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INTRODUCTION

The KWIK smoke obscuration model has been described in an earlier report.-
The algorithm has been developed from well-known and easily used principles of
micrometeorology, atmospheric optics, turbulence, and diffusion. The general
approach for formulating the model is based upon a study by Downs 2 for the
atmospherics optics portion, Gaussian plume and puff hypotheses as discussed
by Gifford3 and Pasquill,4 and atmospheric stability criteria extracted fromPasquill, 5 Turner,6 and Smith.7

The KWIK algorithm is designed to calculate munition expenditures for finite
screen lengths and times, based upon ambient meteorological conditions, as a
function of the optical pathlength from observer to target. The diffusion
portion of the model treats both semi-continuous point source plumes and
quasi-instantaneous point source puffs. Chemically generated military smokes
considered are hexachloroethane (HC) and bulk white phosphorus (WP).

Munition expenditure estimates are presented in terms of the following
parameters:

Weapons system/number,
Screen length in meters,
Screen duration in minutes,
Rate of fire (in rounds/minute),

'Umstead, R. K., R. Pena, and F. V. Hansen, KWIK: An Algorithm for
Calculating Munition Expenditures for Smoke Screening/Obscuration in Tactica]
Siturions, ASL-TR-0030, US Army Atmospheric Sciences Laboratory, White Sands
Missile Range, NW, 1979.

2Downs, A. R., A Review of Atmospheric Transmission Information in the Optical
and Microwave Spectral Regions, Report 2710, Ballistic Research Laboratory,
Aberdeen Proving Ground, MD, 1976.

3Gifford, F. A., Jr., "An Outline of Theories of Diffusion in the Lower Layers
of the Atmosphere," Meteorology and Atomic Energy (D. H. Slade, ed), US Atomic
Energy Commission, Washington, DC, 1968.

4Pasquill, F., Atmospheric Diffusion, 2nd Ed., Halsted Press, Division of John
Wiley & Sons, New York, 1974.

5 Pasquill, F., "The Estimation of the Dispersion of Windborne Material,"
Meteorol Mag, Vol, 90, 1961.

6Turner, D. B., "A Diffusion Model for Urban Area," J Appl Meteorol, 3:83,
1964.

7 Smith, F. B., "A Scheme for Estimating the Vertical Dispersion of a Plume
from a Source Near Ground-Level," 1973 (unpublished Meteorological Office
Note).



Impact separations from adjustment point,
Number of rounds to establish screen,
Number of rounds to maintain screen, and
Total expendi tures.

The KWIK algorithm is available in eight versions:

HP 9830A with printer output
HP 9825A with printer output,
HP 9825A CRT version,
Fortran IV version,
HP 85 with printer output,
HP 9845 with printer output,
HP 9825A volume of fire table, and
APPLE II version.

All the algorithms except the volume of fire table version are very similar.

The specifications of the storage medium required by each computer that uses
the KWIK algorithms are as follows:

(a) The HP 9830A uses a Hewlett-Packard digital cassette number 9162-0050
or equivalent. The data or program storage capacity is 64,000 bytes. The
information on the cassette tape may be protected by removing or sliding both
tabs to the top of the cassette so that an opening at each end is created.

(b) The HP 9825A uses a Hewlett-Packard tape cartridge number 9162-0061 or
equivalent. The tape is structured with two tracks (0 and 1), which may be
used to store programs, data, and instructions for special function keys. The
storage capacity of the tape cartridge is 225,000 bytes. To prevent erasures,
the record slide tab must be in the leftmost position.

(c) On the UNIVAC 1108 or equivalent (FORTRAN IV Version) the KWIK
algorithm may be stored on standard IBM computer cards, card image mass
storage, or magnetic tape units compatible with the computer being used.

(d) The HP 85 and 9845 use the same tape cartridge used with the
HP 9825. Programs are stored in 256-byte physical records. The maximum
number of bytes per record is 32,767.

(e) On the APPLE II a 5-in floppy disk (capacity 931,000 bits) is used to
load and store the KWIK algorithm. An APPLE computer with APPLE Disk II, DOS
Version 3.2.1 is used.
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USER'S INSTRUCTIONS

This section of the user's guide is divided into eight parts, to provide
instructions for calculating munition expenditure estimates for the eight
versions of the KWIK algorithm.

Part 1: HP 9830A Version

The algorithm has been prepared in BASIC language for the HP 9830A
programmable desk calculator, which must contain a String Variable Read Only
Memory (ROM) and a minimum of 3808 words of Random Access Memory (RAM). The
KWIK program is recorded on cassette tape files 0 through 3. After inserting
the cassette in the loader and rewinding the tape, the first file (file 0) is
loaded by executing the command "LOAD 0." When the file has been loaded,
press the "RUN" and "EXECUTE" buttons. The type of format used for the
required inputs is query/response. The "EXECUTE" button is depressed after
each program input entry. At the end of each file execution the calculator
display will show "LINK (File No.)." The "LINK (File No.)" command will load
the corresponding file, conserving the values of the parameters in common
throughout the program.

The program inputs are in the following query/response sequence:

SITE PARAMETERS

(1) Site identification, four characters;

(2) Latitude, in degrees and tenths;

(3) Direction from equator, North (N) or South (S);

(4) Longitude, in degrees and tenths;

(5) Direction from Greenwich, East (E) or West (W);

(6) Altitude above MSL, kilometers and tenths;

(7) Julian date, three digits;

(8) Greenwich Civil time, nearest hour;

METEOROLOGICAL PARAMETERS

(9) Ceiling height, feet;

(10) Cloud cover, percent;

(11) Visibility, miles;

(12) Precipitation (Yes = 1; No 0);

(13) Ambient air temperature, degrees Fahrenheit;
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(14) Dewpoint temperature, degrees Fahrenheit

(15) Wind direction, degrees;

(16) Windspeed, knots;

" SCENRIO PARAMETERS

(17) Average roughness element, centimeters;

(18) Slant range to target, kilometers;

(19) Angle (with the horizontal) of sight to target, degrees;

(20) Direction (from north) of line of sight, degrees;

(21) Smoke screen length, meters; and

(22) Smoke screen duration, minutes.

All English input units are converted by the program to the metric system.
4 The algorithm also calculates the relative humidity in percent and the
*Pasquill stability category (A through F).

The program outputs are displayed on the HP9866A printer after the execution
of each file. The output sequence is listed in the sample computation shown
in tables 1 through 5. For visible and near infrared wavelengths the munition
expenditures (impact separations for initial and sustaining volleys for the
105- and 155-mm howitzers) are displayed on the printer for HC and WP smoke.
The mid and far infrared wavelength expenditures are printed only for WP
smoke. The output will also list the number of guns required for initial and
sustaining volleys, the rate of fire in rounds per minute, and the total
rounds required. The number rounds required per 60-m unit screen length are
printed for the mid and far infrared wavelengths.

Appendix A lists a glossary of mnemonics for identifying the BASIC language
symbology used by the HP-9830A KWIK program. Given in Appendix B is the BASIC
program listing.

Part 2: HP 9825A Printer Output Version

Th. KWIK algorithm has also been programmed in the Hewlett-Packard Language
(HPL) for the HP 9825A programmable calculator. The site, meteorological and
scenario input parameters are identical to those of part 1, with the

* following exceptions:

(9) Ceiling height, meters;

(11) Visibility, kilometers;

(13) Ambient air temperature, degrees Celsius; and

(14) Dewpoint temperature, degrees Celsius.
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In order to execute the program, the HP 9825A calculator must contain the
following ROMS: String, Advanced Programming, and General I/O; also a minimum
of 23,228 bytes of RAM is required. The KWIK program is recorded on data
cartridge track 0, file 3. It may be recorded on other files of track 0 or 1
as a redundancy backup option.

After the cartridge is inserted in the loader, the program is loaded by
depressing the "LOAD" and then the number 3 or by typing in the characters
"ldf3" and then depressing the "EXECUTE" key. Once the program file has been
loaded, press the "RUN" key. The query/response method is used for the input
parameters. The "CONTINUE" key must be depressed after each entry. The
program outputs are displayed on the paper tape printer, integral to the HP
9825A calculator, in the same sequence as shown in tables 1 through 5. A
glossary of mnemonics appears in appendix C, and the program listing as
appendix D.

Part 3: The HP 9825A CRT Version

The CRT version program is designed for solution on the HP 9825A programmable
calculator using the following peripherals: (1) HP 1350A Graphics Translator
and HP 1311A Display (CRT) and (2) HP 9871 Impact Printer. The input
parameters are identical to those listed for the HP 9830A (part 1).

io order Lu execute the algorithm, the calculator must contain the String,
Advanced Programming, and General I/O ROMs and a minimum of 23,228 bytes of
RAM. As in the HP 9825A Printer version, the algorithm for the CRT version of
KWIK is recorded on tape cartridge track 0, file 3. It may also be recorded
on other files of tracks 0 or 1 as a redundancy backup option. The tape
cartridge is loaded and the algorithm executed in the same manner as described
in part 2.

The output of the KWIK program is displayed on the HP 1311A Display (CRT) and
the HP 9871A printer. First to be displayed on the CRT are the list of inputs
and the calculated stability category and relative humidity value. To
continue viewing the output simply press "CONTINUE." (The calculator will
display "CONTINUE WHEN READY.") For visible and near infrared wavelengths,
the munition exponditure data (shell spacing for initial and sustaining
volleys for 105- and 155-mm howitzers) is displayed for HC and WP smoke. The
mid and far infrared wavelength data are displayed for WP smoke only. The
output will also display the number of guns required for initial and
sustaining volleys, the rate of fire in rounds per minute, and the total
number of smoke rounds required. The number of rounds required per 60-m shell
spacing (for 105- and 155-mm howitzers) are displayed for mid and far infrared
wavelengths. At the end of the displayed output, the operator has the option
of ending the program output or printing it on the HP 9871A printer. (The
calculator will display, "0 TO EXIT - 1 to PRINT.") Pressing a "1" will cause
the printer to print the same output displayed on the CRT. A sample of this
output is listed in tables 1 through 5. Appendices E and F contain the HPL
CRT KWIK glossary of mnemonics and the HPL program listing, respectively.

Part 4: The FORTRAN Version

The FORTRAN version of the KWIK algorithm is programmed in FORTRAN IV language
and can be executed on most FORTRAN V compatible computers. The 22 inputs are
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identical to those described in Part 1. The format for all input parameters
(IBM card or card image input) is FIO.O, with the following exceptions, which
have a character format (a maximum of four characters):

(1) Site identification,

(3) Direction from equator,

(5) Direction from Greenwich, and

(12) Precipitation.

