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electromagnetic field theory lab manual
electromagnetic field theory lab manual serves as an indispensable guide for students and
researchers delving into the fascinating world of electromagnetism. This comprehensive resource
bridges the gap between theoretical understanding and practical application, offering hands-on
experiments that illuminate fundamental principles. This article provides an in-depth exploration of
what to expect from a typical electromagnetic field theory lab manual, covering essential topics,
expected learning outcomes, safety protocols, and the significance of practical work in this field. We
will discuss key experiments related to electrostatics, magnetostatics, and electromagnetic waves,
emphasizing the importance of accurate data collection and analysis. Understanding these concepts
is crucial for advancements in telecommunications, power systems, and various engineering
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Introduction to Electromagnetic Field Theory Lab

The study of electromagnetic field theory lays the foundation for many modern technologies, from
wireless communication to electric power generation. An electromagnetic field theory lab manual is
designed to transform abstract concepts into tangible experiences, allowing students to directly
observe and measure electromagnetic phenomena. This practical component is vital for developing a
deep and intuitive understanding of concepts like electric fields, magnetic fields, Maxwell's
equations, and wave propagation. A well-structured lab manual guides students through a series of
carefully designed experiments, fostering critical thinking and problem-solving skills essential for
aspiring electrical engineers and physicists.

The journey through an electromagnetic field theory lab typically begins with exploring the basic
properties of electric charges and their interactions. Subsequent experiments delve into the
behavior of magnetic fields generated by currents and the interplay between electric and magnetic
fields. The manual also often includes investigations into the propagation of electromagnetic waves,
a cornerstone of modern communication systems. By engaging with these practical exercises,



learners gain proficiency in using various laboratory equipment, interpreting experimental data, and
relating their findings to established theoretical frameworks. The ultimate goal is to equip
individuals with the practical skills and theoretical knowledge necessary to contribute to innovation
in electromagnetics.

Objectives and Learning Outcomes of an
Electromagnetic Field Theory Lab Manual

A primary objective of any electromagnetic field theory lab manual is to provide students with
hands-on experience in verifying fundamental electromagnetic principles. This involves designing,
setting up, and conducting experiments related to electrostatics, magnetostatics, and
electromagnetic wave propagation. Students are expected to develop a keen understanding of how
theoretical models predict real-world phenomena, and conversely, how experimental results can
inform and refine theoretical understanding. Key learning outcomes often include the ability to:

Measure electric fields and potentials using techniques like conducting paper mapping or
electrostatic field probes.

Investigate the properties of magnetic fields generated by permanent magnets and current-
carrying conductors.

Understand and demonstrate Faraday's Law of Induction and Lenz's Law through practical
experiments.

Analyze the behavior of electromagnetic waves, including reflection, refraction, and
polarization, using appropriate equipment.

Gain practical experience with oscilloscopes, signal generators, spectrum analyzers, and
various sensors used in electromagnetics.

Develop skills in data acquisition, processing, and graphical representation of experimental
results.

Apply mathematical concepts from electromagnetic theory to analyze and interpret
experimental data.

Understand the sources of experimental error and methods for minimizing their impact.

Foster an appreciation for the interconnectedness of electric and magnetic phenomena.

Develop problem-solving skills related to designing and executing electromagnetic
experiments.

These learning outcomes are crucial for building a strong foundation in electrical engineering,
physics, and related scientific fields. The practical application of theoretical knowledge is paramount



in these disciplines, and a well-designed lab manual ensures that students achieve this critical
competency.

Essential Components of an Electromagnetic Field
Theory Lab Manual

A comprehensive electromagnetic field theory lab manual typically comprises several key sections,
each designed to guide the student effectively through the experimental process. The structure
ensures clarity, safety, and a systematic approach to learning.

Experiment Structure
Each experiment within the manual usually follows a standardized structure to ensure consistency
and ease of understanding. This structure often includes:

Title: Clearly states the topic of the experiment.

Objective: Outlines the specific learning goals for the experiment.

Introduction/Background: Provides theoretical context and relevant formulas.

Materials and Equipment: Lists all necessary components and apparatus.

Procedure: Details step-by-step instructions for conducting the experiment.

Data Table: Provides a template for recording measured values.

Analysis and Calculations: Guides students on how to process their data.

Discussion Questions: Prompts critical thinking about the results and their implications.

