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* FOUR FUNCTION CALCULATOR USED TO AUTOMATICALLY COMPUTE WAVELENGTH 

Michiyuki Nakamura and George V. Shalimoff 

Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720 

March 1974 

Index Headings: Wavelength calculator, four function calculator, comparator 

An inexpensive four function calculator is being used to calculate on-

line the wavelengths of spectral lines on photographic plates measured with an 

optical comparator. Although all precise wavelength calculations are made by 

fitting data toa polynomial equation in a computer program, it is often desirable 

to quickly know the wavelength of some spectral line or whether there is a line 

at some known region. ~ on-line wavelength calculation while the spectrum 

plate is still on the optical comparator and the spectral line, or region is still 

in view greatly assists the operator. 

The four function calculator has many features such as fixed or floating 

decimal point, ability to do arithmetic operations following mathematical 

formulas in milliseconds, left hand entry, suppression of leading zeros, eight 

or more digit display, and ability to present negative numbers, all of which are 

useful in the design of an on-line wavelength calculator. In the system described 

here computations are made repetitively from the digitized screw position of 

the optical comparator in 0.8 seconds. The display duration is variable from 

0.3 to 3 seconds for the operator's convenience. 

There is a small variation with wavelength of the reciprocal linear 

dispersion (plate factor in angstroms per mm) of diffraction grating spectrographs~ 

This relation is used by all spectroscopists to hand calculate wavelengths and 

is the basis of the calculation with this device. 
\'" , 

* Work performed under the auspices of the U. S. Atomic Energy Commission. 
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When measuring wavelengths of a spectrum plate positioned on the 

comparator which increase with distance from left to righ;t, . which we call the 

normal mode, the wavelength 0.) is given by the equation: ' 

" 

A = (d~ d
l

) PF + Al (1) 

where 

A2 - A 
PF plate factor 1 = = d2 - dl 

(2) 

Al = .wavelength of first known spectral line 

A2 = wavelength of second known spectral line 

d l = digitized screw position of first known spectral line 

d2 = digitized screw position of second known spectral line 

d = digitized screw position of unknown spectral tine 

Occasionally we must measure plates where the wa.velengths decrease with 

the distance from left .to right. We call this the reverse mode and when· this 

occurs we. use the following equation: 

(3) 

where the answer in the calculator is given as a negative,number. This takes 

advantage of one of the features built into the calculator and simplifies the 

design of a controller to effect the calculation. The negative sign of the 

result is ignored by the user. ! 

The optical comparator in use at this laboratory has a precisely 

machined screw which can position a spectrum line of a photographic plate to a 

" 
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-6 
precision of one micrometer (10 meter). The screw position is digitized via 

an optical encoder which can be readily mounted on most,comparators. 

A controller has been built to enter into the calculator the arithmetic 

functions, the fixed digital information, and the variable digitized screw 

position at the proper time. and sequence. Thumbwheel switches on the controller 

are used to enter the constants dl , PF, and AI' The modifications to the 

calculator itself do not impair the normal operation oftlle calculator. More 

detailed information about the controller circuitry and the calculator 

modifications are available in Report LBL-2331 from this laboratory. 

To measure wavelengths of a spectrum, reference lines of known wave-

length are first marked on the plate which is then carefully aligned on the 

comparator. The reciprocal linear dispersion or plate factor is determined with 

a pair of known lines and their positions on the comparator in the region of 

interest. The calculator can be used in its ordinary mode of operation for this 

calculation. The reference wavelength position and plate factor are entered 

into the controller with the thumbwheels. A normal or reverse plate switch on 

the controller is positioned depending on whether the wavelengths on the plate 

being measured increase or decrease with distance. The decimal point is located 

on the calculator, generally three places after the decimal. A start/stop 

switch on the controller is thrown to start and immediately the wavelength which 

corresponds to the comparator screw position automat.ically appears on the display. 

The result will be repetitively displayed at a rate variable from 0.3 to 3 

seconds until a new screw position is chosen. Measurements can now be made in 

the region for which the plate factor is applicable. 

Although the reciprocal linear dispersion of spectra taken on diffraction 

grating spectrographs is fairly constant, there can be a gradual change from one 

\ 
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end of a plate to the other. For example, 'a 10 inch spectrum in the first order 

taken on a 3 meter spectrograph with a grating having 1200' grooves per mm shows 

<:l plate factor of 2.769 angstroms per rom at one end and 2.757 angstroms per rom 

at the other end. If an average plate factor for the entire 10 inch plate 'is 

'used, the calculated wavelel!gths will diverge away from the 'correct values by as 

much as 0.43 angstroms at the positions farthest from the reference positions. 

Even this kind of accuracy can be useful in initial suryeys of plates. 

However, . of greater interest is this quick calculation of wavelengths 

within the given areas where the plate factor is more ace,urate for that region. 

On the same plate described above, over a 30 rom range, ,the c,alculated wavelengths 

are never more than 0.03 angstroms from their true values,. and lines nearest 

the reference positions were calculated to better than 0.01 angstroms. From 

this instant calculation of wavelengths or from the difference of two wavelength 

calculations, immediate identification of many spectral lines is possible. 

The instant wavelength calculation is especially useful when one must 

bootstrap the reference lines in spectra taken in regions where it is not easy 

to photograph common reference spectra, such as in the vacuqffi ultraviolet regions. 

Another common application is to identify lines of impurities which are mixed 

wi th lines of known elements. A third application is to locate a line of a 

given wavelength. To do this one simply watches the calculator display for the 

wavelength as the plate is moved. The controller is set.for the shortest display 

duration so that one can quickly arrive at the wavelength region of interest • 

. Examination of the plate image at that point will indicate· ).f the line of interest 

is present. 

, I 
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