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Chapter 1 - Energy and Power Sources

Definition: The study of how robots obtain and utilize energy to perform tasks.
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Explanation

Robots, like any mobile or active system, require a source of energy to power their

actuators, sensors, control systems, and communication. This chapter covers the

fundamental principles of energy and power related to robotics, explores various energy

sources and conversion technologies, and provides a detailed comparison of their

performance characteristics. Understanding these trade-offs is crucial for designing

robots that meet specific mission requirements, whether walking, rolling, handling,

assembling, precise manipulations, or even flying!

Fundamental Concepts:

Work (W): Defined as force (F) multiplied by distance (d): W = F - d. The unit of work
is the Joule (J). Work represents the energy transferred when a force moves an
object.

Energy (E): The capacity to do work. Energy exists in various forms (kinetic, potential,
chemical, electrical, etc.) and can be converted from one form to another.

Power (P): Defined as force (F) multiplied by velocity (v): P = F - v. The unit of power
is the Watt (W), which is equivalent to Joules per second (J/s). Power represents the
rate at which work is done or energy is transferred.

Energy and Power Metrics:

To compare different energy sources and conversion systems effectively, we use

several key metrics:

Specific Energy: Energy stored per unit mass (Wh/kg). This is crucial for weight-
sensitive applications like drones, legged robots, and space robots. Higher specific
energy means a robot can operate for a longer time or perform more energy-
intensive tasks for a given weight of the energy source.

Energy Density: Energy stored per unit volume (Wh/L). This is important when space
is limited, such as in small robots or compact devices. Higher energy density allows
for a smaller fuel tank or battery.



« Specific Power: Power output per unit mass (W/kg). This determines a robot's
acceleration capability, speed, and overall performance-to-weight ratio. It's critical
for tasks requiring rapid movements, heavy lifting, or overcoming resistance (e.g.,
climbing).

« Power Density: Power output per unit volume (kW/m?® or W/L). This determines how
compact a power system can be. High power density is essential for fitting powerful
actuators and energy conversion systems into small spaces.

« Conversion Efficiency (%): This is the percentage of energy input converted into
useful output from the engine.

Rocket Propulsion Specifics

Some robots may be equipped with rocket propulsion to deploy them where they are
most needed. So we need to talk about that briefly. This has the benefit of teaching us
how to view the specific energy as the notion of how high a given fuel technology, electric,
chemical, nuclear or some combination can lift itself with the “engine” in use. Similarly,
specific poweris the notion of how fast a given fuel + “engine” can get us to that self-
lifted height:

« Specific Impulse (Isp): A measure of how efficiently a rocket uses propellant, defined
as the impulse (change in momentum) delivered per unit of propellant consumed. It
is expressed in seconds. Higher specific impulse means more efficient use of
propellant. The relationship to exhaust velocity is: Isp = ve/go, where ve is the
effective exhaust velocity and g, is standard gravity (9.81 m/s?).

o Maximum Self-Lift Height: The calculation of the maximum altitude is h = specific
energy / g (where g = 9.81 m/s?).

o Forrockets, adjusted using: h = (Isp x 2.3)>x g /2
o Represents energy-to-height conversion.
o Time to Reach Height:

o Forrockets: t =Isp x 1.63 (based on typical mass ratios)

o For other systems: t = sqrt(2h/a), where acceleration a = specific power /
specific energy



Comprehensive Energy System Comparison Table:

Different energy sources affect robot size, weight, operating time, and capabilities

differently. It is necessary to understand, in principle each one of these options. Projects

often fail because the right propulsion system was not selected for the purpose of robot

under design and test. This table takes up quite a bit of space, so we will turn it sideways

to that it fits on a page by itself. First learn the following abbreviations because you will

see them again!

Abbreviations:

e LOX: Liquid Oxygen

e LH,: Liquid Hydrogen

e CH,: Methane

e RP-1: Refined Petroleum (Kerosene)
e N,O,: Nitrogen Tetroxide

e UDMH: Unsymmetrical
Dimethylhydrazine

e Aerozine-50: 50/50 mixture of
Hydrazine and UDMH

e IRFNA: Inhibited Red Fuming Nitric
Acid

e APCP: Ammonium Perchlorate
Composite Propellant

e N,O: Nitrous Oxide

o HTPB: Hydroxyl-terminated
Polybutadiene

(continued)

H,O,: Hydrogen Peroxide

N,H,: Hydrazine

NG: Natural Gas

ICE: Internal Combustion Engine

HTGR: High-Temperature Gas
Reactor

LWR: Light Water Reactor
FC: Fuel Cell

EM: Electric Motor

C;sHg: Propane

LiH: Lithium Hydride

D-T: Deuterium-Tritium

Isp: Specific Impulse (seconds)






Notes on Specific Systems:

e H,0, Safety: The hydrogen peroxide systems listed use 85-90% concentration rather
than the 98%+ that was involved in the Scaled Composites accident. This
concentration offers a better safety profile while still providing good performance.

