about significant figures; they will give you results with 
digits filling out their displays.  The user must beware and round off appropriately. 
 
Following these rules may seem strange and bothersome at first, but there are good 
reasons for doing so.  If the rules are not followed, the result is distorted and tells a 
scientific lie – the answer to 4.5 x 0.3352 is not 1.50840 when the factors are imperfectly 
measured numbers. 
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The advanced student has to learn more complicated procedures.  For example, in a very 
long chain of calculations one or two extra, nonsignificant figures are carried to reduce 
possible cumulative error caused by a great many roundings-off.  The important thing to 
remember is that the final figure should be rounded appropriately. 
 
Summary 

The significant figures of a (measured or calculated) quantity are the meaningful digits in 
it. There are conventions that you should learn and follow for how to express numbers so 
as to properly indicate their significant figures.  

• Any digit that is not zero is significant. Thus 549 have three significant figures and 
1.892 has four significant figures.  

• Zeros between non-zero digits are significant. Thus 4023 has four significant 
figures.  

• Zeros to the left of the first non-zero digit are not significant. Thus 0.000034 has 
only two significant figures. This is more easily seen if it is written as 3.4x10-5.  

• For numbers with decimal points, zeros to the right of a non-zero digit are 
significant. Thus 2.00 have three significant figures and 0.050 has two significant 
figures. For this reason it is important to keep the trailing zeros to indicate the 
actual number of significant figures.  

• For numbers without decimal points, trailing zeros may or may not be significant. 
Thus, 400 indicate only one significant figure. To indicate that the trailing zeros are 
significant a decimal point must be added. For example, 400. has three significant 
figures, and has one significant figure.  

• Exact numbers have an infinite number of significant digits. For example, if there 
are two oranges on a table, then the number of oranges is 2.000... . Defined 
numbers are also like this. For example, the number of centimeters per inch (2.54) 
has an infinite number of significant digits, as does the speed of light (299792458 
m/s).  

There are also specific rules for how to consistently express the uncertainty associated with 
a number. In general, the last significant figure in any result should be of the same order 
of magnitude (i.e.. in the same decimal position) as the uncertainty. Also, the uncertainty 
should be rounded to one or two significant figures. Always work out the uncertainty after 
finding the number of significant figures for the actual measurement.  

For example,  

9.82 +/- 0.02 
10.0 +/- 1.5 
4 +/- 1  

The following numbers are all incorrect.  

9.82 +/- 0.02385 is wrong but 9.82 +/- 0.02 is fine 
10.0 +/- 2 is wrong but 10.0 +/- 2.0 is fine 
4 +/- 0.5 is wrong but 4.0 +/- 0.5 is fine  
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In practice, when doing mathematical calculations, it is a good idea to keep one more 
digit than is significant to reduce rounding errors. But in the end, the answer must be 
expressed with only the proper number of significant figures. After addition or subtraction, 
the result is significant only to the place determined by the largest last significant place in 
the original numbers. For example,  

89.332 + 1.1 = 90.432  

should be rounded to get 90.4 (the tenths place is the last significant place in 1.1). After 
multiplication or division, the number of significant figures in the result is determined by 
the original number with the smallest number of significant figures. For example,  

(2.80) (4.5039) = 12.61092  

should be rounded off to 12.6 (three significant figures like 2.80).  

 

4.5 Magnitude stages 

When doing experiment, we usually know the value that will gathered. This is because we 
had done the same experiment before, or may be because we had been familiar in 
dealing with those measurement quantities. 

For example, if we measure a velocity of a car which moving along a road and find that 
the measurement value is 4 x 106 m/s, it may lead us to think what wrong with our 
measurement because the value is not logic. It is a same case if we measure the weight of 
water contained in the glass and value gathered is 50 kg. What we can see in these two 
cases is, sometimes we can predict if the value that been obtained from an experiment 
can be accepted or not, at least in some range that not too far from the true value. In 
other words, it can be said that we ‘know’ the value is in range in one-magnitude stages. 

This behavior can help us to prevent us to do a big mistakes and make the reader 
confuses. The reader will find that the fact cannot be believed if we report that the weight 
of women in general is 300 kg, and this will make all the report that we had made cannot 
be used. 
 
 
 
4.6 Analysis technique and data manipulation 
 
4.6.1 Statistical analysis 

 
There are many ways to take a statistical measurement of a data set and many ways to 
interpret the results. It has often been said that figures can't lie but that liars can figure. As 
an engineer, you will often be called upon to perform some type of statistical 
measurement and offer an interpretation of the results. To do so in a meaningful fashion 
will require that you understand what each of the various statistical tools available to you 
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does and, more importantly, does not say. In general, when you decide to use a particular 
measure, you should ask yourself if what it measures is truly meaningful to what you are 
trying to describe or understand. 

 
Median 

The median, symbolized by Md, is the score value which cuts the distribution in half, such 
that half the scores fall above the median and half fall below it. Computation of the 
median is relatively straightforward. The first step is to rank order the scores from lowest 
to highest. The procedure branches at the next step: one way if there are an odd number 
of scores in the sample distribution, another if there are an even number of scores.  

