Lagrange Polynomial Interpolation V. 2.0 (11/4/02)

Author: Cass Lewart (rlewart@monmouth.com)

Program Description

The work of engineers and scientists requires taking quantitative measurements of physical phenomena. It could be the measurement of the resistance of a conductor as a function of temperature, attenuation of a filter as a function of frequency, or electrical power consumption as a function of time of day. For example, let us assume that the attenuation of a voice band filter has been measured and recorded every 500 Hz between 500 Hz and 4000 Hz. The test instruments have all been put away, the circuit dismantled, but suddenly the need arises to find the filter attenuation at pilot frequencies of 3700 Hz and 4100 Hz. Assuming that no discontinuities were recorded in previous measurements a feasible solution would be to interpolate and to extrapolate the previously taken results rather than to repeat the measurements. One way of doing it would be to plot all measured data points as a function of frequency, connect them with a French curve, and then estimate the attenuation at 3700 Hz and 4100 Hz from the plot.

The Lagrange Polynomial Interpolation program is the mathematical equivalent of a French curve. Its main application is interpolation and extrapolation of measured results. Given  the program finds a unique polynomial fitting any subset of these n points, and evaluates the polynomial for arbitrary values of the independent variable X. The approach differs from the least squares regression used frequently for data interpolation, in that the resulting polynomial exactly fits the points X(i), Y(i). The program assumes that all measurements are exact and are not statistically distributed. Two different measurements for the same value of the independent variable would thus not be acceptable.

The following formula, attributed to the French mathematician Lagrange, describes the polynomial:
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For practical applications it is advisable to use care in selecting only points adjacent to the point of interest to compute the polynomial so that wildly oscillatory curves are not obtained as extrapolations and interpolations of relatively smooth functions. In general, I have found that a cubic polynomial based on four adjacent points will be satisfactory.

An important feature of the program is that it allows selection of a moving interpolation window, so that only w measured values (w <= n) adjacent to the interpolation point will be included in the computation of the polynomial.

The program makes full use of the graphic capabilities of the TI-92 Plus graphic calculator. A plot is displayed showing the measured and the interpolated or extrapolated values computed by means of the Lagrange polynomial as well as well as the Lagrange polynomial curve passing through the given points..

Program Instructions

Ungroup lagr.9xg. You should find the following files:

lagr1.9xp  -  main program

lagrf.9xf  -  function used by lagr1

xl.9xl  - example of X coordinate list

yl.9xl  -  example of Y coordinate list

The X and Y coordinates of the measured points (X(i), Y(i), i=1,...,n) should be entered into lists XL for X’s and YL for Y’s before running the program lagr1(). The lists can be created and generated by another program or they can be created manually, e.g.,

{-1, 1, 2, 3, 4, 5, 6}->XL

{-.5, 1.1, 1.7, 2.3, 1.6, 1.3, .6}->YL

Both lists have to have the same number of elements and value of each succeeding element in the XL list has to be larger than the previous element. Once you did that, follow the prompts.

You will find that extrapolation window width (w) will strongly  affect extrapolated values, while the interpolated values will only change slightly.
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