Report Format: Specifies how the lab report should be structured.

Safety Guidelines
A dedicated section on safety is paramount. This covers general laboratory safety practices, as well
as specific precautions related to the equipment and phenomena being studied. This might include
warnings about high voltages, magnetic fields, and handling delicate instruments.

Theoretical Background
Before each experiment, the manual will provide a concise yet thorough theoretical background.



This section revisits relevant principles, definitions, and mathematical equations necessary to
understand the experiment's purpose and expected outcomes. It reinforces the connection between
theory and practice.

Equipment Description
For each experiment, a description of the key equipment used is often included. This helps students
familiarize themselves with the apparatus, understand its function, and learn proper operating
procedures. Understanding the capabilities and limitations of the equipment is crucial for accurate
data collection.

Data Presentation and Analysis
Guidance on how to present and analyze collected data is a critical component. This section may
cover plotting techniques, calculating uncertainties, and performing statistical analysis. It teaches
students how to draw meaningful conclusions from their experimental findings.

Key Experiments in Electromagnetic Field Theory

An electromagnetic field theory lab manual will typically feature a range of experiments designed to
illustrate the core principles of electromagnetism. These experiments are carefully selected to
provide both fundamental understanding and practical insights.

Electrostatics Experiments
Experiments in electrostatics focus on stationary electric charges and the electric fields they
produce. A common experiment involves mapping electric fields using conducting paper. Students
draw equipotential lines and electric field lines based on measurements taken with a voltmeter and
probes placed on a conductive surface connected to electrodes with different potentials. This
visually demonstrates the concept of electric potential and the direction of the electric field. Another
experiment might involve verifying Coulomb's Law by measuring the force between charged objects
at varying distances, though this can be challenging to do precisely without specialized equipment.

Experiments on capacitance are also central to electrostatics. Students might construct simple
capacitors and measure their capacitance using an LCR meter or by observing the charging and
discharging characteristics with a resistor and voltage source. Measuring the dielectric constant of
various materials by inserting them between capacitor plates provides practical experience with how
material properties affect electric fields. Understanding the energy stored in electric fields is often
explored through these experiments.

Magnetostatics Experiments
Magnetostatics deals with stationary magnetic fields, typically generated by steady electric currents



or permanent magnets. A fundamental experiment involves mapping magnetic field lines around bar
magnets or current-carrying wires using a compass. Students can observe the direction and relative
strength of the magnetic field. Verifying Ampere's Law by measuring the magnetic field produced by
a straight wire or a solenoid at different distances and currents is another key experiment. This
often involves using a Hall effect sensor or a magnetometer.

The concept of magnetic flux and its relationship to induced voltage, as described by Faraday's Law
of Induction, is typically explored through experiments involving coils and changing magnetic fields.
Students might move magnets through coils or change the current in one coil to induce a voltage in
another, observing the induced voltage on an oscilloscope. Lenz's Law, which describes the direction
of the induced current opposing the change in magnetic flux, can also be demonstrated and verified
in these setups. Experiments involving magnetic materials, such as measuring their magnetic
susceptibility or demonstrating hysteresis, are also common, providing insights into how materials
respond to magnetic fields.

Electromagnetic Waves and Transmission Lines
This section of experiments delves into the dynamic aspects of electromagnetism, focusing on the
propagation of electromagnetic waves and the behavior of signals on transmission lines. A classic
experiment involves demonstrating wave reflection and transmission at the boundary between two
different transmission lines with different characteristic impedances. This is often done using a time-
domain reflectometer (TDR) or by observing voltage pulses on an oscilloscope.

Experiments on standing waves on transmission lines are also crucial. Students learn to measure the
voltage standing wave ratio (VSWR) and locate the positions of voltage nodes and antinodes for
different frequencies and terminations (e.g., open circuit, short circuit, matched load). This is
typically performed using a signal generator, a directional coupler or probe, and a spectrum
analyzer or oscilloscope. Understanding impedance matching and the role of stub tuners or
matching networks to minimize reflections and maximize power transfer is a key practical skill
developed in these experiments.

Further experiments might involve studying the properties of antennas, such as measuring their
radiation patterns and input impedance. Microwave experiments, often using waveguide setups or
vector network analyzers, can demonstrate phenomena like S-parameters, microwave filters, and
isolators, providing a deeper understanding of electromagnetic wave behavior at higher frequencies.
The speed of light can even be estimated through carefully designed transmission line experiments.