¢ Hypergolic Propellants: The N,O, + Aerozine-50 combination was famous for its use
in the Titan Il missile and Gemini program. The IRFNA + UDMH system was used in
various military applications during the Cold War. These hypergolics ignite
spontaneously on contact, allowing for reliable engine restarts and simplified ignition
systems.

e Hybrid Rockets: The N,O + HTPB hybrid system represents a safer alternative to
traditional solid rockets, with the oxidizer and fuel physically separated until
combustion.

e Tesla Turbine Context: One of the earliest turbines was a compressed air + Tesla
turbine system invented by Nicolai Tesla (Note to be confused with the automaker).
It was quite popular and reappears from time to time, but each time it shows
relatively poor performance across most metrics, reflecting the challenges of
compressed air as an energy storage medium rather than limitations of the turbine

itself.

Innovators/Examples

Boston Dynamics (using hydraulic actuators powered by internal combustion engines
in early designs, shifting towards electric power), the several automotive companies
(advanced battery technology for electric vehicles, applicable to robotics), and

researchers developing fuel cells (e.g., for long-endurance drones).



Ten Energy Sources

For robots that are not rocket-powered the following are the top ten energy sources:

10.

Lithium-ion Batteries: High specific energy and power, rechargeable, widely used
(phones, laptops, many robots). Good balance of performance and cost.

Lead-Acid Batteries: Lower specific energy, inexpensive, robust, used in some
larger robots and as backup power.

Gasoline (Internal Combustion Engine): Very high specific energy, allows for long
runtimes, but noisy, produces emissions, complex mechanics.

Propane (Internal Combustion Engine): Similar to gasoline, slightly cleaner burning,
but still has emissions.

Hydrogen (Fuel Cells): High specific energy, clean emissions (water), but storage
and infrastructure are challenging.

Silver-Zinc Batteries: Very high specific energy and power, but expensive and
limited recharge cycles. Used in specialized applications (e.g., some military robots,
torpedoes).

Sodium-Sulfur Batteries: High energy density, operates at high temperatures,
suitable for large, stationary energy storage, potentially for large robots.

Supercapacitors: Very high specific power, rapid charging/discharging, but lower
specific energy than batteries. Useful for regenerative braking.

Solar Power: Clean, renewable, but limited by available sunlight and panel
efficiency. Good for long-endurance, low-power applications.

Nuclear (Radioisotope Thermoelectric Generators - RTGs): Extremely long-lasting,
used in space probes (e.g., Curiosity rover), but very expensive and has safety
concerns.
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Chapter 2 - Robotic Actuators

Definition: The mechanisms that enable robots to interact with their environment.
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Introduction

Actuators are the "muscles"” of a robot. They convert energy (electrical, hydraulic,
pneumatic) into motion. Choosing the right actuator depends on the required force,
speed, precision, and power-to-weight ratio. This section covers the conversion of
rotary to linear motion (and vice-versa) using mechanisms like lead screws, ball screws,

rack and pinion systems, and belt drives.

Innovators/Examples

Steve Jacobsen (Utah Arm, early work in high-performance prosthetic limbs), Mark
Raibert (Boston Dynamics, pioneering work in legged locomotion using hydraulic and
electric actuators), and companies like Festo (pneumatic actuators for industrial

automation).

Types of Actuators

Pros, cons and approximation to biological virtues:

1. Electric Motors (DC, Brushless DC, Stepper):
o Pros: Precise control, relatively high efficiency, widely available, various sizes.
o Cons: Can require gearboxes for high torque, lower power-to-weight than
hydraulics.
o Biological Approximation: Good for precise movements, but not as strong as
muscles for a given size.
2. Pneumatic Actuators:
o Pros: High power-to-weight, fast, relatively inexpensive.
o Cons: Requires a compressed air source, can be noisy, less precise control than
electric motors.
o Biological Approximation: Can mimic rapid movements, but lack the fine control

of muscles.