If there is an odd number of scores as in the distribution below: 

32 32 35 36 36 37 38                 
              38               
                39 39 39 40 40 45 46 

then the median is simply the middle number. In the case above the median would be the 
number 38, because there are 15 scores all together with 7 scores smaller and 7 larger.  

If there is an even number of scores, as in the distribution below:  

32 35 36 36 37 38                 
            38 39             
                39 39 40 40 42 45 

then the median is the midpoint between the two middle scores: in this case the value 38.5. 
It was found by adding the two middle scores together and dividing by two (38 + 39)/2 
= 38.5. If the two middle scores are the same value then the median is that value.  

In the above system, no account is paid to whether there is a duplication of scores around 
the median. In some systems a slight correction is performed to correct for grouped data, 
but since the correction is slight and the data is generally not grouped for computation in 
calculators or computers, it is not presented here.  

The median, like the mode, is not effected by extreme scores, as the following distribution 
of scores indicates:  

32 35 36 36 37 38                 
            38 39             
                39 39 40 40 42 55 

The median is still the value of 38.5. The median is not as quick and dirty as the mode, but 
generally it is not the preferred measure of central tendency.  
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Mode 

The mode, symbolized by Mo, is the most frequently occurring score value. If the scores for 
a given sample distribution are:  

32 32 35 36 37 38 38 39 39 39 40 40 42 45   

then the mode would be 39 because a score of 39 occurs 3 times, more than any other 
score. The mode may be seen on a frequency distribution as the score value which 
corresponds to the highest point. For example, the following is a frequency polygon of the 
data presented above:  

 

A distribution may have more than one mode if the two most frequently occurring scores 
occur the same number of times. For example, if the earlier score distribution were 
modified as follows:  

32 32 32 36 37 38 38 39 39 39 40 40 42 45   

then there would be two modes, 32 and 39. Such distributions are called bimodal. The 
frequency polygon of a bimodal distribution is presented below.  

 

In an extreme case there may be no unique mode, as in the case of a rectangular 
distribution.  
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The mode is not sensitive to extreme scores. Suppose the original distribution was modified 
by changing the last number, 45, to 55 as follows:  

32 32 35 36 37 38 38 39 39 39 40 40 42 55   

The mode would still be 39.  

 

In any case, the mode is a quick and dirty measure of central tendency. Quick, because it 
is easily and quickly computed. Dirty because it is not very useful; that is, it does not give 
much information about the distribution.  

Mean 

The mean, symbolized by , is the sum of the scores divided by the number of scores. The 
following formula both defines and describes the procedure for finding the mean:  

 

where X is the sum of the scores and N is the number of scores. Application of this formula 
to the following data 

32 35 36 37 38 38 39 39 39 40 40 42 45 

yields the following results:  
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Use of means as a way of describing a set of scores is fairly common; batting average, 
bowling average, grade point average, and average points scored per game are all 
means. Note the use of the word "average" in all of the above terms. In most cases when 
the term "average" is used, it refers to the mean, although not necessarily. When a 
politician uses the term "average income", for example, he or she may be referring to the 
mean, median, or mode.  

The mean is sensitive to extreme scores. For example, the mean of the following data is 
39.0, somewhat larger than the preceding example.  

32 35 36 37 38 38 39 39 39 40 40 42 55 

In most cases the mean is the preferred measure of central tendency, both as a description 
of the data and as an estimate of the parameter. In order for the mean to be meaningful, 
however, the acceptance of the interval property of measurement is necessary. When this 
property is obviously violated, it is inappropriate and misleading to compute a mean. 
Such is the case, for example, when the data are clearly nominal categorical. An example 
would be political party preference where 1 = Republican, 2 = Democrat, and 3 = 
Independent. The special case of dichotomous nominal categorical variables allows 
meaningful interpretation of means. For example, if only two levels of political party 
preference was allowed, 1 = Republican and 2 = Democrat, then the mean of this 
variable could be interpreted. In such cases it is preferred to code one level of the 
variable with a 0 and the other level with a 1 such that the mean is the proportion of the 
second level in the sample. For example, if gender was coded with 0 = Males and 1 = 
Females, then the mean of this variable would be the proportion of females in the sample. 

Variance & Standard Deviation 

The variance, symbolized by "s2", is a measure of variability. The standard deviation, 
symbolized by "s", is the positive square root of the variance. It is easier to define the 
variance with an algebraic expression than words, thus the following formula:  

 

Note that the variance could almost be the average squared deviation around the mean if 
the expression were divided by N rather than N-1. It is divided by N-1, called the 
degrees of freedom (df), for theoretical reasons. If the mean is known, as it must be to 
compute the numerator of the expression, then only N-1 scores that are free to vary. That 
is if the mean and N-1 scores are known, then it is possible to figure out the Nth score. 
One needs only recall the KIWI-bird problem to convince oneself that this is in fact true.  

The formula for the variance presented above is a definitional formula, it defines what the 
variance means. The variance may be computed from this formula, but in practice this is 
rarely done. It is done here to better describe what the formula means. The computation is 
performed in a number of steps, which are presented below: 
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Step One - Find the mean of the scores. 
Step Two - Subtract the mean from every score. 
Step three - Square the results of step two. 
Step Four - Sum the results of step three. 
Step Five - Divide the results of step four by N-1. 
Step Six - Take the square root of step five. 