All inputs are converted by the program to the metric system. The algorithm
also calculates the relative humidity in percent and the Pasquill stability
category (A through F).

The computer output is displayed in the same fashion as shown for the HP 9825A
CRT KWIK in tables 1 through 5. Appendix G shows a glossary of the FORTRAN
mnemonics and appendix H contains a listing of the FORTRAN algorithm.

Part 5: HP 85 Version

The HP 85 desktop computer is the most compatible with the KWIK algorithm. It
is fully integrated (keyboard, CRT display, CPU, magnetic tape unit, and
thermal printer) in one small package, with 32K bytes of extended memory. The
KWIK version for the HP85 is programmed in BASIC language.

The program is loaded into memory from an HP 200 or equivalent data cartridge
by pressing the "LOAD" key and then typing "KWIKO" (or "KWIKI"), followed by
pressing the "END LINE" key. To run the program, press the "RUN" key. The
query/response method is then used to enter the 22 program inputs, as listed
in part 1.

The output is displayed on the HP 85's own 4.5-in wide printer in the same
fashion as shown in tables 1 through 5. Appendix I lists a glossary of
mnemonics for identifying the BASIC language >ymbology used by the HP 85 KWIK
algorithm. Appendix J shows the corresponding KWIK BASIC program listing.

Part 6: HP 9845 Version

T:e HP 9845 KWIK version is a BASIC algorithm similar to the HP 85 version.
The program may be loaded into memory from a mass storage device, such as T15,
the standard mass storage device for the HP 9845. Insert the magnetic tape
cartridge in the T15 slot, press the "LOAD" key, type the "KWIK 45" file name,
and press the "EXECUTE" key. To run the program, press the "RUN" key, and the
query/response method is then used to enter the 22 program inputs, as listed
in part 1.

The output is printed on the internal 80-character line printer unless a
"PRINTER IS select code [, HP-1B device address]" command is executed from
either the program or the keyboard. (The select code identifies the type of
device at the specified address.) Select code 16 is used for the CRT. If an

10



external printer is desired, its corresponding select code and HP-IB device
address must be used. Appendix I contains a glossary of mnemonics for the
BASIC HP 9845 algorithm, and append.,, K contains the corresponding KWIK
program listing.

Part 7: The APPLE II version of KWIK is programmed in Applesoft BASIC
language. It is almost identical to the HP85 and HP9845 versions. The APPLE
Disk II, with 931,000 bits capacity, is used to load the algorithm in the
APPLE computer memory (65K bytes capacity). This is done by typing the words
"LOAD KWIK" and depressing the "RETURN" key. To run the program, "RUN" and
"RETURN" are pressed. As with the other versions, the query/response method
is used to enter the 22 inputs listed in part 1, with the following
exceptions: (3) North = I and South = -1, and (5) West = I and East = -1.

The output may be displayed on any CRT screen or printer external to the
APPLE II.

Appendix I lists a glossary of mnemonics identifying the APPLE II BASIC
language symbology. Some minor differences between APPLE II and HP BASIC are
noted. Appendix L contains a listing of the APPLE II BASIC algorithm.

Part 8: Volume of Fire Tables

The algorithm that produces munition expenditure tables is programmed (in HPL)
for the HP 9825A programmable calculator. The algorithm requires the use of
the same RAM and ROMs used for the other HP 9825A versions of KWIK (see
part 3). The volume of fire tables algorithm is recorded on tape cartridge
track 0, file 6. It may also be recorded on other files of tracks 0 or 1 as a
backup option.

The tape cartridge is loaded and the algorithm executed in the same manner as
described in part 2. The only required inputs are those for ambient
temperature (degrees Fahrenheit) and relative humidity. Seven other
meteorological and site parameters are fixed, but can easily be changed. The
choices of relative humidity input values are 15, 40, and 80. After entering
the relative humidity value (15 is the default if none is entered) and
depressing the "CONTINUE" key, volume of fire tables for 105- and 155-mm
howitzers are printed on the HP 9871 Impact Printer for HC WP smoke for
visible and near infrared wavelengths.

The tables printed for HC smoke contain seven screen lengths ranging from 200
to 2,000 m and duration of effective smoke screen ranging from 5 to 35 min.
For WP smoke the tables show five screen lengths ranging from 100 to 600 m and
the duration of effective smoke from 5 to 25 min. Each Pasquill stability
category (A through F) is shown with its respective windspeem in knots. The
munition expenditures (volume of fire) data are computed in number of (105 or
155-mm howitzer) rounds for quartering wind. Rounds in area shown as $$$
exceed rate of fire of weapon or battery. Tables 6 through 8 show samples of
the output produced by the volume of fire algorithm for HC and WP smoke (for
72°F temperature and 15, 40, and 80 percent relative humidity). Appendices M
and N, respectively, show a list of the algorithm mnemonics and the program
listing in HPL language for the volume of fire tables version.
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ADDENDUM

SPECIAL NOTE

Under certain atmospheric conditions, an output of "0 rounds" may result.
This output indicates that no smoke munitions are required for screening, due
to such conditions as atmospheric absorption, haze and fog, or
precipitation. When certain versions of the KWIK algorithm are used in these
situations, a warning signal may be encountered as the computer attempts to
print the output. The following additions to the indicated KWIK algorithms
will avert such warning signals.

HP 9830A: Line "455 L(I,K) = 0" on file 3 (shell spacing - WP smoke)

HP 85: Line "4975 L(I,K) = 0"

HP 9845: Line "4195 L(I,K) = 0"

APPLE II: Line "2765 L(I,K) = 0"

13
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TABLE 3. MUNITION EXPENDITURES FOR NEAR INFRARED WAVELENGTHS
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TABLE 4. MUNITION EXPENDITURES FOR MID INFRARED WAVELENGTHS
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APPENDIX A

KWIK ALGORITHM
GLOSSARY OF MNEMONICS (BASIC/HP 9830A)

1. CO Ceiling - feet
2. C1 Cloud cover - percent
3. VO Visibility - miles
4. TO Temperature - degrees Fahrenheit
5. Ti Dewpoint - degrees Fahrenheit
6. DO Wind direction - degrees
7. SO, S3 Windspeed - knots, meters per second
8. PO Atmospheric stability category
9. H3 Slant range to target - kilometers

10. RO Relative humidity - percent
11. XO Smoke screen length - meters
12. T2 Smoke screen duration - minutes
13. S Angle of sight to target - degrees
14. AO Direction of line of sight - degrees
15. Y Average roughness element - centimeters
16. Z Roughness length - centimeters
17. P(7,9) Table of stability categories depending

upon solar altitude and windspeed
18. T(4,4) Table of transmittances resulting from

water vapor, haze/fog precipitation and
smoke for visual, near, mid, and far
infrared wavelengths

19. C(4,2) Table of smoke concentration values for
HC and WP smoke (by wavelengths)

20. B(4) Absorption coefficient error function
21. G(4) Scale height for Mie scattering
22. H(4) Haze and fog attenuation coefficients
23. R(4) Precipitation attenuation coefficients
24. D(2) Table of extinction coefficients for

calculating HC and WP smoke concentra-
tions for visible, near, mid, and far
infrared wavelengths

25. A (6) Coefficients to compute sigma y
26. S(6,3), D(6,3) Coefficients of roughness correction

factor used in calculating sigma z for
the various roughness lengths

27. Y1, Y2 Yield factors for HC and WP
28. LO,L1,ZO,JO,HO Latitude, longitude, altitude, Julian

date and Zulu time data
29. J(4,2),P(4,2) Total number of rounds required

(initial and sustaining) to maintain HC
and WP smoke screen

30. E(4,2), F(4,2) Number of guns (initial and sustaining
G(4,2), Q(4,2) volleys) for 105- and 155-mm howitzers,

for HC and WP smokes (by wavelengths)
31. Ri, R(4,2) Rate of fire for HC and WP smokes (by

wavelengths)
32. H(2,2) Unit (per gun) source strength
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33. Q(2) Munition efficiency for 105- and 155-mm
howi tzers for HC smoke

34. U(2,2) WP volume source sigmas (a 0 and azo)
for 105- and 155-mm howitzers

35. V(2) Stability dependent crosswind inte-
grated concentration for WP smoke

36. W(6) Constant (K) related to stability
category for WP

37. X(4) Wavelength threshold levels
38. 1(4,2), Y(4,2) Shell spacing for 105- and 155-mm

howitzers (initial and sustaining) for
HC smoke

39. Z(4,2), L(4,2) Shell spacing for 105- and 155-mm
howitzers for WP smoke

40. I$(4) Met site identifier
41. Q$(6) Stability category indicator
42. A$(8) Wavelength indicator
43. P Precipitation indicator
44. H$(1), J$(1) Direction from equator (N-S) and

direction from Greenwich (E-W)
indicators

45. I Index for wavelength algorithms
46. J Index for smoke algorithms
47. K Index for gun (105- and 155-mm

howitzers) algorithms
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APPENDIX B

BASIC/HP9B3OA ALGORITHM
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10 ec.:; p,y,DO,PO,{ 0,SO,Ti,T2,VO,XO,C[4,2],T[4,4],V[2],W[6],Y[4, 2] ,Z[4, 2]

20 . 'M Y'II. SMOKE ALGORITHM4 - FILE 0 (09/14/81).