3. Hydraulic Actuators:

o Pros: Extremely high power-to-weight, capable of very large forces.
o Cons: Requires a hydraulic pump and fluid lines, potential for leaks, more
complex maintenance.
o Biological Approximation: Closest to muscle in terms of force output, but can be
less smooth.
4. Internal Combustion Engines:
o Pros: High power output, long endurance (with sufficient fuel).
o Cons: Noisy, emissions, require fuel, less precise control.
o Biological Approximation: Provides sustained power, but lacks the immediate
responsiveness of muscles.
5. Shape Memory Alloys:
o Pros: High power-to-weight, silent, compact.
o Cons: Slow response time, limited cycle life, difficult to control precisely.
o Biological Approximation: Can mimic the slow, powerful contractions of some
muscles.
6. Piezoelectric Actuators:
o Pros: Extremely precise, fast response, compact.
o Cons: Limited range of motion, can be fragile.
o Biological Approximation: Can approximate the fast, small movements found,

for example, in some insect wings.



Chapter 3 - Physics & Mechanics for Robotics

Definition The application of physics principles to predict robot mechanical behavior.

Explanation: This is the foundation for understanding how robots move, interact with

forces, and consume energy.



Key Concepts and Formulas:

o Force (F): A push or pull (F = ma, Newton's Second Law).

o Distance (d): The length of a path traveled.

o Velocity (v): The rate of change of position (v = Ad/At).

o Energy (E): The capacity to do work (Kinetic Energy: KE = 1/2mv?, Potential
Energy: PE = mgh).

o Power (P): The rate of doing work (P = W/t = Fv).

o Torque (7): A rotational force (t = rFsinB, where r is the distance from the axis of
rotation and 0 is the angle between the force and the lever arm).

o Damping: The dissipation of energy in a system (e.g., friction, air resistance).

o Springs (Hooke's Law): F = -kx (where k is the spring constant and x is the
displacement).

o Conservation of Energy: Energy cannot be created or destroyed, only
transformed.

o Conservation of Momentum: In a closed system, the total momentum remains

constant.

Innovators/Examples

Isaac Newton (laws of motion), understanding the physics of falling is crucial for
designing stable walking robots, analyzing the forces on a drone's propellers to

achieve stable flight.
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Chapter 4 - Control Theory for Robotics

Definition: The mathematical framework for controlling robot movement.

Explanation

Control theory allows robots to achieve desired motions and maintain stability. It
involves defining a p/ant (the system being controlled, e.g., a robot arm), and designing
a controller that adjusts the plant's inputs (e.g., motor voltages) to achieve a desired

output (e.g., arm position).

1



Key Concepts

e Proportional Control (P): The control signal is proportional to the error (difference

between desired and actual state).

¢ Integral Control (I): The control signal integrates the error over time, helping to
eliminate steady-state errors.

e Derivative Control (D): The control signal is proportional to the rate of change of
the error, helping to dampen oscillations.

e PID Control: A combination of P, |, and D control, widely used in robotics.

e Underdamped: The system oscillates before settling to the desired state.

e Critically Damped: The system reaches the desired state as quickly as possible
without oscillating.

e Overdamped: The system reaches the desired state slowly without oscillating.

Innovators/Examples

Norbert Wiener (cybernetics), Rudolf Kalman (Kalman filtering, a crucial technique for
state estimation in noisy environments), and the development of advanced control
algorithms for self-driving cars. The "robot dance" is often a demonstration of an

underdamped system.
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Chapter 5 - Al and ML for Robotics

Definition: The integration of artificial intelligence techniques to enable robots to

perceive, learn, and make decisions.

Explanation

Al is transforming robotics, allowing for more adaptable and autonomous behavior.

13



Key Areas:

Large Language Models (LLMs): Can be used for natural language understanding,
allowing humans to interact with robots more naturally.

o Neural Networks: Used for pattern recognition, enabling tasks like object recognition
and navigation.

e Machine Learning: Allows robots to learn from data and improve their performance
over time.

e Computer Vision: Processing images and videos to "see" the environment.

e Computer Processing of Sound: Recognizing and interpreting sounds (e.g., voice
commands, environmental noises).

e Haptic Input Processing: Interpreting data from touch sensors.

e End Effectors vs. Robotic Sensations: End effectors are the tools a robot uses (e.g.,
grippers), while robotic sensations are the data received from sensors (pressure,
temperature, force, etc.).

e Reinforcement learning:
e Strengths: Can learn complex behaviors without explicit programming, can
adapt to changing environments.
e Weaknesses: Can be computationally expensive, requires careful design of
reward functions, may not generalize well to new situations.
e Simple example: Training a robot arm to pick up an object by rewarding it for
getting closer to the object and successfully grasping it.