Data Acquisition and Analysis in Electromagnetic Field
Theory Labs

Effective data acquisition and rigorous analysis are at the heart of any successful electromagnetic
field theory experiment. The lab manual will guide students on how to collect accurate
measurements and interpret them to validate theoretical principles.



Measurement Techniques
Students will learn various measurement techniques using specialized equipment. This includes:

Using voltmeters and ammeters to measure electric potentials and currents.

Employing oscilloscopes to visualize time-varying voltage signals, observe waveforms, and
measure parameters like amplitude, frequency, and phase.

Utilizing function generators to produce specific AC and DC voltage signals.

Operating signal generators and spectrum analyzers for experiments involving
electromagnetic waves and radio frequencies.

Using probes (e.g., Hall effect sensors, electric field probes) for localized field measurements.

Employing LCR meters for measuring inductance, capacitance, and resistance.

Using data acquisition systems to automate the collection of multiple data points.

Data Recording and Presentation
The manual will emphasize the importance of organized data recording. This typically involves using
well-structured data tables with clear units and appropriate precision. Results are often presented
graphically, using plots that clearly illustrate relationships between variables. Common plot types
include voltage versus distance, magnetic field strength versus current, and transmission coefficient
versus frequency. Properly labeled axes, units, and titles are crucial for effective data presentation.
Students are often taught how to perform curve fitting and interpolation.

Error Analysis and Uncertainty Quantification
A critical aspect of experimental physics is understanding and quantifying uncertainty. The lab
manual will introduce concepts of systematic and random errors and guide students on how to
estimate the uncertainty in their measurements. Techniques for propagating uncertainties through
calculations to determine the overall uncertainty of a result are also typically covered. This process
of error analysis helps in evaluating the reliability of the experimental findings and comparing them
with theoretical predictions.

Interpreting Results
The analysis section will guide students on how to interpret their collected data. This involves
comparing experimental results with theoretical values, identifying discrepancies, and proposing
reasons for any differences. Students will learn to draw conclusions based on the evidence, assess
the validity of the theories being tested, and discuss the implications of their findings.
Understanding the limitations of the experimental setup and the equipment used is also part of this
interpretation process.



Safety Precautions in Electromagnetic Field Theory
Laboratories

Working in an electromagnetic field theory laboratory requires strict adherence to safety protocols
to prevent accidents and ensure the well-being of all personnel. The lab manual will dedicate
significant attention to these guidelines.

General Laboratory Safety
Standard laboratory safety practices apply, including:

Wearing appropriate personal protective equipment (PPE) such as safety glasses at all times.

Knowing the location of emergency equipment like fire extinguishers and first-aid kits.

Keeping the workspace clean and organized to prevent tripping hazards.

Following proper procedures for the disposal of chemicals or waste materials.

Not consuming food or beverages in the laboratory area.

Electrical Safety
Electromagnetic experiments often involve electrical circuits that can pose significant risks:

Never touch exposed wires or components when power is connected.

Ensure all connections are secure before turning on power.

Be aware of high voltage sources and avoid direct contact.

Understand the proper use of grounding to prevent electric shock.

Report any damaged equipment or frayed wires immediately.

Always disconnect power before making any adjustments to the circuit.

Magnetic Field Safety
Strong magnetic fields can also present hazards:

Be aware of the presence of strong magnets, especially near sensitive electronic equipment or



medical devices like pacemakers.

Keep magnetic media (hard drives, credit cards) away from strong magnetic fields, as they can
be erased.

Avoid placing metal objects near powerful electromagnets, as they can become strongly
magnetized or move unexpectedly.

Radio Frequency (RF) and Microwave Safety
Experiments involving RF and microwaves require specific precautions:

Avoid direct exposure to high-power RF or microwave sources.

Ensure that all transmission lines and waveguides are properly terminated to prevent
reflections that can damage equipment or create hazardous conditions.

Operate equipment only within designated power limits.

Familiarity with and strict adherence to these safety guidelines, as detailed in the electromagnetic
field theory lab manual, are non-negotiable for a productive and safe learning experience.