30 R. K,'IIK: METIOROLOGICAL INPUTS AND METEOROLOGICAL CALCULATIONS.

40 DIM I,:4] ,P[7,9] ,Q-.[6],H31],J3. [1]
50 IXiED 2
60 PRINT
70 PR0NT
BG P2INT " MUNITION EXPENDITURES"

90 P2 INT " 
FOR TIC AND IP SMOKE"

100 PRII:T

110 PRINT
120 DISP "MT PIT:" I)";
130 TNPT I'

140 DISP "LATITUDE OF MET SITE- dEG";
150 INPUT LO
160 DISP "DIRE.CTION FROM EQUATOR- N OR S";

170 Ir!PUT Hi
180 DISP "LONGITUDE OF NET SITE - DEG";
190 INPUT Li
200 DISP "DIR*;:CTION FROM GREENWICH- E OR 'd";

210 INPUT J.'
220 DISP "ALTITUDE OF MET SITE-KILOMETERS";

230 INPUT ZO
240 DIS-1, "JULIAN DATE OF MET OBSERVATION";

250 I: PUT JO
260 )IEP "ZULU TIME OF MET OBSERVATION-hr";

270 INPUT HO
280 DISP "CEILING - FEET";

290 INPUT CO
500 ,='O*O.3O48
10 )DSP "CLOU) COVER - PERCENT";

520 INPiUT C1
3' 50 DI,5P "VISIBILITY - MILES";
5,40 lNPUT VO

.50 0VO* 1.61
5 0 -I.., "PRECIPITATION - 1=YES O=NO";

"570 I:7 -UT )
S 380 7)I12 "T-IP,]RATURE - DEG F";

59 IJ~T TO
4 00 0=(5/9)*(T0-32)
410 IP "2'., POINT - DEG F";

S 42o I: 'PUT Ti
450 -1=(5/9)* (T1-32)
440 II"IND DIRECTION - DEGS";
450 .:PUT DO
460 1, "IIND P.*,lD KNOTS";

470 iNPUT SO
480 ISI "AVE OUGHNES3 ELEMENT - CM";
490 IPUT Y
500 PRINT " ID
510 !RINT " LATITUDE - DEG = ";H.[ 1 ;LO

520 PRINT " LONGITUDE - DEG ";J$ 1 ;L1

i3O I-RINT " ALTITUDE - K I. = ";ZO

g 540 IEINT " JULIAN DATE - DAY = ";J0

550 i,INT " ZULU TIME - HOUR = ";O
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560 I'RINT " CEILING - METERS = ";00
570 PRINT CLOUD COVER - PERCENT = ";CI
580 PRINT " VISIBILITY - KILOMETERS = ";VO
590 P,T1 " PRECIPITATION = ;P
600 PRINT " TEMPERATURE - DEG C = ";TO
610 iRINT " DEWPOINT - DEG C = ";T1
620 PRINT " WIND DIRECTION - DEG = ";DO
630 PRINT " WIND SPEED - KNOTS = ";SO
640 P"RINT " AVE ROUGHNESS ELEMENT - CM = ";Y
650 FOR J=1 TO 9
660 FOR I=1 TO 7
67 0 iliAij P[I,j]
,80 ', )CXT I
.90 NI'-XT J
,00 "1 1l1-'AD
710 IF JI.J"E" THEN 740
720 L1=-L1
' 30 Riji ;,rTCA CULATICN,.
740 IF 01 100 THEN 790
750 IF C0>2133.6042 THEN 790
760 11=0
770 12=0
780 GOTO 1400
790 Rr'fl LiALCULATE ANGULAR FRACTION OF A YEAR FOR A GIVEN JULIAN DATE (AO)
800 R9=PI/180
810 D9=180/PI
820 LO=IO*R9
830 AO=((JO-1)*360)/365.242
840 REM CALCULATE' SOLAR DECLINATION ANGLE (A4).
850 AI=AO*R9
860 A2=279.9348+AO
870 A2=A2+(1.914827*SIN(A))-(0.079525*COS(A1))
880 A2=A2+(O.019938*SIN(2*A1))-(0.00162*COS(2*A1))
890 A2=A2*R9
900 A3=23.4438*R9
910 A4=SIN(A3)-xSIN(A2)
920 A4=ATN(A4/SQR(1-A4*A4+1E-99))
930 RE1 CALCULATE THR TIME OF MERIDIAN PASSAGE - TRUE SOLAR NOON (A5).
940 A5=12+ (0.12357*SIN(At))-(0.004289*COS(AI))
950 A5=A5+(0.153809*SIN(2*A))+(0.060783*COS(2*A1))
960 RCM CALCULATe; SOLAR HOUR ANGLE (A6)
970 A6=15- (HO-A5)-L1
980 A6=A6*R9
990 REM CALCULATE SOLAR ALTITUDE (A7)
1000 A7=SIIN(LO)*SIN(A4)+COS(LO)*COS(A4)*COS(A6)
1010 A7=ATN(A7/SQR(1-A7*A7+IE-99))
1020 A'7=A7*D9
1030 RE'1 CALCULATE INSOLATION CLASS NUMBER.
1040 12=0
1050 IF A7 <= 60 THEN 1080
1060 12=4
1070 GOTC 1160
1080 IF A7 <= 35 THEN 1110
1090 12=3
1100 GOTO 1160
11VO IF A7 <= 15 THEN 1140

35



1120 12=2
1130 GOTO 1160
1140 IF A7 <= 0 THIIN 1350

1150 12=1
1160 aEI: CALCULATE, NET RADIATION INDEX FOR DAYTIME.

1170 13=0
1180 IF C1>50 THEN 1210
1190 13=12
1200 GOTO 1290
1210 IF CO >= 2133.6042 THEN 1240

1220 13=I2-2
1230 GOTO 1290
1240 IF CO >= 4876.8096 THEN 1270
1250 13=I2-I
1260 GOTO 1290
1270 IF C#1100 THEN 1290
1280 i3=12-I
1290 IF 13#0 THEN 1310
1300 13=12
1310 IF 13>1 THEN 1330
1320 13=1
1330 I1=I3
1340 GOTO 1400
1350 iU( CALCULATE N".T RADIATON INDEX FOR NIGHTTIME

1360 IF CI>40 THEN 1390
1370 I1=-2
1380 GOTO 1400
1390 I=-i
1400 iEl; CALCULATE PASQUILL STABILITY CATEGORY.

1410 14=0
1420 15=0
1430 IP IlI#4 THEN 1450
1440 14=1
'450 IF I1i;3 THEN 1470
1460 14=2
1470 IF ii/,2 THEN 1490
1480 14=3
1490 IF II#I TH; N 1510
1500 14=4
1510 IF I1#O THEN 1530
1520 14=5
1530 IF I1#-1 THEN 1550
1540 14=6
1550 IF I11I-2 THEN 1570
1560 14=7
1570 IF SO >= 2 THEN 1600
1580 15=1
1590 GOTO 1820
1600 IF SO >= 4 THE N 1630
1610 15=2
1620 GOTO 1820
1630 IF SO >= 6 THEN 1660
1640 15=3
1650 GOTO 1820
1660 IF SO >= 7 TH_,N 1690
1670 15=4
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1680 GOTO 1820
1690 IF SO >= 8 THEN 1720
1700 15=5
1719 GC'TO 1820
1720 IF SO >= 10 THJN 1750
1730 15=6
1740 GOTO 1820
1750 IF S0 >= 11 TH?N 1780
17t0 15=7
1770 GGTO 1820
17 80 IF O >= 12 T ,'I 1810
1790 15=8
1800 GOTO 1820
1810 15=9
1820 PO=P[I4,I5]
1830 REI4 CALCULATE RELATIVE HUMIDITY
1840 iF TO>O THEN 1880
1850 AO=9.5
1860 BO=265.5
1870 GOTO 1900
1880 AO=7.5
1890 B0=237.-
1900 iF T1>O THEN 1940
1910 A1=9.5
1920 B1=265.5
1930 GOTO 1960
1940 A1=7.5
1950 B1=237.3
1950 EO=6.11*10-((AO*TO)/(BO+TO))
1970 E1=6.11*10"((AI*T1)/(B1+T1))
1980 RO=(E1/EO)*100
1990 PRINT " PASQUILL STABILITY CATEGORY = ";Qs[PO,PO
2000 PRINT " RELATIVE HUMIDITY = ";RO
2010 PRINT
.*200 PRINT
2030 DISP "DON"? - LIN 1"
2040 REM PASQUILL STABILITY CATEGORY DATA
2050 DATA 1,1,2,3,4,6,6
2060 DATA 1,2,2,3,4,6,6
2070 DATA 1,2,3,4,4,5,6
2080 DATA 2, 2,3,4,4,5,6
2090 DATA 2,2,3,4,4,4,5
2100 DATA 2,3,3,4,4,4,5
2110 DATA 3,3,4,4,4,4,5
2120 DATA 3,3,4,4,4,4,4
2130 DATA 3,4,4,4,4,4,4
2140 DATA "ABCDEF"
2150 END
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10il N P,Y,DO,PO,RO0,Z0,T1,T2,VO,XO,C[4,2],T[4,4],V[2],W[6],Y[4,2],Z[4,2]

30 DIMN B[4],G[4],H1[4],R[4],-D[2],X[4]
40 FI: ,'D 2
50 F0- 1=1 TO 4

770 N.; *'T If
* 80 V1=LOG(VO)
* 90 V2=Vl*V1

100 V3=V2*V1
110 H[ 1.= *15551-(0.9811*Vl)-(0.0197*V2)+(0.0O41*V3)
120 Hr1 =EXIP(HL13)
130 Ht 2 =1.08 l1(.9315 V)-(O.015972801*V2)+(0.00368583*V3)
140 11L 2 -=EXP(H[2 )
150 113 =1.2394- 1.0436*V1)+(0.0099*V2)-(0.0016*V3)
160 U 3 =EXP(1-13)
l170 Hr4 =1.5176- 1).7147*Vl)+(0.0001*V2)+(0.0428*V3)
180 1'4 =EXP(H[

190 1 =1.3306- 0.85V)( 753*V2)+(0.0129*V3)
200 1r ic([

210 2=l.4 819 51707-(0.922595829*Vl)-(0.O65509417*V2)+(0.013680422*V3)

2350 =1.-5556- 0O.90 13-*vI)-(0.0773*V2)+(0.0l73*V3)
24 0 i; =;,-r(4[3 )

4 250 ;' 41=1.5928 0.9396*V1)-(0.0627*V2)$(0.0168*V3)
260 <'4 =EXP(R[4])
270 U310
280 015'P "S1LANT RANGE TO TARGET - K
290"U IiTH3

'00 )iJPd "ATIGLE OF SIGHT TO TARGET DE"

* 20 S >= 0 THEN 340
330 S=-S

AO0 s5(PI/180)
3 50 0=3IN ( S

,60 114=0
370 TFP 0=0 THEN 4 00
36 0 114= 1/S
<90 ';-M tALCULAT3 PRECIPITABIE WATER.
'00 .10.47+O038T1)+(1.2E-O3*Tl*T1)+(1.84E-05*Tl*T1*T1)

* 410 .X 1,-- ALCULATII AN0UNT OF WdATER IN PATH.
* 420 iY7 FNA(A) =7-:-P(-S*A/2)

" 30 04I
110 1,l=110
45 0 i2= ,0
460 L = 0-5* (1L 1-iL2)
4';O 1,4=12-Li
4 ;O i5=0. 288675 1- L4
490 .1O=0.5*L4*(FM!A(L3+L5)+FNA(L3-Ij5))r 500 1 0w~
510 2 AJUA~TRANSMITTAIC-E FOR VISUAL, NEARNlID AND FAR IR WAVELENGTHS.
52"0 I( =1 TO 4
50 CA]JCUIAT: TRANSMITTAIIC 'S OJING TO ABlSORPTION BY 'WAT5'2 VA.'POR.