The result at step five is the sample variance, at step six, the sample standard deviation.  

X X -  (X - )2 
8 -2 4 
8 -2 4 
9 -1 1 
12 2 4 
13 3 9 

      
50 0 22 

  

Step One - Find the mean of the scores. = 50 / 5 = 10< /P > 
Step Two - Subtract the mean from every score. The second column above 
Step three Square the results of step two. The third column above 
Step Four Sum the results of step three. 22 
Step Five Divide the results of step four by N-1. s2 = 22 / 4 = 5.5< /P > 
Step Six Take the square root of step five. s = 2.345 

Note that the sum of column *2* is zero. This must be the case if the calculations are 
performed correctly up to that point. 

The standard deviation measures variability in units of measurement, while the variance 
does so in units of measurement squared. For example, if one measured height in inches, 
then the standard deviation would be in inches, while the variance would be in inches 
squared. For this reason, the standard deviation is usually the preferred measure when 
describing the variability of distributions. The variance, however, has some unique 
properties which makes it very useful later on in the course.  
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Histograms 

Data within a set can be collected into groups and the groups treated as its own data set. 
For instance, if the scores on an exam are recorded to the nearest tenth of a point, then 
even if several hundred people took the test a blindly determined mode could be highly 
misleading. But if the data were grouped into five-point "bins", then saying that more 
people scored between 80 and 85 than any other bin probably has meaning. This is an 
example of creating a histogram from a data set.  
 
How wide should the bins be? This depends on the data set and some data sets are very 
sensitive to not only how wide the bins are but to small shifts in them - say having a bin go 
from 82 to 87 instead of 80 to 85. As a rule, if the bin width is too wide, then important 
information gets lost while if the bin width is too narrow the information is present but 
might be masked by random noise.  
 
Much work has been done in finding an "optimal" bin width for most circumstances and the 
following formula is generally considered to be the most strongly supported for providing 
an unbiased estimate of the probability density function: 

W = 3.49sN-1/3 
Where s is the population standard deviation (discussed below) and N is the number of 
samples in the data set. 
 
A close approximation to the above result is to use the IQR (Interquartile Range) that is the 
value of the 75th percentile less the value of the 25th percentile. 

W = 2 (IQR) N-1/3 
 

Percentiles 

The percentile is the value for which a given percentage of the data is below that value. 
For instance, the 75th percentile on an exam is the score for which fully 75% of the exam 
scores were below that score. Notice that the median is generally a good estimate of the 
50th percentile, although it is seldom exactly that.  

 
 

4.6.2 Method of Least Square 
 
Most experimental data will not lie exactly on a straight line (even when it should.) 
However, there is a mathematical method for determining the equation for the best-fit 
straight line. This method is called the Least-Square method – or linear regression. 
 
Curve Fitting, Regression 
 
Field data is often accompanied by noise. Even though all control parameters 
(independent variables) remain constant, the resultant outcomes (dependent variables) 
vary. A process of quantitatively estimating the trend of the outcomes, also known as 
regression or curve fitting, therefore becomes necessary.  

 190



The curve fitting process fits equations of approximating curves to the raw field data. 
Nevertheless, for a given set of data, the fitting curves of a given type are generally NOT 
unique. Thus, a curve with a minimal deviation from all data points is desired. This best-
fitting curve can be obtained by the method of least squares.  
 
The Method of Least Squares 

 
The method of least squares assumes that the best-fit curve of a given type is the curve 
that has the minimal sum of the deviations squared (least square error) from a given set of 
data.  

Suppose that the data points are , , ..., where is the 

independent variable and is the dependent variable. The fitting curve has the 

deviation (error) from each data point, i.e., , , ..., 

. According to the method of least squares, the best fitting curve has the 
property that:  

 
 
Polynomials Least-Squares Fitting 
 
Polynomials are one of the most commonly used types of curves in regression. The 
applications of the method of least squares curve fitting using polynomials are briefly 
discussed as follows.  

The Least-Squares Line: The least-squares line method uses a straight line to 

approximate the given set of data, , , ..., , where .  

The Least-Squares Parabola: The least-squares parabola method uses a second degree 

curve to approximate the given set of data, , , ..., 

, where . 

The Least-Squares mth Degree Polynomials: The least-squares mth degree Polynomials 

method uses mth degree polynomials to approximate the 

given set of data, , , ..., , where .  

Multiple Regression Least-Squares: Multiple regression estimates the outcomes which may 
be affected by more than one control parameter or there may be more than one control 

parameter being changed at the same time, e.g., .  
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The Least-Squares Line 

 
The least-squares line uses a straight line  

 

to approximate the given set of data, , , ..., , where . The 

best fitting curve has the least square error, i.e.,  

 

Please note that and are unknown coefficients while all and are given. To obtain 
the least square error, the unknown coefficients and must yield zero first derivatives.  

 

Expanding the above equations, we have:  

 

The unknown coefficients and can therefore be obtained:  
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where stands for .  
 
More details will be discussed on chapter 5. 
  
