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Measurement of any physical quantity involves comparison with a certain
basic, arbitrarily chosen, internationally accepted reference standard called
unit.

Although the number of physical quantities appears to be very large, we need
only a limited number of units for expressing all the physical quantities, since
they are interrelated with one another. The units for the fundamental or base
quantities are called fundamental or base units.

The units of all other physical quantities can be expressed as combinations

of the base units. Such units obtained for the derived quantities are called
derived units. A complete set of these units, both the base units and derived

units, is known as the system of units.



THE INTERNATIONAL SYSTEM OF UNITS

In earlier time scientists of different countries were using different systems of units for
measurement. Three such systems, the CGS, the FPS (or British) system and the MKS
system were in use extensively till recently. The base units for length, mass and time in
these systems were as follows :

In CGS system they were centimetre, gram and second respectively. « In FPS system they
were foot, pound and second respectively. * In MKS system they were metre, kilogram
and second respectively. The system of units which is at present internationally
accepted for measurement is the Systeme Internationale d' Unites (French for
International system of Units), abbreviated as Sl. The SI, with standard scheme of
symbols, units and abbreviations, was developed and recommended by General
Conference on Weights and Measures in 1971 for international usage in scientific,
technical, industrial and commercial work. Because Sl units used decimal system,
conversions within the system are quite simple and convenient.




Table 2.1 SI Base Quantities and Units*

SI Units

Symbol Definition
metre m

The metre is the length of the path travelled by light in vacuum

Base
quantity
Length
during a time interval of 1/299,792,458 of a second. (1983)

Mass kilogram kg The kilogram is equal to the mass of the international prototype
of the kilogram (a platinum-iridium alloy cylinder) kept at
international Bureau of Weights and Measures, at Sevres, near
Paris, France. (1889)

Time second S The second is the duration of 9,192,631.,770 periods of the
radiation corresponding to the transition between the two
hypertine levels of the ground state of the cesium-133 atom.

(1967)
Electric ampere A The ampere is that constant current which, if maintained in
current two straight parallel conductors of infinite length, of negligible

circular cross-section, and placed 1 metre apart in vacuum,
would produce between these conductors a force equal to 2x 1077
newton per metre of length. (1948)

Thermo kelvin K The kelvin, is the fraction 1/273.16 of the thermodynamic

dynamic temperature of the triple point of water. (1967)

Temperature

Amount of mole mol The mole is the amount of substance of a system, which contains

substance as many elementary entities as there are atoms in 0.012
kilogram of carbon - 12. (1971)

Luminous candela cd The candela is the luminous intensity, in a given

intensity direction, of a source that emits monochromatic radiation of

frequency 540x10'* hertz and that has a radiant intensity in
that direction of 1/683 watt per steradian. (1979)



MEASUREMENT OF LENGTH

You are already familiar with some direct methods for the measurement of
length. For example, a metre scale is used for lengths from 10-3m to 102
m. A vernier callipers is used for lengths to an accuracy of 10-4 m. A
screw gauge and a spherometer can be used to measure lengths as less
as to 10 —5m. To measure lengths beyond these ranges, we make use of
some special indirect methods
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MEASUREMENT OF MASS

Mass is a basic property of matter. It does not depend on the temperature,
pressure or location of the object in space. The Sl unit of mass is kilogram
(kg). The prototypes of the International standard kilogram supplied by the
International Bureau of Weights and Measures (BIPM) are available in
many other laboratories of different countries.

In India, this is available at the National Physical Laboratory(NPL),

NewDelhi.



MEASUREMENT OF TIME

To measure any time interval we need a clock. We now use an atomic standard of time,
which is based on the periodic vibrations produced in a cesium atom. This is the basis of the
cesium clock, sometimes called atomic clock, used in the national standards. Such
standards are available in many laboratories. In the cesium atomic clock, the second is taken
as the time needed for 9,192,631,770 vibrations of the radiation corresponding to the
transition between the two hyperfine levels of the ground state of cesium-133 atom.

The vibrations of the cesium atom regulate the rate of this cesium atomic clock just as the
vibrations of a balance wheel regulate an ordinary wristwatch or the vibrations of a small
quartz crystal regulate a quartz wristwatch. The cesium atomic clocks are very accurate. In
principle they provide portable standard. The national standard of time interval ‘second’ as
well as the frequency is maintained through four cesium atomic clocks. A cesium atomic
clock is used at the National Physical Laboratory (NPL), New Delhi to maintain the Indian
standard of time.