* 40 1-:1 1: 4 TIfLE7 570
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5 0 6 7 60
5 '0 D';!, 3 3)IC(-2

590 L1 =1I0
600 L2=LO
('10 L3=0.5-x(hl+L2)
620 i,4 =L2- L1
630 L5=O.2886751*L4
640 IJ,.2=O.5*L4*(FNB(L3+L5)+FNB(L3-L5))
650 T[I,1] =(2/SQR(PI))*M2
660 T[I1l1 =1-T[I,1]
670 CN ALCULATE' TRANSMITTANCE OV~ING TO ATTENUATION BY HAZE AND FOG.
680 IF P=0 THEN 710
690 T[I,2]=1
'700 GUTO 990
710 IF VO >= G[I] THEIN 910
720 .D>'-P FNC(C)=Ex3,P(C*S*LOG(0.1/H[I]))
-750 LO=H4

740 L 1U0
750 Lj2=LO
760 13O0.5*(L1+L2)
77 0 14zL,2-L1

*780 L5=0.2886751*L4
790 T.3=0.5*L4*(FNC(L,3+L5)+FNC(L3-Ii5))
300 74-B(P-H FI]*T3)
810 D X-F FNJ (D ) EK(D*S/4.1)
820 Ll=7C4
830 L2=113
840 L3=0.5*(L1+L2)

*850 L4=L2-LI
860 L5:=0. 288675 1*L4
870 T5=0.5*L4*(2I1TD(L3+L5)+FND(L3-L5))
880 T6=3:JP(-0.128*T5)
890 T[I,2]=T4*T6
900 (1O17r 990
910 L0=1II3
920 ill11I0

*930 L2=LO
940 L5=0.5I ,LI+L2)

*950 L4=Lj2-L1
960 L5=0. 2886751 1L4
9'f70 T7 =0 -5* L4* (FNDi(L3tL5)+FND(L3-L5))
980 T[I,2]=E--XP(-H[I]*T7)
990 1 .ElSi. CALCULATE TRANSMITTANC:E, 0.,iING TO ATTENUATION BY PRECIPITATION.
1000 IF 2=1 THEN 1030
1010 T[IV3]=1
1020 GOTO 1050
1030 IF- V0>20 THEN 1010
1040 T[I,3]=EXP(-H3*R[I])

*1050 aE, CALCULATE TRANSMITTANCE OWING TO ATTENUATION BY SMOKE.
1060 '[I,4]=X[I]/(T[I,1]*T[I,2]*T[I,3])
1070 IFP T[ I,4]<= 1 THEN 1090
1080 T[I,4]=1
1090 RZTrI CALjCULATE LINE CF SIGHT INTEGRATED CONCENTRATION.
1100 7OR 1(=1 TO 2
1110 q2A D D 11]
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1120 1QSXT K
1130 IF T[I,4],i/ THEN 1180

1140 FOR J= TO 2
1150 C[I,J]=O
1160 ':XT J
l11'0 GOTO 1240
1180 FOR K=I TO 2
1190 IF [KZ]j0 T11MEN 1220

1200 C[IK]=0
1210 GOTO 1230
1220 C[I,K]=LOG(T[I,4])/'D[K]
1230 l' ",T K
1240 N-':T I
1250 DISP "DONE - LINK 2"

1260 DATA 0.118,26.7,0.05
1270 DATA 0.18,7.5,0.05
1 80 DATA 0.55,5.1,0.05
1?90 DATA 0,5,0.05
1300 DATA 3.3,2.46
1510 DATA 1.5,2
1320 DATA 0,0.25
1j30 DATA 0,0.32
1340 ND
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90 K K!IK': Arp:OSPH.XRIC DIFFUSION CALCULATIONS FILE2)

4n STM:2 2
50 iOT:S? 02R.CTO LPfIN', OF "UIGHT-DEG";60 I2IV~l', %O

q ~ 0x~T~9Si'RT DIFFU"IOIH CALCULATIONS.
80 I'f' =1 To 6
90 "*A;' A[11
'00I;T
110 P07 I=1 TO 6
12'0 P J-1 TO 31
1-50 7X"A!) i[I,J]
140 iiTJ
150 1C

1 % OR I=1 TO 6
170 P07,- J=1 TO 3
180 'A 1) DIIJ]
190 i, 'T J
200 'PT "TrM

220 ~ J[1,1JUL2,1JUL1,2,UL2,2J
250 x1--1 .24 +1.19*LGT."(Y)
:)40 Z=1 O^Al
250 A?=ABOI" (AO-DO)* (PI/180)
2~O-cR (13.69/(13.69*,SIN -(A2)*SIN(A2)+C--OS(A2)*COS(A2)))

7 1 =1. 952154-+(O.029O6894*R0)-(4.9575E' 04*ROr*RO)+(4.82E-O6*RO*RO*RO)

290 2=,;F.PO,1]+S[1O, 2] *Z+CLpo, 3] *ZA2
7500 )1 -D[P0),1j+B!L-PO,2j *Z,+"PO03J*Z*2

520 1'- -)i, 0 THIV7T 340

"140 >3=0. 515 5'2O
~5 02 7§2>2,N TLENGTH -LET'2'RS 1

0 PY! JT 0

, 80 1 ' IP 2
-90 1''> I = 1 TP C
400 -111[u]
410 N
420 ;' 1-=1 TO0 4 U,.)L
430 L{., ALCULi.T: C-oSItL".'D INTEGRATED CONCENTRATION FOR "VP SMOKE.
440 K = 1 TOC 2
450 1<I'5 A11D P0>4 TH-N 490
4(0 1 u[K,11+O.74*A[PO]*1OO-O.9
40,(): 2= ULK 2] +0. 667*C 2* 100^D1
480 V[K]=( 'I[PO]*Y2*H[K,2])/(PI*sl*s2)
490 "'1. 1XUNITICN 2PNITRS(HC SMOK E).
500 .{27 TJNTmIO. :'W;FT."I-CY:
510 ri ]0.4
520 "r21=0.4
530 2>5 : SUSTAINI'TG S~fi>IlTj SPACING FOR HC SMOX,,.
540 17' I>2 TlH:N! 610
550 T', :[1,11,0 TH7T" 580
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560 Y[I,K]=O
570 GOTO 610 Y*[,](2S*I,])D
580 Y[1,1-]=l1/?2-,+(O.731*Q [K]*1HK1/c*3cI1)D
590 IF Y[I.K]<X0 THE~N 610

(600 Yri,K]=Xo
'10 1 XT A
(0 N7EXT I
630 DI,,! "DONE1 - LINK 311
640 ?&~iDATA USED TO CALCULATE SIGICA Y FOR. CONTIUOUS SOURC.,
650 D L TA 0.4,0.3j2,0.22,0.144,0.102,0.076
660 R31-A DATA USED TO CALCULATE SIGMA Z FOR CONTINUOUS SOURCE.,
670 DATA 0.139O852  9 '7,0.015017284,-1.02581E-04
r,8O DATA 0.122097 643,0.01097037,-6.80135E-05
690 DATA 0.ii0lO4-377,0.010962963,-6.73401Z-05
700 DATA O.O97649832,0.010418519,-6.83502E-05
710 DATA 0.07O772f166,7.27284E-03,-4.50056E-05
70' DATA 0.055 487O93,6.555;09E-03,-4.01796E-05
""'0 DATAk O.9448l4 815,-4.85185E-03,3.7037E-05
7 40 DATA 0.894803591,-4.83951E-03,3.59147Eh05
750 DA TA 0.854792368,-4.82716E'-0393.479247 05
'760 DATA O.8l6O 26936,-6.07407E-O3,4.7138E-05
770 DAllTA O.7860260936,-6.071407E-03,4.71 38E-05
780 DATT, 0.726015713,-6.06173E-03,4.60157E-05

"90 R!UNtIT (PER GUN) SOURCE STRENGTHS.
BOO DATA 18.7,1737.'-,77.1,7076.2
810 RD I -I? VOLU'I SOURCE SIGM4AS (U(2,2)).
82-0 D)ATA., 5.4,7.9,1.8,2.6
830 5. :7 3TABIILITY CONSTANTSJ FOR WP SMOKE.
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20 :: 1': NUIIITI iN -- P7NDITURES (CONTT INUAT ION) (FILE 3).

40 T- r, 2],I[4, 2],JF4, 2] ,P[4, 2] ,E 4,2] ,F[4, 2],G[4, 2] ,H[2, 2] ,Q[4, 2] ,L[4, 2]

1"0 O 0 0.515
/0 1 UT 1 T I M;OUTI: STIGTH.
130 7 I"", l111,4,]1[2,1],H[2,2]
90( 10: I 1 T()' /
100 i1'=1 TO 2
110 T T>2 T117,17 430
1 20o (lj.T,,'UA!T* IlTITIAL SHP"LL SPACING F0) 11C SNO',KE.

1.-0 32" 30
[10UATXI"ITIAL VOLLEY F~OR CSOE

190 IF'1 1[IK]>Y[IK]j THEl--,N 210
'00 GOQC1 220

210 "IL-,K = Y" [iK]

2 30 5I'. ,]
240 [, Q

250 ( -L THEIT 270
2-60 [IK]=2'5+1
20 {o *,/,CULAT.X NUITKBl rt OF GUNS FOR SUSTAINING VOLLEYS (HC SMOKE).
2 i0 FI =7O/y[T K
2)90 5IT' ~']
"00 - [,KJ-Qs
1jl0 1 (,=0 THENi 33,;0

',0 FT) 15+1
!.frjCULAT" -AT OF T-IT12 FOR HC SjMOYKE.

