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• How we measure things!
• All things in classical mechanics can be expressed in

terms of the fundamental dimension or unit:
Dimension Unit

Length L meter (m)
Mass M kilogram (kg)
Time T second (s)

• For example:
Speed has dimension of L / T (i.e. km per hour).
Force has dimension of ML / T2 etc... (as you will

learn).



103 PHYS-Introduction-Part2

عبدالله محمد الزير.د 3

103 Phys 5

103 Phys 6

Length:

Distance Length (m)
Radius of visible universe 1 x 1026

To Andromeda Galaxy 2 x 1022

To nearest star 4 x 1016

Earth to Sun 1.5 x 1011

Radius of Earth 6.4 x 106

Sears Tower 4.5 x 102

Football field 1.0 x 102

Tall person 2 x 100

Thickness of paper 1 x 10-4

Wavelength of blue light 4 x 10-7

Diameter of hydrogen atom 1 x 10-10

Diameter of proton 1 x 10-15



103 PHYS-Introduction-Part2

عبدالله محمد الزير.د 4

103 Phys 7

Time:

Interval Time (s)

Age of universe 5 x 1017

Age of Grand Canyon 3 x 1014

32 years 1 x 109

One year 3.2 x 107

One hour 3.6 x 103

Light travel from Earth to Moon 1.3 x 100

One cycle of guitar A string 2 x 10-3

One cycle of FM radio wave 6 x 10-8

Lifetime of neutral pi meson 1 x 10-16

Lifetime of top quark 4 x 10-25
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Mass:

Object Mass (kg)

Milky Way Galaxy 4 x 1041

Sun 2 x 1030

Earth 6 x 1024

Boeing 747 4 x 105

Car 1 x 103

Student 7 x 101

Dust particle 1 x 10-9

Top quark 3 x 10-25

Proton 2 x 10-27

Electron 9 x 10-31

Neutrino 1 x 10-38
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Units...
• SI (Système International) Units:

mks: L = meters (m), M = kilograms (kg), T = seconds (s)

cgs: L = centimeters (cm), M = grams (gm), T = seconds (s)

• Derived Units :

– Newton, Joule, Watt, Ohm …. and etc.

• British Units:

– Inches, feet, miles, pounds, slugs...

– fps : L = foot, M = pound, T = second

• We will use mostly SI units with mks system, but you may run across

some problems (rarely happen) using British units. You should know

how to convert back & forth.
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SI)International System of Units (7 The 

Quantity SI Units Symbol

Length meter m

Mass kilogram kg

Time second s

Electric current ampere I

Temperature kelvin K

Luminous 
Intensity

candela cd

Amount of 
Substance

mol mol
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Derived Units 

Quantity Unit Abbreviation
In terms of Base 

Units

Force Newton N kg ms-2

Energy & Work Joule J kg m2s-2

Power Watt W kg m2s-3

Pressure Pascal Pa kg / (ms2 )

Electric Charge Coulomb C A s

Electric 
Potential

Volt V kg m2 / (A s3 )

Capacitance Farad F A2 s4 / (kg m2 )

Inductance Henry H kg m2 / (s2 A2 )

Magnetic Flux Weber Wb kg m2 / (A s2 )
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Converting between different systems of units

• Useful Conversion factors:

– 1 inch = 2.54 cm

– 1 m = 3.28 ft

– 1 mile = 5280 ft

– 1 mile = 1.61 km

– 1 mm2 = 0.01 cm2

• Example: convert miles per hour to meters per
second:

s

m
447.0

s

hr

3600

1

ft

m

28.3

1

mi

ft
5280

hr

mi
1

hr

mi
 1 
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used to denote multiple of tenStandard Prefixes : 

Factor Prefix Symbol Factor Prefix Symbol

10-1 deci d 101 deka da

10-2 centi c 102 hecto h

10-3 milli m 103 kilo k

10-6 micro m 106 Mega M

10-9 nano n 109 Giga G

10-12 pico p 1012 Tera T

10-15 femto f 1015 Peta P

10-18 atto a
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In 1971, the 14th General Conference on Weights and Measures picked

seven quantities as base quantities, thereby forming the basis of the

International System of Units, abbreviated SI from its French name and

popularly known as the metric system.

Some SI Base Units

Quantity Unit Name Unit Symbol

Length meter m

Time second s

Mass kilogram kg
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1-4 Length
 The meter is the length of the path traveled by light in a vacuum during 

a time interval of 1/299 792 458 of a second.

c = 299,792,458 m/s
1-5 Time
 One second is the time taken by 9 192 631 770 oscillations of the light 
(of a specified wavelength) emitted by a cesium-133 atom.

