
1.4.1 https://phys.libretexts.org/@go/page/47013

1.4: A Preview of Some Modern Physics
“Mommy, why do you and Daddy have to go to work?” “To make money, sweetie-pie.” “Why do we need money?” “To buy food.”
“Why does food cost money?” When small children ask a chain of “why” questions like this, it usually isn't too long before their
parents end up saying something like, “Because that's just the way it is,” or, more honestly, “I don't know the answer.”

The same happens in physics. We may gradually learn to explain things more and more deeply, but there's always the possibility
that a certain observed fact, such as conservation of mass, will never be understood on any deeper level. Science, after all, uses
limited methods to achieve limited goals, so the ultimate reason for all existence will always be the province of religion. There is,
however, an appealing explanation for conservation of mass, which is atomism, the theory that matter is made of tiny, unchanging
particles. The atomic hypothesis dates back to ancient Greece, but the first solid evidence to support it didn't come until around the
eighteenth century, and individual atoms were never detected until about 1900. The atomic theory implies not only conservation of
mass, but a couple of other things as well.

First, it implies that the total mass of one particular element is conserved. For instance, lead and gold are both elements, and if we
assume that lead atoms can't be turned into gold atoms, then the total mass of lead and the total mass of gold are separately
conserved. It's as though there was not just a law against pickpocketing, but also a law against surreptitiously moving money from
one of the victim's pockets to the other. It turns out, however, that although chemical reactions never change one type of atom into
another, transmutation can happen in nuclear reactions, such as the ones that created most of the elements in your body out of the
primordial hydrogen and helium that condensed out of the aftermath of the Big Bang.

Second, atomism implies that mass is quantized, meaning that only certain values of mass are possible and the ones in between
can't exist. We can have three atoms of gold or four atoms of gold, but not three an a half. Although quantization of mass is a
natural consequence of any theory in which matter is made up of tiny particles, it was discovered in the twentieth century that other
quantities, such as energy, are quantized as well, which had previously not been suspected.

self-check:

Is money quantized?

(answer in the back of the PDF version of the book)

If atomism is starting to make conservation of mass seem inevitable to you, then it may disturb you to know that Einstein
discovered it isn't really conserved. If you put a 50-gram iron nail in some water, seal the whole thing up, and let it sit on a
fantastically precise balance while the nail rusts, you'll find that the system loses about  kg of mass by the time the nail
has turned completely to rust. This has to do with Einstein's famous equation . Rusting releases heat energy, which then
escapes out into the room. Einstein's equation states that this amount of heat, , is equivalent to a certain amount of mass, . The 
 in the  is the speed of light, which is a large number, and a large amount of energy is therefore equivalent to a very small

amount of mass, so you don't notice nonconservation of mass under ordinary conditions. What is really conserved is not the mass, 
, but the mass-plus-energy, . The point of this discussion is not to get you to do numerical exercises with  (at

this point you don't even know what units are used to measure energy), but simply to point out to you the empirical nature of the
laws of physics. If a previously accepted theory is contradicted by an experiment, then the theory needs to be changed. This is also
a good example of something called the correspondence principle, which is a historical observation about how scientific theories
change: when a new scientific theory replaces an old one, the old theory is always contained within the new one as an
approximation that works within a certain restricted range of situations. Conservation of mass is an extremely good approximation
for all chemical reactions, since chemical reactions never release or consume enough energy to change the total mass by a large
percentage. Conservation of mass would not have been accepted for 110 years as a fundamental principle of physics if it hadn't
been verified over and over again by a huge number of accurate experiments.
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