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Physics

Fundamental Science

_ Concerned with the fundamental principles of the Universe
_ Foundation of other physical sciences
_ Has simplicity of fundamental concepts
Divided into six major areas:

_ Classical Mechanics

_ Relativity

_ Thermodynamics

_ Electromagnetism

~ Optics

~ Quantum Mechanics

* Objectives of Physics

* To find the limited number of fundamental laws that govern natural phenomena
 To use these laws to develop theories that can predict the results of future

« Experiments Express the laws in the language of mathematics

« Mathematics provides the bridge between theory and experiment.




Theory and Experiments

Should complement each other

When a discrepancy occurs, theory may be modified or new theories formulated.

1 Atheory may apply to limited conditions.

1 Example: Newtonian Mechanics is confined to objects traveling slowly with respect to
the speed of light.

1 Try to develop a more general theory Measurements Used to describe natural
phenomena Each measurement is associated with a physical quantity Need defined
standards

Characteristics of standards for measurements

1 Readily accessible

1 Possess some property that can be measured reliably

1 Must yield the same results when used by anyone anywhere

1 Cannot change with time Standards of Fundamental Quantities
Standardized systems



1 Agreed upon by some authority, usually a governmental body
SI - Systeme International (Main system used in this text)
] Agreed to In 1960 by an International committee

« Fundamental Quantities and Their Units

Quantity S| Unit

Length meter
Mass kilogram
Time second
Temperature Kelvin
Electric Current Ampere
Luminous Intensity Candela
Amount of Substance mole




1 In mechanics, three fundamental quantities are used: Length, Mass, Time

1 All other quantities in mechanics can be expressed in terms of the three
fundamental quantities.

Derived guantities can be expressed as a mathematical combination of fundamental
quantities.

Examples:

] Area

1 A product of two lengths

1 Speed

1 Aratio of a length to a time interval
1 Density

1 Aratio of mass to volume



Prefixes

* Prefixes correspond to powers of 10.
 Each prefix has a specific name and has a specific abbreviation.

 The prefixes can be used with any basic units.

* They are multipliers of the basic unit.
 Examples: 1 mm =10-3m1mg=10-3¢g

Prefixes For Power of Ten

Power

10—=4
10—+
1018
l“—lf.
1012
107
107°
10—
10=
101

Prefix
Ve wilio
Zepto
atto
femto
pico
nano
micro
milh
centi
deci

Abbreviation

P
n

m

o

Power

10°
1()0
10"
102
l()lf)
10'%
104!
101

Prefix

kilo
mega
giga
tera
peta
exa
zetla
votta

Abbreviation

k

M
G
T
I

4 -

E
/.
v



Basic Quantities and Their Dimension

Dimension has a specific meaning — it denotes the physical nature of a quantity.
Dimensions are often denoted with square brackets.

1 Length [L]

1 Mass [M]

1 Time [T]

Dimensions and Units

Each dimension can have many actual units.

Table 1.5 for the dimensions and units of some derived quantities

Table 1 Dimension and Unit of Four Derived Quantities

Quantity Area (A) Volume (V) Speed (v) Acceleration (a)
Dimensions |- L3 L L/T=
SI units m- m- m/s m/s”

U.S. customary units ft” i (1/s ft/s"



Dimensions and Units

(Q_uantit.v SI Umnit Dimension
velocir}' m’'s I_.—l"#1
acceleration ' s= I
force N
ke m/'s™ L e e
cenergy (or work) Joule J
N .,
ke m-/s” N
power Watt W
N s
ke m’/s> ¥ 1 S e
pressure ( or stress) Pascal P.
N/m-".
ko'm/s” 3 o i
densit}-' kg 111v3 ML~




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.

1 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

Example: Given the equation: x = ¥2 a2 Check dimensions on each side:

Z
L—;-JF‘/—L

The T<'s cancel, leaving L for the dimensions of each side.

= The equation is dimensionally correct.
= There are no dimensions for the constant.



Dimensional Analysis to Determine a Power Law
Determine powers in a proportionality

= Example: find the exponents in the expression

X oc a@mt"
= You must have lengths on both sides.
= Acceleration has dimensions of L/T2
= Time has dimensions of T.

= Analysis gives x =« gf2
Example

Suppose that the acceleration of a particle moving in circle of radius 7with uniform
velocity vis proportional to the m and v™. Use the dimensional analysis to
determine the power n and m.

Solution
Let us assume agis represented in this expression a= L 2y

Where Ais the proportionality constant of dimensionless unit.
L.
The right hand side [al= ~ T




' The left hand side

Therefore T Jhtm

hence

n+m=1 and m=2

Therefore. n =-1 and the acceleration a is a

K

1 a = ——




Conversion of Units

When units are not consistent, you may need to convert to appropriate ones.

See Appendix A for an extensive list of conversion factors.

Units can be treated like algebraic quantities that can cancel each other out.
Always include units for every quantity, you can carry the units through the entire

calculation.
Multiply original value by a ratio equal to one.

Example:
19.01n ="2¢cn
1 5.01‘1}( £ CI J — 38.1cm

1 Note the value inside the parentheses is equal to 1, since 1 inch is defined as 2.54 cm.



“conversions

Area
1 m?=10"cm?® = 10.76 f®
1 f2 =0.0929m? = 144 in.?
l in.2 = 6.452 cm?

Length
I in. = 2.54 cm (exact)
I m=39.37in. = 3.281 ft
I ft = 0.304 8 m
12in.=1ft
3ft=1vyd
lyd =09144m
I kmm = 0.621 mi
I mi = 1.609 km
I mi =5 280 ft
lpum=10"°"m = 10° nm
1 lightyear = 9.461 X 10" m 1 000 kg = 1 t (metric ton)
I slug = 14.59 kg
lu=1.66X% 10-27 kg = 931.5 MeV/c2

Volume
Il m*=10°cm® = 6.102 X 10*in.?
1f=1728in2=283 X 102m?
1 L=1000cm®= 1.0576 qt = 0.035 3 ft*
1 f* = 7.481 gal = 28.32 L. = 2.832 X 10 2 m?
1 gal = 3.786 L. = 231 in.?

Mass



Force Time

IN=022481b 1 yr = 365 days = 3.16 X 107 s
1lb=4448N lday=24h =144 X 10° min = 8.64 X 10*s
Velocity Energy
I mi/h = 1.47 fi/s = 0447 m/s = 1.61 km/h 1]=0.738 ft-1b
- e v
et -
oo e ’ 1 Btu = 252 cal = 1.054 X 10° ]
Acceleration 1eV=1602xX10"]
1 m/s? = 3.28 fi/s* = 100 an/s? 1 kWh = 3.60 X 10°]
1 ft/s® = 0.304 8 m/s* = 30.48 cm/s°
Power
Pressure I hp = 550 ft-1b/s = 0.746 kW
1 bar = 10°N/m? = 14.50 Ib/in.? W= lj/s = ().738 ft-1b/s

I atm = 760 mm Hg = 76.0 cm Hg
l atm = 14.7 Ib/in.* = 1.013 X 10° N/m?
I1Pa=1N/m?=145X10"*Ib/in.2

I Bou/h = 0.293' W



