GEOL. SCI. 449/549                                                                                         Spring 2006

Course Outline                                                                                                S.R. Dickman

INTRODUCTION TO GLOBAL GEOPHYSICS
I.    INTRODUCTORY CLASS  (1 hour) 

· class business; a culinary approach to geophysics. 

II.   THE COSMIC BACKGROUND  (9 hours) 

· Origin and age of the universe.  Properties and mechanics of the solar system; formation of the solar system.  Evolution of our atmosphere: internal processes versus solar variability. 

· READINGS FROM 1, 2, 5-7, 8,11-13; also from C, D; A16, A38, A39 (& B12) 

III.  GRAVITY and THE SHAPE OF THE EARTH  (8 hours) 

· Gravity basics: gravity theory and centrifugal force; IGF; spheroid and geoid; measurements of gravity; corrections to measurements, anomalies.  
(((((((((((((((((((((  EXAMINATION  (((((((((((((((((((((
Earth-system gravity: tides; precession; satellite geodesy; tidal friction.  

The Vail curve and isostasy.  

· READINGS FROM 1 - 7, 11-13; also from E, F, L; A14.  Lab #2 will be helpful.

IV.   SEISMOLOGY and THE STRUCTURE OF EARTH’S INTERIOR  (6 hours) 

· Stress and strain in brief; rheological models.  Elastic media: why waves; wave properties; inferring wave velocity; surface waves & free oscillations.  

 Existence of the core; gross structure of the Earth.  

 Birch's Rule, Adams-Williamson equations, and densities within the Earth. 

· READINGS FROM 1 - 7, 10, 11; C recommended, also G, H; A7, A9, A1, B8. 

V.    COMPOSITION OF THE INTERIOR  (2 hours) 

· Direct and indirect evidence; equations of state, high-pressure experiments, phase transitions; the core. 

· READINGS FROM 1, 5, 6, 10; also, from E; and B1.

VI.   GEOCHRONOLOGY  (3 hours) 

· Nature of radioactivity, types of decay; radiometric dating; U & Pb methods.  

 The conception of the solar system. 

· READINGS FROM 1, 2, 5, 9; also 6. 

(((((((((((((((((((((  EXAMINATION  (((((((((((((((((((((
VII.  HEAT FLOW and THE THERMAL EVOLUTION OF THE EARTH  (9 hours) 

· Measurements; heat sources; theory of heat transmission and its consequences.  Introduction to convection; how fluids work. 

· READINGS FROM 1 - 3, 5 - 7, 11, 13; also, from E; and B27. 

VIII. GEOMAGNETISM  (3 hours) 

· Magnetic fields & their description; components of the Earth's field; properties, source region, and origin of the geomagnetic field; dynamics of the fluid core. 

· READINGS FROM 1, 3 - 6, 10, 11; also from I - K; A2. 

(((((((((((((  FINAL EXAMINATION, half to be comprehensive  (((((((((((
PRIMARY READING

1.    Class notes by S.R. Dickman 

2.    Lowrie, Fundamentals of Geophysics (1997)* 

3.    Lillie, Whole Earth Geophysics (1999)*

4.    Dobrin, Introduction to Geophysical Prospecting, 4th Edition (1988)*

 -- for lectures and labs
5.    Brown & Mussett, The Inaccessible Earth (1993)* 

6.    Press & Siever, Earth, 3rd Edition (1982) 

7.    Smith, Topics in Geophysics (1973, MIT Press)* 

8.    Cameron, article in Scientific American (Sept. 1975)* 

9.    Verhoogen et al., The Earth (1974), Chapter 4* 

10.  Jacobs, The Earth's Core & Geomagnetism (1963)* (could also check out Jacobs,  The Earth's Core, 1987) 

11.  Richard Chapman, Physics for Geologists: A Concise Introduction (1994) 

12.  Gonick & Huffman, The Cartoon Guide to Physics (1990)

13.  Middleton & Wilcock, Mechanics in the Earth & Environmental Sciences (1994)

           * = on reserve at the Science Library 

SUGGESTED ADDITIONAL REFERENCES (for your enlightenment) 
A.    McKinney, Tolliver & Shariff, eds., Current Perspectives in Geology, 1998* 

(for example, A39 refers to the 39th article of that book). 

B.    McKinney, McHugh & Meadows, eds., Current Perspectives in Geology, 2000* 

C.    Donald Goldsmith, The Universe 

D.    S. Weinberg, The First Three Minutes 

E.    John Verhoogen et al., The Earth 

F.    George Darwin, The Tides 

G.    Charles Richter, Elementary Seismology 

H.    W. Bronson, The Earth Shook, The Sky Burned 

I.     Jacobs, Russell & Wilson, Physics & Geology Chapter 8 

J.     E.N. Parker, "Universal Magnetic Fields", in American Scientist (Sept. 1971)

K.    A.P. Dubrov, The Geomagnetic Field & Life (Geomagnetic biology)

L.   G.E. Williams, "History of Earth's Rotation and the Moon's Orbit", in Australian Journal of Astronomy (March 1994)

and a classic:  

-- Debate about the Earth, by Takeuchi, Uyeda & Kanamori 

NOTE: the relevant sections of text references may be found 

using index + table of contents! 

LAB ‘WISH LIST’ FOR GEOL. SCI. 449/549 (Spring 2006):

1.  Foucault Pendulum  (due in 1 week) 

               Given: first week of Gravity chapter; indoors. 

Readings: check out web site

           http://www.calacademy.org/products/pendulum/index.html
2.  Vector Analysis Q & A (due in 1 week) 

Given: during first week of Gravity chapter; indoors.   

Explanation of vector cross products, basis for class presentation of centrifugal force.  For those weak on vector products.

Readings: your class notes.

Assignment: 1 homework problem, due in 1 week.  (Due, whether or not you attend this help session!; write up as homework problem, not as lab report)

3.  Gravity Survey  (due in 2 weeks) 

               Given: last week of Gravity chapter; outdoors if weather permits...

               Readings from 2 - 4, 6 (optional but strongly recommended). 

4.  Seismic Survey  (due in 2 weeks) 

               Given: outdoors; second week of Seismology chapter or as soon thereafter as weather permits! 

               Readings from 2 - 4 (optional). 

5.  Resistivity Survey  (due in 2 weeks) 

               Given: outdoors, after second exam.  Preceded by background lecture for 1 lab.

               Readings from 4 (required). 

or

5.  Computer Lab: age of Earth (Isotope Data Regression) – alternative if poor weather

                – – lectures for 2 labs, regression program due 1 week later. 

               Given: after second exam; indoors (!). 

               Readings from 2, 9, Schaum Outline Series on FORTRAN (optional). 

6.  Magnetic Survey  (due in 1 week) 

               Given: start of Geomagnetism chapter; indoors. 

               Readings from 2, 4 (optional). 


Lab write-ups

· brief but complete (total length perhaps ~ ½ to 3 pages); legible

· use this format:  ( Statement of Purpose (1 sentence)

  ( Methodology (approach taken, equipment used, how data collected, relevant formulae)

  ( Data Tabulation

  ( Analysis

  ( Results

  ( Error Discussion (error sources/effects, estimates if possible)

  ( Conclusions (including significance of results, given errors)

