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Homework Problem 9 – Solution 

Chapter 32 

27 

It takes exactly the same amount of energy to raise the electron from its ground state to 
its first quantum level as would be released when the electron makes a transition from its 
first excited level to the ground state. 

Q2 

Since all matter ultimately exhibits wave-like behavior, one can consider the “orbit” of an 
electron as a standing wave around the nucleus, which is a three-dimensional analog of 
the standing wave on a string. The ground state would correspond to the lowest frequency 
standing wave, with just one maximum in the center and no nodes. Each higher harmonic 
would correspond to an excited state of the electron, with higher frequency and hence 
higher energy.  

Q3 

Like light, particles such as electrons also travel as waves which can exhibit ALL of 
those wave properties.  

48 

If the electron in a hydrogen atom obeyed classical mechanics, then it could occupy any 
orbital, not just the selected quantized ones.  Therefore, any energy difference between 
orbitals would be possible and the atom could emit light of any wavelength, which would 
make a continuous spectrum. Also, none of the possible orbits would be stable, and the 
atom would emit electromagnetic waves continuously. 

50 

We can measure things like light intensity, electric current, temperature, etc., because we 
are dealing with zillions of photons, electrons or atoms, and the probabilities become 
much less uncertain.  For example, if you flip one coin, you don’t know what will hap-
pen.  But if you flip 2 trillion coins, then 50% will be heads and 50% will be tails, to a 
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precision of 1 part in a million.  Light, current and temperature are quantities dealing with 
far more than a trillion quantum particles, so the random nature of each particle’s individ-
ual properties averages out to a high degree. 

Q6 

Without the Pauli exclusion principle, there would be no limit on the number of electrons 
that could all be in the lowest-energy (ground state) orbital around a given nucleus. That 
means that, as long as the atom is not excited, all electrons would be exactly in the same 
quantum state. As a consequence, all atoms would have similar sizes (no need for larger-
diameter orbitals), and there would not be a periodic table of elements, since they also 
would all have similar chemical properties. They might still form chemical bonds, but the 
propensity to give up an electron or to accept an extra one would not depend strongly on 
Z, the atomic number. In particular, we would probably not have metals (materials with 
free electrons roaming throughout), nor strongly corrosive substances like Fluorine and 
Chlorine, nor noble gases that barely react at all. 

Q7 – Bonus Question 

Heisenberg’s uncertainty principle states that the uncertainty in position times the uncer-
tainty in momentum must exceed a minimum given by Planck’s constant: 
Dx Dp > h/4π. 
In subatomic units, h = 1240 eV/c x nm (see Formula Sheet). So h/4π =100 eV/c x nm 
(roughly). This means that if the position is uncertain to within 0.1 nm, then the momen-
tum of the electron must be at least uncertain to within Dp > h/4π / 0.1nm = 1000 eV/c. 
 


