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GEOL 4060 Syllabus

Fall Semester of 2009 (August-December, 2009)
New Titles:

GEOL4060: Geological Applications of GPS Geodesy
Old Title:

GEOL4060: Geological Applications of Cartography and Geodesy

Classroom: 
F204 (8:30—9:20PM, Monday/Wednesday)

Lab: 
F413 (1:30—4:30, Monday/Wednesday)

Professor: Guoquan Wang

Office: Puerto Rico Seismic Network, Department of Geology
Office hours: Monday, 10:00AM-12:30 PM; Wednesday, 10:00AM—12:30 PM
DIRECTLY WALK IN or BY APPOINTMENT

Telephone: 787-833-8433

Email: guoquan.wang@upr.edu
Course Description:
This course provides an overview of the major space geodetic techniques and focus on the theory and practice of the Global Positioning System (GPS). The course also provides hands-on experience using GPS data to address scientific problems in the Geosciences. The labs provide hands-on experience in data processing techniques, including programming a simple GPS data processing software, Topcon Tools. Students as a team will work on a landslide GPS monitoring project. Knowledge of Matlab/Fortran and Unix/Linux is not pre-required but will help. 
General objective: 
To introduce Global Positioning System (GPS) as a modern tool in geosciences and to use GPS in real-world research and engineering applications.
Specific objectives: 
1) to implement understanding of the principles of GPS geodesy;
2) to address scientific problems in the earth sciences with GPS;
3) to practice and enhance knowledge in computer science (Unix/Linux); 
4) to address data and information literacy;
5) to enhance critical thinking;
6) to build teamwork.
.

Text: 
No official text. Handouts will be sent to students before each class.

Three reference texts are listed below.
1) Ahmed EI-Rabbany, 2006, Introduction to GPS, second edition. Artech House. ISBN:10:1-59693-016-0.

2) Kaplan, E., 1996, Understanding GPS: Principles and Applications, Artech House, Telecommunications Library, 554 p. ISBN: 0890067937.

3) Gunter Seeber, 2003, Satellite Geodesy, second edition. ISBN: 3-11-017549-5.

Grading:

Attending (40%) + Homework (20%) + Labs (20%) +  Final Project (examination) (20%)

Final Projects:

The students’ final grade will depend heavily on class-attendance and completion of a project illustrating her or his ability to use GPS data to address a geophysical question. Homework assignments are designed to guide students toward a timely completion of their projects. We will have a large homework and 4 small homeworks during the semester. The topic of the big home work is measuring the movements of your house. It will also become the major part of your final project. Each student will take the lead on her or his own project. But each student will also be a co-investigator on at least one other student’s project. Each project must have at least one co-investigator. Near the end of the course each student will give a 15-minute AGU-style oral presentation to the class on her or his project. The expectations will be described in detail as the class progresses. 

HOMEWORK:
Students are encouraged to work together on all homework assignments. We are a team!! 
REQUIRED MATERIALS AND COMPUTER ACCESS:
Each student must have access to a computer with Unix/Linux system connected to the Internet. Students will be required to write their final projects using a word processing program (e.g., Word, LaTex, etc), and give their presentation using PowerPoint or similar presentation software. Each student will get an account in the Computer Lab of Geology (F413).

GEOL4060: Geological Applications of GPS
Contents:
1. GPS Overview

1.1  Overview of GPS—past, now, and future
1.2  GPS: the basic idea

1.3  Current GPS satellite constellation

1.4 Position vs. Displacement
1.5 Traditional GPS vs. high-rate GPS and real-time GPS
1.6  GPS levels of service

1.7 Overview of applications
2. Introduction to Geodesy

2.1 Introduction to fundamental principles of geodesy
2.2  The gravity field of earth 

2.3  Gravity field outside the earth

2.4 The geometry of earth

2.5 Geodetic position determination
2.6 Sources of data from ground positioning and surveying
2.6.1 Traditional surveying
2.6.2 Automated surveying: laser ranging, EDM
2.6.3 Simultaneous 3-D positioning: GPS

3 Introduction to GPS---GPS details
3.1 Principles of GPS
3.2 GPS satellite orbit
3.3 GPS errors and biases
3.4 GPS positioning modes
3.5 GPS receivers and antennas, precision and costs

3.6 DGPS

3.7 Real-time GPS and high-rate GPS

3.8 GPS standard formats

3.9 GPS data and processing

3.9.1 Factors affecting data quality
3.9.2 Topcon proprietary processing software
3.9.3 Overview of GAMIT/GBLOK processing environment
4 Applications of GPS in geosciences and case studies
4.1 GPS seismology

4.1.1 Global plate motions, PBO and Global GPS Network

4.1.2 Earthquakes

4.2 GPS meteorology

4.2.1 Interaction of GPS signals with the troposphere

4.2.2 Seasonal variations

4.2.3 Calculating troposphere water vapor content: arid and tropical environments

4.3 High-rate GPS and strong earthquake ground motion


Case studies---high-rate GPS data from the 2003 San Simeon and 2004 Parkfield earthquakes.

4.4 Real-time GPS and Tsunami Warning
4.5 GPS and Hurricane Intensity forecasting and tracking

