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ABSTRACT

A computer method to calibrate emulsion-covered glass plates used to
interpret densities of lines for quantitative spectrographic work is
reported. This method follows a slightly modified ASTM graphic method,
which is also described, and allows one to simply input dark and light
data points to establish preliminary and emulsion calibration curves.
After the curves are established , by inputting percent transmission data
pairs for a known or unknown concentration line and an internal standard
line , one obtains the relative intensity. The computer method is used on
a Hewlett-Packard Calculator 9830-A and a UNIVAC 1108 time-sharing
computer. Programs for both computers are included in this report.
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INTRODUCTION

In the past ten year s, many repor ts have been publ ished concern ing the
* application of computer programming for the cal ibra tion of photograph ic emuls ions .

Calcula ting boards~ and rules 2 have essenti a l ly  been replaced by readouts from
large and small computers. Authors have generally chosen to use programs that

• follow graphical methods of calibration ,3 8  al though some , l ike Margoshes and
Rasberry,9 take a different approach by assuming a linear relation between func-
tions of the rela tive exposure and of the microphotometer readings. Most graphic
methods studied appeared to be unduly complex ; for example, da ta was generally
converted to Seidel or “mod ified” Seidel transformations , the use of the prin-
ciples involved in Ka iser transforma tions were employed , or dedicated computers
were used .

Our laboratory has striven for a program that would follow our presen t,
slightly modif ied ASTM method of cal ibra tion 10 wh ich is simple in principle. We
sought a computer method that would plot preliminary and emuls ion cal ibration
curves so that a convenient check could be made on the original data at any time
desired. By retaining the ability to have curves printed by the computer one
can decide , for instance , whether more points are needed to establish the prelim-
inary curve, as it must be remembered that the accuracy of the f inal readou t of
any computer program is limited by the accuracy, number , and selectiveness of the
ori ginal dark/ light data read from the microp hotometer.

Using our program , dark/light data are inputted to obtain the emulsion
calibration equation. This equation is then stored either in the memory of the
calculator or on recording tape. To find a relative intensity, percent trans-
mission readings (one from the el em en t in question and the other from an internal

- standard) are entered in the computer. Troubleshooting the emulsion calibration
is simplified by printing the preliminary curve with the original data super-
imposed on it along with the emulsion calibration curve.

Two similar prog rams were or iginated to fol lo w our ex isting “hand emulsion
cal ibration” method. One program uses time -sharing computer facilities and has
the capabili ty of printing charts or tables of percent transmission and corre-
sponding relative intensities. The other program uses a Hewlett-Packard (H.P.)
9830-A calculator with an 8K memory storage. An X-Y plotter is attached to plot
curves originated by the data from the computer.

I . KERBYSON , 3. D. A Calculating Board Incorp oratin g a Linear Dens ity Tra nsform . Spectrochimica Acta , v. 19. 1963, p. 1335.1341.
‘a 2. CHURCHILL 3. R. Techniques of Quantitatii ’e Spectrograph ic .4 nah-sis. m d .  I n~’ (‘h em. Anal. Ed., v. 16, 1944, P. 653.670.

3. HOLCOMBE , 3. A., BR IN KMAN , D. W., and SAC’HS. R. D. Fortran -Based Photo grap hic Emulsion Calibration Procedure for Use
6- in Quantitative Spectrometrv . Analyti ca l Chemist ry, v . 47 , March 1975 , p. 44 1447 .

4. CARNEVALE, A., and LINCOLN , A. 3. A Computer Prog ram to Determine Phot ograp h ’ hnulsion Calibration curves.
Spectroc himica Acta , v. 24B , 196 9, p. 3 13-323.

- 5. ANDERSO N, 3. W., and LINCOLN , A. 3. General Mathematical A pproach to Emulsion Cahhratio n in Optical Emission Spectroscopv.
- 
. Applied Spectroscopy. v. 22 , 1968, P. 753-757.

6. JOYCE, C. S. The Use of a Digital Computer for Photographic Photometry and Spectrochemical Computation s. Canadian
Spectroscopy. v. 10, 1965, p. 33-37 , 43.

7. GORDON , A., and GALLAGHER . A. K. Automatic Data Processing for Photographic Photomctr,- in Spectrograph ic ,4nalvsis .
Lewis Research Center , Cleveland Ohio . NASA TM X -I 22 0 . April 1966.

8. SHAW. D. M. Principles of Mach ine Computation of Sp ectrochemical ,4 nalm ses. Canadian Spcci r ~ sc ipy . v . 10 . 1965. p. 3-6 . ~~.

9. MARGOSHES , M.. and R A S B E R R Y , S.~ .Ipplication of Digi tal Computers in Spectrochemical .. l n a / i c i c  Computational Methods
in Photog raphic Microp #totometrv. Spectrochimica Acta . a . 24 li , 1 969. p. 497- 5 13.

10. Methods for Emission Spe ctrochemical -m al i-si,. American Society for Testing and Ma t er i a lm , 197 1.
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PROCEDURE FOR EMULSION PLATE CAL I BRATION

Cassette, rotation, and position settings on the spectrograp h were adjusted
so that the wavelength region 2750 to 3450 A could be photographed . A solution

• containing 50 mg/ml iron was sparked for a twenty- and forty-second exposure.
Details concerning the parameters used for excitation and conditions set on the
spectrograph are found in Appendix A. A seven-step f i l ter , with segments in the
ratio of 1:2, was placed between the spark and the entrance slit of the c~ectro-
graph to stepwise attenuate the exposure.

Using a densitoi~eter , lines on the photograp hic pla te in the waveleng th
region 3000 to 3200 A were examined. Transmittances between 1.5% and 92% in the
66% and 33% portion of a line (the second and third step of the filter) were
listed in a table labeled DARK percent T and LIGHT percent T. The preliminary
curve (PC) is generated from data which consists of about 50 line pairs plotted
and connected on linear graph paper. Paper 15” x 10” in size was labeled DARK
percent T on the ordinate and LIGHT percent T on the abscissa . Formation of this
curve is the first stage in the ASTM method.