 
4.6.3 Graphical (data) analysis and characteristic trend 
 

Introduction 
 
Graphs are a means of summarizing data so that the results may be easily understood. 
Working graphs are done on fine grid graph paper so that data may be easily read 
from the graph. New data may be extracted from the graph that would be hard to 
otherwise obtain. In this document, we will only discuss rectangular graphs with linear and 
logarithmic scales.  

Graph Paper. 

In this course you will make graphs using regular and logarithmic graph paper. Since these 
will be working graphs you will need to purchase graph paper. Purchase paper which has 
20 squares to the inch or 10 squares to the centimeter. Coarse graph paper is not 
acceptable! Under no circumstances purchase "quadrille paper", even if it is mislabeled 
"graph paper." Figure 1 shows some good and bad choices of graph paper. Figure 5, 6, 
and 7 are shown on proper graph paper. 

 

Computer graphs. 
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Computer generated graphs are only acceptable with the prior permission of your 
instructor. Some graphing packages still make a “connect-the-dot” line which is totally 
unacceptable. Others provide a smooth line passing through all the points, which is 
generally not what we want. You will be required to make graphs on regular graph 
paper during lab exams so get in practice with the labs.  

Graphing packages will produce graphs very quickly; however the user must still adjust 
the axes and enter information for labels. If you are allowed to use computer graphs be 
sure to create graphs that are large (at least 7x 9 inches) and that have fine grid lines to 
make it easy to read values from the graph. A working computer graph should look as 
close as possible to a graph produced on regular graph paper. Some examples of 
graphs generated within Excel are included in Figures 5, 7, and 8. Comments on their 
limitations will be made later.  

Basic layout of a graph 
Certain conventions are used when plotting graphs. Refer to Figure 2 for a general 
description and Figures 5, 7, and 8 for examples.  
 

 

a) The horizontal axis is called the abscissa and the vertical axis is called the ordinate. 
You can use the terms horizontal and vertical just as well.  

b) The graph must have a title which clearly states the purpose of the graph. This should 
be located on a clear space near the top of the graph. A possible title for a graph would 
be  

"Figure 1: Variation of Displacement with Elapsed Time for a Freely Falling Ball."  

The title should uniquely identify the graph --you should not have three graphs with the 
same title. You may wish to elaborate on the title with a brief caption. Do not just repeat 
the labels for the axes!  
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Example Poor choices of titles:  

"y vs. t" The title should be in words and should not just 
repeat the symbols on the axes! 

"Displacement 
versus time" 

This title is in words, but just repeats the names on 
the axes. The title should add information. 

"Data from Table 
1" 

Again, this adds minimal information. It may be 
useful to include this information, but tell what the 
graph is and what it means. 

c) Normally you plot the independent variable (the one over which you have control) on 
the abscissa (horizontal) and the dependent variable (the one you read) on the ordinate 
(vertical). If for example you measure the position of a falling ball at each of several 
chosen times, you plot the position on the ordinate (vertical) and the time on the abscissa 
(horizontal.) In speaking of a graph you say "I plotted vertical versus horizontal or 
ordinate versus abscissa". If you are told to plot current versus voltage, voltage goes on 
the abscissa (horizontal).  

d) The scale should be chosen so that it is easy to read, and so that it makes the data 
occupy more than half of the paper. Good choices of units to place next to major 
divisions on the paper are multiples of 1, 2, and 5. This makes reading subdivisions easy. 
Avoid other numbers, especially 3, 6, 7, 9, since you will likely make errors in plotting 
and in reading values from the graph.  

The zero of a scale does not need to appear on the graph.  

Computer plotting packages should allow you control over the minimum and maximum 
values on the axis, as well as the size of major and minor divisions. The packages should 
allow you to include a grid on the plot to make it look more like real graph paper.  

e) Tick marks should be made next to the lines for major divisions and subdivisions. Look 
at the sample graphs to see examples. Logarithmic scales are pre-printed with tick marks. 

f) Axis label. The axes should be labeled with words and with units clearly indicated. 
The words describe what is plotted, and perhaps its symbol. The units are generally in 
parentheses. An example would be  

Example Displacement, y, of ball 
(cm) 

On the horizontal axis (abscissa) the label is oriented normally, as are the numbers for the 
major divisions. The numbers for the major divisions on the vertical axis are also oriented 
normally. The vertical axis label is rotated so that it reads normally when the graph paper 
is rotated 1/4 turn clockwise. See the sample graphs for examples.  

Avoid saying Diameter in meters (x 10-4) since this confuses the reader. (Do I multiply the 
value by 10-4or was the true value multiplied by this before plotting?) Instead state 
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Diameter (x 10-4meters) or use standard prefixes like kilo or micro so that the exponent is 
not needed: "Diameter (mm)".  

g) Data should be plotted as precisely as possible, with a sharp pencil and a small dot. 
In order to see the dot after it has been plotted, put a circle or box around the dot. If you 
plot more than one set of data on the same axes use a circle for one, a box for the 
second, etc., as shown in Figure 3.  

 

Curve Fitting 
We are free to make many plots from a given set of data. For instance if we have 
position (x) as a function of time (t) we can make plots of x versus t, x versus , log(x) 
versus t, or any number of any choices. If possible, we choose our plot so that it will 
produce a straight line. A straight line is easy to draw, we can quickly determine slope 
and intercept of a straight line, and we can quickly detect deviations from the straight 
line.  