)4 0 :1=0.5
50 ("[1, 1 ];:10 TII:'17 370

>-)O 1 0
0' LUAT.:X TOTA I Ii BER' OF ROUNDS REIQUIRED (KcSOK)

230 j r 1p :]=FI , +(R1*T2-1)*F[I,K]

400,,.jr!,K J-Q5
410 ' 30TH-l.IT 430
420 =! +
4'40 1 1< 3 kll P0>4 TILEN 950
440 L'4'31Ill, zPAlcilm <L( pl-Z ) VOLLI"YS <G( )& Q( )> W P SMOKE.
450 17 -[I,2];,O THEN,1 500

4 0 I P, =
4,30 I'J =0
490 G(o 1 '70
500 11 1 2 TH.:'IT 550

52)0 .IJ=I, IK]
53. 0 C4,J=o;[ K]
54,0 GO"To 560
550 c:[I,IK]=0.6kC[I,2]/v[K]
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560 Q5=INT(G [ IK])
*570 ()6=G[I,K] -Q5

580 IP 1)6=0 THEN 610
*590 G[I,K]=Q5+1

600 GOTO 620
~10 G[r I,K] =Q5
n20 0 1 K 1=G[I,K]

6"0 H_':;,! RAT-- Or- FIE POR JPSM'CKE.
t)40 IF C[I,2],/'o THEN 680

S (50 ,1K=0
660 GOTO 820
7,0 IF I>2 T"H711 700

*',90 GO070 710
"'00 JI K]=120/S3
710 L 1 I IK 2

* '~20 r5=iNT(IK]
7'30 :16=R[I,K J-R5
"40 1"' T6<0.5 TH'EN 760
'50 75='15+1

*0 7 D 5, 0 TIEN1 "180
0 *5 .
30 rF T] =1 5 " 20/60

,90 [IKJ1/R[IK]
800 xk[. tV] >= 1 THE::N 820
810 7 ' K]1
8320..... CALCULAT" TOTAL NIThBER OF ROUNDS REQnUIRE:D (WP SNOKE).
-330 1 [1,2]; *0 THE:-'N 860
o40 7)[i4] 0=
"50 GOTO 1030
00 TT 2 ';H!! 890

* 8*"0 r, 1  [,]OIK*7*[,]
* 8'30 .Tv 900

1-390 ;)[I,'.-I QI,K]*(XO/6O+1 )*(T2*R[I,K]-1)
900 1'. 5=I1H7(P LI,K])

9 '0 1 6=0 T11:7 940
930 [I, ,KI-(r15+1
940 G("70 1 "90
9502: C0XLEULATI0Nrj 70R E'~SNKE E & F STABILITY CATEGORIES (STABLE FLO'..').
)(o *..IITIAL SHELL SPACING

IC 7 1=1 AN-) '= I THEN 1000
990 1<71 3 AND K=2 TIlljNY 1000
go0 1712 ANl.)D I=1 TH-17 1020
1000 r1 IK]=100
1010 1,') 103 0
102"- 0 1 1 5 0
100 ")U.;TA INlIqG SHELML SPACING
1040 ''11 AIT,,:=1 T11iEN 1080
1050 1Ei := 2 THEN'j 1080
10' 0 A 1 1 AN Y= 2 T!'I''N 1100
10,70 1 1=2 A" ) 7= I TH7E-N 1120

1090 C; 7Y) 113 0
4lo 1 F0 *i 1] =200

11,10 "r- C 1*'',4



110 12: 50TA ~ .' p30~

1140 G[I,1"1='(/[~~+
1150, "" :T;T',1qI( VOLI2,Y.

r 11> :,]=':o/KI,K]l+1
1 V-0 0~~: > -j "J.IP K
11 "30 1r ~1TT-'N 1200
1190 12 K=2 TJI::NT 1220
1-'00 ;i, [1, ,]= 2
1-~10 ,,nrO ' 230

123 W TO'TAL IU>BI13fl 0F .2 ROUND; i1EQUIRD
124 0 i, 1=Gr IT]([IK*2*Z,]-
1? 50 (%5=ill

1 -'0 I'l :)6=0 THI3N1 12)90
1I8 L[I,]=('5+1

130 iLo!.*.:TI
1*l 10 C I= 1 TO 4
1 320 92 I NTT
1-530 PIINT

*1340 1 RIINT
1 50 J1IT"'':

1 3;aO iP- 1 T
1 '1 l0 2RN'
1 230 iA r It t

1400 2C
1410 .),1I T
14-0 T ETERS MINUTES"

14 ',0 J1 T (15,1440) 0",T2
1440 'L2' ', SCREIEN LENGTH/DURATION: ",9F5.O,4X,F3.0
140 ' T

R,140 '0
14-0 1>2 2iT -, -7980

14 'T'~_ HC SMOKE~ SCREE]N"

14-90 :;
15-00 T : r
1510 -PT "1 O5MM HOIJITZER"

*152,0 -ThT
1 530 1"' T: "1 VCIJLEY GUNS RATE/ SPACING ROUNDS?
1540 lP2PTT 'MIN IETERS 1

1550 :2T2(1 5 ,1560)'-[JI,1],I[I,1]
4 5,0 1!.lP:T " INITIAL: P 5.0,6X,F8.O
15'70 -21T ' (15,1580)F[I,1],R1,Y[I,1],J[I,lj

* 1580 ,'I:L:T "SUSTAINING:",F5.O,F5.1,F9.0,F7.O

1590 :~i T

1")00 1:U2T

lu O 'IT "1 551Q-1 HO'.ITZER11

1 t340 1 1 It 7
1u40~IW1 

"VC LL- GUN~S RATE/ SPACING ROUNDS?
1650O PJIT T M IN Mi,,TERS 1

1 c",10 1?O-'ZKAT INITIAL: 11 , 5. 0, 6XF8. 0
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1 (30 .iRIT,_, (15,16u90)F[I,2L1,lY[I,2],J[I,2]j

iC~jo ;"C)-T SUSTAIIING:", F5.0,F5.19F9.0,F7.0

1';'10 PrlIT
1 -,-'0 T"',INT
l'; 0 7:!lTTT " 41p SMOKE C~N
1, 40 i 11
1 50 7NT

'o m PINT 1051-1- 1hOW-.ITZER"
1 70 P RINT

1 I i'ao PIu:T I VOLLEY GUINS RATE/ SPACING ROUNDS"
17"90 PR IllT " MIN METERS"
1'300 ',I?'IT_' (15, ialo)GI, 1] ,L[I, 1]
18 10 FO1Rl .A T IF INIT~hL: IF F5 0,6X,F8.0
1820 *JR ITE (15,1830)r)[I, 1],R[I,1] ,Z[i,i],PtI,1]

q W30 ?TUAT "SUSTAINING:" ,F5.OF5.1 ,F9.O,F7.0

18530 PRIN7lT
1860 PRINT
1870 PRilINT " W5M10~ITZER"
1880 P ILIN TTO154.

1890 PRDIT " VOLLEY GUNS RATE/ SPACING ROUNDS"
1900 1 I T " IN METERS"

11 .7IT- (15,1920)G[I,2],L[I,2]
192) 1 'A IFINITIAL: "5 O'5,6XF8.O

1940 FORMIAT SUSTAININW:, F5.0,F5-1,F9.0,F7.0
1950 PR1-INT

19',,0 1 1<5 1111,7 2070
1980 .: , ; lT " IP S3MOKE SCREE0N"
1990 il> _LNT7
21000 _,IN?'7 L

2010 <RFINT " ROUNDS/ RATE/ TOTAL"
20'?0 j"?I11T " 6o METERS IUT ROUNDS"
2030 ',,Z I T i (15,2o40)[I,l1,i[I,1],.P[I,1]
2040 FORM?1 1,AT "F 10 5W,: "F F5 *0 '5X,F3.0,5X,F7.O
2050 1 T l!R (15,2060) "[, 2],R[I,2L P[I,21
?0 f 0 i'1-1 "AT "155MM: 1',F5.O,5XF.,XF.
207'0 1:;:
2060 1 IM"T
2090 1 IN T
2100 PP IN"TT
2110 ': T tIN T
21 ?2011 PRITn
21 3C) --TIT

215 111 TIT -(P1? GUT') 5 0UR23,7, -J, S TG T1S.
A 0 8)TA~., 1 7 7.3,77. 1,7,076.2

2130 JAi VJb:

2190 IJAnTA "M:ID IR:"
2 200 JAr' " 1AR I:"
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APPENDIX C

KWIK ALGORITHM (PRINTER)

GLOSSARY OF MNEMONICS (HPL/HP 9825A)

1. A Ceiling - meters
2. B Cloud cover - percent
3. C Visibility - kilometers
4. D Temperature - degrees Celsius
5. E Dewpoint - degrees Celsius
6. F Wind direction - degrees
7. G Windspeed - knots
8. H Atmospheric stability category
9. 0 Slant range to target - kilometers

10. Q Relative humidity - percent
11. R Smoke screen length - meters
12. T Smoke screen duration - minutes
13. U Angle of sight to target - degrees
14. V Direction of line of sight - degrees
15. Y Average roughness element - centimeters
16. Z Roughness length - centimeters
17. A(7,9) Table of stability categories depending

upon solar altitude and windspeed
18. B(4,4) Table of transmittances resulting from

water vapor, haze/fog precipitation and
smoke for visual, near, mid, and far
infrared wavelengths

19. C(4,2) Table of smoke concentration values for
HC and WP smoke (by wavelengths)

20. D(4) Absorption coefficient error function
21. E(4) Scale height for Mie scattering
22. F(4) Haze and fog attenuation coefficients
23. G(4) Precipitation attenuation coefficients
24. H(2,4) Table of extinction coefficients for

calculating HC and WP smoke concentra-
tions for visible, near, mid and far
infrared wavelengths

25. 1(7) Graphics scaling factors
26. J(6) Coefficients to compute sigma y
27. K(6,3),L(6,3) Coefficients of roughness correction

factor used in calculating sigma z for
the various roughness lengths

28. M(2) Yield factors for HC and WP
29. N(5) Latitude, longitude, altitude, Julian

date and Zulu time data
30. 0(3) Graphics translator files
31. P(4,2,2) Total number of rounds required

(initial and sustaining) to maintain
HC and WP smoke screen

32. Q(4,2,2,2) Number of guns (initial and sustaining
volleys) for 105- and 155-mm howitzer,
for HC and WP smokes (by wavelengths)
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33. P, R(4,2) Rate of fire for HC and WP smokes (by
wavel engths)

