
Mathcad Selections from
Numerical Recipes Function Pack

This on-line Function Pack contains over 140 useful functions from the second edition of
Numerical Recipes, the best-selling book by William H. Press, William T. Vetterling, Saul A.
Teukolsky, and Brian P. Flannery. Once installed, these functions become part of the Mathcad
PLUS function set, further enhancing the power of Mathcad. A Mathcad Electronic Book is
included to document the functions and provide background information and working
examples. You'll benefit from easier, quicker access to ideas and numerical algorithms -- all
without the need for programming or compiling code.

Platform: Windows
Requires Mathcad PLUS 5.0 or higher, 4 MB hard disk space
Available for immediate download (size 2293261 bytes) or
ground shipment

Topics include: Two-dimensional Polynomial and Spline Interpolation, Laguerre's Method of Find-
ing Roots, Power Spectra, Wavelet Transforms, Chebyshev and Rational Function Approximations,
Monte Carlo Integration, and much more. Applications include: Circuit Analysis, Predator-Prey
Interaction, and Prediction of Stock Market Averages.

Use the added function-
ality in this function pack
to simulate annealing
methods. The anneal
function is used in solving
the traveling salesman
problem.
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Solutions of Linear Algebraic Equations

       Gauss-Jordan Elimination
       LU Decomposition and its Applications
       Tridiagonal Systems of Equations
       Iterative Improvement of a Solution to Linear Equations
       Singular Value Decomposition

Interpolation and Extrapolation

       Polynomial Interpolation and Extrapolation
       Rational Function Interpolation and Extrapolation
       Coefficients of the Interpolating Polynomial
       Interpolation in Two or More Dimensions

Integration of Functions

       Improper Integrals
       Gaussian Quadratures and Orthogonal Polynomials
       Multidimensional Integrals

Evaluation of Functions

       Polynomials and Rational Functions
       Chebyshev Approximation
       Polynomial Approximation from Chebyshev Coefficients
       Pade Approximants
       Rational Chebyshev Approximation

TABLE OF CONTENTS (page 1 of 6)



Mathcad Selections from
Numerical Recipes Function Pack

Special Functions

        The Logarithm of the Gamma Function, Binomial Coefficients, Beta Function, Factorials
       Incomplete Gamma Functions, Complementary Error Function
       Exponential Integrals
       Incomplete Beta Function
       Bessel Functions of Fractional Order
       Spherical Harmonics
       Fresnel Integrals, Cosine and Sine Integrals
       Elliptic Integrals and Jacobian Elliptic Functions
       Hypergeometric Functions

Random Numbers

       Exponential and Normal Deviates
       Gamma, Poisson, Binomial Deviates
       Generation of Random Bits
       Quasi-Random Sequences
       Adaptive Monte Carlo

Root Finding and Nonlinear Sets of Equations

       Bisection Method
       Ridder's Method
       Brent's Method
       Roots of Polynomials
       Globally Convergent Methods for Nonlinear Systems of Equations

Minimization or Maximization of Functions

       Parabolic Interpolation and Brent's Method in One Dimension
       Downhill Simplex Method in Multidimensions
       Direction Set Methods in Multidimensions
       Conjugate Gradient Methods in Multidimensions
       Variable Metric Methods in Multidimensions
       Linear Programming and the Simplex Method
       Simulated Annealing Methods
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Eigensystems

       Jacobi Transformations of a Symmetric Matrix
       Eigenvalues and Eigenvectors of a Tridiagonal Matrix

Fast Fourier Transform

       Cosine Transform
       FT in Two or More Dimensions

Fourier and Spectral Applications

       Linear Prediction and Linear Predictive Coding
       Power Spectrum Estimation
       Spectral Analysis of Unevenly Sampled Data
       Wavelet Transforms

Statistical Description of Data

       Moments of a Distribution
       Do Two Distributions have the Same Means or Variances?
       Are Two Distributions Different?
       Contingency Table Analysis of Two Distributions
       Linear Correlation
       Nonparametric or Rank Correlation
       Do Two-Dimensional Distributions Differ?

Modeling of Data

       Fitting Data to a Straight Line
       Straight-Line Data with Errors in Both Coordinates
       General Linear Least Squares
       Nonlinear Models
       Robust Estimation
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Integration of Ordinary Differential Equations

       Runge-Kutta Method
       Richardson Extrapolation and the Bulirsch-Stoer Method
       Stiff Sets of Equations

Boundary Value Problems, Integral Equations, Partial
Differential Equations

       The Shooting Method
       Fredholm Equations of the Second Kind
       Volterra Equations
       Relaxation Methods for Boundary Value Problems

Index of Applications

accuracy of polynomial interpolation

adaptive Monte Carlo integration

benefits of job training

bidding for a contract

center of mass of a inhomogeneous cylinder

center of mass of a weighted board

circuit analysis

convolution of functions

critically damped spring action

displacement of a beam

estimating the frequency of an unknown signal

estimating unknown values in a surface or contour plot
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evaluating nasty integrals

exact polynomial derivatives

finding space in a parking garage

finding the balance in a savings account

fitting lines of least absolute deviation

grading on a curve

heat expansion in an unknown metal

heat in a semi-infinite plate

hypergeometric function identities

improving a solution

interpolating to find local minima

intersection points of hypersurfaces

intersections of planetary orbits

kernels of linear transformations

least-squares solution to a differential equation

males vs. females on the SAT

maps and symmetric matrices

maximizing profit on a housing project

motion of a driven spring

optimal location for a new restaurant

pendulum motion
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Poisson equation on a square

polynomial approximations to nonpolynomial functions

predator-prey interaction

predicting stock market averages

projectile motion

quality control in manufacturing

sending coded messages

series solutions to differential equations

solution to Legendre's differential equation

sub-random sequences

testing the effectiveness of medication

the distribution of galaxies

the traveling salesman problem

time to failure of a system of components

timing differences with sparse matrices

transforming a 2-dimensional image

vibrations of a circular membrane
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Power Spectrum Estimation

We give an example where we compute the power spectrum estimation of a signal
consisting of two sine waves with different frequencies, plus some white noise, which we
create using gasdev (another function in the Function Pack).

We compute the power spectrum with 20, 85 and 250 coefficients.
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To see the interesting range of frequencies clearly, we graph
only the range of frequencies containing f1 and f2.
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We can see that with only 20 coefficients we cannot distinguish between the two peaks
corresponding to the different frequencies. With 85 coefficients the peaks start to separate,
and with 250 coefficients they are quite distinct, although the background noise is starting
to show false peaks, visible with the logarithmic scale.
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