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Problem 1 :  Seeing Is Believing        [8 pts] 
Suppose one undertook a study of the orbits in Hydrogen. According to the 
Bohr theory, the circular orbits have radii rn= n2a0, where a0 ≅0.05nm is the 
Bohr radius. To map the orbits with some precision, it is necessary to 
localize the electrons with a precision of say 0.1a0 . (a) What amount of 
kinetic energy (in eV)  is likely to be transferred to the electron that is under 
observation with a probe that can localize the electrons with this precision? 
(b)Will the Hydrogen atom  remain relatively undisturbed by the 
observation? (c) What do you think of the idea of atomic orbits ?  

 
Problem 2:  Planck’s Oscillators          [12 pts]  
A subatomic particle is connected to a spring and undergoes one-
dimensional motion. (a) Write an expression for the total energy in terms of 
its position x, its mass m, its momentum p and the angular frequency of 

oscillation ω= k
m

.  What is the smallest energy Ec this oscillator can have 

according to classical physics? (b)  Now treat the particle as a wave. Assume 
that the product of the uncertainties in position and momentum is governed 
by the Uncertainly Principle. Also assume that since x and p are on average 
zero, the uncertainty Δx and Δp are typical value of the particle’s position 
and momentum respectively. Calculate the minimum energy Eq of this 
oscillator. (c) How does it compare with Ec ? (d) How does Eq compare with 
minimum energy of Planck’s oscillator ? 