34. S(2,2) Unit (per gun) source strength
35. T(2) Munition efficiency for 105- and 155-mm

howitzer, for HC smoke
36. U(2,2) WP volume source sigmas (a 0 and azo)

for 105- and 155-mm howitzer
37. V(2) Stability dependent crosswind inte-

grated concentration for WP smoke
38. W(6) Constant (K) related to stability

category for WP smoke
39. X(4) Wavelength threshold levels
40. Y(4,2,2) Shell spacing for 105- and 155-mm

howitzer (initial and sustaining) for
HC smoke

q 41. Z(4,2,2) Shell spacing for 105- and 155-mm
howitzer for WP smoke

42. A$(4) Met site identifier
43. B$(6) Stability category indicator
44. C$(4,8) Wavelength indicator
45. D$(3) Precipitation indicator
46. E$(2,2) HC or WP smoke indicator
47. G$(1) 105-mm howitzer indicator
48. G$(2) 155-mm howitzer indicator
49. E$(2) Direction from equator (N-S) and

direction from Greenwich (E-W)
indicators

50. 1 Index for wavelength algorithms
51. J Index for smoke algorithms
52. K Index for gun (105- and 155-mm

howitzer) al gori this
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APPENDIX D

PRINTER (HPL/HP9825A) ALGORITHM
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0): "KM.iiK 6iUKL PRUGRAM -PAPER TAPL VERSION (08/20/60)":

4: Ulm 6L14,1L[,21 F(J41vG1,411YMj2l,NIj44,

i: aim' 1ib,042 ~ , ipp]o[,1S2

4: ai e I .L j, 2Zj~vjL3 i.4 j x[4 Y[,2,1, [4,,2
5: ('i A 14 J$1 1 L G4,1 L$1i-i3L LaVLSt]F'2,:G J, j [.

u:%viPAl,14MiLL ±AiLx ' cr"RYI)CA

*~~3 It UNIT 6/RL.j'GUik LiA'AUTH i' :~~~Ia"

21: . LJK 4 T 'I I -T 'k2
L1: :).4-" ilr l ;7 .''- u[S2j; . - i , 12 6aU2 2

*I -.. A i~vJL LL I~r Tt YSE3h kM LjA4LS":
* ~ 14: U15+A.M"11,-A [2j; ,X 1 MM"-A [21

i t: ".'LIS.,)IL> SiFA,>i:vAT CALOR LILTR

* Zd~1: ero,;t "A'V-04 F~L ~E-DEG'NI
e>:iIl.CI~ tvvL~Gr( LZu11UTJR - uk
I b~ hYJ+LSII,1jR R:"-C[4

4 Ij34 fli ".u~i'1ubE 0L G1I'bE DEAL uLG',iC[IQ&,S
33: M.i "UI~Cii -u GRELIh-* R&'ES2
31: c%(L0'LZi)4L.6t,

6t.J: ifLi2,1L";-L42j.SSTEi4A
.4: e[2"~iiu 'r~SI~-1,NJ

* 372: Cflt "JUL~ 1'L u",AlO.LV1U~,~4

.sd: eCnt "hLU Ii L (AF rTi S ,LFVAIL4 NL
4 : Lfl ' i L.,Ij,, -R s"LIz:"
4k: urt4 " L(A ~ i~ -1 1

34z: ent 'v" L ,1'±Yh -k 4IalI )G
3 3 : ent "U11xCkIiOu -kl YRE~ys h LR iO'UR'L (,2

J5: infC~~PbI~b- L "L
-;b: ent "UALAi'ULd -r oLlG SiTL -K1,
37: ent "wii,i iU1L Uk AL OLG",F~uq",,j4
Wu: unt "4uiiu ik-i.aL~ -k z iL u,,~ATU,",q

40: vnt " t L I 'Y~L; hWULILS L1 33MN' A

4kJ: ent " v1L Ji kj,~L 'CU Yj~j , C('
4~~~2 4j .33 ,hLii-Tu, YSU 4"u
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51: erGitA 't(,L 0r z,n I1u 'iA t<GjLT D L;~U ,u
:): ii u('J;-i-*u
5 3: sin(u) -u
5 4: ent "L)ik'(bL 1UW4 u iliEd Uk' SiGrIl' - JkG" 1 V

* :5: ent "LLL'~iId Wr' SMiU; SCR.EELN - ML'ii~kS" ,i
b: ent "DuRA.C'iu.o kL, S~K6 SC{LLi - Mx

ee7 I-IL CAiC.UA'IJNS"
58: it is*IUu;ytc "kiiuuu"
-) : it A>zi33.ou'42; 9tc "&IU3UU"
6%: j-rU
ul: J-rl

'uj: "KIUOU":
0 4 : %i.AL ULAi'L ANi.Aj ei(ACiiUvi uf A YLAR k'uR A GIVEN JULIAN uAT":
o t: (,,[4j..1)*36L)/365.24j4-r9
u6: "CALICULATL SQLAtr. OLXLLNAIi ANGLE"*
u 7 : z7 o.934btr5-rll
b8: r I1.914627*sifl(r9)-.U79525*cos(r~o).rlI
u9~: rll+.U19936*sin(2*r9)-.OU162*cos(2* r9)-rlI
7U: )3.443d.r12
At: sin(rl2) *sin(rll).r13

7 3: "LALCULAiu. i'i ,L Or NLiL~l1U1AN PAo.,AGL - 1~uE~ StuLAR NiIUim":
14: Lz+.12357*sin(r ,) .UO4289*ccs(r9).rl4
75: r14+. 1)36iO9*sin(2*r9)+.UbU7b3*ccs(2*r9)-rI4
7U : "CALCULiA'j bUi~k kIoukR ANGLLE:

'/8 : "CAL~uiA-IL ziuLAi< Al*I~uiLk":
79: s-in(i'411 )*sir*(r13)+cos(N,[1]) *ccs(r13)*cos(rl5).r16

* 60: asrl(r16).rlb
bi: 'C ALLuLAT1L libjiA~IIUv Li.ASS owii3bkO':

*6z: u~rl
b 3: it rib>bU;4.nl;Ytc "AI100"
os4: it rib>35;3.rl;ytc 'KIIOO"
ot : if r16>5;i.rI;ytC 'i(11OU"
bb: it rl6<=U;gtc "eK130U"
b7: I-rI.

*b8: "KI1UO":
d 69: cALCLATEh NL'L RALJ±A~iULd INLAX e~\A iAYVII6iW:
;U: U-or2
.1: if o<=5U;rI-r2;gLC "K12UU"

J2: it A(2133.bu4i;rl-2.-r2;gto- 'rK12UO"
93: if A(4b7o.bO96;r1-I-r2;gtc "K12OU"
04: it tj=100;rl-i-r2

5bt.: if r2=U;rl~r2
vo7: it r2<1;1-L2

~IU1 i1 <4;*r rUc "i(1400"

* 1b4u2



i Ui: %iCAL ,LAIL r't ,.Ui1L ji.AILTY CAILCGJRY":
10!): J-r4 ;U-r:
i~u: it ru=4;1.Pr
10/i: it r U=3 .r4
IUk>: it rU=2; 3-r4
10:p: it rO=I; 4.r4
l1U: it rU=U; 5-r4
Ill: it ru-1;b-r4
112: it tO--2;7-r4
113: if (G(2;1.r5;gtc " L(5U0"
114- it %.,<4; 2-or5; gtc "Lid5UI'
11 : it Ao;3-r5;ytc "i.l,)uO"
Il u: it t7; 4-r 5; qtc "K15UU "
11i : if 6<6 5r ; tr- "KliUU"
i It,: it 6 2 (iu;b&'z;gtc- ,KlSuu,
119: it u(lI;7.rj;qtc "r,150IJ"
12U : ii X<2;8br5;qto ,f15uu,,
1, 141: *r 5
12 2: "is1l o0":

11!3: it L,>U;,ytQ "hdbUU"
126: 9*5.rU ; 265. S*r1

129.: 72.rU;i47.rl
i 3u: hI?uu,,:
1 -11: it L.>U;gtC "K(1huu"
132: .; b.5r

13 3JL 6 ~'*U"

i3l: .11*1 iu u* Lj/ r l+u)).r4

rJ~ r/c 4* iu-+.
140: Lx XQ 1

i 4', pr t r ?~~1~L,
14:): pr t QW
146: p~rt " tC Akc we"
P1 : pr L

I t: pr t l"=VOA

lt)h i.r t i.,u.' = 612,dj 6str a~(N12
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15 4: p~rt "j0iA TL ="&itr(Lvt41 )
155 : p~rt "T iA L =&str (115 )
I1 ,o: j~r L " "'L iL =& str (1 )
157: prt "SKY =,srD
jtit: prt "v16 =& str (C

*155: jirt VRiLC : II= '
* 1%j: pr t "±' Lr4 ? &str (w)

ibi: prt 'I'U =&str (L)

ib4: pr t AM±ht, =&strU(Y)
ib : pr t vb " &L61r1,Hl
.Lbb: prt Ri =&t(w
I b/7: jirt

* lbo: prt '

17u: in(L)-rU
I/I: ru)*rU~rl
I i z: r PrU-zr2

174: exi(i'!I)f -tll1
175-: 1. 5U361511-.992319519*zrJ-.0159728ui*rj+.OO366563*r2iFL21
.lb: ex,(k 2 ) k'[4
177: i.z3j4-i. u436*rU+.0099* ri- .UU16* r2i*j31
i7&s: exp(k jifl-r 31
179: 1.517b-i.'7i4-*rU+.U~u*rl.U42b*r2-i[4I

163: 1.4dl9P51IU7-.92255$*ru-.Ub5su9417*r1+.Q1368O422*r2.G12I

i& : 1.s'55b-.9LUI3*rj-.u 173*r1+.0173*r2.GI31

1 7 : I. 552b-. u39, b* ru-. Uo27*r1+. U1bb* r2-L,14 1

Ib9i: u-ro
iju: 11. u*u;i/u-rb
I '1: '%\iLCulA'lL ?hLLI i.AbL, vvAAb'O
.I;: .447 7+. u3b*L... 4e-3i21 d4e- o*rz3.r11
193 : "CA.LuLAiL ALiL~u&,'.± it vATLI VAVk.o< iN' kdAl'h":
19 ,4: o-xU ;u-ori; ru-ri; . -,* (rl+r4).-r j
15b: r /-'rl-r 4;. 8 51* r4-r,)
19u : . s* r4* ('ri' (r+ L -)+'tiA ( r3-r5)) +r9

1-jo: TI.LCJAl. 1ALu'bPi± kA,\4L kunA v1l1.oLL - eiLAR, Mili ANLJ kAR Ik{":
151: i~ 1tc 4