If we have the guidance of a theory we can choose our plot variables accordingly. If we 
are using data for which we have no theory we can empirically try different plots until we 
arrive at a straight line. Some common functions are listed in Table 1 along with plots 
which yield straight lines.  

Table 1. Different graphs for different functions. This summarizes some of the most 
common mathematical relations and the graphing techniques needed to find slopes and 

intercepts. 

FORM PLOT (to yield a straight line) SLOPE Y-INTERCEPT 

y = a x + b y versus x on linear graph paper a b 

y2 = c x + d y2 versus x on linear graph paper c  d  

y = a xm 
log y versus log x on linear paper  

or  
y versus x on log-log paper  

m *  log a  
a (at x = 1)  

x y = K y versus (1/x) on linear paper  K  0  

y = a ebx 

ln y versus x on linear paper  
or  

y (on log scale) versus x on semi-log 
paper  

b*  ln a  
a  

* Special techniques are needed when using logarithmic graph paper. These will be 
discussed in a later section.  
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Straight line graphs on linear graph paper. 
Suppose that we have plotted a graph with Y on the ordinate and X on the abscissa and 
the result is a straight line. We know that the general equation for a straight line is Y = M 
X + B where M is the slope and B is the intercept on the Y-axis (or Y-intercept).  

The capital forms of Y and X are chosen to represent any arbitrary variables we choose 
to plot. For example we may choose to plot position, x, on the Y-axis versus mass, m, on 
the X-axis, so we need different symbols for our general case. Refer to Figure 4 to see 
what is being done.  

We choose two points, (X1, Y1) and (X2, Y2), from the straight line that are not data 
points and that lie near opposite ends of the line so that a precise slope can be 
calculated. (Y2-Y1) is called the rise of the line, while (X2-X1) is the run. The slope is  

 
Eq. 1 

 
 

 

Slope has units and these must be included in your answer!  

The point where the line crosses the vertical axis is called the intercept (or the Y-intercept). 
The intercept has the same units as the vertical axis. The equation of the straight line 
with Y on the vertical axis and X on the horizontal axis is  

 Eq. 2 

The line can be extended to cross the horizontal axis as well. The value of X where this 
happens is called the X-intercept, with the same units as variable X, and will be used 
only rarely.  

If the line goes directly through the origin, with intercepts of zero, we say that Y is directly 
proportional to X. The word proportional implies that not only is there a linear (straight 
line) relation between Y and X, but also that the intercept is zero.  
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Consider the data in Table 2 which are plotted in Figure 5. The points are carefully 
plotted (see the next section for the explanation of the bars on the data points), and we 
see that the points do not fit perfectly a straight line. Since we expect some uncertainties 
in the measurements, this is not surprising.  

The solid line drawn on the graph is the "best" fit to the data. Each person could have a 
different line for the best fit.  

Table 2: Position of a snail as a function of 
time. The snail moved in a straight line. 

Time (sec)  Position (cm)  

1.00  1.9 ± 0.5  

2.00  3.1 ± 0.7  

3.00  5.5 ± 0.3  

4.00  8.2 ± 0.9  

5.00  9.0 ± 0.6  

5.50  11.6 ± 0.4  

6.00  11.8 ± 0.4  

The horizontal and vertical dashed lines show points chosen to determine the slope. Notice 
that they are far apart, spanning the graph. The rise and run are determined and the 
slope is calculated as  

. 
The intercept is read from the intersection of the line with the vertical axis and is  
Intercept = - 0.68 cm. 
Thus the line is  
Position = (2.09 cm/s) Time - (0.68 cm) 
It is good practice to check that this equation is correct by picking a time and seeing if the 
equation predicts the correct position. If I choose a time of 4.5 sec the equation predicts a 
position of 8.72 cm and the graph shows a position of 8.75 cm. The equation seems to be 
correct.  
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Figure 5(a) The hand drawn graph has been reduced from its original size. 
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Figure 5(b) This graph was done in Excel 98 on a Macintosh computer. 

 

Uncertainties and Graphs: Error Bars 

(a) Error Bars 

Data that you plot on a graph will have experimental uncertainties. These are shown on 
a graph with error bars, and used to find uncertainties in the slope and intercept. In this 
discussion we will describe simple means for finding uncertainties in slope and intercept; a 
full statistical discussion would begin with "Least Squares Fitting."  

Consider a point with coordinates X ± ∆X and Y ± ∆Y.  
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(a) Plot a point, circled, at the point (X, Y).  

(b) Draw lines from the circle to X + ∆X, X - ∆X, Y + ∆Y, and Y - ∆Y and put bars on the 
lines, as shown in Figure 6(a). These are called error bars.  

(c) The true value of the point is likely to lie somewhere in the oval whose dimension is two 
deviations, i.e. twice the size of the error bars.  

 
 

The oval shown in Figure 6(c) shows the uncertainty region (at 95% confidence--this is 
statistics speak). It is not usually drawn on graphs. Often the error bars may be visible 
only for the ordinate (vertical), as Figure 6(b). Draw the best error bars that you can! If 
they cannot be seen, make a note to that effect on the graph. 

