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6.007 – Applied E&M – From Motors to Lasers
The course encompassed THREE THEMES with FIVE related LABS
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This paper confirmed our 
TEACHING PHILOSOPHY



6.007 – Applied E&M – From Motors to Lasers

GUIDELINES:

• Integral Maxwell’s Equations
• 1-D Problems
• Exposure to Modern Problems
• Microscopic Physics to 

Support Engineering Systems
• Macro/Microscopic Intuition



6.007 – Applied E&M – From Motors to Lasers
The course encompassed THREE THEMES with FIVE related LABS

MEASUREMENT AND 
UNCERTAINTY 

- Wavepackets
- Photon Momentum
- Heisenberg Microscope

ELECTRON EIGENSTATES
- Calculating Wavefunctions
- Particle in a Box 
- Atoms and Quantum Dots

QUANTUM ELECTRONICS 
- Tunneling (STM, Flash) ***
- Energy Bands/  Conduction 
- Energy Band Transitions
- Photodetectors, Solar Cells
- LED and Lasers

•• LAB •• 
TUNNELING TOUCHPAD

ENERGY CONVERSION and 
STORAGE

- Energy Conservation
- Across and Through Vars.
- Energy Storage

•• LAB: MOTORS ••

ENERGY/POWER/WORK in 
BASIC CIRCUIT ELEMENTS 

- Energy Method ***
- Electric/Magnetic Materials
- Magnetostatic / Electrostatic 

Machines
- Micro-Electro Machines

•• LAB: COIL GUN ••

- Limits of Statics

EM WAVES
- Wave Equation 
- Energy in the EM Waves
- Polarized Light

MATERIALS RESPONSE
- Lorentz Oscillator ***
- Reflection, Absorption
- Complex Refractive Index 
- Evanescent Waves

•• LAB •• 
LIQUID CRYSTAL DISPLAY

DEVICES AND PHYSICS
- Polarizers/Birefringence

•• LAB: FIBEROPTICS ••

- Photon as a 
Quantum of Energy

WORK AND ENERGY ELECTRODYNAMICS QUANTUM MECHANICS



Motors and Actuators

COIL GUN LABMOTOR LAB

- Hands-on lab experience 
essential for adoption 
of engineering practice

- Engage in the first week 
of the semester

- Use the energy method 
in actuator analysis



Anatomy of an LCD Display

Retardation plate (pol rotator)

Color Filter (green) Backlight (lightguide)

Polarizers



Graphics from:  
http://www.kth.se/fakulteter/TFY/kmf/lcd

~ Example:  6.007 Concepts Pertaining to Liquid Crystal Displays ~
INDEX OF REFRACTION
- Physical origins 

· molecular dipoles
· polarizability (Lorentz Oscillator)

- Isotropic solids
· Snell’s Law
· Waveguides (total internal reflection)
· Reflection, Transmission, Absorption 

(Fresnel Equations)
· Color of solids

- Anisotropic solids - Birefringence
o Liquid Crystals 

POLARIZERS, POLARIZED LIGHT
- Wire polarizer, Polaroid polarizer
- Circularly, Linearly polarized light

LIGHT SOURCES
- Visible and IR/UV spectrum
- Spectral emission of Incandescents, Fluorescents, LEDs
- Energy efficiency of light sources 

LCD DISPLAYS
- Eye response, Perception of Color
- Light Guide
- Passive/Active Matrix Display Electronics
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Anatomy of an Flash Memory

Electron 
Wavefunction

Tunneling 
Current

Conduction in semiconductors



~ Example:  6.007 Concepts Pertaining to Flash Memory Technology ~

ControlControl
GateGate

DrainDrainSourceSource

~40 nm~40 nm

CONDUCTION ELECTRON FLOW

Control Gate Control Gate 

Conducting ChannelConducting Channel

2424ÅÅ Insulating DielectricInsulating Dielectric

Tunneling causes thin insulating 
layers to become leaky !

LEAKAGE 
CURRENT

IMAGING HEAT

CHARGE and FIELDS
- Free and Fixed Charge in Materials
- Metals, Semiconductors, Insulators
- Free Charge Transport

QUANTUM MECHANICS
- Moore’s Law Scaling
- Bound Electrons
- Tunneling through a Potential Barrier

CIRCUIT ELEMENTS
- Field Effect Transistors
- Flash Memory 
- Capacitors, Resistors



License to Master EM and QM 
for Tomorrow’s Technologies

6.013
EM Applications

(wireless comm., antennas, 
sensors, fiberoptics, MEMS)

6.728
Applied Quant. & Stat. Mech.

(from quantum wells 
to molecules)

6.012
Semiconductor Devices
(FETs, BJTs, p-n Diodes,

amplifiers)

6.730
Solid State Applications Phys.

(electrons and lattice 
vibrations in solids) 

6.701
Intro to Nanoelectronics

(transistors at 
the nanoscale)

6.602
Fundamentals of Photonics
(lasers, integrated optics, 

quantum electronics)

...
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