1-6 Mass
 The carbon-12 atom, by international agreement, has been assigned 

a mass of 12 atomic mass units (u). The relation between u and kg is 

1 u = 1.6605402 x 10-27 kg
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Atomic Density

• In dealing with macroscopic numbers of atoms (and similar 
small particles) we often use a convenient quantity called 
Avogadro’s Number,  NA = 6.02 x 1023.

• Molar Mass and Atomic Mass are nearly equal 

1. Molar Mass = mass in grams of one mole of the 
substance.

2. Atomic Mass = mass in u (a.m.u.) of one atom of a 
substance, is approximately the number of protons and 
neutrons in one atom of that substance.

• Molar Mass and Atomic Mass are other units for density.

  23

12 

6 10

g / mol
M carbon

atoms / mol




What is the mass of a single carbon atom ?

= 2 x 10-23 g/atom
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Basic Quantities and Their Dimension

• Dimension has a specific meaning – it denotes the physical
nature of a quantity

• Dimensions are denoted with square brackets

– Length [L]

– Mass [M]

– Time [T]
Dimensions and Units
Each dimension can have many actual units. Table below for the dimensions and units of 
some derived quantities
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Dimensional Analysis

• Technique to check the correctness of an equation or to assist in deriving

an equation

• Dimensions (length, mass, time, combinations) can be treated as algebraic

quantities

– add, subtract, multiply, divide

• Both sides of equation must have the same dimensions

• Any relationship can be correct only if the dimensions on both sides of the

equation are the same

• Cannot give numerical factors: this is its limitation
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An extremely useful concept in solving physical problems

Good to write physical laws in mathematical expressions

No matter what units are used the base quantities are the same

 Length (distance) is length whether meter or inch is used to 

express the size: Usually denoted as [L]

 The same is true for Mass ([M])and Time ([T])

 One can say “Dimension of Length, Mass or Time”

 Dimensions are used as algebraic quantities: Can perform 

algebraic operations, addition, subtraction, multiplication or 

division

Dimensional Analysis
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• This is a very important tool to check your work
– It’s also very easy!

• Example:

Doing a problem you get the answer for distance d = v t 2 ( velocity x 

time2 )

Quantity on left side   = L
Quantity on right side =  L / T  x  T2  = L x T

• Left units and right units don’t match, so answer must be wrong !!

Dimensional Analysis
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One can use dimensions only to check the validity of one’s expression: 

Dimensional analysis

]1-TL][T]=[L]/[v] = [Speed [eg: 

Distance (L) traveled by a car running at the speed V in time T

L = V*T = [L/T]*[T]=[L]

More general expression of dimensional analysis is using exponents: 

1-and m = 1 where n = ] 1-TL][ ] =[mTnLv]=[[eg. 

Dimensional Analysis
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• The force (F) to keep an object moving in a circle can be described in
terms of the velocity (v, dimension L/T) of the object, its mass (m,
dimension M), and the radius of the circle (R, dimension L).

– Which of the following formulas for F could be correct ?

Remember:  Force has dimensions of ML/T2

2mv
F

R


2
v

F m
R

   
 

(a) (b) (c)F = mvR

• There is a famous Einstein's equation connecting energy and mass
(relativistic). Using dimensional analysis find which is the correct form
of this equation :

E  mc3E  mc2(a) (b) (c)E  mc

Dimensional Analysis
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Density

 Every substance has a density, designated  = M/V

Dimensions of density are,                       units (kg/m3)3

M
ρ

L


• Some examples,

Substance  (103 kg/m3)

Gold 19.3

Lead 11.3

Aluminum 2.70

Water 1.00
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Review of Trigonometry

SOHCAHTOA

A

O
H


sin  

O

H
sin  

O

H

cos 
A

H
cos 

A

H

tan  
O

A
tan  

O

A

For right triangles only!

H2 = A2 + O2Pythagorean Theorem
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Scalars and Vectors
Vocabulary:

Scalars are numbers
Examples:  10 meters

75 kilometers/hour

Vectors are numbers with a direction
Example: 10 meters to the right

75 kilometers/hour north

Scalar:   25 meters
Vector:   25 meters north

Scalar:   25 meters
Vector:   25 meters east

More about vectors will be discuss later