The Role of Simulation Software in Electromagnetic
Field Theory Labs

While hands-on experimentation is crucial, simulation software plays an increasingly vital role in
modern electromagnetic field theory laboratories. These software packages allow students to
explore concepts and scenarios that might be difficult, expensive, or impossible to replicate in a
physical laboratory setting.

Visualizing Field Distributions
Simulation tools excel at visualizing electric and magnetic field lines, potential distributions, and
current densities in complex geometries. Software like ANSYS HFSS, COMSOL Multiphysics, or CST
Studio Suite can generate detailed graphical representations of fields, providing intuitive insights
into phenomena like field concentration around sharp corners or the behavior of electromagnetic
waves in different media. This visual understanding complements the data collected from physical
experiments.



Parametric Studies and Optimization
Simulation software enables students to conduct parametric studies, systematically varying
parameters like material properties, dimensions, or frequencies to observe their effects on the
electromagnetic behavior of a system. This is invaluable for understanding design trade-offs and for
optimization tasks, such as designing antennas or filters for specific performance characteristics. It
allows for rapid iteration and exploration of design spaces.

Exploring Difficult or Hazardous Scenarios
Certain electromagnetic phenomena or experimental setups might be too dangerous or complex to
implement physically. For instance, simulating the behavior of high-power transmission lines, the
effects of lightning strikes on structures, or the electromagnetic compatibility (EMC) of complex
electronic systems can be safely and effectively performed using simulation tools. This expands the
scope of learning beyond the limitations of a physical lab.

Cost-Effectiveness and Accessibility
While expensive specialized equipment is sometimes necessary, simulation software can often
provide a more cost-effective way to explore a wide range of electromagnetic principles. It
democratizes access to advanced experimentation, allowing students to gain experience with
sophisticated electromagnetic modeling techniques without the need for costly hardware.

The integration of simulation into the lab curriculum allows students to first predict and then verify
their experimental results, fostering a deeper understanding of the underlying physics and the
practical implications of theoretical models. The lab manual may often include assignments that
require the use of such simulation tools.

Troubleshooting Common Issues in Electromagnetic
Field Theory Experiments

Despite careful planning, experimental work in electromagnetic field theory can sometimes present
challenges. A good lab manual will often include a section on troubleshooting common issues,
helping students identify and resolve problems efficiently.

Incorrect Readings or Inconsistent Data
If experimental data does not match theoretical predictions or shows significant scatter, several
factors could be responsible:

Connection Errors: Double-check all wiring and connections. Ensure components are
correctly polarized and securely attached. Loose connections are a very common source of
error.



Equipment Malfunction: Verify that all equipment is functioning correctly. Sometimes an
instrument may be miscalibrated or faulty.

Environmental Factors: External electromagnetic interference from other equipment or
ambient fields can affect sensitive measurements.

Measurement Technique: Ensure that measurements are being taken at the correct points
and with the appropriate resolution. For field mapping, probe placement accuracy is critical.

Incorrect Setup: Review the experimental setup against the procedure in the lab manual.
Even minor deviations can lead to unexpected results.

Equipment Not Functioning
If a piece of equipment fails to turn on or operate as expected:

Power Supply: Check if the equipment is properly connected to a power source and if the
power switch is on. Verify that the power outlet is functional.

Fuses: Some equipment has internal fuses that may have blown. Consult the equipment
manual to locate and check fuses.

Interlocks: Certain equipment may have safety interlocks that prevent operation if not
properly engaged.

Operator Error: Ensure that the correct operating sequence is being followed as per the
equipment manual.

Waveform Distortions or Unexpected Signal Behavior
In experiments involving oscilloscopes and signal generators, distorted waveforms can arise from:

Improper Termination: On transmission lines, incorrect termination (open, short, or
mismatched impedance) can cause reflections that distort the signal.

Bandwidth Limitations: The oscilloscope or probes may not have sufficient bandwidth to
accurately capture fast-changing signals, leading to rounding or attenuation of sharp features.

Grounding Issues: Poor grounding can introduce noise or cause ground loops, leading to
unstable or distorted waveforms.

Loading Effects: Connecting measurement probes can alter the circuit behavior, especially at
high frequencies or high impedances.



When facing issues, the first step is always to consult the specific instructions within the
electromagnetic field theory lab manual and the manuals for individual pieces of equipment.
Systematic troubleshooting, starting with the simplest potential causes, is key to resolving
experimental problems.

