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Lecture Content

Units

Density and atomic mass
Dimensional analysis

Conversion of units

Estimates and order of magnitude
Significant figures
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Dimensions and Units

The laws of physics are expressed in mathematical
form among physical quantities (F=m a)

e Length, mass, time
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Unit Systems

* Length: metre (m), mass: kilogram (kg), time: second
(s).

* Length: foot (ft), mass: pound “mass” (Ib,,), time:

second (s).
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Length, Mass, and Time

Metre is the unit of length. Defined as the distance
travelled by light in vacuum in a time period
1/299792458 s.

Kilogram is the unit of mass. Defined as the mass of a
specific platinum—iridium alloy cylinder.
The second (s) iIs now defined as 9192631770 times

the period of V|brat|on of radlatlon from the Cesium
atom. |

Atomic clock
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Some typical measured values

Approximate Values of Some Measured Lengths Approximate Values of Some Time Intervals
Length {(m) Time
- Interval (s}

Distance from the Earth to the most remote known quasar 1.4 % 10%
Distance from the Earth to the most remote normal galaxies 0 % 10 Age of the Universe 5 % 1017
Distance from the Earth to the nearest large galaxy 2 % 102 Age of the Earth 1.3 X 1017
(M 31, the Andromeda galaxy) Average age of a college student 6.5 % 108
Ihstance from the Sun to the nearest star (Proxima Centaur) 4 =% 1016 One year 3.2 % 107
One lighr}-’ear .46 = 1015 One day {time interval for one revolution of the Earth about its axis) A6 10t
Mean orbit rachius of the Earth about the Sun 1.50 = 101 One class period 3.0 X 10°
Mean distance from the Earth to the Moon 3,84 % 108 Time interval between normal heartheats 8 x 10!
Distance from the equator to the North Pole L. = 107 Penod of audible sound waves ~ 1073
Mean radius of the Earth 6.87 »= 109 Period of typical radio waves ~ 108
Typical altitude (above the surface) of a 2 % 10° Period of vibration of an atom in a solid ~10718

satellite orbiting the Earth Period of wsible ight waves ~ 10715
Length of a foothall field 0.1 x 10! Duration of a nuclear collision ~ 10722
Length of a housefly B ¥ 1078 Time interval for light to cross a proton ~ 102
Size of smallest dust particles ~ 1074

Size of cells of most living organisms ~ 107"

Masses of Various Objects
Approximate Values'
Dhameter of a hydrogen atom ~10-10 (App )

Dhameter of an atomic nucleus ~ 10714

Mass (kg)

Dhameter of a proton ~ 10718

Generating about typical values of quantities is
important because when solving problems you must
think about your end result and determine if it seems

reasonable. If you are calculating the mass of a car and

arrive at a value of 10 kg, this is unreasonable—there is
an error somewhere.
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Observable ~ 1072

Universe
Milky Way ~ 1042
galaxy
Sun 1.99 = 10%
Earth 5.98 x 10
Moon 7.36 % 10%2
Shark ~ 1P
Human ~ 102
Frog ~ 1071
Mosquito ~ 1078
Bacterium ~1 % 10718
Hydrogen 1.67 % 10727
atom

9,11 % 1075

Electron




Prefixes for power of ten

Prefixes for Powers of Ten

Power Abbreviation
:r'l:l CL
zep (8]
atto
femto
[:-iu:-::- N
n::_a?m::. MOSt
miero frequentl
milli q y
centl used
deci prefixes and
mega memorised
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Conversion of Units
(between the same unit system)

A measured quantity can be expressed in terms of any
units provided the appropriate dimension is used.
Velocity can be expressed as m/s, km/hr, mm/day,
In/year, ft/s. (length / time).

Use conversion factor to convert from one unit to
another. Ex: convert 36 mg to g?

36 mg =36 x 103 g.
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Conversion Factors

Conversion factor should be memorised.

Mass
| 000 kg = 1t (metric ton)

Len @t fa
l n. = 254 cm (exact)
l m = 30.57 in. = 3.281 fi
1l fi = 0304 B m

12in.=1H

| slug = 14.59 kg
l u=1.66 X 10727 kg

Fft=1 ‘i.l.'].

lyd = 0.914 4 m 1lb, =0.454 kg

Il km = 0,621 mua

Il m1 = 1.600 km
1 m1 = 59280 ft

1 vr = 365 days = 3,16 % 1V s

l day = 24 h = 1.44 % 10° min = 8.64 X 10%s

+— B .-
l o = 107" m = 10" nm

These factors to start with, some will be introduced in the
lectures.

g - v
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Conversion of Units
(between systems of unit)

Use conversion factor to convert from one system of
unit to another. Ex: convert 23 Ib , ft/min? to its
equivalent in kg.cm/s??

231b., - ft 10.454 kg\ /100 cm\ /1 min? kg-cm
231w _Jt (g)( )( )=0.088 gsz

min? 11b,, 3.28 ft/ \ 60%s?
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Density and Atomic Mass

The density is defined as the mass per unit volume.

m
P=7

Density of water 1000 kg/m? , and for aluminium 2700
kg/m?3
Densities of Various Substances

Substance Density p (10% kg/m?)

Platinum 21.45
GCold 19.3
Uranium 18.7
Lead 11.3
Copper 5.92
Iron 7.86
Aluminum 2.70
Magnesium 1.75
Water 100

Adr at atmospheric pressure 00012

N -
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Atomic Mass

The atomic mass of an element is defined as the mass
of a single atom of the element. It is measured by
atomic mass units (u = 1.66 x 1027 kg).

A solid cube of aluminum (density 2.70 g/cm”) has a vol-
ume of 0.200 cm®. It is known that 27.0 g of aluminum con-

tains 602 % 10 atoms. How manv aluminum atoms are
contained in the cube?

Important to
understand solving
problems by the
ratio technique

= 1.20 ¥ 10*% atoms
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Estimates and order of magnitudes
calculations

0.008 6 ~ 1072 790 — 103
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Number of Significant Figures

You have a ruler and want to measure a rectangular
piece of wood. The accuracy of the ruler used is + 0.1
cm.

The measured length = 5.5 cm and

Measured width is 6.4 cm.

The actual length should be written taken into account
the accuracy of the apparatus used (ruler) = 5.5£0.1 cm
l.e. the length can be 5.4 to 5.6 cm.

The width iIs also 6.4 + 0.1 cm , I.e. 6.3 to 6.5 cm.
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Number of Significant Figures

What if it is required to find the area of the piece?
Easy: 5.5 x 6.4 = 35.2 cm?

The answer has 3 significant figures????

When muluplying several quantities, the number of significant figures in the final

answer is the same as the number of significant figures in the quantty having the
lowest number of significant figures. The same rule applies to division.

The answer should have only two significant figures:

i.e. 35 cm?

IV Rl oz (g o1l (5.4 cm) (6.3 cm) = 34 cm® (5.6 cm) (6.5 cm) = 36 cm?

y g - -~ 2| X
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Number of Significant Figures

Zero may or not be significant figure.

When it used to place or position the decimal point it is not
counted as a significant figure like 0.0075, 0.03 (two and
one significant figures)

What about the mass of an object = 1500 g. what is the
significant figures used here?

This value is ambiguous because we do not know whether
the last two zeros are being used to locate the decimal point
or whether they represent significant figures in the

measurement.

x 102 g for 2, 3.anc
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