ACCURACY, PRECISION OF INSTRUMENTS
AND ERRORS IN MEASUREMENT

Measurement is the foundation of all experimental science and technology.
The result of every measurement by any measuring instrument contains
some uncertainty. This uncertainty is called error. Every calculated quantity
which is based on measured values, also has an error. We shall distinguish
between two terms: accuracy and precision. The accuracy of a
measurement is a measure of how close the measured value is to the true
value of the quantity. Precision tells us to what resolution or limit the

quantity is measured.




Systematic errors

The systematic errors are those errors that tend to be in one direction,
either positive or negative. Some of the sources of systematic errors are

(a) Instrumental errors that arise from the errors due to imperfect design or
calibration of the measuring instrument, zero error in the instrument, etc. For
example, the temperature graduations of a thermometer may be inadequately
calibrated (it may read 104 °C at the boiling point of water at STP whereas it
should read 100 °C); in a vernier callipers the zero mark of vernier scale may
not coincide with the zero mark of the main scale, or simply an ordinary metre
scale may be worn off at one end.



b) Imperfection in experimental technique or procedure To determine the
temperature of a human body, a thermometer placed under the armpit will
always give a temperature lower than the actual value of the body temperature.
Other external conditions (such as changes in temperature, humidity, wind
velocity, etc.) during the experiment may systematically affect the measurement.

(c) Personal errors that arise due to an individual’s bias, lack of proper setting
of the apparatus or individual’s carelessness in taking observations without
observing proper precautions, etc. For example, if you, by habit, always hold
your head a bit too far to the right while reading the position of a needle on the
scale, you will introduce an error due to parallax.

Systematic errors can be minimised by improving experimental techniques,
selecting better instruments and removing personal bias as far as possible. For
a given set-up, these errors may be estimated to a certain extent and the
necessary corrections may be applied to the readings.



Random Errors

The random errors are those errors, which occur irregularly and hence are
random with respect to sign and size. These can arise due to random and
unpredictable fluctuations in experimental conditions (e.g. unpredictable
fluctuations in temperature, voltage supply, mechanical vibrations of
experimental set-ups, etc), personal (unbiased) errors by the observer taking
readings, etc. For example, when the same person repeats the same
observation, it is very likely that he may get different readings everytime
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Least Count Error

The smallest value that can be measured by the measuring instrument is called
its least count. All the readings or measured values are good only up to this
value. The least count error is the error associated with the resolution of the
instrument. For example, a vernier callipers has the least count as 0.01cm; a
spherometer may have a least count of 0.001 cm.

Least count error belongs to the category of random errors but within a limited
size; it occurs with both systematic and random errors. If we use a metre scale
for measurement of length, it may have graduations at T mm division scale
spacing or interval. Using instruments of higher precision, improving
experimental techniques, etc., we can reduce the least count error.

Repeating the observations several times and taking the arithmetic mean of all
the observations, the mean value would be very close to the true value of the
measured quantity.




Gravitational Force

The gravitational force is the force of mutual attraction between any two
objects by virtue of their masses. It is a universal force. Every object
eperiences this force due to every other object in the universe. All objects on
the earth, for example, experience the force of gravity due to the earth. In
particular, gravity governs the motion of the moon and artificial satellites
around the earth, motion of the earth and planets around the sun, and, of
course, the motion of bodies falling to the earth. It plays a key role in the
large-scale phenomena of the universe, such as formation and evolution of

stars, galaxies and galactic clusters.



Electromagnetic Force

Electromagnetic force is the force between charged particles. In the
simpler case when charges are at rest, the force is given by Coulomb’s law :
attractive for unlike charges and repulsive for like charges. Charges in
motion produce magnetic effects and a magnetic field gives rise to a force
on a moving charge. Electric and magnetic effects are, in general,
inseparable — hence the name electromagnetic force. Like the gravitational
force, electromagnetic force acts over large distances and does not need

any intervening medium.



Strong Nuclear Force

The strong nuclear force binds protons and neutrons in a nucleus. It is
evident that without some attractive force, a nucleus will be unstable due
to the electric repulsion between its protons. This attractive force cannot
be gravitational since force of gravity is negligible compared to the electric
force. A new basic force must, therefore, be invoked. The strong nuclear
force is the strongest of all fundamental forces,

A




Weak Nuclear Force

The weak nuclear force appears only in certain nuclear processes such as
the B-decay of a nucleus. In B-decay, the nucleus emits an electron and an
uncharged particle called neutrino. The weak nuclear force is not as weak as
the gravitational force, but much weaker than the strong nuclear and
electromagnetic forces. The range of weak nuclear force is exceedingly
small, of the order of 10—-16 m
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