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ABSTRACT

An inexpensive four function calculator is being used to calculate
the wavelength of specﬁral linesvon photographic plates measured with an
optical comparator. The computations are made reéetitively from the digitized
screw position of the optical comparator in 0.8 seconds. The duration of the
displayed wavelength is variable from 0.3 to 3 seconds. Although our system
already has a semi-automatic card punch system for processing data via a
computer, the instantaneous calculation and presentation. of wavelengths of

spectral lines is of great value.

* .
Work performed under the auspices of the U. S. Atomic Energy Commission.
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INTRODUCTION

The four function calculator is a low pricéd instrument which has
found its way into.many homes‘offices“and laboratories; Almost all calcu-
lators have feétures such as fixed‘or floating point decimal point, ability
to do chain ari;hmetic 6perations following mathematical formulas, left hand
entry, suppress leading zeroes, eight or mote digit display, and ability to
present neéative numbers. A calculator is capable of doing érithmetic
operations éﬁ millisecond speeds. We wanted to take advantage of theblow
cost and the many features built into such a calculator for caléulating the
waveléngth'of speétral lines on phptographic plates.

"Although all preciée waveiength calculationé are made by fitting data
to a polynomial equation in a compter progfém, it is often desirable to
quiékly know the wavelength of some spectrai line or whether there is a line
at some known region. . An on-line.Qéveleﬂgth'éalculation while thé séectrum
plate is étill on the optical COmparatorvand the spectral line or region is
still invview greatly assists the operator. The Spectral lines of interest
are photographed'oh'diffraction gréting spectrographs. VThe uniformity of the
reciprocal linear dispersion (plate factor in angstroms per mm) éf radiation
obtéined with such inétruments ié of great practical use and is the basis of
the calculation'with the device described here.

The optical éomparator in use at this laboratory has a precisely machined
screw whichvcan positioh a spectrum line of a photograjhic pléte to a precision
of one micrometer (10—6 meter). The screw position is digitized via an opticai
encoder which can be readily mounted on most comparators.

When measuring wavelengths which increasevwith distancé from left to
rigbt, which we call the normal mode, the wavelength (2) is given by the equafioh:
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A2_= wavelength of second known spectral line ¥
) dl = digitized screw position of first known spectral line
d2 = digitized screw position of second known spectral line
d = digitized screw position of unknown spectral line

'Oqcasionglly we must measure plates where the_wavelengths decreaéé with

the distance frqm‘left to right. We cail this the reverse mode and'Wheﬁ.thi$-
occurs we use the fqllbwing equation: | o _ | : i
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where the answer in the calculator is given as a negative number. This takes
advantage of the feature in the calcuiator'which presénts negative numbers and .-
makes our job easier in the dééign of the coﬁtroller described below. The
hegative sign of the result ié ignored by the user.

We have built avcoﬂtiolier which . takes the digitizéd screw position and
dbes the equivalent of pushing,the'calculator keys;at the app;épriéte time and
in the proper.sequence. Thumbwheel switches are used to enter the constants 
di, PF aﬁd Al' It takes appréximately 0.8 second to combiéte one caiculétioﬁf

The resulﬁ (A) is repetitively computed and displayed for a durgtion adjusﬁable:_

from 0.3 to 3 seconds for the operator's convenience.

A. Calculator Characteristics ' B o ' i
We will discuss the calculator+ characteristics which concern us in-the

design of the controller. The calculator uses metal oxide semiconductor (MOS)

¥ . L S :
Master Calculator Model A-1l, Grand Prairie, Texas 75050.
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devices ééplied in large scale. integration (LSI) to perform the arithmetic
operatioﬁs. The caléulétox’is'a‘deskvtop unit which affords room for fﬁe modi -
fications required to interface the calculator to thé controller. The unit has
16 digit capability although it can display cnly the most significant 8 digits
‘or the 1éast.significant 8 digits'at one time via an alternate display.key.

It has left hand'eﬁtry,'suppresses leading zeroes, has fixed decimal poiﬁt
adjustable to sevén positions, displays negativé'numbers and does chain.
arithmetic operations.. Calculator speedé measured wiﬁh-a pulse generator are

1) addition and subtraction iess'than'lO_milliseéonds,-2) multiplication approxif
mately 200 millisecondé, 3) less than 15 milliseconds delay ;equired between .
entefing of two numérals or funétions, and 4) one miiiiseéOnd pulse required to

enter a function or numeral. - Power requirements are 115V ac, 60 Hz.