2u I: if i =*; ex~i-.J u * riu)O I, 11 Itc " L%&buUO"
itJ2 : Ll i I* v ( r1O* n)//.ru ;U-o- 1; ru-i.2
ZLIJ: . * ( r+r 4) *L3
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/-j u /o ui:I 4*jOL

zu i : 2/ - r i.4-. i, I1

4iu: "CiLCULA'L iw i'1Aoea u1.o L Q'1 Af1*,,LvuA1.q 6sY riA.L~ ALA,1 tkG.:
/11: It J="YLO";I-AJI , 21 ;gtc "1(25zOO"
Ziz : it L:>=Ltij ;YtL "f 28OU"

ilJ;: ri-rl;-r4 ~~r

Z.Lu: .2bbc751*r4- r5
~.1: 5* r4* ( 'eo 3+r 5) + '',C (r 3-r5)).ri 3
21u: exp -rji I* r 13) .ri,4
,:1 9 j-ro-oru;rb-r1;r6j+rO-rZ

2.UL1 rz-ri-r4
2 zz .z~bb 7 b1* r4-r 5
iz3: . * r4*(( rij (r.4+rj )(Lr3-L 5))-r 15

z z D r14*iu-oi,2J ;gtc- "tiLjoUl
,.z L\,40 U UI
,. 2 7 ur u ; u-rL;ru -rz; 5* (ri+r 2)-r 3

-j3: it u$=Liu"J; i-. 1,31 ;yjtc "K(3100'

237: ' hlCuLAiL ii Akz,.iiiTANLIL UilC V'U AT'i'LowiAjIUN O jvj. S

241 ,: it L~~i,41;yt-c.'r,4U

2 431: ii~t ,jJ#0;tLc "zK3475

2 44: next ;(j34 "&3475

)24 --j: -ct j=1 -c. Z
2 4b6: It 1J,ij=U;U .:i1,Jj;ytc. "K345U"
/-4 i : in (.,; ( 1, 41)/-I [ Vi -.21 ,j IJ
14o: ; "K34 5 6 .
Z4 i~o: next .j

z: next 1
2 5 1 "A .,iok-ix ijivrt'uj1'U" CALCuLAv1Uor":

* i4



z io : h j~i I I r i/ L K[13 4 /-
i ~ ~ z3 1 3 b4 4.L7'-2* I

Lu i it (,J ; i.*

203: icz j L(- '

zLo4: ' .-tiiCULA IL Ch± av ii'4U Li'TLCL<A'LAJ Cuv'CLNVihA11oN. FORK we Si~iUKt."

26u: it i<-1i ii4;t 2i.)b

L u,: uI,1jII .74*i1ifl IU U 9-r4

'.U66: u Lr,zj+.6u7*r9*IUU~riU-r5

27z: it 1>2;gtc "K4i1JU"

Z73 : 'CALCULA'it. 1.>iTIAjL SnrzLL beACL-'iG k'UI iC Sb',Oi~t;":

2: "CALLkIL SUbTAli~1NG 6riELL SPAClNG FUR HCrl SMUKE":
27: it Cji,iI;0;qtc "K36U0"

2 -: U.YI, 2 ij ; ytc- "K3700"
2 -d : " iK3uu u":
27 j : I /r 15* ( .7 31*1 1 K I .ij[ K I1(C11,I r 16* r9) Krll-lY 1 2, K
2Ju : it Y ,kj>< 4- ,2 ~
ib i: " K3 700":
2L6-: if Y iI r I=0 ; 1-w L ,I,r, II , 2, K, I cgtc "K(4 OLD
z63 CA 1C uLA'l I ii .i1IAL vuiL6Y k'okA HC 6,MC)Kt,":

:b !4: hI if '~1 , K i I p1,2, I ;I,2K.(,,

L-b)]: "2.ALCUWd4L oui-,brA i OFGuNS kotK SJS1AILmING VULLOEYS (tiC)":

Liu: K4 200"0

2,j3: "C-ALCUJLAhir'iuiJAL LuoI4LR UV' RjuULwS RL~d1UL.L (H-C)":

295: if tc±1,,I>~n~i,~I)1P1KI

2:)7 : it L<3; it ti>4;gtc, "K43u00"
i 9o: "'ziELL SM-C1 LiG ( 4 jI ) & VujLLL;YS M? )
z9 9: it L I , A1 L*0;qgtc "K4 120"

3U 2: yto "i-44-U"

ji 3: iK4 120.*LIv(I~11K4I;t Ki

3u t): vj[A I /C 1.1 ,21 10 jQ( k.j I L rI
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3u s: "i4140 ":

310: it trc( dl,1,K,2])>U;rI+1.wr1

312 : "K4 I8u"
3 13: "RAIL OF r'IRL F'UR v% SMUKE":
314: if Cii,21=0;0.R[I,Kl;gtc i(4200"
31b: it 1>2;12O/r~b-P~j1,KJ ;gto "K4190"
316: (hI,2, Kj+oU)/r16.RI,K]
317: "K4190":

340: it frc(Rji,KI > 5; int(R(l,K] )+1.rU
321: if rO=O;1*ru

*312: rO*20/6U-Rjl.Kj

*3z.4: it tj i, sj <1;1-R jI ,K I
315: " e,4200" :
326: "CALCtJLNIE 'I'iAL iNuABEkR OiF RUU,4S REQUIRL-0 (WP)":
3.-.7: it CLI,2j=0;0.ki I K,21 ;gto "*K45UU"

-32 9: if i>2;td1I,2,K,2j* (R/60+1)*(T*R4I,K1-1).P[I,K,21
33J: if frc(iI,K,2fl>U;int(PJI,K,21)+l1.NI,K,21
Ali: gjto "K4500"
33z4: "K430J":
3 33: "'CALCULA'iIULS kOR vi' E F 6~ 1'ABILITY CATEGORIES":
334: %IL-41iAL 6nLLL SPACING -WP~ SMOKE":
335: it 1=1;if K=1;10.Z[I,1,KI
33u: it 1=2;it K=1;SU-Z[I,1,K]
337: if 1(3;it K=2;I00.Z[I,1,Ki

14 33ts: " iU 0 tAiNi4G SIIULL 62AC1i4C - 411 S!AOKL":
-13:): it i=1;i i =1; 10U -w LI ,2, KI
34u: it 1=1;it K=2;20ZlI,2,KJ
341: if i=2;it A=1;5O.ZjI,2,K1
342: it 1=2;if K=2;100.'Lil,2,KI
34 3: "I1,4'11AL VULLLY - We SMOKE":

434 4: I/ 1 , K 1+1-4 j11 , IK , 2
3 : "SUjAL L4. vuLLLY - iNP SMUKL"

34u: kl/ 1, 2, L( I +1.- ' i , 2 , K , 21
3417: "iAi-f it t'iRf - Wek 31OK6"

3 4,s itis12k4iJ
34'): it 21iI,(

4 i5U: "1UIAL I'dUhILER J We~ RUUNI6 RLQUIRLL)":

35z: "K450J0":
j53: next r
J54: next i

* 355: txci U
*356: rcr 1=1 LL 4
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-s5: pr t
-)59: pr t

3bu: prt &C$

6 3: pr t 6Ck..AN
36 4: p~rt CILL.G.Ci "&str(int(R))
36 5: pr t " uuRAT~uiq: "&str ( int(1r)
3ub: icr j=1 tr- 2
.) uI: if J1I; it I >2;gtC 'k'IR61, K"
3(,d: pr t
3b9': prt"
3 70: l.rt k',tjjI& Si-UKE SCRE&L'4"

37 2: tor i.=l LL 2
3713: it J=1; it i>2;gtc 'JX1K"
3 7 4: if 1>2;gjtc "MSF Iii"
37!j: pr t
3iu : pr t
,37 7: pr t &*I
j 7 6: pr t

3idO: .r t ""

381: pr t UI IiA L
3b62: p.rt " J,-4 s
3 b3: pr t 'ustr (td I IK,j)
384: prt
3o :: pr t 6 k AC 1-4G"
36~b : pr t " ~ L
3b7: if j~i;prt &t(t1,]
3 8 8: it J=2;pr. "&str(Zjl,1,KI)
3 0 9: j~r t "I
39u : jprt "SuSi'AlailiiG:
39 1: prt " **S

3 93 : prt "

3i4 : fx 1c
.3!.e5: pr t "RA 'I'L
3 96 : pr t "iN

3 0: if J=IL;prt " "&str(i,)
3 9o: if o=2;prt " "&str(R[iKI)
.3' 9: pr t "

400: txd 0
4 U1I: pr t " A i
4 02: pr t "IIES

40U3 : iti J=1; pr t " & str (Y J 12 , KI
40 4 : it J=Z;prt " " &str (L jI,2, 1(1
405: prt *

4Ub : prt "RUUiwSU"

4 0 7: prt "*&t(LKJ
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401$: pr t
4U J : if 1(3; gtC. "LiLAT K

q41J : "M&k' Li,":
4 11: pri t
4 12 : prt
413: prt C$AKI&":"

4 15: prt 6u METL1RS'

416: prt "&t "12,,I

41d: t xd 1
4 19: prt AT
42U : prt "MINUTI"

42 1: pr t "& str (h I, KI)
4 2 2: prt"
4 1 j: txu
44/-4: prt i 'uTrAL"
42 J: prt K UUNLJS"
426 : pr t ""&str (r [IK,J)

4 26: "tX1K"
4 2 : next K
4 3u: next j
431: next I
4 32: pr t "

4 33: pr t
'134: asp "LuiiLl
4 3t: encA

4 437: r' '4A" :re t ex p (-U* p/2)
38 43: 4i3~" : ret exp(-pI -2)

44L): "'kNL":ret exp(-p1*u/4.1)
j z 70 7
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APPENDIX E

CRT KWIK ALGORITHM
GLOSSARY OF MNEMONICS (HPL/HP 9825A)

1. A Ceiling - feet
2. B Cloud cover - percent
3. C Visibility - miles
4. D Temperature - degrees Fahrenheit
5. E Dewpoint - degrees Fahrenheit
6. F Wind direction - degrees
7. G Windspeed - knots
8. H Atmospheric stability category
9. 0 Slant range to target - kilometers
10. Q Relative humidity - percent
11. R Smoke screen length - meters
12. T Smoke screen duration - minutes
13. U Angle of sight to target - degrees
14. V Direction of line of sight degrees
15. Y Average roughness element - centimeters
16. Z Roughness length - centimeters
17. A(7,9) Table of stability categories depending

upon solar altitude and windspeed
18. B(4,4) Table of transmittances resulting from

water vapor, haze/fog precipitation and
smoke for visual, near, mid, and far
infrared wavelengths