The second stage of the method is the construction of the emulsion calibra-
tion or H and D curve and it is the equation of this curve that is ultimately
used in relating percent transmission to relative intensity . To construct this
curve a new table was established using the two parameters, percent T and NUMBER.
A DARK percent T point was chosen on the preliminary curve as low in value as
possible but above the intercept of the curve with the ordinate. A corresponding
LIGHT percent T point was obtained and this value was written under percent I
and 7 under NUMBER as in the table . Allowing the value of the LIGHT percent T
to equal the numerical value of a DARK percent T point, a new LIGHT percent T
value was obtained from the PC. In the table, 6 was placed under NUMBER and
the new LIGHT percent T value recorded. This method was continued until LIGHT
percent T values were obtained for the corresponding numbers 5, 4, 3, and 2.

~!sing standard size 8-1/2- x 11-inch , two - i:vcle semilog paper, the ordinate
or log scale was labeled percent T (1-100) and t~~ii ’ l inear portion or absc issa
was marked off from lef t to right, one to eight with ten divisions between marks.
This axis was labeled NUMBER. Values from the table were plotted and a straight
line was drawn connecting the two points corresponding to the values of 6 and 7
and extending to the abscissa axis. After establishment of this line , inter-

L mediary points between NUMBERS are taken so that the calibration curve can be
• drawn more accurately. This was accomplished by choosing an abscissa value

between 7 and 8, for example, 7.5 , and obtaining the corresponding percent T
value from the straight line drawn on the emulsion calibration curve. This value
was set equal to a DARK percent I point on the PC and referring back to that
curve a corresponding LIGHT percent T value was determined. In the previously
estab l ished table , place the value 6.5 under NUMBER (6.5 chosen because it is

• one less than 7.5, the starting value) and the newly obtained LIGHT percent T
value under percent 1. Continuing , let this new LIGHT percent T value equal that

- 
I of a flARK percent I point on the PC and obtain a new LIGHT percent T number

from the PC. In the table, place 5.5 under NUMBER and the newly obtained LIGHT
percent T value under percent T. This procedure is continued until values have
been added to the table for NUMBERS 4.5, 3.5, and 2.5. Additional starting

k
2
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points such as 7. 8, 7.6 , etc., were chosen and the above example was fol l owed to
obtain numerous data points in order to precisely draw the ~-ii u1sion calibration
curve. Typical data points used to establish the preliminary and emulsion cali-
brat ion curves are shown in Tables 1 and 2 .

The emuls ion calibra tion curve just comp leted was expanded to 15” x 10”
semilog paper. The ordinate remained the same scale; however , the abscissa was
expanded in such manner that two curves were plotted , one over the other . The
NUMBER or abscissa axis scale is enlatged so that the NUMBERS S to 8 on the small
calibration curve were expanded to full scale for the new curve . Starting with
5, each major division is in tenths and each minor division is equal to 0.02.
The top abscissa of the new emulsion calibration curve expands the scale of the

• small calibration curve reg ion NUMT~ERS 2 to 5 to full scale. The enlarged curve
is completed using values from the table used to construct the small calibration
curve .

The last stage of the calibration process involves construction of a rule.
A cardboard approximately 28” x 1.5” is used as the starting material and a line
is drawn dividing the cardboard in half in the long direction . Abscissa axis
NUMBERS 2. 0, 3.0, 4.0, 5.0, 6.0, and 7.0 are superimposed on the rule from the
expanded calibration curve and marked off from the underside of the long line of
the rule. This is done in such manner tha t approx imately absc issa ax is NUMBER
7.5 would be the last point at the right hand end of the rule .

With the rule ali gned so that NUM BERS 7 , 6, and 5 on the graph paper are in
l ine with their corresponding NUMBERS on the rule , a right triangle is used to
help superimpose the percent I ordinate values of the large emulsion calibration
curve onto the rule and to mark off percent I readings on the upperside of the
straight line of the rule. For example. using 2 percent T, one finds the inter-
section of the ordinate point 2% with the curve , aligns the long straight edge
of the triangle at this point while the base of the triang le is parallel with the
straight line of the rule, an alignment mark is made , and the NUMBER 2.0 is
labeled . In this manner, percent transmissions between 2.0 and approximately
60.0 were marked off. The rule was then shifted so that abscissa axis NUMBERS
2 .0 , 3.0, and 4.0 on the calibration curve wer ali gned with the corresponding
numbers on the rule and the remainder of the percent T scale was super impos ed.
The rule has the approximate range 92.0 to 2.0 percent transmission .

Table 2. 1V ~~ 1AL LOG PERCENT T R~~~ 11SS 10N AN D
Table 1. TYPICAL RAW DARK AND LIGHT NUMBER VAL .ULS FOR ESTABLIS HI~ G THE EMULSIO N

