Week 1

Lesson 1

Lesson 2

Lesson 3

Lesson 4

CTY
Electrical Engineering

Syllabus

Theory of Solids

- atomic theory /conductors, insulators, electrical charge
- behavior of charged objects
- gravitational and electric fields

Experiments: 1. Conductivity of Materials
2. Magnetic Field around bar magnets

Enerqy Concepts

- work, energy, potential and kinetic energy
- principle of conservation of energy

Experiment: Begin disassembly of VCRs

Electrical circuits (1)

- conversion of metric units

- voltage, current and resistance

- energy transfer in electric circuits

- series circuits

- parallel circuits

- resistor color coding

- work, energy and power in electrical circuits

Experiment: Mapping Electric Fields
Test #1

Electrical Circuits (11)

- DC circuit analysis

- capacitors and the storage of energy
- common circuit symbols

- schematic diagrams

- series/parallel circuits

Experiment: Series and Parallel Resistors



Lesson 5 Analysis of specialized circuits

- charging and discharging capacitors
- principles of solar cells

- transistors as switches

- discussion of “the water engine”

- discussion of “the solar engine”

Experiment: Lab cleanup and parts acquistion

Week 2
Lesson 1 Electronic Devices
- n-and p- type silicon
- diodes - forward- and reverse-biased
- voltage drops and voltage rises in a circuit
- role of the time constant in charging and discharging capacitors
- Review schematic of solar engine
- Introduction to breadboarding
- design of “Flag Waver” (Robot #1) *(see appendix)
Experiment: Breadboarding Circuits
Lesson 2 Electricity/Electronics
- alternating current/direct current properties
- video: Miniature Miracle: The Computer Chip
- introduction to circuit boards
Experiment: Troubleshooting and completion of Robot #1 circuitry
Preparation and etching of circuit board
Lesson 3 Electromagnetism (1)

- the similarities between electric and magnetic forces
- the magnetic field outside a straight conductor
- the magnetic field inside a coil

Experiment: Construction of Robot #1.



Lesson 4

Lesson 5

Week 3

Lesson 1

Lesson 2

Lesson 3

Test #2

Electromagnetism (11)
- uses of electromagnets
- circuits of lifting magnet, relay and electric doorbell.

Experiment: Project completion/ Introduction of Solar-Powered Racer.

Robotic Circuits (11)

- breadboarding and operation of basic circuit

Experiment: Construct integrated circuit solar-powered racer.

Electromagnetism (111)

- electromagnetic induction

- historical background

- using magnetic fields to produce current
- Lenz’ Law

- practice examples

Troubleshooting: modifications of existing designs, all projects completed,
tested and working.

Review, sample problems
Introduction to the transformer

Robot Circuits (111)

- Introduction to Robot #3: Theory and construction.
Experiment: Breadboard and troubleshoot Robot #3.
Test #3

Construction of Robot #3

Experiment: Construction of Robot #3



Lesson 4 Completion and testing of Robot #3

Lesson 5 Guest Lecture
Lab Cleanup
Future projects

Appendix

Robot #1 is a mounted motor that is triggered at regular intervals by circuitry when
exposed to sunlight. With cosmetic modification, it can be “an alien space probe sent to monitor
earth”, etc. Students are encouraged use their imagination here.

Robot #2 is a racer that consists of a solar cell and a motor that cannot be powered
directly by the solar cell. Control circuitry uses an integrated circuit/microchip. The racer is
usually at rest accumulating energy and when it has “enough energy”, it receives a quick kick
propelling it forward. This cycle then repeats. Students must now pay attention to friction and
weight.

Robot #3 incorporates two circuits similar to that used in Robot #1. The result is a critter
that lurches around on two motor “feet” continually orienting itself towards the brightest source
of light. This type of robot is termed a “photovore”. Simple circuit changes can convert it into a
“photophobe”.

Robot #4 is an immobile device free to rotate and orient itself towards its
nearest/brightest light source. While the associated circuitry is discussed with the students and
they are provided with the parts, due to time constraints, construction is assigned to students as a
“take-home” project.