(b) Uncertainties in Slope and Intercept Using Error Bars 

Once the graph is drawn and the slope and intercept are determined we wish to find 
uncertainties in the slope and intercept. Refer to Table 2 and Figure 5(a) to see the 
procedure. Data are plotted on this graph with error bars shown. The uncertainty in time is 
so small that no horizontal error bars are visible.  

A solid line is shown which best fits the data and has a slope of (2.09 cm/s) and an 
intercept of (- 0.68 cm) (on the vertical axis). Using the error bars as a guide we have 
drawn dashed lines which conceivably fit the data, although they are too steep or too 
shallow to be considered best fits. This is a judgment call on your part. 

The slopes of the dashed lines are 2.32 cm/s and 1.79 cm/s. Half the difference of these 
is 0.27 cm/s which we take as the uncertainty in the slope of the best line. We round off 
the uncertainty to the proper number of significant figures, and round the slope to match, 
resulting in  

slope = (2.1 ± 0.3) cm/s . 
The differences between the best slope and either of the extreme slopes should equal the 
uncertainty in the slope. Here the differences are (2.09 - 1.79) = 0.30 cm/s and (2.32 - 
2.09) = 0.23 cm/s, which are basically the same as the ±0.3 cm/s above.  

We try to make the three lines cross in the middle of our data. If we draw them this 
way we can determine the uncertainty in the intercept. The dashed lines have intercepts of 
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-1.52 cm and +0.20 cm and half of the difference between these is 0.86 cm which we use 
as the uncertainty in the intercept. 

Intercept = (-0.7 ± 0.9) cm. 
It is more difficult to do this on the computer graph, but we can try as is suggested on 
Figure 5(b). On the Excel download I show lines and calculations resulting in an uncertainty 
in slope of +/- 0.4 cm/s and uncertainty in intercept of +/-1.2 cm. Also on the Excel 
spreadsheet I show a statistical analysis of the line resulting in a standard error of 0.13 
cm/s in slope and 0.55 cm in intercept. Doubling these to get to 95% confidence results in 
values close to what we get graphically. 

(c) Uncertainties in Slope and Intercept When There Are No Error Bars 

Even if we lack error bars we use the same approach to find the errors in slope and 
intercept. Using this method it is possible to get good estimates of uncertainty in the slope 
and intercept. Generally you will have less confidence in the intercept uncertainty. 

(d) What is being done in statistical terms 

The process described in parts (b) and (c) above estimates the statistical procedure of 
finding standard errors in the slope and intercept. Statistics programs will allow this to be 
done automatically (in Excel see the LINEST function). The values of uncertainties you get 
by visual estimation will be similar to the values obtained by a full regression analysis. 

 

Logarithmic scales, log-log plots, and semi-log plots 

 Slopes on logarithmic graph paper. 
If we have a graph in which we wish to plot the logarithm of a value we can save time by 
using special graph paper. Semi-log paper has a logarithmic scale on one axis and a 
linear scale on the other; log-log paper has logarithmic scales on both axes.  

The logarithmic scale has numbers (1, 2, 3 ... 9) printed on the axis. These numbers are 
spaced in proportion to the logarithms of the numbers. A cycle refers to one complete set 
of numbers from 1 to 10. We can have several cycles along one axis. It is important to 
purchase paper with the correct number of cycles for your application. Table 3 has a 
possible 2-cycle axis. (Some points are omitted for brevity.)  
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Table 3. The basic idea of a logarithmic scale is to space the points according to the 
logarithm of the value to be plotted. The paper is doing the logarithms implicitly, but is 

labeling the points with the original values. 

Number 1 2 3 4 6 8 10 20 30 40 60 80 100 

Log  0.00 0.30 0.48 0.60 0.79 0.90 1.00 1.30 1.48 1.60 1.79 1.90 2.00 

Location 
of mark  
cm 

0.0 6.0 9.6 12.0 15.8 18.0 20.0 26.0 29.6 32.0 35.8 38.0 40.0 

The numbers on the graph's log scale are marked 1, 2, 3 ... 9, 1, 2, 3, ... 1: you must use 
these numbers, but you can choose the decimal point. Thus a two cycle scale could start at 
0.001 and go to 0.1 or it could start at 10 and go to 1000. Finding a slope on a semi-
log or log-log plot takes some care. You must not compute rise/run as you did for 
linear paper. 

 (a) Slopes and intercepts on log-log graph paper. 

Suppose we have data which could match a theoretical curve Y = A XM. For a log-log plot 
the slope is the value of the exponent M, and is computed as  

 

Eq. 
3 

On a log-log plot the slope, M, has no units. Either common (base 10) or natural logs can 
be used and give the same value of slope. The intercept, A, on a log-log plot is taken to 
be at the point where the horizontal variable has a value of 1. The value is read directly 
from the scale for the vertical axis. The units for the intercept are derived by looking at 
the form of the equation, Y = A XM, as is shown in the next example.  

The data in Table 6 are plotted on Figure 7, with the slope calculation shown on the Figure 
7(a). The slope here is 0.45 which is close to 1/2 meaning that the power may represent a 
square root.  
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Table 4: Period of a Simple Pendulum as a 
Function of its Length. 

