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1. Physics and Its Relations 
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The November 1995 Hubble Shots of M16


Gas Pillars in the Eagle Nebula M16 


Pillars of Creation in a star-forming region 


These eerie, dark pillar-like structures are actually columns of cool interstellar hydrogen gas and dust that are also incubators for new stars. The pillars protrude from the interior wall of a dark molecular cloud like stalagmites from the floor of a cavern. They are part of the "Eagle Nebula" M16, a nearby star-forming region 7,000 light-years away in the constellation Serpens. 


The pillars are in some ways akin to buttes in the desert, where basalt and other dense rock have protected a region from erosion, while the surrounding landscape has been worn away over millennia. In this celestial case, it is especially dense clouds of molecular hydrogen gas and dust that have survived longer than their surroundings in the face of a flood of ultraviolet light from hot, massive newborn stars (off the top edge of the picture). The tallest pillar (left) is about a light-year long from base to tip. 


As the pillars themselves are slowly eroded away by the ultraviolet light, small globules of even denser gas buried within the pillars are uncovered. These globules have been dubbed "EGGs." EGGs is an acronym for "Evaporating Gaseous Globules," but it is also a word that describes what these objects are. 


Credit: Jeff Hester and Paul Scowen (Arizona State University), and NASA 


Hubble Space Telescope
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2. Models, Theories, Principles, and Laws


 


Model: 	Model is a preliminary theory, or simplified theory. �Example: The planetary (Bohr) model of an atom


Theory: 	Theory is a detailed, well established description of a broad field of phenomena, using a unified mathematical approach and attempting at a quantitative description. �Example: Quantum theory of an atom.


Law: 	Law is a well-established (verified experimentally) statement valid for a wide range of objects and conditions

















3. SI Base Units


(Système International)


1. Meter (m) 	“The metre (m) is the length of the path traveled by light in vacuum during a time interval of 1/299,792,458 of a second” (Adopted in 1983).


2. Kilogram (kg) 	“The kilogram is the mass of the international prototype of the kilogram” (Adopted in 1889 and 1901).


3. Second (s) 	“The second is the duration of 9,192,631,770 periods of the radiation corresponding to the transition between two hyperfine levels of the ground state of the 133Cs  atom” (Adopted in 1967).


4. Ampere (A) 	“The ampere is that constant current which, if maintained in two straight parallel conductors of infinite length, of negligible circular cross section, and placed one meter apart in vacuum, would produce between these conductors a force equal to 2 10-7 newton per meter of length” (Adopted in 1948).


Kelvin (K)	“The kelvin is the fraction 1/273.16 of the thermodynamic temperature of the triple point of water” (Adopted in 1967).


Mole (mol) 	"The mole is the amount of substance of a system which contains as many elementary entities as there are atoms in 0.012 kg of 12C" (Adopted in 1967).


Candela (cd) 	“The candela is the luminous intensity, in a given direction, of a source that emits monochromatic radiation of frequency 540 times 1012 Hz and that has radiant intensity in that direction of 1/683 watt per steradian" (Adopted in 1979).









































Atomic Clock Standard at NIST


The clock readouts are driven from an ensemble of continuously running 133Cs clocks housed in environmentally controlled chambers. Having many clocks in the system provides increased stability and reliability. The clocks show NIST Atomic Time and NIST Coordinated Universal Time (UTC). 


In the picture, you can see the NIST primary frequency standard, NIST-7. This primary standard regulates the length of the second and is part of the system that establishes the U.S. standard of time. This standard is considered one of the most accurate clocks in the world. So precise is the system that it does not lose or gain as much as 0.16 millionths of a second per year (equivalent to about one second in six million years). 


Atomic clock reading are available electronically on the Internet. The primary clock is at the U.S. Naval Observatory (USNO), see


http://tycho.usno.navy.mil/clocks.html.


A software to synchronize your computer clock with the master clock is available at 


ftp://ftp.esd105.wednet.edu/pub/Windows_Internet_Utilities/tardis2a.zip








Atomic Clock Standard NIST-7


at NIST, Boulder, Colorado
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Metric Prefixes of SI


Prefix�
Abbreviation�
Value�
�
tera�
T�
� EMBED Equation.2  ����
�
giga�
G�
� EMBED Equation.2  ����
�
mega�
M�
� EMBED Equation.2  ����
�
kilo�
k�
� EMBED Equation.2  ����
�
hecto�
h�
� EMBED Equation.2  ����
�
deca�
da�
� EMBED Equation.2  ����
�
deci�
d�
� EMBED Equation.2  ����
�
centi�
c�
� EMBED Equation.2  ����
�
milli�
m�
� EMBED Equation.2  ����
�
micro�
� EMBED Equation.2  ����
� EMBED Equation.2  ����
�
nano�
n�
� EMBED Equation.2  ����
�
pico�
p�
� EMBED Equation.2  ����
�
femto�
f�
� EMBED Equation.2  ����
�
� EMBED Equation.2  ���





Changing Units





1. mi/h --> km/s


�� EMBED Equation.2  ���


























4. Measurement and Uncertainty


Every measurement has some uncertainty. Say, velocity


 � EMBED Equation.2  ���


Significant Figures


Quantity�
Significant


Figures�
�
1.32�
3�
�
1.320�
4�
�
1.032�
4�
�
01.032�
4�
�
10.032�
5�
�
0.032�
2�
�
132000.�
6�
�
132000�
Undefined�
�
� EMBED Equation.2  ���� EMBED Equation.2  ����
3�
�
Let � EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���; then the number of significant digits of � EMBED Equation.2  ���� EMBED Equation.2  ���is the least of those in � EMBED Equation.2  ���and � EMBED Equation.2  ���. The same is true for division


5. Rapid (Order-of Magnitude) Estimates


	� EMBED Equation.2  ���How much information can be stored on a CD ROM?





	The recording on CD-ROM is performed by light and the size of one elementary point (bit) of information is on order of wavelength, i.e. 1 micron (1/1 000 000 of a meter). 


The radius of a disk is on order of 5 cm, i.e. 0.05 m. The total area of the disk is approximately � EMBED Equation.2  ���. 


The area occupied by 1 bit is � EMBED Equation.2  ���.  The total number of bits is equal  to


� EMBED Equation.2  ���,


or 1 Gigabyte -- very close to reality.
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