Week 1: Day 1
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In this chapter we will explore the following concepts:

1. Measurement of a physical parameter
2. Units, systems of units

3. Basic units in mechanics

4. Changing units

5. Significant figures
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In physics we carry out experiments in which we measure physical
parameters. We then try to deduce the relationship between the
measured quantities. We usually express this relationship in the form of
a mathematical equation, which we call the “physical law,” that
describes the phenomenon under study.
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A familiar example is Ohm’s law. If we plot | versus V we get a straight
line. This is expressed in the form: 1
| = EV +0 V =1R

y=mx+b
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In this course we will use the International System of Units (SI)

In this system the units for the base quantities are:

Parameter Unit Name Symbol
Length meter m
Time second S
Mass kilogram kg

In America the National Institute of Standards and Technology (NIST)
IS charged with maintaining and enhancing these measures.

NIST

General Information - = 8
Standards ond Technology

A-Z subject index Search MIST webspace Contact MIST Home J

For more information see: http://www.nist.gov/index.html
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In 1792 the meter was defined to be one ten-millionth
of the distance from the north pole to the equator.

. AB
10
For practical reasons the meter was later defined as

the distance between two fine lines on a standard
meter bar made of platinum-iridium.

1m

Since 1983 the meter is defined as the length
traveled by light in vacuum during the time

interval of 1/299792458 of a second. The reason
why this definition was adapted was that the
measurement of the speed of light had become
extremely precise.
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Initially the second was defined as follows:

1 <4
24 x60x 60

of the time it takes the Earth :> E ik F-W:
to complete a full rotation i T

about its axis. "

1 second =

en length of
P

Diff
1

The problem with this definition is that the length of the day is not
constant as is shown in the figure.

For this reason, since 1967 the second is defined as the time taken
by 9192631770 light oscillations of a particular wa  velength
emitted by a cesium-133 atom . This definition is so precise that it
would take two cesium clocks 6000 years before their readings would
differ by more than 1 second.
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The Sl standard of mass is a platinum-iridium cylinder shown in the
figure. The cylinder is kept at the International Bureau of Weights and
Measures near Paris and assigned a mass of 1 kilogram. Accurate
copies have been sent to other countries.
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Quite often we have to change the units of a physical parameter. To do that

we must have the conversion factor between one unit and the other.

Appendix D lists several conversion factors between SI units and other units.
Example: Express the highway speed limit of 65 miles per hour in meters per second.

I mile 1609m
1609m 1 mile
1 hour ~3600s

3600s 1hour

1 mile = 1609 m. The conversion factors can be written as: 1

1 hour = 3600 s. The conversion factors can be written as: 1

We use one of the two forms of the conversion factor that eliminates the units
we wish to change and introduces the new units.

In our example:

65 I‘I‘IIIES: 65 miles 1609m 1 hour 19 m
hour hour 1 mile ;A 3600 s S
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A certain parameter, for example the length /. of an object, can be determined
with a varying degree of accuracy. The accuracy depends on the measurement
method and the measuring imstrument. If I measure L with a ruler

(smallest division = 1 mm) I can wnite L as: . = 1.234 m. The length £, 15 given
with four significant figures. It would be meaningless to write L as: . = 1.2345 m
because my ruler cannot measure a fraction of a millimeter. If on the other hand

I use calipers that can measure with an accuracy of 0.1 mm, then I can write
L=12345m, and L 18 given with five sigmficant figures.

In a calculation the number of significant figures cannot be larger than the

number of significant figsures of the parameters used 1n the calculation.
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Example: A car traveling with constant speed v covers a distance d = 123 m

in atime ¢ = 7.898. The speed v 18 given by: v = d_123m =15.5893536 m/s.

t 789s
It 18 meaningless to use nine sigmficant figures to express v because @ and ¢ used

to determine v are known with an accuracy of only three significant figures.

The correct way to express v 18: v = 15.6 m/s, 1.¢. with three significant figures.
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Examine base units

Units in equations

Sample problems
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Units and Dimensions

In physics we measure quantities such the lengéhrobm or the mass of an electron. The measurement
results in a physical quantity consisting of a pure number and a unit. Physsciso discuss
dimensionsof physical quantities. ThH8ystem InternationdfSl) is based on 4 fundamental dimensions,
length, L, time, T, mass, M, and charge Q. All dit&s in this course are combinations of the firsee
"dimensions." Each of these dimensions must be unedsn some type of unit.

The base units that we will use are the S| unis)etimes called mks. Other systems of units aredise
and US Engineering. They are defined in the text.

Quantity | Dimension| Sl Unit cgs US EngineerintyS Engineering
1) (2

Length L meter, m centimeter, cin  foot. ft meter

Mass M kilogram, kg | gram, g slug kg-mass, kgm

Time T second, s second, s second, s second, s

The base units and dimensions are used to find ohiderived quantities. Some of the L
combinations have their own names.

Quantity Sl Unit cgs US EngineeringUsS Engineering (2)
(1)

Area ° m° cnt ft m

Speed L/IT m/s cm/s ft/s m/s

Acceleration| L/T m/s cm/g ft/s” m/s

Force M LU/T | Newton, N | dyne pound, Ib kilogram-force, kgf

IN= 1ldyne = 1b= 1 kof =
1 kg m/3 1gcmfs 1 slug ft/8 SE29.80665 kgm

m/
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Named Prefixes

Your text lists the named prefixes for powers of M@st of the prefixes represent powers of 10 space
by 10°—eg. milli = 10°, micro = 10, etc. Calculators often call thi€fgineering notatiori The
following will be the common prefixes in this coars

nano n 10
micro u 10
milli m 10

centi c 17
kilo k 10°
mega M 16
giga G 14




