
The Physics of Robots
Session 2 – Electricity and Magnetism



Topics to Cover:
• What is Physics?
• Electricity
• Voltage, Current and Resistance
• Batteries
• Magnetism
• Motors and other Electrical Components
• Motor Speed/Torque Curves



The study of matter, energy, and the 
interaction between them.



Electricity

• Electricity is the set of physical phenomena associated with the presence and 
motion of electric charge.

• Electric Charge – the physical property of matter that causes it to experience 
a force when placed in an electromagnetic field (positive and negative 
charges)

• Electric Current – the movement of electric charge (measured in Amperes)
• Insulators vs Conductors



Voltage, Current and Resistance



Resistance and Wire Gauge
• Resistance is inversely proportional to the area of the wire

• 40 AWG conductor – has a resistance of 1080 Ohms per 1000ft
• 10 AWG conductor – has a resistance of 1 Ohm per 1000ft

• Higher resistance = more heat



Electricity – AC vs DC:

• AC (Alternating Current) – Electric current which periodically reverses 
direction.

• DC (Direct Current) – Electric current which flows only in one direction.



Alternating Current:

• Alternating current allows for higher voltages and more efficient power 
transmission over long distances.  It typically requires more insulation 
and increased safety precautions.  



Direct Current:
• A battery is a good example of a direct current power supply.

• Typical DC setups in automotive are 12V systems

• 24V systems are also common in industry



Batteries for Energy Storage:

• In FRC, we use a 12-Volt Lead Acid Battery

• Batteries use chemical compounds to store energy.  Energy is released 
through a chemical reaction and charged with the reverse reaction.

•Charge Retention at 20 deg. C
• 1 Month: 92%
• 3 Months: 90%
• 6 Months: 80%

•Life Expectancy:
• 100% Depth of Discharge: 200 Cycles
• 80% Depth of Discharge: 225 Cycles
• 50% Depth of Discharge: 500 Cycles



Testing Batteries:
• Battery Beak – This is a load tester to determine not only the voltage, 

but the overall health of the system.  It does this by delivering an 18A 
load.

• Voltmeter – measures surface voltage only.



Magnetism:
• Magnetism – a class of physical phenomena that are mediated by 

magnetic fields.

• Magnetic field is a force field that is created by moving electric charges 
(electric currents) and magnetic dipoles, and exerts a force on other 
nearby moving charges and magnetic dipoles.



Magnetism Applications with Robots

• Motor movement is driven by magnetic fields

• This year, there are two types of motors – Brushless (new) and Brushed 
(old).  There are advantages of both.



Brushed DC Motor:

• Brushed Motor – an internally commutated electric motor designed to 
run from a direct current power source.



Brushless DC Motor:
• Brushless Motor (BLDC) – Motor where the permanent magnets are on 

the rotor and the electromagnets are moved to the stator.  The 
electromagnets get charged as the shaft rotates.  You need to know 
where the magnets are (shaft position).



Pros/Cons of Each:

Brushed:
• Lower Cost
• Simplified Wiring

• Less efficient 
• Electrically noisy
• Limited lifespan

Brushless:
• Long lifespan
• Low maintenance
• High Efficiency

• Higher initial cost
• Need for more controls



Motor Characteristics:

• There are four key characteristics to understand a motor’s capabilities:

1. Free Speed (RPM) – The maximum speed at which a motor will rotate when under 
no load

2. Free Current (A) – The minimum current a motor will draw when under no load
3. Stall Torque (N ∙ m)– The amount of load placed on a motor that will cause it to 

stall (stop moving)
4. Stall Current (A) – The amount of current drawn by a motor when it is stalled



What does this mean in FRC:
In competition robotics, the task to be performed will need to be 
defined and modeled by the designer. As a simplified example, 
consider a game piece that weighs 40.0 N, being lifted by an 
arm that is 0.5 m long, running through a 100:1 gearbox:

Thus, the motor that drives this arm will need to output 0.2 N · 
m of torque.



Motor Curves:



More info on Motor Curves:
• VEX Info on Motor Curves: http://motors.vex.com/introduction

• Look at motor curves on VEX Website, AndyMark

http://motors.vex.com/introduction


Questions?

Thanks!
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