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Electrons have negative 
charges, and naturally move 
toward areas with positive 
charges because opposite 
charges attract. A battery 
is like the cliff. One end (the 
– side) holds electrons at an 
area where they have high 
potential energy, just like 
the top of the cliff. The other 
side (the + end) is like the 
bottom of the cliff, an area of 
low potential energy that the 
electrons would like to travel 
toward. “Voltage” is the 
term used to describe the dif-
ference in electrical potential 
energy between two regions, 
hence a 1.5V battery has 1.5 
volts of difference between 
the region at the + end and 
the region at the – end. 

Unlike the waterfall, how-
ever, the battery doesn’t just 
let the electrons travel freely 
from the high-energy end 
to the low-energy end. You 
need to provide a path for the 
electrons in order to let them 
get from one end to the other 
by connecting the battery to 
a circuit. The wire provides a 
path for electrons to get from 
the – side to the + side.
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Voltage and Energy, continued

Warning:
Never hook a wire directly 
from one end of a battery 
to the other as the battery 
will become extremely hot.

Concepts To Understand, continued
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The last step in the process 
is to add the hydroelectric 
generator. Except instead 
of a generator, you will be 
harvesting the energy from 
the moving electrons, with 
motors that change the 
electrical energy into physical 
energy and computer chips 
that use the energy to power 
other circuits inside them.

This is, of course, a huge 
simplification of the way 
electricity really works in a 
circuit, but the ideas behind 
voltage should still be clear: 
that there are regions with 
different amounts of potential 
energy, that the battery 
is what maintains that 
difference, and that the rest 
of the electronic components 
in the robot are effectively 
drawing their power from  
the electrons that are trying 
to move from one region to 
the other.
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Voltage and Energy, continued

Concepts To Understand, continued
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Batteries in Series
Batteries can be stacked together in series to add their voltages together, like 
stacking cliffs to make a taller cliff. This is how multiple AA batteries (which 
are 1.2-1.5V each) produce a single larger “battery pack” with a combined 
voltage of around 7.2V in the VEX system. The Transmitter does the same 
thing to achieve a voltage of 9.6V.

Battery Cells
Individual batteries (like a single AA) are often called “cells,” to distinguish 
them from the entire “battery” pack. Technically, a “battery” refers strictly 
to a collection of multiple cells, so what we have been referring to as a  
battery pack is a “battery”, and what we usually call a battery (like an AA 
battery) is technically not a battery, but a “cell”.

The word “cell” comes from the nature of the battery as a self-contained 
vessel for the chemical reaction necessary to produce a specific electrical 
voltage. The name comes from an early 1800’s battery design by Dr. William 
Cruickshank, in which a wooden box or trough was divided into “cells,” and 
each cell had a metal plate inserted into it to create the electrochemical  
reaction. A modern battery pack (multiple AAs in series, for instance), 
similarly, has multiple “cells” with separate chemical chambers, which work 
together to produce the overall “battery” voltage.

Concepts To Understand, continued

Voltage and Energy, continued
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Subsystem Interactions

• Broadcasting radio waves takes a significant 
amount of electrical power. The eight AA batteries  
(or 9.6V battery pack) installed in the VEX 
Transmitter provides the Transmitter with all the 
power it needs to operate its internal circuitry and 
send out radio waves carrying commands to the 
receiver.

• The RF Receiver module mounted onboard the 
robot, on the other hand, draws its power from 
the Power Subsystem indirectly, through the 
Microcontroller (which is part of the Logic 
Subsystem).

• Most sensors, like most electronic components, 
require  power in order to function. VEX sensors 
draw power indirectly from the Power Subsystem  
through the Microcontroller (Logic Subsystem).

	 …the Structure Subsystem?

How does the Power Subsystem 
interact with…

• The Structure Subsystem generally provides a 
safe, protected place to secure the battery.

	 …the Motion Subsystem?

• The Motion Subsystem’s motors and servomotors 
convert electrical energy into physical energy, 
and so they will of course need electrical energy  
to work with. This energy is ultimately supplied  
by the Power Subsystem’s batteries, but the 
motors do not plug into the batteries directly.  
Rather, the flow of power is directed by the 
Microcontroller, which decides how much power 
is allowed to flow from the Power Subsystem to 
the Motion components.

…the Sensor Subsystem?

 …the Control Subsystem?

	     … the Logic Subsystem?

• Since the Microcontroller is a device that 
contains a large number of electronic 
components, including two computer 
microprocessors, it needs power, which it 
draws directly from its connection to the Power 
Subsystem. 

• The other major function of the Microcontroller  
is to control the other subsystems on the robot. 
It does this by selectively routing power from 
the Power Subsystem batteries to the other 
subsystems’ components (like motors).

• The Power Subsystem battery holder (or battery 
pack) connects to the Microcontroller module 
using a two-pin connector inside a plastic 
housing, which is mechanically “keyed” to 
prevent it from being plugged in backward.
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User Power Notes