DATA POINTS USED TO ESTABLISH THE CAL In~A T J0N E Q U A T I O N
P~EL IMINAR Y CURVE EQUATION

— Log F~ r- c - ~nt Percent

3 
• 

Point Dark Light Point Trai~;”- - • ion Transmiss ion

1 8.7 24.5 7 O. 1O-~i 2.54
7 5.1 14.7 5.6 0.5671 3.69

14 42.1 77.1 6.2 O .72~~ 5.36
7 - 15 65.1 91. 9 5.8 0.891 7 7 . 79

19 11. 1 29.1 5.4 1.0528
20 59.5 85.8 5.2 1.1328 11 .58
30 49.7 81.1 4.8 1.2907 1- ~.53
34 30.5 58.1 4.3 1.4806 ~O. ~4

• 53 38.1 73.3 3 .7  1.6859 .52
• 73 2 .9 5.2 3 . 3  1 . 7974 5

• 2.5 1.9318 ~
. - •

3
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Af ter establ ishing the rule , one is then ready to interpret densitometer
readings of l ines on photographic plates in the cal ibrated waveleng th reg ion ,
correspond ing to elemen ts under study . A percen t I for the known and for the
internal standard is read from the glass emuls ion. Go ing to the rule , and us ing
an ord inary ruler graduated in 24 units to the inch wh ich corresponds to the
linear ax is spac ing on the semilogar ithmic paper recommended , the relative
intensity difference can be obtained . By setting the zero on the left end of
the ruler on the higher percen t I, one then notes the point on the ruler which
corresponds to the other percent I. That number is the relative intensity for
that pa ir of percent T values . Continuing this process for pairs of known and

• internal standard lines, an analytical curve can be establ ished on semi log paper
with the log axis labeled CONCENTRATION and the linear axis RELATIVE INTENSITY .
From th is curve unknown concentrat ions wi th known relative intens ities can be
determined. Typ ical prel iminary and emuls ion cal ibration curves and a rule are
shown in Fi gures 1 to 3.

HEWLETT-PACKARD CALCULATOR METHOD

The equation of the preliminary curve can be determined and the curve gen-
erated by a plotter by the use of the polynomial regression procedure outlined
in the MATH PAC book furnished with the H.P. computer.11 Following this method
one inputs a set of data po ints (Fi gure 4) ,  and coeff icients of a polynom ial up
to the 20th degree using a least-square fit may be produced . The DARK percent T
and LIGHT percent T data used to draw the preliminary curve (see method done by
hand) was entered into the H.P. program . Various degrees of the polynomial were

90

80

/ l l  —

60 -

Fi gure 1. Preliminary curve,

~ so - exemplify ing method of
successive determination of

~i40 - DARK %T and LIGHT %T
values.

. 3 ° 30
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10 _____

o 1 1 1 I I I I
0 10 20 30 40 50 60 70 80 90 100
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It .  91311) 5 51.5Th PAC . \t~ deI 30, h ewlett-Packard Calculator . V. I.
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10 Figure 2. Emulsion Calibration rOle.

I I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 2 3 4 5 8
Number

90 80 70 80 50 40 30 20 10 5 4 3 2
Percent Transmission I I I I I I I I I I I

I I 1 1 I
1 2 3 4 5 6 7

Number

F’  -

Figure 3. Condensed rule.

examined and it was found that a 6th degree gave a sufficiently hi gh correlation
coefficient for use. The following equation was used:

• T~ = A~, + A 1 (Td) + . . . .A6 (Td)6

• where Ti = percent transmission of light l ine
Td = percen t transmission of dark l ine
A0, A 1... .coefficients of polynom i al equa t ion .
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H. P. CALCULATOR OPERATIONS CHART

START J f 19 LOAD

I DARK , LIGHT DATA

I X
~~~~ N J ~18 

DA R K , LIGHT D~~~~j

~~~~~~~~~~~~ DA TA ~2 CORREC T DATA

TABLE _________________________ ___________________• I J T~ , T t f6 COEFFICIENTS _Jf 5 CHANGE POLYNOMIAL

• 
T 2 = A0 + A 1 lT d) +. - - A6 (T d )6 DEGREE?• [

~ 
PLc~T D ~ATA I

d 13 CALCULATE NUMBER ,
LOG Tf

TABLE OF NUMBER
AND LOG T 2

PLOT N U M B E R  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ STORE CALIBRATION 
PLOT

I f 13 TAB L E - TSTD’ T ]
• I T~ = Percent transmission of light line

Td = Percent transmission of dark line

Fi gure 4. H.P. calculator operations chart.

The data outputted contained DARK percent T values beginning with the number
I and incremented in units of 1 to 80 along with corresponding LIGHT percent T
values which are the calculated value for each DARK percent T point. Plotting
the data, a smooth curve was obtained. This curve was superimposed on a hand-
drawn curve from the original data and was found to be essentially identical .

Using the coefficients of the 6th degree polynomial , one genera tes a table
labeled LIGHT percent T and NUMBER which is used to formulate the emulsion cali—

• bration curve . Referring to the above equation , let Td equal 1 , solve the above
equation for T1 and store this value in the table along with the NUMBER 7. The

• .•  computer sets Td = T 1 and resolves the equation . In this manner , values in the
table for T~ are established for NUMBERS 7 , 6 , 5 , 4 , 3, and 2.

1~~~

6

• 
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A linear curve is assumed between the data poin ts NUMBER = 7 , percent T =

value found , and NUMBER = 6, percent T value found. The straight l ine reg ion
• is extended to percent T = 1, NUMBER = calculated value from the equation of the

strai ght line. Solving this straight line equation , the computer is then able
• to take NUMBER values along this line and obtain corresponding T1 values. For

example , using the NUMBER value 7.5, a corr esponding T1 value is obtained from
the equation of the straight l ine .  This is set equal to Td and placed in the
previous polynom ial equation :

T1 = A0 + A 1 (Td) + . . . .A 6 (Td) 6

and a correspond ing T 1 value is received . In the table T1 and NUMBER , the T 1
value obtained and the NUMBER 6.5 (one less than 7.5), are stored. In similar
fashion , NUMBER values from 6.9 to 2.1 in increments of one tenth are obtained .

The data from the table LIGHT percent T versus NUMBER is then used to gen-
erate the coeff icients for the equation:

NUMBER = B0 + B1 (log T1) + . . . .B 6((log T1)6.
A 6th degree polynomial furnished a high correlation coefficient .

