
SCIENTIFIC NOTATION
(i.e. how to handle small & big numbers without using up all

the blackboard….)

Sizes of objects exhibit such a great range that decimal point

notation isn’t practical.  For example…. in decimal pt notation..

Object                     size in cm                   size in miles

Hydrogen atom                       0.0000000106                      0.000000000000065

Human hair                             0.008                                       0.00000005

Boulder                                  1,000,000                                     6

Earth                                        1,274,200,000                               7.865

Milky Way                   160,000,000,000,000,000,000,000      987,654,320,587,654,000

Not practical!!



SCIENTIFIC NOTATION

1 followed by “m” zeros  = 10m 

ex. : 1,000,000 = 106

1 preceded by “m” zeros (including the one before the “dot”) = 10-m

ex. :  0.000001 = 10-6

n followed by “m” zeros  = n x 10m 

ex. : 3,000,000,000 = 3 x 109

n preceded by “m” zeros (including the one before the “dot”)

= n x 10-m

ex. :  0.000000003 = 3 x 10-9

PRACTICE: write the sizes of the objects of previous page in Sc. Not.  



UNIT CONVERSION

Sometimes we might get tired of handling too many zeros….

particularly true for astronomers….

For each class of objects, we tend to use units that minimize

the number of “zeros”.  For example:

Size of pen: more convenient to use 10 cm than 6.25 x 10-5 miles..

Distance from campus to Table Mesa: more convenient to say

3 miles than 4.8 x 105 cm..   

How do we find out how many “pens” we would need if we were

to cover the entire distance from campus to Table Mesa?

Need to “convert” them to the same units first (either miles or cm

in this example); then comparison can be made:

# of pens = 4.8x105/10 = 4.8 x 104.



ELECTROMAGNETIC SPECTRUM

Often in this course you will hear about Gamma-rays, X-rays,

blue light, red light, infrared, radio waves etc.

These are all manifestations of the same phenomenon,  that is

an ELECROMAGNETIC WAVE

Visible light constitutes

just a tiny fraction of the

all electromagnetic

spectrum.

 

Energy

Shorter wavelengths

higher energies



“Dimension” of the waves at various energies 



Different wavelengths “see” different parts of objects

The hand seen through X-rays

The hand seen in infrared



The sky in Gamma-rays         [movie clip produced by  NASA]



NEWTONIAN GRAVITY AND THE PRECURSORS

OF BLACK HOLES: “DARK STARS”

ESCAPE SPEED: min velocity

for the rocket to escape from the

gravitational pull of the Earth



ESCAPE SPEED:

Based on idea that Gravity is a “force” that acts between masses.

! 

V
esc

=
2GM

R

Where “G” is the gravitational constant;

M is the mass and R the radius of the

massive body exerting the pull  

For the Earth; 

! 

V
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Earth

= 25,000 mph = 40000 km/s

For any given body of mass M, there is a radius R*  such that Vesc= c
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The Idea of a Black Hole

John Michell (1783) , Pierre-Simon Laplace (1796):

• Question: What happens if the escape speed from an object is

greater than the speed of light?

• Answer: If light consists of particles of matter, they would not

be able to escape

• The catch: early 19th cent - light is a wave (a disturbance),

not a particle                     BH idea forgotten….

… until Einstein comes along

“dark star” ?



THE LAWS OF PHYSICS IN OUR “SLOW” WORLD

Our everyday experience derives from a world where v<<c 



Let’s first introduce the concept of REFERENCE FRAME:

It consists of an observer and a hypothetical bunch of instruments

that can measure length, time, etc all in the same state of motion

(i.e. not moving with respect to each other).

Inertial reference frame: one not influenced by external forces.

[drawings here and in next slides courtesy of D. Watson]



If V=const (no acceleration)               frames are inertial



SPACE-TIME DIAGRAMS: a way to report

measurements made within one reference frame.

Position, x 
(say, distance from some reference point O)

Time, t 
(on a clock)

“World lines:”

Stationary 
object

Object 
moving 

O



Laws of Physics  in a “slow” world built on the principles that:

TIME AND SPACE ARE ABSOLUTE

Given a meter stick and a clock in one reference frame: 

The stick appears of the same length in any other reference frame.

The clock appears to tick at the same rate in any other reference

frame.

VELOCITIES ARE RELATIVE AND ADDITIVE





What if instead of a ball we have a light beam?

How do we know?   IT IS AN EXPERIMENTAL FACT.



THE MICHELSON-MORLEY EXPERIMENT: 1887

What was believed at the time: 

Light, as an electromagnetic wave, propagates through vibrations

of a mysterious medium, called AETHER, which permeates space

and is at rest with respect to absolute space.

The velocity of light is always the same with respect to the aether. 

Therefore:

The velocity of light will depend on whether the observer is in motion.

Furthermore:

To the Earth, which moves with respect to the absolute space, the

aether will appear like a “wind”.



THE MICHELSON-MORLEY EXPERIMENT: 1887

Basic idea: try to detect differences in the times of light travel

in the direction parallel and perpendicular to that of the motion of

the Earth.

Analogy: river flow             aether wind (due to the Earth motion) 

Two identical swimmers compete swimming over

the two identical distances AB=BC.

Swimmer 1: from B to C (upstream), then from C to

B (downstream).

Swimmer 2: from A to B and then from B to A (both

cross stream).
Swimmer 2 wins.

Analogy: swimmers             light pulses 

Light pulse traveling perpendicular to aether wind should arrive sooner

than light pulse traveling parallel to it. 

[look up my handwritten notes with demonstration if you want to see why]

[drawing by M. Fowler]



THE MICHELSON-MORLEY EXPERIMENT: 1887

Result of the experiment:

NO DIFFERENCES IN TIMES ARE DETECTED

First explanation put forward by Lorentz &Fitzgerald:

There is a “force” that causes a contraction of lengths in the

direction of the motion. The extent of this contraction is

precisely such as to compensate for the longer travel time

of the light pulses in the direction of motion.

… until Einstein comes along…

TRAVEL TIMES ARE THE SAME BECAUSE THE VELOCITY

OF LIGHT IS THE SAME INDEPENDENT OF THE STATE OF

MOTION 



[image from NASA collection]

Finally,  remember that, in classical mechanics, planets move in 

perfectly elliptical orbits, described by KEPLER’s laws. 


