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Introduction 
 

For most of human history, our scientific practices and pursuits rested on the belief that the physical 
world was made up of determinate and well-defined puzzle pieces. More importantly, we believed 
that these puzzle pieces were physically like the larger objects they constituted when pieced together. 
As early as 400 BCE, the Greek natural philosophers Leucippus of Miletus and Democritus of Abdera 
proposed that the universe was made of infinite tiny atoms in a vast void. These atoms, the 
fundamental building blocks of the universe, were believed to be solid, indivisible, and unchanging. 
All visible changes in the physical world were attributed to the movement of these atoms, which 
created new objects and new physical states simply by rearranging themselves. Over time, our 
understanding of the atom evolved into a more nuanced and sophisticated model. But even as our 
scientific models developed, there remained an assumption that the physical universe could be 
reduced down to fundamental pieces with clear, determinate characteristics.  

In the 17th century, the newly-developed Newtonian mechanics demonstrated an impressive and 
authoritative predictive power. In combination with the reductionist view of the material world that 
atomic theory offered, Newtonian mechanics advocated a deterministic picture of the universe: it was 
believed that all physical events in the present and in the future could be traced back to a past cause. 
In principle, anyone who knew the position and state of motion of all particles in the universe could 
predict how the future of the universe would unfold, simply by calculating where all the particles 
would end up at a later time. 

Then, over the course of the 19th century, a series of experimental mysteries began to unfold that 
classical physics (that is, physics before quantum theory) could not explain. According to classical 
physics, electrons should lose energy as they orbit an atomic nucleus – so what keeps electrons in 
orbit despite this loss of energy, against the odds of the attractive force pulling them toward the 
nucleus? And why do black bodies radiate finite energy, when radiated energy should increase 
boundlessly as waves with higher and higher frequencies are considered in the emission spectrum? 
The early quantum theorists were forced to take a few steps backward and relinquish some of the 
fundamental assumptions that classical physics had taken for granted. In doing so, they pieced 
together a picture of the physical world that was very different from the picture we had originally 
imagined. 

This article introduces three of the most important experimental discoveries that prompted the rise 
of quantum theory. There are many more experiments that pioneered quantum mechanics in the 
early 20th century, and indeed, hints, clues, and first ideas of quantum principles date back to even 
before the 19th century. Nevertheless, these three experiments mark pivotal moments in the history 
of modern physics, and built the stage for many of the other ground-breaking discoveries that 
prompted the jump from classical to quantum theory. 

 



The Ultraviolet Catastrophe and Blackbody Radiation 
Wien, Boltzmann and Planck, Einstein’s photoeletric effect 

Stern-Gerlach Experiment 
 

Young’s Double Slit Experiment and Electron Diffraction 
 Young’s original Double Slit experiment to demonstrate light is a wave (not a stream of 

particles) 
 Einstein photoelectric effect  de Broglie’s wave-particle duality hypothesis 
 Davisson & Germer, Thomson 
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