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All charged up with nowhere to go
How a Van de Graaff generator makes hair stand on end

Why do so many anime characters have wild, 

spiky hair? Nobody knows for sure, but maybe it has 

something to do with static electricity. In any case, you 

can definitely make your own hair do some crazy things 

with a device called a Van de Graaff generator.

A Van de Graaff generator uses a brilliantly simple 

design to build up large amounts of static electricity. To 

understand how it works, you first have to know about 

attraction and repulsion.

ATTRACTION AND REPULSION
They say opposites attract, and it’s true. Electrons 

live in the outer areas of atoms and have a negative 

charge. Protons, on the other hand, have a positive 

charge and cuddle up with neutrons in an atom’s 

center. Electrons and protons are attracted to one 

another. They like to stick close together. 

But put an electron with an electron, and the 

pair just want to get out of one another’s company. 

The same with protons – they repel other protons. 

(Neutrons, by the way, are neutral. They’re not into the 

particle dating game.)

When there are a lot of extra electrons in a place, 
we say there is a negative charge. But if there are  
fewer electrons compared to protons, we say the 
charge is positive.  

A Van de Graff generator uses these attraction/
repulsion behaviors to build up charge in the metal 
dome at the top of its structure. 
Some are made to build up 
a positive charge (extra 
protons). Others build 
up a negative charge 
(extra electrons). The 
following description 
applies to a 
generator that builds 
a negative charge, 
but both types have 
a very similar design 
and operate on the same 
basic principles. And both 
make hair stand up.

DOME

TOP ROLLER

BELT

COMB

CHECK OUT: 
Pitsco.com/Van_De_Graaff_Generator

If protons and electrons are attracted 
to one another, why do they hang out in 

different parts of the atom? The answer 
involves some very deep physics, 
but basically, they are trying to be 
together! But they are already as close 
together as their forms will allow them 

to get. So close . . . and yet so far!
BOTTOM 
ROLLER!
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Some scientists believe computers will one day be as intelligent as humans. In 
fact, one famous estimate predicts this will happen around 2029. But this view is 
very controversial. Scientists and others debate whether this is possible and, if so, 
whether or not it is a wise thing to create.
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Learn more about the elite team of heroes in STEM Force by visiting  
www.pitsco.com/systemalert/stemforce. Discover character bios, previous issues, and more.

This belt drive I’ve rigged  
keeps the machine moving along  

nicely. The problem is the bottom of the 
belt wears away because it rubs against  
the pulleys. I wish there were a way to  

make a belt that distributed  
the wear evenly.

There is! Get me  
a piece of paper and 

I’ll show you.

Can you guess what idea Mattie 
suggests to Tevin? Go to  

pitsco.com/systemalert to fInd out.

Intelligent computers?

Intelligence multiplied
A newborn human brain knows very little about the world it has just entered. 
“When babies learn to see during their first year, they get very little input about 

what things are. Parents may label a few things: ‘Bottle. Chair. Momma.’ But the baby can’t 
even understand spoken words at that point. It’s learning mostly unsupervised . . .”

Those are the words of Ankit Patel, a researcher from Rice University and Baylor 
College of Medicine. Patel is part of a team that has created a new method of computer 
learning inspired by the workings of the human brain.

Basically, the system is programmed to look at images and find patterns. Then, those 
patterns are passed on to another layer of the program that tries to find patterns within 
those patterns. And then those patterns are passed to another layer that searches for still 
deeper patterns. Each new layer of pattern adds more understanding to the whole. !

!
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Secrets of the core
Even right now as you read this, an enormous river of molten iron 

is coursing somewhere below your feet in the core of the Earth.
This is what a team of scientists discovered when they 

examined some new evidence about the inside of our planet. The 
term they use to describe this river is jet stream. You might have 
heard that before, but it was probably in reference to the current 
of air high up in the atmosphere upon which jets sometimes 
hitch a ride. 

The scientists believe that this underground river is caused by 
two layers of Earth’s molten insides pushing against one another. 
The melted iron at the boundary point is being squeezed so hard 
it squishes out along the side.

