
New Mexico Tech  Hydrology Program 
Hyd 510, Fall 2008   (v.1.0)  Quantitative Methods in Hydrology 

-1 of 3- 

H510 Quantitative Methods in Hydrology 
 
Instructor: John L. Wilson, MSEC 242, jwilson@nmt.edu, cell 505-250-9763. 
 
TA:  Ravindra Dwivedi, MSEC 108, ravindra@nmt.edu, office 575-835-5484, cell: 575-418-7287  
 
Office Hours: Instructor: TBA; TA: TBA 
 
Class Credits: The 3 class credits are for 2 hours of lecture and 3 hours of lab per week. However, the 
lab will usually meet for only 2 hours. The lecture classroom is reserved for another 15 minutes, so we 
can voluntarily stay late as a recitation to work on problem areas.  
 
Meeting Time and Location: Class, M,W, 11am-12 noon , and Lab W 2pm-5, both in MSEC 187. 
  
Objective and Approach: This class is an introduction to the methods of mathematical physics used in 
hydrologic science. It is presented in the context of basic mathematical methods and their application in a 
hydrologic context. It starts with a review of calculus. It then introduces and builds upon, in order, ordinary 
differential equations (odes), multivariate calculus, vectors, and partial differential equations (pdes). Both 
analytical and numerical methods of solution of differential equations are introduced. 
  
Organization and Exams: The semester will be organized into quarters, with an exam at the end of each 
quarter. A final exam will cover the entire semester. Classes will consist of lectures, interrupted by the 
occasional quiz. The lab will be aimed at using and writing computer programs, with an emphasis on their 
use in data analysis, plotting functions, and numerical solutions. 
 
Homework: Homework will be due weekly. It will be self-graded to determine whether you understand 
and can apply the material. We will simply inspect it to see that you did your own work and to assess your 
degree of understanding. You will be given full credit if you do the homework completely and thoroughly, 
regardless of the self-grade you give it. Once we’ve marked the homework for completeness we will 
return it to you, along with the answers to the problems, for you to self-grade. You should share the self-
grade with the TA, as we need the feedback in order to help you and to know how we are doing. The TA 
will be available to help you overcome weaknesses, both before each homework deadline and 
afterwards. 
 
Laboratory: Matlab software will be introduced in the lab and used throughout the semester. We may 
also introduce Maple software early but would use it mainly in the lecture. Your use of Maple will be 
completely voluntary. Laboratory exercises and training in (matlab) programming will be included in the 
lab. 
 
Grades: You will get one grade for the semester covering both lecture and lab. The lecture grade (70% of 
total) will be based on quizzes and the four exams during the term (30% total), the final exam (20%), and 
whether or not you completed homework assignments (20%). The lab grade will depend on completion of 
homework assignments and projects (total 30%). 
  
Math Classes: This course is not a substitute for math classes, although it introduces topics that you can 
study in detail with the Math Department. Among these more advanced classes that you should consider 
are classes on vectors, ordinary differential equations, partial differential equations, complex variables, 
linear algebra, and numerical methods. Our coverage of a topic will be biased by hydrologic applications. 
We will introduce only elementary methods, but even then we will skip methods that are less used in 
hydrology. We will not provide proofs of anything; the emphasis will be on application. You need a more 
comprehensive and fundamental exposure to mathematical methods; we encourage you to take one or 
more math classes to follow this introduction. 
 
Lecture Syllabus: The time allocation estimate is based on 30 classes meeting twice a week. 
Removing three classes for three exams would leave 27 classes, so perhaps we will use lab time 
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for the midterms. The proposed lecture breakdown is roughly introduction and review 
(precalculus and calculus) (15%), odes (40%), vectors (10%), higher dimensional calculus (5%), 
and pdes (30%).  The lab syllabus will be finalized later. The tentative course outline is:  
 

Motive 
 
Calculus Review 

Functions and graphs 
Limits 
Derivatives  
Antidifferentiation 
Maxima and minima 
Newton’s Method 
Differentials 
Separable differential equations 
Integrals 
Series 

 
Ordinary Differential Equations (ODEs) 

Initial value problems 
Linear dependence 
Complete solutions of linear equations 
First-order linear ODEs 
Second-order linear differential equations with constant coefficients 
Boundary Value Problems 
The equidimensional linear ODE 
Properties of linear operators 
Simultaneous linear differential equations 
Special solvable types of non-linear equations 
The LaPlace Transform 
The Convolution 
Series solution 
 Example: Bessel Equations and Bessel Functions 
 

Numerical Methods  
Differentiation via the Taylor Series approximation (finite differences) 
Numerical integrations  
First-order ODEs via 
 Euler Methods 
 The Runge-Kutta Method  
 Introduction to the Adams and Modified Adams Methods 
Newton’s and Fixed Point Methods for Non-linear equations 
Second-order ODEs via finite difference methods 
 

Vectors I 
Vector addition, subtraction, Scalar multiplication and norms 
Dot and cross products; Scalar triple product 

 
Multivariate Calculus 

Partial Derivatives 
Graphs and level sets 
Chain rules and first-order partial derivatives 
Chain rules for second-order partial derivatives 
Jacobian and Jacobian determinant 
Taylor Series 
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Maxima and minima (constraints and Lagrange Multipliers) 
Newton’s Method 
Differentials and Exact Differential Equations 
Multiple Integrals 
 

Vectors II (Vector Calculus) 
Differentiation of vectors 
Geometry of a space curve 
Gradient vector and Vector Operator ∇ 
Differentiation formula 
Line integrals 
The potential function 
Surface integrals  
Divergence Theorem 
Green’s Theorem 
Interpretation of Curl, LaPlace’s Equation 
Stoke’s Theorem 
Orthogonal Curvilinear Coordinates 

 
Partial Differential Equations (PDEs) 

Fundamentals of PDEs 
The quasi-linear equation of first order 
 Initial conditions 
Linear and quasi-linear equations of second order 
 The homogeneous linear equation of second order, with constant coefficients 
Other linear equations 
Characteristics of first and second order equations 
Methods of solution 
 Separation of variables 
 LaPlace transforms 
 Fourier Series 
 Numerical Methods 
Types of PDEs and their behavior 

Steady-state and transient heat conduction in different geometry 
Steady-state and transient groundwater flow 
Transient solute advection 
Transient solute advection-dispersion with sorption and decay 


