
The Nature of Science 
   “It doesn’t matter how beautiful your theory is, it 

doesn’t matter how smart you are. If it doesn’t agree 
with experiment, it’s wrong.”  

Richard Feymann, Nobel prize winner in physics. 

   “The first principle is that you must not fool yourself 
and you are the easiest person to fool.”  

   “It pays to keep an open mind, but not so open your 
brains fall out.”  

Carl Sagan, astronomer, creator of the Cosmos TV series. 



Scientific Thinking  
•  It is a natural part of human behavior. 
•  We draw conclusions based on our experiences. 
•  Progress is made through “trial and error.” 



Science starts 
with curiosity ... 
something that is 
born in all of us. 
 
 
The starting point 
is to find patterns 
in the natural 
world. 





                          LOGIC : DEDUCTION Deduction combines 
statements or premises 
and combines them to 
reach a conclusion. 
 
The conclusion is valid 
only if the premises are 
justified and the logical 
construction is correct. 
 
Deduction preserves 
truth but doesn’t always 
expand knowledge. 
 
i.e. symbolic logic, 
arithmetic, algebra 

 2 + 2 = 4 
 



                          DEDUCTION Induction involves a 
generalization from a 
limited amount of data 
to a broad conclusion. 
 
Induction cannot yield 
certainty, but backed by 
a lot of data, gives very 
reliable conclusions. 
 
Induction can expand 
knowledge so is a basic 
tool of science. 
 
i.e. data is always finite 
so theories are always 
subject to verification. 
 

                                LOGIC : INDUCTION 



                        Cause and Effect 
 
It would be difficult to make sense of the world if we did not believe in 
cause and effect, that things do not happen without a reason. 



Correlation 
Y 

X 

No correlation? 
Linear correlation? 
Non-linear correlation? 



Causation? 

Correlation need not imply causation; underlying variable is time 



                            Determinism 
 
On the other hand, the universe does not work like a machine or like 
clockwork, where everything is perfectly and completely predictable. 



          Heisenberg Uncertainty Principle 
 
Uncertainty is a fundamental property of nature.  We cannot 
simultaneously know the position and speed of a particle.  

Electron probability cloud 
in an atom 



The Importance of Evidence  

•  There is no science without evidence. 
•  All assertions must be supported by data. 
•  Every claim in science is subject to verification. 

Science is data-driven, so progress is made by: 
 

 1. Gathering more data 
 

 2. Repeating the experiment 
 

 3. Someone else repeating the experiment 

GOOD! 

BETTER!! 

BEST!!! 



What is Evidence? 
Evidence is anything that is helpful in drawing a conclusion.  

Scientific evidence is: 
 
•  based on data 

•  reproducible 

•  quantitative 

•  not subjective 

•  never perfect 



Here are observations of 
Saturn made in the first 
fifty years after the 
invention of the telescope 
(1610-1660) 
 
Which one shows 
the way Saturn 
“really looks?”  
 
Science progresses at the 
limit of observation. We 
always want more and 
better data. 



Hubble Space Telescope view of Saturn 



All observations are 
uncertain at some level, 
due to limitations in the 
measuring apparatus. This 
is not really like “errors.” 
 
Where is the star 
really on the sky?  
 
Multiple measurements 
are needed to define the 
uncertainty. Taking more 
data gives a more reliable 
estimate and a measure of 
the uncertainty. 



Uncertainty, imprecision, and error arise three different ways: 

CONCEPTUAL 

MACROSCOPIC 

MICROSCOPIC 

Making a false premise, confusing 
correlation with causation, inferring 
a pattern where none is present  

There is no such thing as perfect 
data. Every data set is limited and 
every instrument has limitations   

Heisenberg’s uncertainty principle 
sets a fundamental limit to precision 
for measurement of particle position 
and velocity, or energy and time   

Science has Limitations  



EXPLORATION:                             <1 MILLION MILES 



REMOTE SENSING:                        1 BILLION MILES 



FREE SAMPLES:                           10 BILLION MILES 



For 99.999999999999999999999999999% of the universe, 
including all stars and all galaxies, the evidence is indirect. 





•  Science seeks explanations for observed phenomena that 
rely solely on natural causes. 

•  Science progresses through the creation and testing of 
models of nature that explain the observations as simply 
as possible. 

 Occam’s Razor 
•  A scientific model must make testable predictions that 

could force us to revise or abandon the model. 
•  Plus, role of luck and persistence: A human enterprise! 

Hallmarks of Good Science 

: a model which survives repeated testing Theory 



What is a Theory? 
A theory is a coherent idea that explains some aspect of the 
natural world. It’s much stronger than a hunch or a guess. 

Good theories are: •  predictive 
•  broadly applicable 
•  testable and can be refuted 
•  based on data or observations 



Example: Theory of Gravity 

Sir Issac Newton 



Newton’s Theory of Gravity 





Newton’s Theory of Gravity Explains 
Orbits of the Planets 



Halley’s Comet – another test of 
Newton’s theory 





Halley’s Comet:  Orbital Period of 75 years 



Newton’s Theory of Gravity Explains 
Periodic Return of Halley’s Comet 



Prediction: Newton’s Theory of Gravity – 
A new planet outside of Uranus 



Evidence: Newton’s Theory of Gravity – 
Discovery of Neptune 



Another Problem:  Mercury’s Orbit Not Perfect 



Prediction: Another Planet – “Vulcan” – inside 
Mercury’s Orbit 

NEVER OBSERVED! 



A New Theory of Gravity: General Relativity 

Einstein 



A New Theory of Gravity: General Relativity 

Mass “warps” 
spacetime.  This is a  
2 dimensional analogy 



Prediction: Einstein’s Theory of Gravity 



Evidence for General Relativity : 
Gravitational Lens 



Is General Relativity the final Theory of Gravity? 


