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Light and Energy
Electrons traveling around the nucleus of an atom
behave in some ways like waves. In particular, they
have a particular wavelength, and can only move in an orbit whose length is a
multiple of that wavelength, allowing the electron to form a standing wave.
This leads to the possible orbits being separated into different energy levels
depending on how big the orbit is.

As with planetary orbits, the
energy of each electron orbit
level is given as a negative
number, the amount of energy

needed for that electron to break free of the atom. When an
electron transitions from one level to another, it gives off a
single packet of light, called a photon, whose frequency
depends on the amount of energy packed into it. Frequency
is related to energy by a number h, called Planck's
constant.

Actually, all types of light are broken up into packets like
this. Normally we don't notice it, because even very dim
light sends millions of photons per second into our eyes. But
very sensitive cameras, like those used in astronomy, can
actually detect each individual photon from a very dim
source.

. 1 a) What energy of photon would it take to push an electron from the n = 2 orbital up to n = 3? What
frequency is that?

b) What energy of photon would it take to push an electron from the n = 2 orbital up to n = 4? What
frequency is that?

c) The visible portion of the spectrum is shown to the right. What colors are
those two frequencies you just found?



. 2 A microwave oven has a frequency of 2.4×109 Hz.

a) What is the energy of a photon in this oven?

b) A cup of water has a heat capacity of about 950 J / °C. How much energy does it take to heat it by
20 °C? 
Hint: If you don't remember this from the heat unit, just look at the units. How can I put together J / 
°C and °C to get J (Joules of energy)?

c) How many photons does the water absorb to heat that much?

. 3 a) If I double the energy of a photon, what happens to its frequency?

b) What about its wavelength?

. 4 We are used to assuming that higher wavelength waves will go further, because only very big objects
can interfere with them. But when we get wavelengths that are very small, they are suddenly able to
go through matter that regular light cannot. X-rays can go right through your body, and it takes a
couple of inches of lead to block gamma rays.

Using what you know about the structure of matter, explain why very short wavelength waves can go
right through a solid object as if there is nothing there.