B. Modifications to the Calculator

4( We1made’modifications to the calcuiator in such a wayvthaﬁ the modi~-
fications would not impair the normal operation of the calculator and that the
power requirements demanded of the calculator would be negligible. Figure 1
shows the typical drive circuit gSed to enter the function or numeral into the
calculator. The fiéld—effectvtransistor'(FET) Q2 parallels the normally open
key Contéct and is driven on via a pulsé of 1 ms duration. The ﬁransistor
Ql is normally off andvis driven‘on, which in turn drives the FET. Since
both Qi and Q2 are hormally éff; they.draw no current except when they are
pulsed requiring a minimum oflpowef. The gate of the FET is at the junction of
vthe 510 kohm and the 24 kohm resistérs because we have to softén the turn;on
of the FET and not drive the gate of the FET too close to ground potential.v'
This feature is vital because the contacts of the keyboard (and the drain and
the source of the FET's’ operate at approximately miﬁus-lz volts potehtial,

‘and the 6peratidn of the calculator is impaired when thevgate of the FET is

s
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driven too close.to ground poténfiél, interfering with the ﬁinus 12 volﬁ-cifcuit;
The minus 20 volt supply (not §hown) is derived from the calculator

powér supply and draws negligible. current even:when,the transisfors are_pulsed”

on. Since'thé transisto;s are normally off,‘itvshould‘be évidenf that the |

calculator can.be used normally-as.long as the cpntrollervis not operating of

is disconnected. A multi-pin connector is used to bring the 16 signals from the

controller. The 16 signals correspond to the calculator functions +Y, (=), (X,

(=) and CLEAR, the numbers 0-thru 9, and the decimal point.

“C. Thé Controller

The function of the controller is to enter the functions and the digi#a]l
information into thé'calculator at the proper time and sequence- vFigurel2-is
a flow diagram éhoﬁing thé programKSequence uéed in the controller. It should’
’be‘evident that the flow-diagramvfoliows the mathematical Egs. (1)'and'(§i.-r
A program counter is ﬁsea to keep track of the steps, and these steps are
‘indicated on the flow diagram. At stéps 1, 3) 5 andv7> a subroutinevis used‘
to enter the_numérical information. The fléw diagram for the subroutine is
shown in Fig. 3. A subroutine counter is used to keep track of steps in the .
subroutiné. All of the numbers entered have three significant places to thé
right of the decimal pointf Not .all of the numbers have seven digits, but
in order to keep the subroutine simple, the controller enters leading zefdesx
for those numbers requiring less than seven digits. Sinéé-the_calculator has -
left hand entry and ignores leadingrzeroes, the only loés is a few millisecénds
‘in the computation cycle. |

Figure 4 shows a simplified diagram of the programvused to sequence thé
various functions and enter the numbers at the proper time. This diagram |

corresponds to the flow diagram in Fig. 2.

- .
B
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With switch 1 (S-1) in £he étop position nothing happeng) and the
caléulatof can be used in its usual manner. The stop position is also the
reset posiﬁion where both the program counﬁer and the subroutine counter
are reset;- When the program counter is reset} the aecoder output is aﬁ the
(CLEAR)'lsfep position. As soonvéé thé_start/stop switch is thrown to the
start position,fthe 1 ms strobe is actuated sending a CLEAR sighal'to the cal-
culator and simultaneously triggeriné a 20 ms delay. At the end of this delay
the program counter is incremented by one, setting up the d' step position.

The d' step position marks the entry into the subroutine prégram which
is shown in the simplified diagram in Fig. 5. This.diagram corresponds to the
flow diagram in fig. 3. The 4’ signal initiates a strobe pulse to the gate
é&ntrdl while directing the (d) signal from the optical comparator into the
shift registér. A 1 ms strobe is then generated to strobé into the calcu-
lator the most significant decimal digit (MSD) after the decoder has selected
the proper line (0 - 9). After a.15 ms delay the subroutinelcounter is
advanced tb step 1 which causes the shift register éontrol té shift all the
digits up one decimal digit toward the MSD. The next most significant digit
is néw in the MSD location, and the 1 ms strobe is again generated to send
the proper nuﬁeral to the calculator. After a 15 ms delay the éubroutine
program counter ié édvanced, and the cycie continues in a similar manner ﬁntil
step 4 when the Subroutine program directs the 1 ms strobe to the decimal
point gaté where a decimal point is entéred in the calculator. The cycle
resumes.and strobes_in the remaining numerals until step 8 is reached, marking
the exit from the‘subréutine. " Step 8‘is also uséd to reset thé subroutine
‘ program counter.
Aftér gxiting from the subroutine, re-entering the main program, and

waiting out a 20 ms delay, the program counter is advanced to step 2 which
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initiates the 1 ms strohe; The strobe sends an arlthmetlc functlon (-)
command to the caJCLlator, and again ‘after a 20 msec delay the program counter
is advanceo to_step 3 (qlf) ‘which marks entry into the subroutine program:
The.ol'information fromvthe thumbwheel.switches is sent to the calculator in p.
a manner described above for entering the 4 information.'

