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Welcome to PHY101: What is 
matter?

http://www.d0.fnal.gov/Run2Physics/WWW/results/fnal/NP/N04C

Lecture 1: What is science?

• Science is the body of knowledge that describes the order                 
within nature and the causes of that order

• Science is an activity dedicated to gathering of knowledge 
about the world and organizing and condensing it into 
testable laws and theories using the Scientific Method

The Scientific Method
1) Observe the world around you
2) Frame a question and formulate a hypothesis
3) Make a prediction based on the your hypothesis
4) Test your prediction with an experiment
5) If prediction is falsified, formulate another hypothesis; if prediction is 

validated, make more predictions

Pioneer of the Scientific Method: Ibn al-Haytham (Alhazen, 965-1039)

Lecture 1: What is science/physics?

• A hypothesis is scientific only if it is falsifiable!

“No number of experiments can prove me right; a single 
experiment can prove me wrong.” –Albert Einstein

• Science versus Pseudoscience

•What is physics? It’s the study of nature, 
which is made up of matter and energy, 
and how “pieces” of nature interact with 
one another via a few fundamental laws.

The atomic hypothesis: The Greeks

Question: Is matter infinitely divisible or is there a 
point at which it can be divided no further?  

Atoms must be made of imperishable stuff into 
which everything can be resolved in the end, 
so that there may be a stock of matter for 
building the world anew.  The atoms, 
therefore, are absolutely solid and unalloyed. 
In no other way could they have survived…to 
keep the world in being. ---Lucretius

Artistotle did not agree with the atomic hypothesis. 

The atomic hypothesis: Dalton

Dalton’s five chemical principles:
1) Matter is made up of individual atoms
2) Each chemical element is made up of identical atoms of a 

particular kind
3) Atoms are unchangeable
4) Chemical elements may combine to form compounds
5) Chemical reactions rearrange atoms into different 

compounds, but not change the numbers of each 
element

Leads to Dalton’s law of multiple proportions:  When two 
elements combine they do so in a ratio of whole numbers.

Dalton’s periodic table
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Experimental evidence for atoms

Brownian motion:  In 1827, botanist John Brown 
watched pollen grains floating on water through 
his microscope. What did he see?

More experimental evidence

Dr. F. J. Giessibl, University of Regensburg

Atomic force microscope

http//nano.tm.agilent.com/blog/wp-content/

Atoms are numerous

http://www.particle.kth.se/fmi/kurs/PhysicsSimulation/Images/6b/fysikb1.jpg

Avogadro’s number  is the number of molecules in 1 mole of any substance. It 
is equal to 

.10x022.6 123 mol

Perrin in 1908 conducted the first measurement of Avogadro’s 
number using Brownian motion.  He obtained 

.10x15.7 123 mol

What is the structure of the atom?

Thomson: Plum pudding model where electrons are the 
raisins and pudding is the postively charged matter.

Atomic structure

Experiments by Rutherford in 1919 indicated that the 
positively charged matter was concentrated at the center of 
the atom---in the nucleus of the atom
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The elements Where did atoms come from?

Scientists have hypothesized that the origin of the universe 
started with empty vacuum.  Quantum  fluctuations of this 
vacuum triggered inflation and ultimately matter and 
energy formed.

Cosmic microwave background radiation