Connecting Theory to Practice: Real-World Applications

The experiments conducted using an electromagnetic field theory lab manual are not merely
academic exercises; they directly illuminate the fundamental principles that underpin much of our
modern technological world. Understanding these principles is essential for innovation and
development across numerous industries.

Telecommunications and Wireless Systems
The study of electromagnetic waves is foundational to all wireless communication, including mobile
phones, Wi-Fi, satellite communication, and radio broadcasting. Experiments on wave propagation,
impedance matching, and antenna design directly relate to how these systems transmit and receive
information efficiently and reliably. Understanding wave polarization, for instance, is critical for
designing efficient antennas for various applications.

Power Systems and Electrical Machines
The principles of electromagnetism are integral to the design and operation of power generation,
transmission, and distribution systems. Experiments on electromagnetic induction, magnetic fields,
and motors/generators are directly applicable to understanding how electrical energy is converted
and transported. Concepts like magnetic flux density and magnetic forces are key to the
functionality of transformers and electric motors.

Electromagnetic Compatibility (EMC) and Shielding
As electronic devices become more prevalent and operate at higher frequencies, ensuring they do
not interfere with each other (EMC) becomes crucial. Lab experiments that explore electromagnetic
shielding, field penetration through materials, and methods for minimizing interference provide
practical insights into designing robust electronic systems that operate without unwanted emissions
or susceptibility to external fields.

Medical Imaging and Diagnostics
Technologies like Magnetic Resonance Imaging (MRI) rely heavily on sophisticated understanding of
magnetic fields and nuclear magnetic resonance. While a basic lab manual might not cover MRI
directly, the underlying principles of magnetic field generation and interaction with matter are
explored in introductory magnetostatics experiments. Other medical devices also leverage
electromagnetic principles for sensing and treatment.



Remote Sensing and Radar
Radar systems, used in everything from weather forecasting to aviation and automotive safety,
operate by transmitting and receiving electromagnetic waves. Experiments that demonstrate wave
reflection, scattering, and Doppler effects provide a foundation for understanding how these systems
can detect objects and measure their properties. Remote sensing technologies also utilize
electromagnetic radiation across various spectra to gather information about the Earth and
atmosphere.

By bridging the gap between theoretical concepts and practical application, an electromagnetic field
theory lab manual equips students with the knowledge and skills necessary to contribute to
advancements in these and many other vital technological fields.

Frequently Asked Questions

What are the key safety precautions typically emphasized in an
electromagnetic field theory lab manual?
Typical safety precautions include avoiding direct contact with high-voltage sources, ensuring
proper grounding of equipment, using personal protective equipment (PPE) like safety glasses, and
being aware of the potential effects of strong magnetic fields on electronic devices and pacemakers.

What fundamental concepts from electromagnetic field theory
are most commonly explored in undergraduate lab
experiments?
Commonly explored concepts include Coulomb's Law, Gauss's Law, Ampere's Law, Faraday's Law of
Induction, principles of electrostatics and magnetostatics, wave propagation, and antenna
characteristics.

What types of equipment are essential for conducting
experiments outlined in a typical EM field theory lab manual?
Essential equipment often includes oscilloscopes, function generators, signal generators,
multimeters, power supplies, various sensors (e.g., Hall effect sensors, magnetic field probes),
antennas, transmission lines, resonant cavities, and components like capacitors, inductors, and
resistors.

How does a lab manual typically guide students in simulating
electromagnetic phenomena?
Lab manuals often introduce simulation software (e.g., COMSOL, ANSYS HFSS, MATLAB with EM
toolboxes) and provide step-by-step instructions for modeling different EM scenarios, analyzing
results, and comparing them with theoretical predictions or experimental data.



What is the importance of data analysis and interpretation in
the context of an EM field theory lab?
Data analysis and interpretation are crucial for validating theoretical concepts, identifying
experimental errors, understanding the behavior of electromagnetic systems, and drawing
meaningful conclusions from observations. This often involves plotting data, performing statistical
analysis, and comparing results to theoretical models.

How do electromagnetic field theory lab manuals typically
address the design and testing of antennas?
Manuals usually cover antenna basics such as radiation patterns, gain, impedance matching, and
VSWR. Experiments might involve constructing simple antennas (e.g., dipoles, loops), measuring
their characteristics using spectrum analyzers or network analyzers, and optimizing their
performance.