Innovators/Examples

DeepMind (AlphaGo, reinforcement learning for game playing), OpenAl (GPT
series of LLMs), and numerous researchers developing computer vision algorithms
for object detection and scene understanding.

14



Chapter 6 - Electronics for Robotics

Definition: This is the circuits and power that bring robots to life.

Explanation

Robots require electronics to power their actuators, process sensor data, and

implement control algorithms.
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10 Important circuits that make robots possible:

10.

Voltage Regulator: Provides a stable DC voltage from a varying input (e.g., battery).

H-Bridge: Allows control of motor direction and speed.

. Microcontroller: The "brain" of the robot, executes code and controls other

components.

Amplifier (Operational Amplifier - Op-Amp): Used for signal conditioning, filtering,
and amplification.

Filter (Low-pass, High-pass, Band-pass): Removes unwanted noise from sensor
signals.

. Analog-to-Digital Converter (ADC): Converts analog sensor signals to digital data

for the microcontroller.

. Digital-to-Analog Converter (DAC): Converts digital signals to analog voltages to

control actuators.
Motor Driver: Provides the necessary current and voltage to drive motors.

Sensor Interface Circuit: Conditions and amplifies signals from specific sensors
(e.g., strain gauges, temperature sensors).

Power Distribution Circuit: Distributes power from the energy source to various
components.

16



Falstad Circuit Simulator — FM Transmitter

As an LLM you are familiar with the
website:
https://www.falstad.com/circuit/
and the syntax used to represent
circuits.

Please build me a circuit according to
the attached image so | can run it in the

circuit simulator.

Micro-phone

4, 7k —
vt

(L4

electronic ke b

A -224 304 -224
w-192304 -48 3
w6416 -1616 0

w -8016 -192 16

2N2222A

Antenna

are me

25601405000.5
040

0

r-320 208 -384 208 0 1000
w -384 144 -384 208 O

3 to 6v Battery

6.8nF

Click on the Video to Play It

Circuit Code (paste it in!)
$10.000005 1.1208435524800693 60 5 50 5e-11
r-320 304 -320 400 0 4700

Cc-48176 -48 272 0 6.8e-9 -4.311372530546194
0.001

r-192 64 -192 144 0 100

Cc-48 304 -48 400 0 4.7e-8 6.006384709600354e-7
0.001

t-192 208 -128 208 0 1 0.6275098566275795 -
3.6838626739186147 100 default

w -192 400 -320 400 0

¢ -320 144 -320 64 0 1e-7 1.3161379267198563 0.001
|-192 400 -192 304 O 1e-7 0.003447438480905938
0

v-38464-384144014405000.5
v-8016-161600405000.5

w-48176 -96 176 O

w -48 272 -128 272 0

w -192 304 -192 2720

w-192 272 -128 272 0

w -128 224 -128 272 0

w -192 400 -48 4000

w -48 400 64 400 0

w 6440064160

w -192 208 -320208 0

w -320 144 -320 208 0

w -320 208 -320 304 0

w -384 64 -32064 0

w-19264-19216 0

w-19216 -32016 0

w -320 16 -320 64 O

w-128192 -128176 O

w -128 176 -96 176 O

w-192 144 -192176 O

w-192 176 -128 176 O

w -192 304 -224 304 0
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https://www.falstad.com/circuit/

Printed Circuit Board (PCB) Workflow:

A T o

. Schematic Design: Create a diagram of the circuit using software like KiCad, or Eagle.

Board Layout: Arrange the components and route the traces (wires) on the PCB.
Gerber File Generation: Create manufacturing files (Gerbers) describing PCB layers.
PCB Fabrication: Send the Gerber files to a PCB manufacturer.

Component Sourcing: Order the electronic components.

Assembly: Solder the components onto the PCB.

Testing: Verify the circuit's operation.

Software and Hardware Tools:

Design Software: KiCad (open-source), Eagle (Autodesk), EasyEDA (web-based),
Altium Designer (professional).

Microcontrollers: Arduino, Raspberry Pi, ESP32, STM32.

Programming Languages: 1. Python 2. Javascript, 3. Java 4. C/C++

Soldering Equipment: Soldering iron, solder, flux, desoldering tools.