Using the above equation, percent T for a known el ement (obtained from the
density of the l ine on the glass pla te emulsion) is substituted for the T 1 value.
Solving the equation a value for NUMBER is obtained . The procedure is repeated
for a percent T for an internal standard and ano ther NUMBER is obtained . The
computer subtracts these two NUMBERS and their difference is called RELATIVE
INTENSITY . As outl ined in the method done by hand , this process is continued
for pairs of known and internal standard lines. An analytical curve is estab-
lished on seinilog paper with the log axis labeled CONCENTRATION and the linear
axis RELATIVE INTENSITY . From this curve unknown concentrations with known
relative intensities can be determined . Program used is presented in Appendix B.

UNIVAC 1108 COMPUTER METHOD

-
~~ Appendix C lists the UNIVAC 1108 program . The only input necessary for the

program is the ini t ia l  DARK / LIGHT data read from the emulsion-covered glass p la te
• used for the calibration . Using these values , the computer can calculate coef-

• ficients of a polynomial equation to any practical  degree required , and from the
- ‘ values obtained , the lowest degree polynomial with good correlation coefficient

was chosen . The program then outputted least-square data of DARK/LIGHT points ,
that is DARK , LIGHT , and LIGHT FITTED , from which the preliminar y curve may be
drawn. If desired , a plot of this curve can be obtained.

Following the procedure outlined in the Hewlett-Packard Calculator Method ,
a table labeled LIGHT percent T and NUMBER is generated to formulate the coeffi-
cients of the emulsion calibration equation used as the equation of the emulsion
cal ibra t ion curve •

NUMBER = B0 + B1 (log T1) + .. . .B~ (log T 1)~

7

.~~ -••—• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.-. —•..—•— -•————-—~~—.•-•———-.—. .. .•—,•---•.—.—- .—.- —..-•-.•- — .—• .. • •— 
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w.iere T 1 = percent transmission of l ight line
B0.. . . B~~ = coefficients of polynomial equation .

After  determining the coefficients  of the above equation wi th  the UNIVAC 1108 ,
the equation can be used with  many small desk top calculators that do not have
tae memory needed to solve a 6th degree polynomial . By inserting the log of the
percent transmission of an elemental line , one gets the val ue for NUMBER.

Assuming a calculator is not available , using the above equation , a chart
of percent transmi ssion and NUMBER may be genera ted. Percent T was var ied in
i icrements of 0.05 from 2 to 20 and in units of 0.1 from 20 to 90. The left
vertical column of the chart l ists changes in percent transmission by one unit ,
fDr example , from 20 to 21. The top row of the chart varies percent T by either
0.05 or 0.1 depending on the percent transmission range . The body of the chart
contains NUMBER values . For example , if an intensi ty  of an element of a standard
sample l ine was measured at 50.5% T and that of an element internal standard line
at 20.6% T , one would find the corresponding NUMBER value by proceeding horizon-
t a l ly  along the chart from the extreme le f t  column containing the number 50 as
the first integer until one reaches the column headed by 0.5. This NUMBER value
is then recorded. The procedure is repeated for the other transmission value of
20 .6 .  The difference in NUMBER values is the re la t ive intensi ty .

Van s ~tarts were attempted , including one in which two percent trans-
missions ~for ~xample , from the unknown element line and that of the internal
standard) could be found in the f i rs t  column and f i rs t  row of the chart . The

- 
point of intersection , going horizontally and ver t ica l ly  along the chart from
the two percent T values , is the relative intensi ty and the need of taking the
difference in NUMBER for each percent T pair is eliminated.  To accomplish this ,
however , the chart became very voluminous and it was found that the previously
described chart was easier to use.

CONCLUSION

A computer program that fo l lows closely the ASTM graphic method has been
developed for use on a Hewlet t -Packard 9830-A and a UNIVAC 1108 t ime-sharing
computer. For laboratories that do not have continuous access to these computers ,
one can obtain the coefficients to the equation re la t ing percent transmission to
re la t ive  in tens i ty  and then use the equation on small memory desk top calculators
to f ind re la t ive  in tens i t i e s .

The program used in the UN I VAC 1108 wi l l  output a table  of percent trans-
n i s s i o n  versus NUMBER which is used to obtain the re la t ive  in t ens i ty  for a pa i r

• cf percent  t ransmission values.
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A P P E N D I X  A . S P E C T R O G R A P H I C  PA RAMETERS

Equipment

Baird 3-me ter spectrograp h , 2.75 A/mm reciprocal linea r dispersion

Jarre ll-Ash Varisource
Jarre ll-Ash Micro photOmeter

Ins trumental Parameters

Spark-l8 ,000 V. A . C., 3 breaks per half-cyc le , 6 to 6.5 amperes

Ana lytica l gap 3 mm
Auxiliary gap-6 mm
Samp le elec t rode-Ultra Carbo n 106

Coun ter electrode~ UI tra Carbon 105 U

Pre-spa rk duration 2O sec .

Pho tograp hic Parame ters

Pla tes—Eastman Kodak SA I

• Developer-Eastman Kodak 019
• Develop ing time- 3.5 m m .