The speed it flows at might not sound fast. It runs around 
25 miles per year. But that’s pretty speedy for something being 
crushed under a couple thousand miles of rock.

For obvious reasons, scientists don’t study Earth’s core 
directly. Nobody has been there, and we have never sent a 
mechanical probe either. The deepest hole ever dug is the Kola 
Superdeep Borehole, more than 7.5 miles deep. But the distance 
from the crust to the outer edge of the core is 1,800 miles.

To study it, humans must do the best we can with the 
hints we can gather from up here. One way to study the inner 
life of the planet is studying Earth’s magnetic field, which is 
generated in the core but reaches out into space.

The data revealing the jet stream was gathered by Swarm, a 
group of three spacecraft sent by the European Space Agency in 
2013. Swarm was designed with the mission of studying the core.

The behavior of magnets on Earth is related to electrical currents from the Earth’s 
core. Experience the relationship between electricity and magnetism with the 
Eddy Current Propulsion System by Pitsco. Find out how you can use an electrical 
current to get a metal bar moving.    

Eddy Current Propulsion System

The crust is the layer 
of Earth we live on top 
of. It is 21 miles thick.

The mantle is 1,802 miles thick. It is a 
mixture of minerals in solid and liquid form.

The core has two layers, the outer core and the inner core. The pressure in the 
outer core is so strong that its energy melts the minerals within. The inner core, 
however, is solid. Why? It is certainly hot enough to liquefy. But the extreme 
pressure won’t allow the material enough moving room to melt. The entire core 
is 2,180 miles in thickness.

CHECK OUT: 
www.pitsco.com/Eddy_ 
Current_Propulsion_System
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(continued from page 1) 

Those who grew up before smartphones 
might be a little boggled by their widespread 
use among young people today. It is often 
claimed that the use of these devices is 
harming teens. But teens themselves might be 
skeptical. No doubt the full truth is nuanced. 
But the case for digital screens just got a boost 
thanks to a study from the Association for 
Psychological Science in the UK. The study 
found that moderate screen use might be 
healthful and promote social engagement. 
However, there is such a thing as too much of 
a good thing. The study found that excessive 
use can still be harmful.
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Screen time – good or bad?

!

!

BUILDING A CHARGE
Examine one of these devices and you will see a belt that runs up 

the center column. The belt is positioned on two rollers, down at the 
base and up by the dome. The inside of the belt rolls over the bottom 
roller. Some of the electrons jump from the inside of the belt to the 
roller right at the location where the belt and roller separate again. 
This is caused by something called the triboelectric effect. 

Now the roller has extra electrons (negative charge) and the inside 
of the belt has extra protons (positive charge).

At the base, near the outside of the belt, is a metal comb. Even 
though the outside of the belt doesn’t have a charge, the free 
electrons on the comb can feel that positive charge coming through 
it from the inward side. And they aren’t content to sit around and pine 
away. Some of them actually leap toward the attractive force.

But what do you think happens to them? Instead of making 
contact, they strike the outside of the belt and can get no closer. They 
stick to the outside of the belt, giving it a negative charge. And after 
they are on the belt, it is a one-way ride to the top, where another 
metal comb provides an off-ramp to the dome. 

As the dome accumulates more free electrons, it has a greater and 
greater negative charge.

YOUR NEW HAIRDO 
If you stand on an insulated surface and place your hand on the 

dome of a Van de Graaff generator, the process will start when the belt 
begins to run. The charge accumulated 
in the dome will pass into your body 
through your hand. And as long as you 
are on the insulated surface, it will be 
trapped in your body.

Remember that like charges repel one 
another? That is exactly what happens to 
your hair. The strands of hair are charged alike 
and begin to push away from one another. 
They get as far from one another as they can, 
and they have to stand up to do that.

If you want to learn how Van de Graaff 
generators can generate a positive charge, 
a very thorough explanation can be found 
at tinyurl.com/rimstarorgvandegraaff.
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