. The program.continues in a similar mannerventering the function (x) -

" and the c;onstant.' (‘PF). into the cablculatvor untllthe program counter reaches

»step 6. At thls.step a (+) or (-) functlon is sent to the calculator whlch
is determined by the position of switch 2 (S 2) located on the front panel.
The sw1tch must have been thrown to the proper position to correspond to the
type of plate belng measured, i.e., normal or reverse plate.' It is at this
time that the actual multlpllcatlon process 1s done in the calculator. Since
the multiplication_process-takes as long as 200 ms, the 200 ms delay is
generated instead'of the 20'ms delay to await advancement of the program
counter. |

‘The procram‘continues until step 8 when the (=),function_is sent to
the calculator. The answer; or wavelength,jisvdisplayed in the.calculator,'
and the program counter 1s advanced to.step 9. At this time the dlsplayed

- wavelength is held for a duratlon of 0.3 to 3 sec whlch is selectable by the

_operator. After this delay‘period the program counter is advanced_to step (0] fp
which begins the program cycle anew. The'result'willﬁrepetitively appear on:
the calculator display until a new position~i5'chosen.

Switches_3v(S~3) and 4 (s-4) are.shown in Figs.'4rand 5 allowing one
to select'run or single—step*operation. These diagnostic switches are onfthe

]

front panel. 1In the single step position the counters can be incremented by '

- pushing the push button. The single step mode is valuable while debugging the = . v

controller, and later for the operator should he wish to reassure himself that

the correct numbers and functions are being entered into the calculator.
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D. Operation

Figure76 is_a photdgraph of the finished controller. The'cbntroilér
and calculator as attached to the optical coﬁparétor.are shown in fig. 7.

To measure a specfruﬁ referencé lines of known wavelength are first
marked on the plate'which is then'carefully alignea on the comparator. Thév‘
reciptocalblinear dispersionvor plafe fégtbr is determined with a pair of
known lines and their pbéitions:oﬁ the cémparaﬁor; The calculator can be used
in its ordinaty mode of operatioﬁ for thié calculation. The reference wave-
1en§th, pbsitioh and plate factor are entefed‘into the controller with the
thumbwheels. - The normal or réveréefswitch“is:pOsi#ionéd.dependiné on whether
the Wavelength570n.£hé'piate being meaSufedvihérease'or'decreése with distance.
The tWo.diagnostic switches are th£bwn in the run position. The aécimal poin£
is Ioéatéd‘éh the caléulator,‘generally three figures aftér the deéimal. The
:sta;t/stgp swifch on the Contréller is thrown to start, and the wavelength which
corfesﬁondé to the screw position automatically appears on the display.
Measurements cén now be made in the region fbr which the plate factor is applibable.

Aithough'the reqiprocal linear diSpersion of spectra taken on diffraction
grv‘a'ting spectrographs is .fairly mifoﬁn, thevre ié a gradual change from one end
of the plate to the other. For example, a 10 inch spectrum in the first order
taken on a 3 meter spectrogfaph.with avgrating ha§ing 1200 grooves per mm shows a
plate factof éf 2.769 angstfoms pef mm at -one end, and 2.757 angstroms pef mm
" at the other end. If an‘éverage plate faétor for the entire 10 inch platé is
used, the caldqlated waveiengths will diﬁerge away from the correct value by’>
aS'much as 0.43 angstroms at the points farthest from the reference points.
Even'this kind of accuracy can bevuseful in initial surveys of plates.

However, of greater intere;t is this quick calculation of wavelengths
within given areés where the plate factor is more éééurate for that region.-

On the same plate described aone, over a 30 mm rangel thé calculated wave-

lengths are never more than'0ﬁ03‘angstroms from their true values, and lines



e
.neéyeét fﬁe réféfénce pdihts'&eré célculafgd to beftér'thah QfOIIahgstrom.A'
From thé_instagf calculation of wéyéleﬁéth or,frbm_thé computéd difféteﬁce of
,tw§ wavéiengtﬂ caiéulations,vimpédiate identificétioﬁ of speét:al lines ié
possibie. ”

Thé ihétant wévelength calculation is especially usefu1 whenlone must
bodtstfap_the refefence linesvin.spectra taken in regions where it is hot'éésy
to ého;pgraph éommqp reference speqtra,vsuchbas the vacuum-pltra§i6ietergioné.
Another common application is to fdentify:lihes of impu:i;ies.whiqh are mixed.
with lines of-kﬁéﬁh elements. 'A thiid appliéation is to éearch for a 1inevof
a given w;velength. To do this §hé éfﬁply_watches the caiculator display forfthe‘

wavelength as the ‘plate is moved. The controller is set for the shortest dis-

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

Examinationlof the plate_image at that point will indicate if the line of interest

is present.
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FIGURE CAPTIONS

Fig. 1.  Typical drive circuit for entering function or numeral into
calculatcr.

Fig. 2. Flow diagram of controller program.

Fig. 3. Flow diagram of subroutine program.

Fig. 4. Simplified diagram for controller pfogram.

Fig. 5. .Simplified diagram for subroutine program.

Fig. 6. Cohtroller panel.

Fié. 7. Optical comparator with controller and calculator.
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