Develo p img tempera ture 20° C

Spectra l range of calibrat ion 2750-3k50 ~

Spec tral lines read in range of 3000-3200 A

-i

L
9

* -44.
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APPENDIX B. HEWLETT-PAC KARD CALCULATOR PROGRAM FOR GLASS PLATE EMULSION CALI B RATI O N

10 For I—I to 22 30 End

20 C L I ] B [I) = 0 40 Disp Wrong No., Dark 1 Li ght *“ ;

• 30 Nex t I 50 Input I , Y , 8 (2 1

40 For I 23 to 253 60 C [II y

50 C (I] * 0 70 H [I] = E [2]

- 
60 Nex t I 80 Print Delete : Dark — ‘1C(I] ~ Lig ht • H [I]

• 70 B [I) • I 90 V * FNX (—I)

80 W = N SI - S2 S3 S4 S5 • II — 100 Disp

90 Dis p Max Degree Polynomial 4
; 110 End

100 In put D2 1
3

1 )0 Print -- Max Degree Pol ynomial = D2 10 II 0

120 DI — D2 20 Print Polynomial Degree = D I

130 Print 30 Pri nt Relative I Log T L i g h t

140 End 40 X2 =

F , 50 X =

10 Forma t F 4.0, 2 F 12.4 60 Xl = 8

20 Prin t ‘ Enter Pre li rn Ca ll brn Data 70 If X 1< • 2 then 2)0

30 If N ~ 0 then 70 80 v B (DI +1]

40 Pr Int No. ’ Tab 1 0 1  Dark IOT ab 22 “Ligh t 90 For J — DI to I Step —l

50 Il 0 100 V V ~ x + B[J]

60 Il — II + 1 110 Next J

70 Disp ‘Dark , Ligh t ‘ ; 120 X V

• 80 Inpu t Go )], H (Ill 130 If X>lOO then 210

90 V — H (II] 140 Xl — X l — l

100 8 [2] G[ Il] ISO If X l < • 2 then 2)0

1)0 Wri te (15, 10) N+l , C [Ii] , H [Ii] 160 Il Il + 1

120 V FN x 1 170 H (II] = Xl

• 
• 130 Go to 60 180 C [II] L C I X

140 End 190 Print Xl , G (11], x

• -~ 1- 200 Go - to 70I-

10 If W 0 then 40 2)0 X2 X2 - 0.1
. . I  

20 D i s p “ Not allowed 220 If X2 • 0 then 290

—~~ 

10 

230 Il - II + I 

i~~~

- ~~~~~~~~~~~~~ 
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240 C [Ii] (C [2 1 C [3 1) X2 + C [2] 30 D is p  Max Deg ; D2 - W

250 XI = 6 + X2 40 End

260 X = I0’C [II] 50 If W = 0 then 330

270 H (Ii] xi 60 1 • 0

280 Co to 190 70 For I = 1 to Dl + I

290 V = FN V I 80 B [I] — 0

300 End 90 For J = 1 to DI - I + 2

F4 
100 R = ( I + J - 1) * D2 + 2 — 0.5 ( I + J ) )

10 Def FNX (z)  110 B [I] B (I] + C [ I + J] C (RI

20 For I = 2 to D2 120 Nex t J
-• 

30 B [1 +1] = B (I] * B (2] 130 1 = 
~
- ( 02 + (3-I) / 2)

40 Nex t I 140 Nex t I

50 B [ 02 + 2] = ‘,‘ 
ISO Ri • 0

60 R — o 160 For I — 2 to 01 + 1

70 For I I to 02 +2 170 Ri — Ri + C (I*(D2 + (3—I ) / 21+2

• 80 For .J — I to D2 + 2 180 Nex t I

90 R = R+ l 190 TO = C [(02 + 1) : (02+2) / 2)

100 C [RI — C (RI + B [ II  a 8[J] z 200 10 • 10 — C [D2 + 1 1 0 2

110 Nex t .~ 
2 10 P r i n t

120 Nex t I 220 P r i n t  ‘ Coefficients ’’

130 SI = SI + B (2] * z 230 Print

140 S2 = S2 + B (2] 2 240 Format F3.0, E 12.4

150 S3 — S3 + y * z 250 For I • 1 to DI + 1

160 S4 = S4 + y -v :~ Z 260 Wri te (151 240) “ B ( I_ i ) — B (I]

170 S5 • S5 + B [2] V ~ Z 270 Next I

180 N 14 + Z 280 Print

190 Return 0 290 Print

=5’ F
5 

300 Prin t ‘R Square I S  Ri/To
10 Disp ‘ New Polynomial Degree “ ;

310 Prin t
20 Input Dl

320 End
• 30 Prin t - -  Degree of Polynom ial _ I 0  DI

330 If N D2 then 360
40 End

340 Disp  1 4  Not Enough Poin ts -a.

6 350 End _ _
4~

10 I F = 02 — W then 340
360 P . W — i

20 l f D l ’ — D 2 - W theo 5O
- • —

5
’

• 11 -
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370 D2 • D2 + I 710 Ne,t J

380 For J — i to 02 720 Next I

390 Pri nt C [P] 730 C ( I ]  = 1/ C (I]
-

• 400 C [P1 SQR C [P1 740 Go to 60

410 For I — I to D2 - J+i F 7

420 C (P+I] C (P+I 3 / C (P1 ¶0 8 (22] = Dl

430 Nex t I 20 Pr in t - :  5(~~re X • F ( Loc’ T) Calibration

440 R — P + I 
30 Dis p Store File *

450 S — R 40 Input I

460 For 1 —  I TO 02 - J 
SO Pri nt “ Store Fil e #

470 p • P + I 60 Store Data I . B

480 ForM l to D 2 + 2 - J - L  70 End

