What if I were 1% charged?

Brian Skinner

When it comes to understanding nature at almost any level larger than a nucleus and smaller than a planet, only one of them really matters: the Coulomb interaction.

The Coulomb interaction --- the pushing and pulling force between electric charges --- is almost incomprehensibly strong. One common way to express this strength is by considering the forces that exist between two electrons. Two electrons in an otherwise empty space will feel pulled together by their mutual gravitational attraction and pushed apart by the Coulomb repulsion. The Coulomb repulsion, however, is stronger than gravity by 4,000,000,000,000,000,000,000,000,000,000,000,000,000,000 or 1042 times. (For two protons, this ratio is a more pedestrian 1036 times.)

You can demonstrate this point in the following way. Take a balloon, and rub it against the top of your head until your hair starts to stand on end. Then stick the balloon to the ceiling, where it stays without falling due to static electricity. Now consider the forces acting on the balloon. Pulling up on the balloon are electric forces between the relatively few electrons I just rubbed off from my hair and the opposite charge that they induce in the ceiling. Pulling down on the balloon are gravitational forces coming from the pull of the entire mass of the Earth. Apparently the electric force created by those few (something like 1010) electrons is more than enough to counterbalance the gravitational pull coming from every proton, neutron and electron in the planet below it (something like 1051 of them).

So electric forces are strong. Why is it, then, that we can go about our daily lives without worrying about them buffeting us back and forth?

The short answer is that they do buffet us back and forth. Pretty much any time you feel yourself being pushed or pulled by something (say, the ground beneath your feet or the muscles tied to your skeleton), the electric repulsion between microscopic charges is ultimately to blame.

But a better answer is that the very strength of electric forces is responsible for their seeming quietude. Electric forces are so tremendously strong that nature will not abide having a large amount of electric charge collect in one place. And so electric forces, at the scale of people-sized objects, are largely neutralized.

But what if they weren't? What would happen if your body suddenly lost 1% of its electrons?

Now, 1% may not sound like a big deal. After all, there is almost no reason for excitement or concern when you lose 1% of your total mass. But losing 1% of your electrons, without at the same time losing a equal number of protons, means that suddenly, within your body, there is an enormous amount of positive, unneutralized electric charge. And nature will not abide its strongest force being so unrequited.

Suppose your body has a mass of about 40 kg, which means that it contains something like 2 times 1028 protons, and an almost exactly equal number of electrons. Losing 1% of those electrons would mean that your body acquires an electric charge of 2 times 1026 electron charges. Since each electron has a charge of 1.6 times 10-19 Coulombs, this is about 4 times 107 Coulombs or 40 million coulombs.

Now, 40 million Coulombs is a silly amount of charge. An average bolt of negative lightning carries an electric current of 30,000 amperes (30 kA), and transfers about 15 Coulombs of electric charge. So this is about 3 million times more than what gets discharged by a lightning bolt, for example. So, in some sense, losing 1% of your electrons would be like getting hit by 3 million lightning bolts at the same time.

Things get even more dramatic if you start to think about the forces involved.

Suppose, for example, that in their rush to escape your body, those 40 million Coulombs split in half and flowed to opposite extremities. Say, each hand suddenly acquired a charge of 20 million Coulombs. The force between those two hands (spread apart, about 2 meters) would be 1025 Newtons. Needless to say, your body would not retain its structural integrity.

Of course, in addition to the forces pushing the extremities of your body apart, there would also be a force similar in magnitude pulling you toward the ground. You may recall that when an electric charge is next to a grounded surface (like, say, /the ground/) it induces some opposite charge on that surface in a way that acts like an image charge of opposite sign. In my case, the earth would accumulate a huge amount of negative charge around your feet so as to create a force like that of an image you.

Because of 40 million Coulombs, the force between you and your image self would be something like 1021 tons. To give that some perspective, consider that something with the same mass as the planet earth weighs only about 1021 tons!

The moral of this story, of course, is that nothing of observable size will ever get 1% charged. The Coulomb interaction cannot be thus toyed with. All of chemistry and biology function by the interactions between just a few charges at a time, and their effects are plenty strong as they are.
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