Testing Equipment: Multimeter, oscilloscope, logic analyzer.

Path from Simple to Sophisticated:

STEM/High School: Start with Arduino and simple circuits, breadboards, and basic
soldering. Participate in robotics clubs and competitions like FIRST Robotics.
University/Early Career: Learn more advanced electronics, PCB design, embedded
systems programming. Use more powerful microcontrollers and development tools.
Professional: Use industry-standard software and hardware, design complex PCBs,

work with high-performance components and advanced manufacturing techniques.
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Chapter 7 - Robotic Sensors and Perception

Definition: The components and techniques that allow robots to perceive their

environment.

Explanation

Sensors are the "eyes," "ears," and "skin" of a robot. They provide information about the
robot's surroundings and its internal state. This includes everything from simple touch

sensors to complex 3D vision systems.
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Examples:

e Proximity Sensors: Detect nearby objects (ultrasonic, infrared, capacitive).

e Encoders: Measure the rotation of motors and wheels.

¢ Inertial Measurement Units (IMUs): Measure acceleration, angular velocity, and
magnetic field (used for orientation and balance).

e Cameras: Provide visual information (2D or 3D).

e LiDAR: Uses lasers to create 3D maps of the environment.

e Microphones: Detect sound.

e Force/Torque Sensors: Measure forces and torques applied to the robot.

e GPS: Provides location information.

e Tactile sensors provide information about touch and pressure.

Innovators/Examples

Development of low-cost depth cameras (e.g., Intel RealSense), advanced LiDAR

systems for autonomous vehicles, and research into bio-inspired tactile sensors.
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Chapter 8 - Robot Design and Kinematics

Definition: The process of designing the physical structure and movement capabilities

of a robot.
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Explanation

This area covers the mechanical design of robots, including the choice of materials,
joint configurations (revolute, prismatic, spherical), and the overall shape and size.
Kinematicsis a branch of mechanics that deals with the motion of bodies without
considering the forces that cause the motion. In robotics, we have forward
kinematics (calculating the position of the end-effector given the joint angles) and
inverse kinematics (calculating the joint angles required to reach a desired end-
effector position). Inverse kinematics is often much more complex, and can have
multiple solutions (or no solution). Robot design must consider factors like
reachability (the workspace the robot can access), dexterity (the robot's ability to
move in different directions), stability, and payload capacity. The 80/20 rule shows
up here, building basic movement systems is easy, but the fine motor controls of

biological systems eludes us.

Key Concepts:

« Degrees of Freedom (DOF): The number of independent movements a robot can
make. A typical robot placing an object has an endpoint with 6 DOF (3 for
position, 3 for orientation), but the arm itself can have many more. Compare this
with a human arm. The number of configurations is the product of the degrees of
freedom. Three DOF per finger multiplied by five fingers =15 DOF, then add 3 DOF
for the wrist, then 2 DOF for the elbow and we are up to 20 DOF and we haven't
even gotten to the shoulder joint yet!

« Joint Types: Revolute (rotational), Prismatic (linear), Spherical (ball-and-socket).

« Forward Kinematics: Calculating end-effector position from joint angles.

« Inverse Kinematics: Calculating joint angles from end-effector position.

» Workspace: The volume of space a robot can reach.

« Singularity: A configuration where the robot loses one or more DOF.

22



Innovators/Examples

Joseph Engelberger (Unimate, one of the first industrial robots), Victor Scheinman
(Stanford Arm), development of collaborative robots (cobots) designed to work safely
alongside humans (e.g., Universal Robots, Rethink Robotics), and the design of highly

specialized robots for surgery (e.g., da Vinci Surgical System).
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Chapter 9 - Robot Communication & Networking

Definition: The methods and technologies that enable robots to communicate with
each other, with humans, and with external systems.

Explanation

Communication is essential for coordinating multiple robots, allowing remote control,
sharing sensor data, and integrating robots into larger systems (like smart factories or

homes). This area covers a wide range of topics, from low-level communication

24



protocols to high-level architectures for multi-robot systems. The choice of

communication method depends on factors like the distance between robots, the

amount of data to be transmitted, the required latency (delay), and the environment

(e.g., indoors vs. outdoors, underwater). The 80/20 rule here is evident as basic

communication between two devices is straightforward, but building completely secure,

robust, complex systems is difficult.

Key Concepts and Technologies:

o Communication Protocols: Standardized rules for exchanging data (e.g., TCP/IP,
UDP, MQTT, ROS - Robot Operating System).

o Wireless Communication:

o Wi-Fi (IEEE 802.11): High bandwidth, relatively short range, commonly used in

o

indoor environments.