490 C ( R+M — 1] + C [ R+M-i] — C (P] :~ C [ P+M—i ]  
~

500 Nex t H IC Print “ Diff X Evaluation

510  R = R + 11 - 1 20 D i s p ‘ I (510) , T —

520 Nex t L 30 Input TI , T2

530 P = 5 40 Print -- T (STD) — “Ii
540 Nex t J 50 Prin t T ‘ 12

550 1 = ( 02 + I) :
~ 

( 02 + 2) /2 60 II — L G TT I
• 560 For I = 1 to 02 - 1 70 T2 • LCITT2

570 1 = T - 1 - I 80 Xl — *2 — B (Di +

580 C 1 1] 1 / C [TI 90 For .1 = Dl to I Step —

• 590 For J I to 0 2 -  I b e  Xl - Xl Ti + B Ii)

600 P • 02 + I - I 110 X2 = X 2  : 12 + B F~)
610 P P ( 02 + I (P-I )  /2) — 120 Next J

620 R — 130 Print - -  X (S ID) “ x l

630 S 0 140 Pri nt X • “ X2

640 IJ I + J + I 150 Prin t ‘ x (510) X — ‘‘X 1 X2

• 650 V — P 160 Co to 20
-

. • 66’) F~:’~ K 1 to J 170 End

670 V = V i - U - I (  f
Disp ‘‘Re— plot Axis ’ ;

680 S — S - C [ R+K ]  c [vi
- 

20 Inpu t Z9600 Nex t K
‘4- 30 If 29 = 0 then 390700 C [P1 = S / c F~~j

145

1 
-

-
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40 Dls p X (Max) = “ ; 390 For X — A2 to B2 Step C2/iO

50 Inp ut 82 400 V = B [Dl + I]

60 Ois p ‘ x  (Mm ) -- 410 For J Dl to I Step -l

70 I nput A2 420 V — V * X + B [j i

80 Disp “V(Max) — I~~; 430 Next J

90 Input B) 440 Plot X ,V

100 Disp V ( M m ) — S I  ; 45C Next X

11 0 Inp ut Al 460 Disp ‘Plo t Data Points ;

120 C2 (82 — P2) / 10 470 Input Z9

130 C I (81 - Al ) / 10 480 If Z9 0 then 550

140 Scale A2 , 82 + 2*C2 , A), El , + 2*Cl 490 PEN

150 Plot A2 + (B2 — A2) /2.2 , Al + Cl /4 500 For K • I to II

160 Label (C , 3, 2, 0, 2/3) 510 Plot G [K1, H (K]

170 Letter 520 CPLOT —0.3. -0.3

180 Plot A2 + C2/4, Al + (81 -Al)/2.2 530 Label (*) - 0’

190 L~.beI (: , 3, 2, P1/ 2, 2/3 540 Next K

200 Letter 550 PEN

220 Offset C2 , Ci 560 Plot —1 .2 * C2 , — C l

230 XAX IS A l , C2, P2, 82 570 PEN

240 YAXIS B2 , Cl , Al , Bi 580 Go to 10

250 YAX IS A2 , Cl , Al , B) f
11

• 260 XAX IS Bi , C2 , P2 , 82 10 Format 2F 12.4

270 Label (* , 2, 1.7, 0, 2/3) 20 Print Tab 9 “X Dark “lab 2)’ V Li ght ”

280 For Y — Al to Bi Step 2*Cl 30 For I — 1 to 79 Step 2

;~ 290 Plot P2 , V , I 40 V B [Di + I i

300 CPLOT —5.4 , -0.34 50 For J — Dl to I Step -l

310 Label (380, 2, 1.7, 0, 2/3) V 60 V = Y* I + B (J]

320 Next V 70 Next J

330 For X — A2 to 82 Step 2*C2 80 Write (15, 10) I , V

340 Plot X , Al , 1 90 Next I

350 CPLOT -3.8 , -I 100 For I = 80 to 100 Step 1

360 Label (3e0 , 2, 1.7, 0, 2/3) x 110 V — B [D i + 11

370 Nex t x 120 For J — Di to 1 Step — i

380 Format F 5 .1  130 V = V ‘ I + B[J ]

-~-1
‘I

-- -~~~~~• - - - • •~~~~~~~ “-~~~~~~~~~~ 
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140 Nex t J 190 V = FN Xl

150 Write ( 15, 10) I , Y 200 Prin t 13, C(13), H (13]

160 Nex t I 210 IF 13 = I i  - 1 then 230

170 End 220 Go to 160

f 
230 End

13

‘7
10 Format 2 F 12.4 P r i n t “Load X = F (LOG I) Ca l ib ra t ion ’
20 Print Tab 9 “X” lab 21 “1”

20 DISP “Load F i le ~ •

30 For I — O.~ to 2 Step 0.0 5 30 Input I

40 Y = B [Dl + IJ 40 Print “Load File “I

50 For J — Dl to 1 Step 1 
50 Load Data I , B

60 Y = V “ I + B ~~ 60 Di = 02 B [22)

70 Next J . -70 Print Degree Po I ynom~a l — D l
80 Wr ite (15 , 10) V , l O ~ I

90 Next I f 18
100 End 10 D i s p “Store Data , F i l e  •

20 Input I

10 Def FNY(Z )
30 Store Data I

20 Disp “Max Degree Pol ynomial ’ ; 40 End

30 Input 02 
f 19

40 Print “Degree Polynomial “02
10 Disp Load Data , F i le # =

50 Di — D2
20 Input I

60 Prin t Ii
30 Load Data I

70 For I — I  to 22
40 Format F 4.0, 2 F 12.4

80 C (ii — 8 ( 1 1 — a
50 Pr int  “No . ’ Tab 10 “Dark” lab 22 “Lig ht ”

90 Ii~ xt I
60 1 1 = 0

4 100 For I = 23 to 253
70 II = I I  + 1

110 c ( i 3 — o
80 Y = H [ I l l

120 Next I
90 B[2 ]  — G [Ill