What role does error analysis play in the experiments
described in an EM field theory lab manual?
Error analysis is fundamental for understanding the accuracy and reliability of experimental results.
Lab manuals guide students on identifying sources of error (e.g., instrument limitations,
environmental factors, measurement uncertainty) and quantifying their impact on the final outcome,
often through methods like propagation of errors.

Additional Resources
Here are 9 book titles related to electromagnetic field theory lab manuals, with descriptions:

1. Introduction to Electromagnetism: Laboratory Experiments
This manual provides a hands-on approach to understanding fundamental electromagnetic
principles. It outlines a series of experiments designed to reinforce concepts such as electrostatics,
magnetostatics, and electromagnetic induction. Students will learn to set up circuits, take
measurements, and analyze results to gain practical experience in the field. The manual typically
includes detailed instructions, circuit diagrams, and data tables for recording observations.

2. Applied Electromagnetics Lab Manual: From Theory to Practice
This resource bridges the gap between theoretical electromagnetic field theory and its practical
applications. It features experiments that explore the behavior of electromagnetic waves, antennas,
and transmission lines. The manual emphasizes problem-solving skills through guided inquiry and
data analysis, encouraging students to connect their experimental findings with established theories.
It often includes sections on modern measurement techniques and equipment.

3. Fundamentals of Electromagnetics with MATLAB: A Laboratory Guide
This lab manual integrates computational tools, specifically MATLAB, into the study of
electromagnetics. It presents experiments that allow students to simulate and visualize
electromagnetic phenomena, complementing physical experimentation. The focus is on
understanding how theoretical models translate into observable behaviors and how to use software
for analysis. This approach is invaluable for modern engineering and physics students.



4. Electromagnetic Field Theory: Laboratory Investigations and Simulations
This comprehensive guide offers a dual approach to learning, combining traditional laboratory
investigations with advanced simulation exercises. It covers a broad range of topics, from Maxwell's
equations in practice to the behavior of electromagnetic fields in various media. Students will gain
proficiency in both experimental setup and the use of simulation software for exploring complex
electromagnetic scenarios. The manual aims to build a deep, intuitive understanding of EM
phenomena.

5. Electromagnetic Waves and Circuits: A Hands-On Approach
This lab manual focuses on the practical aspects of electromagnetic waves and their interaction with
circuits. It features experiments that demonstrate wave propagation, impedance matching, and
antenna characteristics. The manual provides clear step-by-step procedures, safety guidelines, and
expected outcomes for each experiment. It's designed to build practical skills in designing and
testing electromagnetic systems.

6. Electromagnetic Field Theory: Lab Manual with Online Resources
This modern lab manual combines traditional printed experiments with supplementary online
resources. It covers core concepts of electromagnetic field theory through a series of carefully
designed experiments. The online component may include video demonstrations, interactive
simulations, and additional data analysis tools to enhance the learning experience. This blended
approach caters to diverse learning styles and provides flexibility.

7. Experimental Electromagnetics: Principles and Applications
This manual delves into the experimental underpinnings of electromagnetic field theory, showcasing
real-world applications. It guides students through experiments that illustrate principles such as
Faraday's law, Lorentz force, and electromagnetic radiation. The book emphasizes critical thinking
and the interpretation of experimental data in the context of fundamental physics. It often includes
case studies that highlight the practical significance of the experiments.

8. Electromagnetic Fields and Waves: A Practical Laboratory Manual
This lab manual is tailored for students seeking practical experience with electromagnetic fields and
waves. It presents a series of experiments that solidify understanding of concepts like electric and
magnetic fields, inductance, capacitance, and wave phenomena. The manual is characterized by its
clear instructions, focus on safety, and emphasis on data collection and analysis techniques. It aims
to build foundational laboratory competence in electromagnetism.

9. Advanced Electromagnetic Field Theory: Laboratory Manual and Project Guide
This manual is designed for students seeking to deepen their understanding of advanced
electromagnetic field theory through practical work. It includes more complex experiments and
provides guidance for undertaking independent projects in areas such as microwave engineering or
computational electromagnetics. The focus is on developing analytical and problem-solving skills for
tackling challenging electromagnetic challenges. It often includes suggestions for further research
and advanced topics.
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