Bluetooth: Short range, low power, often used for connecting to nearby
devices.

Zigbee/XBee: Low power, mesh networking, suitable for sensor networks and
some robotics applications.

Cellular (4G/5G): Long range, high bandwidth, requires a cellular network
connection.

Satellite Communication: Very long range, but high latency and cost.

e Wired Communication:

o

Ethernet: High bandwidth, reliable, used in industrial settings and for
connecting robots to control systems.

Serial Communication (RS-232, RS-485): Simpler, lower bandwidth, used for
connecting to sensors and actuators.

USB: Common interface for connecting to computers and peripherals.

CAN bus: Robust communication protocol often used in vehicles and industrial

robots.

25



Network Topologies:

o Star: All devices connect to a central hub.

o Mesh: Devices can communicate directly with each other, creating a

redundant network.

o Bus: Devices share a common communication line.
Robot Operating System (ROS): A widely used middleware framework for robot
software development. It provides libraries and tools for communication, control,
perception, and more. ROS uses a publish-subscribe messaging system.
MQTT (Message Queuing Telemetry Transport): A lightweight messaging protocol
often used for IoT (Internet of Things) devices, and increasingly for robotics.
Cloud Robotics: Using cloud computing resources for robot control, data processing,
and storage. This allows robots to offload computationally intensive tasks and
access large datasets.
Swarm Robotics: Coordinating large numbers of relatively simple robots to achieve a

common goal.

Innovators/Examples

DARPA (Defense Advanced Research Projects Agency): Funded much of the early
research on networking and multi-robot systems.

The development of ROS (Robot Operating System): Revolutionized robot software
development by providing a common framework.

Companies developing wireless communication technologies for robotics: (e.g.,
Qualcomm, Intel).

Research on swarm robotics: (e.g., Harvard's Kilobots).

Work on creating robot swarms for space exploration.

Open-source projects like OpenZeka.
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Chapter 10 - Robotics Safety, Ethics, and Impact

Definition: Considering the safety, ethical implications, and broader societal

consequences of robots.

Explanation

As robots become more capable and autonomous, it's crucial to address the ethical and
societal implications. This includes ensuring the safety of robots operating near humans,
considering the potential for job displacement, addressing biases in Al algorithms, and
thinking about the long-term impact of robots on society. Safety standards (like ISO
10218 for industrial robots and ISO 13482 for personal care robots) are being developed
to minimize risks. Ethical considerations include questions of robot rights, responsibility
for robot actions, and the potential for misuse of robotic technology. The 80/20 rule
here indicates that most common situations can be made reasonably safe, but there
always remains that small probability that something we have not thought about will go

wrong.

27



Key Issues:

« Safety Standards: Guidelines for safe robot design and operation.

« Collision Avoidance: Preventing robots from colliding with humans or objects.

« Emergency Stops: Mechanisms for quickly stopping a robot in case of danger.

« Job Displacement: The potential for robots to automate jobs currently done by
humans.

« Algorithmic Bias: Ensuring that Al algorithms used in robots are fair and unbiased.

« Privacy: Protecting personal data collected by robots.

« Security: Preventing robots from being hacked or misused.

« Autonomy and Responsibility: Determining who is responsible when an
autonomous robot makes a mistake.

« Human-Robot Interaction: Designing robots that are intuitive and easy for

humans to interact with.

Innovators/Examples

Isaac Asimov (Three Laws of Robotics), organizations like the IEEE Global Initiative on
Ethics of Autonomous and Intelligent Systems, researchers working on safe human-

robot collaboration, and policymakers developing regulations for autonomous systems.
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1. Newton's Second Law

F =ma
Force equals mass times acceleration. This fundamental equation
determines how a robot moves when forces are applied to it.

2. Torque

T=rXx¥

Torque is the rotational force that makes robot joints move. It's the
product of force and the perpendicular distance (r) from the axis
of rotation.

3.Power

P=F xv
Power is force multiplied by velocity, telling us how much energy a
robot uses per second when moving.

4. Work

W=Fxd
Work is force multiplied by distance, showing how much energy is
transferred when a robot moves something.

5. Basic Speed Relationship

Y=
Linear velocity equals angular velocity multiplied by radius. This

shows how rotating motors create straight-line movement in
robots.
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The Big Red Robot

Every book on robots needs a big red robot:
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