Length (m) Period (sec)  

0.130  0.800  

0.345  1.28  

0.830  1.86  

1.65  2.55  

4.00  

8.90  5.50  

4.25  

The intercept in Figure 7 is 2.06. The units are derived by looking at the form of the 
equation, Y = A XM. Since Y (which really is T) has units of seconds and X (which really is L) 
has units of meters and the power M is a square root, the intercept is 2.06 s m-1/2. The 
equation is then  

.  

We check this by picking a length of L = 3.0 m and predict a period of T = 3.57 sec 
which agrees fairly closely with the value on the graph of 3.45 sec. The agreement would 
be closer if we used the exponent of 0.45 rather than the square root.  
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Figure 7(a) The hand drawn graph has been reduced to 90% of its original size. 
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Figure 7(b) This graph was done in Excel 98 on a Macintosh computer. 

 

(b) Slope and intercept for semi-log graph. 

Suppose we expect our data to match a theoretical curve Y = A eM X. The slope, M, on a 
semi-log plot is computed by  

 

Eq. 4 

The slope, M, on a semi-log plot has units which are the inverse of the units on the X-axis. 
Natural logs must be used here. The intercept, A, is the value where the line intersects the 
vertical axis at X = 0. It has the units of Y.  
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An example of a semi-log plot are the data in Table 5 which are plotted on Figure 8. The 
slope is found to be 0.0854 s-1and the intercept is found to be 0.150 cm/sec, as shown 
Figure 8(a). The equation for the rocket speed is then  

 

We can check this equation by choosing a time, say 40.0 sec, and predicting the speed. 
The prediction is 4.57 cm/sec which agrees with the result on the graph of 4.60 cm/s.  

Table 5: Speed of a Rocket as a Function of 
Time. The acceleration is not constant. 

Time (sec) Speed (cm/s) 

4.0 0.205 

15.0 0.530 

30.0 1.91 

43.0 5.90 

54.0 15.3 

66.0 41.5 
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Figure 8(a) The hand drawn graph has been reduced from its original size. 
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Figure 8(b) This graph was done in Excel 98 on a Macintosh computer.  

 

 

 Examples of bad graphs 

It is instructive to look at graphs that have mistakes. Look at each of the following graphs 
and determine the mistakes in them. There are usually several mistakes on each graph.  

(a) Here is a linear graph on the computer. Find 7 mistakes.  
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Answer 
 
Problems in this linear graph. 

1. The graph should occupy most 
of a sheet of paper. This is too 
small.  

2. A better title is needed. It 
should be written in words and 
should explain the significance of 
what is plotted, not just repeat 
the axis labels. 

3. The title here says v versus t, 
but what is plotted is t versus v. 

4. Axis labels should have the 
name of the variable in words, 
not just symbols, and the unit 
inside parentheses. For example, 
"Time, t (s)." 

5. There should be gridlines to make it easy to read data from the graph. 

6. On the velocity axis, the data run from 100 to 130, so the velocity axis can start at 
100. The 0 does not need to be on the graph. 

7. A line should be fit to the data, and its equation given. Under "Chart" choose "Add 
trend line", "Linear", and "Options-Display Equation". Once the line is in place you can edit 
it to insert the correct variable symbols and units. 

Below is a corrected version of the graph. 
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(b) Here is a hand-drawn linear graph. Can you find 10 mistakes?  
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Answer 
 
Problems with this linear graph. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. The title is very poor. It should be in words and explain what is being plotted. 

2. The axis labels should have the quantity in words, for example, "Position, x (cm)." 

3. The label on the vertical axis is reversed from the orientation it should have.  
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4. The axis should have tick marks indicating the major and minor divisions. 

5. The horizontal scale is poorly chosen, with 20 squares = 0.7 sec. This makes it very hard 
to plot a point at 1.32 s, for example. 

6. Data points should be small dots surrounded by a circle. 

7. A ruler should be used to fit a line to the data. 

8. Use widely separated points in order to calculate a slope. 

9. Slope and intercept should have units. 

10. The equation should use the symbols used for the axes, and should have units included. 
So write "x = (4.0 cm/s) t + (0.3 cm)." 

A corrected version of this graph is below. 
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(c) Here is another computer drawn linear graph with problems. Can you find 7 mistakes?  
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Answer 

Corrections to this graph. 

1. The figure is too small! 

2. A much better title is needed. 

3. The axes should be labeled with name and 
units. 

4. A linear fit should be made to the data, not 
"connect the dots." 

5. Gridlines should be on both axes, and 
should be finely spaced. 

6. Bill Gates likes to have the plot area shaded gray. This is not the normal scientific 
procedure which leaves the area white. 

7. The equation of the fit should be on the graph. 

Here is an improvement. 
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 (d) Here is a poor log-log graph on a computer. Can you find 7 mistakes?  
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Answer 
 
Mistakes in a Log-Log plot 

1. The graph is too small. 

2. A better title is needed

3. Axis labels should 
e 

4. Minor gridlines should 

5. Axis labels should be 

s, 

 

6. The vertical axis can 
10". 

7. Fit the data with a line and display its equation. This is done by "Chart", "Add 

The following is a better graph. 

