
CONSERVATION OF MASS 

 
Change is impossible, claimed the ancient Greek philosopher Parmenides. His 

work was nonscientific, since he didn't state his ideas in a form that would allow 

them to be tested experimentally, but modern science nevertheless has a strong 

Parmenidean flavor. His main argument that change is an illusion was that 

something can't be turned into nothing, and likewise if you have nothing, you can't 

turn it into something. To make this into a scientific theory, we have to decide on a 

way to measure what “something” is, and we can then check by measurements 

whether the total amount of “something” in the universe really stays constant. How 

much “something” is there in a rock? Does a sunbeam count as “something?” Does 

heat count? Motion? Thoughts and feelings. 

If you look at the table of contents of this book, you'll see that the first four 

chapters have the word “conservation” in them. In physics, a conservation law is a 

statement that the total amount of a certain physical quantity always stays the 

same. This chapter is about conservation of mass. The metric system is designed 

around a unit of distance, the meter, a unit of mass, the kilogram, and a time unit, 

the second. Numerical measurement of distance and time probably date back 

almost as far into prehistory as counting money, but mass is a more modern 

concept.  



Until scientists figured out that mass was conserved, it wasn't obvious that there 

could be a single, consistent way of measuring an amount of matter, hence jiggers 

of whiskey and cords of wood. You may wonder why conservation of mass wasn't 

discovered until relatively modern times, but it wasn't obvious, for example, that 

gases had mass, and that the apparent loss of mass when wood was burned was 

exactly matched by the mass of the escaping gases. 

Once scientists were on the track of the conservation of mass concept, they began 

looking for a way to define mass in terms of a definite measuring procedure. If 

they tried such a procedure, and the result was that it led to nonconservation of 

mass, then they would throw it out and try a different procedure. For instance, we 

might be tempted to define mass using kitchen measuring cups, i.e., as a measure 

of volume. Mass would then be perfectly conserved for a process like mixing 

marbles with peanut butter, but there would be processes like freezing water that 

led to a net increase in mass, and others like soaking up water with a sponge that 

caused a decrease. If, with the benefit of hindsight, it seems like the measuring cup 

definition was just plain silly, then here's a more subtle example of a wrong 

definition of mass. Suppose we define it using a bathroom scale, or a more precise 

device such as a postal scale that works on the same principle of using gravity to 

compress or twist a spring.  



The trouble is that gravity is not equally strong all over the surface of the earth, so 

for instance there would be nonconservation of mass when you brought an object 

up to the top of a mountain, where gravity is a little weaker. 

Although some of the obvious possibilities have problems, there do turn out to be 

at least two approaches to defining mass that lead to its being a conserved quantity, 

so we consider these definitions to be “right” in the pragmatic sense that what's 

correct is what's useful. 

One definition that works is to use balances, but compensate for the local strength 

of gravity. This is the method that is used by scientists who actually specialize in 

ultraprecise measurements. A standard kilogram, in the form of a platinum-iridium 

cylinder, is kept in a special shrine in Paris. Copies are made that balance against 

the standard kilogram in Parisian gravity, and they are then transported to 

laboratories in other parts of the world, where they are compared with other masses 

in the local gravity. The quantity defined in this way is called gravitational mass. 

 

Figure b: A measurement of gravitational mass: the sphere has a gravitational mass of five kilograms. 



 A second and completely different approach is to measure how hard it is to change 

an object's state of motion. This tells us its inertial mass. For example, I'd be more 

willing to stand in the way of an oncoming poodle than in the path of a freight 

train, because my body will have a harder time convincing the freight train to stop. 

This is a dictionary-style conceptual definition, but in physics we need to back up a 

conceptual definition with an operational definition, which is one that spells out the 

operations required in order to measure the quantity being defined. We can 

operationalize our definition of inertial mass by throwing a standard kilogram at an 

object at a speed of 1 m/s (one meter per second) and measuring the recoiling 

object's velocity. Suppose we want to measure the mass of a particular block of 

cement. We put the block in a toy wagon on the sidewalk, and throw a standard 

kilogram at it. Suppose the standard kilogram hits the wagon, and then drops 

straight down to the sidewalk, having lost all its velocity, and the wagon and the 

block inside recoil at a velocity of 0.23 m/s. We then repeat the experiment with 

the block replaced by various numbers of standard kilograms, and find that we can 

reproduce the recoil velocity of 0.23 m/s with four standard kilograms in the 

wagon. We have determined the mass of the block to be four kilograms.
1
 Although 

this definition of inertial mass has an appealing conceptual simplicity, it is 

obviously not very practical, at least in this crude form.  

http://physwiki.ucdavis.edu/Fundamentals/01._Conservation_of_Mass/1.1_Mass#footnote1


Nevertheless, this method of collision is very much like the methods used for 

measuring the masses of subatomic particles, which, after all, can't be put on little 

postal scales! 

 

Figure c: A measurement of inertial mass: the wagon recoils with the same velocity in experiments 1 and 2, 

establishing that the inertial mass of the cement block is four kilograms.  

Astronauts spending long periods of time in space need to monitor their loss of 

bone and muscle mass, and here as well, it's impossible to measure gravitational 

mass. Since they don't want to have standard kilograms thrown at them, they use a 

slightly different technique (figuresd and e). They strap themselves to a chair 

which is attached to a large spring, and measure the time it takes for one cycle of 

vibration. 

http://physwiki.ucdavis.edu/Fundamentals/01._Conservation_of_Mass/1.1_Mass#fig:mass_on_spring
http://physwiki.ucdavis.edu/Fundamentals/01._Conservation_of_Mass/1.1_Mass#fig:bodymass


                

Figure d (left): The time for one cycle of vibration is related to the object's inertial mass. 

Figure e (right): Astronaut Tamara Jernigan measures her inertial mass aboard the Space Shuttle. 
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