130 1 3 = 0
• 100 Write (15, 40) N + 1 , G (II], H (II I

~~ 140 B [I] — I
110 V = FNX 1

150 W • N = SI — Si — 53 • 54 — 55 - 0 120 Go to 70

• 160 13 = 13 + I 1 30 END
170 B [2 1 — C [1 31

180 V — H ( ‘3 1

‘O5 __ _” - j -j
14



APPENDIX C . UNIVAC 1108 PROGRAM

DIMENSION X (1200), Y( 1200) , W( 200) , 11(200), T2(200), T3(200),
1 C(11) , ALPLIA( 10) , BETA( 1O) ,

DIMENSION S(4), YF(400), A( 14)

105 FORMAT ( I/ I  29H :;UPlrT’ FROM SUBROUTINE FITY.//7H INE) 3 = I 3///3X
211 1X , 18X 21-1?, 14X 911 Y FITTED /1 (1H 1P3E 20.7))

103 FORMAT (///31H Ot ’T P’fl PRO~I SUBROUTINE ORTHLS.//7H IND 1 — 13//2X
1 2H 1 , 13X 2H C , 1I\ f~ Al .~IA , 14X SN BETA/iN 14, 1PE 20. 7/
2 (iN 14, 1P3E 20. 7),

104 FORMAT (/// 301-i OUTPUT FROM SUBROUTINE COEFS.//7H IND 2 — 13// 13X
I 2H 1, 17X SM A ( I ) / / ( I H  114, IPE 26.7))

P = 3.141592654

RE AD 1,N ,K

READ 1 , NUM , NUMA , DUM

1 FORMAT (IS, 15 , F10 .O)
DO 10 I — 1, N

READ 2 . X C I ) ,  Y ( I )

10 CONTINUE
2 FORMAT (FIO.0 , F10.0)

101 L = O
J = O

CALL ORTHLS (X , Y . W I N , L , J , C , ALPHA , BETA , K , Ti , T2 , T3, I~ D 1)

IT — 0
WRITE (6, 103) IND 1, II , C(1), (II , C(II + 1), ALPHA (II), BETA (11) ,

1 II — 1, K)

DO 15 *1 = l,l(
KF MI’I
CALL FIT? (X , N, J , C. ALPHA , BETA , KF, YF , TI , T2 , IND 3)
WRITE (6 , 105) IND 3, (X I I ) . Y( I), Y F ( I )  , I = 1, N)

CALL COEFS (J, C, ALPHA , BETA , KF , A , Ti , 13, IND 2)
IT — 0

WRITE (6 , 104) IND2 , I I , A( I) ,  11, A(II + I),
II = 1, KF)

- 
- 

82 FORMAT (li-U)
81 FORMAT (IN 3E 15.6)

H
15 CONTINUE

- PRINT 82

00 80 IA - i , N
ANS • A ( 1 )

DO 7S I I — 2 , MB

F I B  = II -1
- 75 ANS • ANS + A(II) 4X (IA)4 FIB -~

IF (IT. EQ.3) X(IA) — EXP (X ( IA) )
• 80 PRINT 81, X(IA), Y(IA), ANS

~5 _
•

• : is



IF , (IT .EQ.3) GO TO 102

PRINT 82
AB = 1.0
SAVE = SOLVE (A , All, MB)

PRIN T 85 , SAVE , AB

SAVE • SOLVE (A, SAVE , MB)

PRINT 85 , SAVE 1, SAVE
CON = ALOG (SAVE)
CON 1 ALOG (SAVE I)
O = CON1-CON

Y( 1) = ALOG (SAVE)

X ( i ) — 7
S(l) — SAVE
DO • 0/10
DO 650 I — 2 , 10

S(I)  — EX P (CON + DO * (I - 1))

X ( I )  - 7.  ~(I_1)* .1

(r50 1(1) — ALOG (S(I))

L = 1 0

DO 651 J = 1, 10

AB — S(J)
DO 652 JJ = 1,4

L = L + 1

ANS = SOLVE (A~ AB , MB)

Y ( L )  = A LOG (ANS)

X ( L )  = X (J) -1.0 * JJ

IF (ANS. GE. 100.) GO TO 653

P R I N T  85 , ANS , AB , X ( L )

652 AB = ANS

GO TO 651

653 L = L-1

651 CONTINUE

I T = 3

N = l .
DO 107 J = 1, N
TEM = x (J)

x (J) = Y(J)

- . 107 Y(J )  = TEN

t GO TO 101
10 2 CONTINU E

~ . 
NUM B = ~tJM + 10

N UMC = N UMA * I

* 
DO I I I I= 1 , NUI’III
X ( I )  = DUN - .

IF (I. GT. NIIMC ) X (1 )  = 1(1) ÷ .05

16
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- \I)J(i N I) )

‘i l l )  = ‘~OI IL -I , ~~~ ‘18)

11 1 1 ll~~! = I • .05

PRI’T I-

‘kIll. ,. , 18)

lu I = 1, \ I J~tA , 0 1

I * 1’ .’
6 , 1~il  N i l ) , l~~~- J ) ,  J I ,

= I_ I • I
IPRINT = ‘,lI’-’ R • 5161

PRINT i~
- i-kIll: 6 , 13 )

15) 1511 1 = NUMB , \ I F I , 10

[ I I . ~~~. IPRINT ) GO TO 16

GO TO L~ l l

1’- 11 ’RIVI = I * 500
PRINT F
PRINT 13

151’ I~RITL (6 ,11) X ( I1 , (Y(J ) ,  J = I, J,J)
Ii I ‘~i~t-\ 1 I 10 1F6 .2)

18 I 1 R ~’VT (16 X , ‘ .05’  3X , ‘ .10’ 3X , ‘ .15’ 3X , ‘ .20 3X , ‘ .25 ’
IX , ‘ 3(1 ’ ,

1 3X , ‘ .35 ’ IX , ‘ .40 ’  3X , ‘ .45 ’  3X , ‘ .SO ’  3X , ‘ .55’ 3X , ‘ 60’  3X , ‘ .65 ’

2 3X , ‘ .70 ’ 3X , ‘ . 75 ’ 3X , ‘.80’ 3’~, ‘.85’ 3X , ‘ .90’ 3X , ‘.95 ’

II FORMAT (IH F6.2 , IOF8 .2)

13 FORMAT (10 19X ‘ .1’ , 6X ‘ .2’ , (‘~ ‘ .3’ , 6X ‘ .4 ’ . 6X ‘ .5’ , 6X ‘ .6 ’ ,
ÔX ‘ .7’ , 6X ‘ .8’ , 6X ‘ .9 1

17 FORMAT (11-Il)
•SS FORMAT (10 ‘Y 1 = ‘ F13.8 , SX , ‘Xl = ‘ F13.8 , E14 .8)

STOP

END

LEGEND

N = No - OF EXPERIMENTAL POINT S
