


Som
etim

es 
quantum

 
particles 

can 
go 

through 
w

alls, as if an invisible tunnel opened up before 
them

. In 1958, Leo Esaki dem
onstrated this tunne-

ling in sem
iconductor devices.   

In 1995, W
olfgang Ketterle, w

ith other physi-
cists, discovered that at really cold tem

peratures 
som

e atom
s in a gas can behave like one collec-

tive quantum
 w

ave, a state of m
atter called a 

Bose-Einstein condensate. 
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In 
1911, 

Kam
m

erlingh 
O

nnes 
discovered 

that 
w

hen som
e m

aterials are cooled to very low
 tem

-
peratures, their electrons becom

e like one huge 
quantum

 w
ave. This w

ave expels all m
agnetic 

fields and repels m
agnets, allow

ing for levitation. 

In 1924, Prince Louis de Broglie discovered that 
any quantum

 object, such as an electron or an 
atom

, behaves both as a particle and as a w
ave. 
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In 1928, Paul D
irac proposed that for every type 

of particle there is an antiparticle that has the 
sam

e m
ass but opposite electric charge. If they 

interact w
ith each other, they are annihilated and 

produce light.

In 
1905, 

A
lbert 

Einstein 
proposed 

that 
light 

consists of lots of little w
aves called photons that 

have energies linked to their frequencies. This al-
low

ed him
 to explain how

 light ejects electrons 
from

 m
etal, a process called the photoelectric 

effect. 
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In 1925, W
olfgang Pauli proposed that in an 

atom
, tw

o electrons w
ith the sam

e characteristics 
cannot be in the sam

e space at the sam
e tim

e.   

In 1927, W
erner H

eisenberg proposed that you 
cannot sim

ultaneously know
 a quantum

 particle’s 
position and speed.  The m

ore accurately you 
know

 one, the less accurately you know
 the other. 
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In 1925, Erw
in Schrödinger designed an equation 

that enabled him
 to find the energies of any quan-

tum
 particle. Such particles display a “quantized” 

behavior: they can only have certain energies 
and they jum

p suddenly from
 one energy level to 

another.  

Pyotr Kapitsa discovered in 1937 that som
e li-

quids, called superfluids, behave like giant quan-
tum

 w
aves at very cold tem

peratures. They have 
no friction and therefore pass through the bottom

 
of m

ost ceram
ic containers, including your coffee 

cup. 
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