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Five different ways to use gears 

Five simple gear machines with an old construction set to illustrate a few of the ways 

in which we can use gears to do different jobs: 

Gears for speed 

In this simple gearbox, I've got (from right to left) a large gear wheel with 40 teeth, 

a medium wheel with 20 teeth, and a small wheel with 10 teeth. When I turn the 

large wheel round once, the medium wheel has to turn twice to keep up. Similarly, 

when the medium wheel turns once, the small wheel has to turn twice to keep up. 

So, when I turn the large gear wheel on the right, the small wheel on the left turns 

four times faster but with one quarter as much turning force. This gearbox is 

designed for increasing speed.  

 

 



Gears for force 

If I power the same gearbox in the opposite direction, by turning the small wheel, 

I'll make the large wheel spin a quarter as fast but with four times as much force. 

That's useful if I need to make a heavy truck go up a hill, for example. 

 

Worm gears 

Here I'm using an electric motor (the gray box on the right) and a long screw-like 

gear to drive a large gear wheel. This arrangement is called a worm gear. It reduces 

the speed of the motor to make the large wheel turn with more force, but it's also 

useful for changing the direction of rotation in gear-driven machinery.  

 



Rack and pinion gears 

You've probably seen one of these in cliff- and hill-climbing rack railroads, but 

they're also used in car steering systems, weighing scales, and many other kinds of 

machines as well. In a rack and pinion gear, a slowly spinning gear wheel (the pinion) 

meshes with a flat ridged bar (the rack). If the rack is fixed in place, the gear wheel 

is forced to move along it (as in a railroad). If the gear is fixed, the pinion shifts 

instead. That's what happens in car steering: you turn the steering wheel (connected 

to a pinion) and it makes a rack shift from side to side to swivel the car's front wheels 

to the left or the right. In simple weighing scales, when you load a weight on the pan 

at the top, it pushes a rack straight downward, causing a pinion to rotate. The pinion 

is attached to a pointer that rotates as well, showing the weight on the dial. 

 

 

 

Sun and planet gears 

If you need to convert reciprocating (back-and-forth) motion into rotation, you 

normally do it with a crankshaft and connecting rod; that's how pistons drive the 

wheels on steam engines. But you can do the same thing with gears. In this 

arrangement, a small gear called a planet (which, it's important to note, is fixed to 

http://en.wikipedia.org/wiki/Rack_railway
https://www.explainthatstuff.com/weights_and_balances.html
https://www.explainthatstuff.com/cranks-and-cams.html
https://www.explainthatstuff.com/steamengines.html


a rod so that it cannot rotate) is moved around a second (usually bigger) gear called 

a Sun. As the rod moves the planet back and forth, the Sun spins around. Sun and 

planet gears were popularized by James Watt, who was unable to use a crankshaft 

in his pioneering steam engine because it was originally protected by a patent. 

(There's a great little animation of a sun and planet gear on Wikimedia Commons. 

Notice the black lines inked on the two gears showing clearly that the Sun rotates, 

while the planet does not.) 

 

You might think gears are brilliantly helpful, but there's a catch. If a gear gives you 

more force, it must give you less speed at the same time. If it gives you more speed, 

it has to give you less force. That's why, when you're going uphill in a low gear, you 

have to pedal much faster to go the same distance. When you're going along the 

straight, gears give you more speed but they reduce the force you're producing with 

the pedals in the same proportion.  

Whenever you gain something from a gear you must lose something else at the 

same time to make up for it. If that weren't the case, you could use gears to create 

energy and make what scientists call a perpetual motion machine—and that's 

absolutely forbidden by a law of physics called the conservation of energy. Formally 

stated, it says that you can't create or destroy energy, only convert it from one form 

into another. 

https://commons.wikimedia.org/wiki/File:Meccano_Sun_%26_planet_animation.gif
https://www.explainthatstuff.com/energy.html
https://www.explainthatstuff.com/conservation-of-energy.html
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