K = MAX PI UM ORDER OF EQUATION FOR POLYNOMIAL LEAST SQUARES FIT.

• NUN = TOTAL NUMBER OF PERCENT TRANSMISSION vs RELATIVE INTENSITY VALUES
I N  TAB LE

NU1LA = TOTAL NUMBER OF PERCENT TRANSMISS ION VAL u ES OF INCREMENT .05 IX TABLE

- - DUN = IN IT I A L  VALUE OF PERCENT TRANSMISSION PRINIED IN TABLE (2.0 USED IN
TIllS I~OR K )

X ( I )  = EXPERIMENTAL DARK PERCENT TPJINSUISSION

Y (l) = EXPERIMEVT4\i. LIGHT PERCENT TR,V\SMISSION

_ 5 _

17 •
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‘ D I S T R I B UT IO N LI ST

No. of — 
No. of

Copies To Copies To

2 Metals and Cera m ics Information Center , Battelle Columbus Comm an der , Edqewood Arsenal , Ed gewood , Mary land 21010
L a b o r e t o r I r s , 505 V i n o Avenue . Columb u s , Ohio 43201 1 AlES : SAREA-TSP

1 SAREA-OAE
12 lononander , Defense Documentation Center . Cam eron Stat ion , 1 SAREA-QA I

r i m i4 nq 5 , 5010 Duke Street. Ale vandria , Vi rginia 22314 1 SAREA QAP
I SARE A-Q AIP

l )ff ic e of 1~m ” f of Research and Development , Department of
the A r o y ,  Washimqt on , 0 . C .  20310 Coninander , U. S. Army Foreign Science and Technology Center ,

1 ATT N : O DE ES 220 7th Street , N . 1., Charlottesville , Virg inia 22901
1 ATTN : DRXST-S02

I (o,n,nander , Army llesearch Office , P. 0. &,x 12211 . Research• 
I ’  angle Park , -~~~th  Carolina 27709 Commander . Frankford Arsenal . Philadelphia . Pennc vi yani a 19137

1 ATTN: SARFA-P3300
• Comnander , U. S Army Material Development and Readi ness 1 SARFA-C2500

Corremand , 5001 Eisenhower Avenue . Alexandria . Virqini a 27313 1 SARFA-Ql000
I ATTN : DRCQA 2 SARFA-Q2l 00
2 DRCQA-E 1 SARFA-N3100-202-l , Mr . K . Roffma n

• 2 DRCQA - P 1 SARFA-Q6l2 0-64-1 , Mr . W . Shebest
I TRELOC , Mr . R . Zentner 1 SARFA-Q 6130-64-l , Mr . C. Norwi tz
1 ORCRL 1 SARFA-A2 000

• 1 DREDE-tA 2 SARFA-F6000
1 DRCIE-E 1 SARFA-L300 , Mr. J. Corrie
1 DRCRP-O IP

1 Commander . Harry Diamond Laboratories , 2800 Powder Mill Road ,
Comienander , U. ‘ Army Electronics Command , rort Monm outh , Ade lphi , Maryland 20783
New Jersey 07703 2 ATTN : DRVDO -EDE

2 A 1’l OP~ rL .C P
I 0RSEL-P P-PO Commander , Pi ca t i n n y  Arsenal , Dover , New Jersey 07801
1 DRSEL-Wll 1 ATTN: SARPA --RT-5
1 0RSEL-RD-GT 1 SARPA -VA6 , Mr . H . OeFazio
1 TIR5EL-PA-C 1 SARPA -VC2 , Mr . T . M . Roach , Jr .

SARPA-VG . Mr. A . Clear
•. 4 n m , -j~~4 , II . S. Army Missile Command , Redstone Arsenal , 1 SARPA-ND 1 , Mr . IL Stein
I -, l , ’ n , ,l ltii I il 1 SA R PA-FR-M- D , A - M - Anzal one , Bldg - 176

2 ¼ T J  ~~~‘ O ;  011J~ Redstone Sc rt i fi c Information Center
,iX4Tl- ~ Sl4 . Mr . 1. J. Whee lahan Conenander , Rock Island Arsenal , Rock Island , Ill i nois 61201

ly ’’et- P ’A , Mr . I-f . I. Laws on I VETS : S4 RR I - L , Dr . Royce Beckett
• 2 DRSM I-O 1 SARR I- LEQ

1 DPSMI-M 2 SA R RI -LRM

Com,nander , II . S. Army Mob i lity Equipment Research and Director , LI, S. Ar my Production Equipment A gency, Rock Island
De velopment Command , 4300 Goodfellow Boulevard , St. Louis , Arse nal , Rock Island , Illinois 61201
Miss ouri 63120 1 ATTN: DR0DE-MT

1 A T T N :  D R S M r  •
~

1 I P N M F - ) P  Connnander , U. S. A rmy A eronautical Depot Maintenance Center ,
DRNM E IR Corpus Christi , Tenas 78419

1 OPSME- QE 1 ATTN : S5MAC -Q
1 DPSME-M

DRSME-P Commander , U. S Army Amm unit ion Procurement and t upr  l y Aoe rc~~,
D RS M U -P loli et , Illin o is 60436

2 ATTN : SMIJAT-E
rorr,nan de,- . U. S. A r i y Armament Comm and , Rork Is l a nd ,
I1lin~ is 61201 2 Commander , U .  S . Arrr y Mob i l i t y  Equipment Research and
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