. 

r 

include the name of th
quantity and its units. 

be shown as well as majo
gridlines. 

at the left or bottom of 
the graph. To do this, 
double click on the axi
use the "Patterns" and 
make "Tick Mark Labels
Low". 

start at 10, not 1. To do this double click on the axis, and on "Scale" make "Minimum 

Trendline", "Power" and the "Options", "Display equation". 
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(e) Here is a poor semi-log graph. Can you find 8 mistakes?  
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Answer 

 220



Fixing a poor semi-log plot 

1. Every graph needs a title. 
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2. Axes should be labeled with words and units, for example "Pressure, P (Torr)." 

3. The vertical axis should be rotated counterclockwise by 90 degrees. 

4. You should have tick marks on the horizontal axis. 

5. The horizontal axis has a mistake; it is missing "30": 10, 20, 40, 50, 60! 

6. A logarithmic scale is set up already with numbers next to the tick marks. You cannot 
change these numbers; you can only move the decimal point on them. I really screwed this 
up here! 

7. You do not compute rise on a log scale. Instead use the methods described in the 
manual to find slope. 

8. The equation of the line should appear on the graph. 

Below is my fix to this graph. 
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 (f) Here is a bad semi-log on a computer. Can you find 6 mistakes? 

 

Answer 
 
A bad computer drawn semi-log plot. 

1. The graph is too small. 

2. There should be minor gridlines 
more closely spaced. 

3. There should be a good title. 

4. Axes should be labeled with 
name of quantity and unit, for 
example, "Pressure, P (Torr)." 

5. The horizontal axis label 
should be at the bottom. Do this 
by double clicking on the axis, 
and choosing "Patterns", "Tick 
Mark Labels Low". 

6. Fit the data with a line. Do this by "Chart", "Add trendline exponential", then "Options", 
"Display equation on chart." The equation will use y and x as variables, and have no units. 
You can edit this equation to include units and proper symbols. 

Here is a corrected version. 
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Glossary 

Abscissa The horizontal axis. Usually the independent variable is plotted on the 
abscissa. See ordinate. 

Axis Label Each axis is labeled with the name of the variable, possibly the symbol of 
the variable, and the units. 

Dependent 
Variable 

The variable which we do not control, but only measure. Normally it is 
plotted on the vertical or ordinate. See independent variable. 

Directly 
Proportional 

A linear relationship with an intercept of zero. A graph of a linear 
relationship passes through the origin. 

Error Bars Vertical and/or horizontal marks indicating the possible range of values in 
a graph point. Usually one standard deviation long. 

Graph Paper 
Finely divided grid on which graphs can be drawn. Typically 10 squares to 
the inch, 20 squares to the inch, or 10 squares to the centimeter. Other 
types of graph paper exist. See quadrille paper. 

Independent 
Variable 

The variable over which we have control. Normally it is plotted on the 
horizontal or abscissa. 

Intercept 

For linear or semi-log graphs, the value of the ordinate (vertical) 
coordinate of a graph when the abscissa (horizontal) is zero. For log-log 
graphs, the value of the ordinate when the abscissa equals 1. It is also 
called the Y-intercept. It has the units of the ordinate. See slope, X-
intercept, Y-intercept. 

Log-Log 
Paper 

Both axes are logarithmic scales. The divisions are marked on the paper 
and cannot be changed except to move the decimal point (tick mark 2 can 
be 0.02, 0.2, 2, 20, etc.) Special techniques are used to find slope and 
intercept.  

Ordinate The vertical axis. Usually the dependent variable is plotted on the 
ordinate. See abscissa. 

Quadrille 
Paper 

Usually a coarse grid (4 squares to the inch) useful for making engineering 
drawings, but not suitable for graphs. See graph paper. 

Rise The difference in the vertical coordinates of two points used to find the 
slope. The points should be far apart. See run. 

Run The difference in the horizontal coordinates of two points used to find the 
slope. The points should be far apart. See rise. 

Scale 
The choice of how many graph paper squares will represent 1 unit of the 
data. To allow easy reading of the graph choose 1 unit = 2, 5, or 10 
squares. 

Semi-Log 
Paper 

Graph paper with one axis (usually the horizontal) that is linear and one 
(usually vertical) that is logarithmic. The divisions on the log scale are 
marked and cannot be changed except to move the decimal point. Special 
techniques are used to find slope and intercept.  

Slope 
The quantity M in the straight line equation Y = MX+B, it equals Rise/Run 
and usually has units. See intercept. Special techniques are used to find 
slope and intercept on graphs with log scales. 
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Tick Marks 
Marks that extend into the margins of the graph paper to show exactly 
where the division label (number) is to be applied. See examples on 
graphs in this manual. 

Title The title of a graph should include a Figure number, and useful information 
about what is being plotted. It should not just repeat the axis labels. 

X-Intercept 

For linear or semi-log graphs, the value of the abscissa (horizontal) 
coordinate of a graph when the ordinate (vertical) is zero. For log-log 
graphs, the value of the abscissa when the ordinate equals 1. It has the 
units of the abscissa. See slope, Intercept, Y-intercept. 

Y-Intercept Another name for the intercept. See the definition there. See slope, 
Intercept, Y-intercept. 
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