19. C(4,2) Table of smoke concentration values for
HL. and WP smoke (by wavelengths)

20. D(4) Absorption coefficient error function
21. E(4) Scale height for Mie scattering
22. F(4) Haze and fog attenuation coefficients
23. G(4) Precipitation attenuation coefficients
24. H(2,4) Table of extinction coefficients for

calculating HC and WP smoke concentra-
tions for visible, near, mid and far
infrared wavelengths

25. 1(7) Graphics scaling factors
26. J(6) Coefficients to compute sigma y
27. K(6,3),L(6,3) Coefficients of roughness correction

factor used in calculating sigma z for
the various roughness lengths

28. M(2) Yield factors for HC and WP
29. N(5) Latitude, longitude, altitude, Julian

date and Zulu time data
30. 0(3) Graphics translator files
31. P(4,2,2) Total number of rounds required

(initial and sustaining) to maintain HC
and WP smoke screen

32. Q(4,2,2,2) Number of guns (initial and sustaining
volleys) for 105- and 155-mm howitzers,
for HC and WP (by wavelengths)
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33. R(4,2); L, M Rate of fire for WP smokes (by
wavelengths) for 105- and 155-mm
howi tzers

34. P Rate of fire for HC smoke
35. S(2,2) Unit (per gun) source strength
36. T(2) Munition efficiency for 105-mm

howitzers, for HC smoke
37. U(2,2) WP volume source sigmas (a 0 and azo)

for 105- and 155-mm howitzgrs
38. V(2) Stability dependent crosswind

integrated concentration for WP smoke
39. W(6) Constant (K) related to stability

category for WP smoke
40. X(4) Wavelength threshold levels
41. Y(4,2,2) Shell spacing for 105- and 155-mm

howitzers (initial and sustaining) for
HC smoke

42. Z(4,2,2) Shell spacing for 105- and 155-mm
howitzer for WP smoke

43. A$(4) Met site identifier
44. B$(6) Stability category indicator
45. C$(32) Wavelength indicator
46. D$(3) Precipitation indicator
47. E$(2) HC or WP smoke indicator
48. F$(3) 105-mm howitzer indicator
49. G$(3) 155-mm howitzer indicator
50. H$(2,2) Direction from equator (N-S) and

direction from Greenwich (E-W)
indicators

51. I Index for wavelength algorithms
52. J Index for smoke algorithms
53. K Index for gun (105- or 155-mm

howitzers) al gori thms

60



APPENDIX F

CRT (HPL/HP9825A) ALGORITHM
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u: ",,v1i ah[jxr, t~tUGAM - Lk~ vkrVI'k111C (9/10/831)":

j : t_11,. Ji I e4,, 21,, [4, 2,2, 2 , i((4 o2 , S(2,21

auji.. A~$ J4 J$ Lb 1 ,.;$S14 81 u~$t3 I L$ 121I oF$ 131 ,G$131 ,h$1

I: .,, 11, 1 ,. i*, : 1L*~1*,J*,A1L*

0 : s. j Me.i11 TAAL3.3r'i U J .1V2,1706..b22

£e: "AuL'j. L&L&. rk'jk LaC otN4KL":
4. -"1' 11 -* [21

iu: Cu.)±b. h6LATIU i'u IiAii. LkUk WeSIK
ii y.ji6-v% iIwll v [k-w [31 *4 4] -ai4j] *4bI~

i i: u )*A jij +A jhA IJ] .*A[4j
4jiiwL ' . C Al . i~."

k4: a-IN~r ulvkiY Siz NAMS':

* .. i~(: o" Ii/L..LLL' R±S

-s 3: cil 7
3 1: wtL 7i j, 2u i3 IU ,er,: en: :ex: :sn :s x: umr:

34: L-r i=i. tL 3

4 ~~u wL L 7io,'ed::i Uu;
Id 1I rA= L L

4 .41 t)- I

4:): i2L/±ijijIJ

4u: iu2j/i[21l [4l

4su: wr L /its,"etJ ,::LU,::rA U,

: ,d~b 7io , "pel , : tx~uL'd'fiU LAPL-zNOll'LRLS" ,3, 13, 10
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- wtz, 7.i ,%,ei,::tX I-u IiL Aiw. S iOJL 3,,13,10

.3I: wrt 7Li 1,"1t

l:ct " i uLruuL iuk A$ U -LG 2

D~ L- 11t ' m ~ik L, ot ,L zu~ ILi- UL or N ii ,2

u 4: I 1i tL.1 'L" i21 -.4 j2

o..: cri t 'tilli!iluL, ur Mei 'i' .i'V-rU LUW1TiS" ,~ [ 31
u b :c Iit "JU i, IAiv L)A~TL IN! LT S L iiVA 1 1Um " , L4 4 j

u.' ~t. 'C IL N -( fL7LT ,A
hi : M*.3u4bi*A

'ii :u nt " LL~u ui CJ i~ v61(LLqIl
'i- cr.T "ViSibLi-iY - MLL.," LC

J' 4 nt. "PhLClei±i~ttIjL, - 'YLS uK iU"

4uent "i±i-4ri.A'ruRL - iA).(. i",,LJ

786 ent "uLV, e v.iA' - urU iF",L

6iU: Uilt " ..iNL UlkhLCTIUN - U~l~
uA: crit "-v.LNL 6i-ELU Kai",
oi: eat. "AVL ., jU a4LS63 tLLMLiLiI - jY
o3: cnt "6iaAW.i IhALGL A.u VAAGET - K-"L
64: c nt "Ai'YGL±. 0£ SI~k-C 'IUL TARGLx - uLG",U
85: it u(U;-uU

8 1: ent " l{RCiloN Or LirdE 0£' SIGrI - DEG,V
b 6: unt. 'oChkv . IGki - L'1b1FAS",k
o j: C ntl "uu±eAV1' -u ~ LiS'i

q.u: wuae7ic"'e,:ti = ,$3,3
-)7: lit 'i b.L1L).- i~

.j i: c i. A±WINL ' (U 5)

luU: wrt 71d.2,"pel,::txL~km;i~uL. D£.G ="iI$[12 , 2)N[1213
101 : Cii 'ALX±LE~zJ(15)

/U ua
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-. - - - --

wu2 wt 716.2, pel,::tXLT1VUU6 - KM =",N [3J,3

104: wrt 716. 3, "pei1,::txJ LIAN DATL; - DJAY 41 "4(J3
10!:: Cii rxikijii±, '(1. 5)
lob i: wrt 718.3, " ptl,:tXZUlU TiIME - iJIUR = 45

1U7: C11 *NXTLit; '(i.5)
106: w rt 71d.2,"peI,::txCELIA2G - METERS =-,3

109: cii %4LXiLiM ' (1.5)
110: wrt 718. 2, "pe1, : :txCLOL) CUNEI - PERCENT = B,3

Il1: cli (1. 5) =4f7(1.5
112: wrt 7Ib.2,"pe1,::txViSli3IL1TY - K(M 1C,

11.3: C11 (1 5
114: wtr, 718, "pel,::txkRL,1'11AT1UL4 D$

Ili: wtti 718,3,13,10
l1b: cii %NEATL~INL'(i.5)
117: wrt 7ib.2,'peI,::txTMPRAT1URL - DEG C = 1,,

li8: cii L'NEXTLiNE ' (1. 5)
119: wrt 7 1. 2 , "pe1,::tmWkd P0I Ni - DEG C = t,,

iil: wrt 71d.2,"pe1,::tx1NNDi DIRECTION - DEG ='F1

122: cli 'cXTALl' (1. 5)
!Z3: wrt 718.2,"pe1,::txIN~D SPEED - KNOTS = ,3

124: cil iqXTL1NE'(1.5)
125: wrt 718.2,"pej,::txAVE ROUGHNESS ELEMENT - CM = Ipp

1/b6 if h$[2,21="F".-N[21NL42]
i /.: "vT-.1 (.ALC ":
IZ8: it L. #1Q;gtc "K10OQ0"
LLA.': it A>2133.b042;gtc "KiOQO1,
130: 0-rU
131: J-rl
132: ytu "K(1400"
133: "KlbuU":
134: "CAiL Ai-4GL FRAC: Or' A YR FUR A GIVN' JULN DATE":
135: (L'4[14 1-1)*3u0/365.242-r9
13b: "CALC SiULAi uECL ANGLE":
137: 279.9348+r9.rll

*13j~: rlI+1. 14b27*sin(r~l)-.O79525*cos(r9)+r11
131j: rll1+.Ji9938*sin(2*r9)-.00162*cos(2*r9)+~rl1
14o: e3.443b~r12
1'. 1: sin (r 12) *sin(rll) -r13

*142: asn(r13).r13
143: "CALC TQ1LL OF 4iI PASS - TRUJE 30LAR NOON":
144: 12+.12357* zin( r9)-.004289*cos(r9)-r14
145: r14+.153809*sifl(2*r9)+.0b0783*cos(2* r9).r14
146: "CALC SOLAi< iR Ai4GLE":
147: l5* (,q[5j-r4)-q2j .r15
148: "CALC SuLAI< ALT1":
149i: zinflldI )*sin(r13)+cos(N\[11 )*cos(r13)*cos(rl5)4rl6
15U: asn(rlb).*rl6
il,: "CALC ic'4SUL -'-LASS NVI1":
1 5,z: 0prl1
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1 3: it r16>6U;4.rl;qto "K1100-1
15 4: it r16>35;3.or1;gtc "K1100"
15 5: it r lb> 15 ;2.rl ;g tc "Ki1100"
I tjA): if rlb=U ;,jtc "1(1300"
15 7: I-rl

*159: " -ALC cLil RAI) INiUX FOR LCY14E":
ibu: 0-r2
1L61: it Lj<5U;rl.r2;gtc "K(1200"
1u2: it A(2133.bU42;rl-2-r2;gtc "1(1200"
1u 3 : it av<4876.,30 b; rl-I-r2;gtc "K(1200"
164: it 6=100;r1-l.r2
Ilu!.: " 11 200" :
16: it r2=L0;rl-r2
1 uil it rZ(1;1.r2
i k)6: r2*rU;gtc "K1430"
lb'): "Ii 3u0 " :
1 /0 : "CALC N'LT kAU 1L~aLX FUR 4TTIvIE"
17 1: it L340;-2-rU;9~tG "K1.400"
17 z: -1.rO
173: "K1400":
17 4: "GALC STAioL'i CAT":
1 /5: U-r4;u-r5
U/u6: 1it rO =4;l-r4
17 7: it r0 =3;2*r4
17b: it r3=2; 3.r4
1i7: : i r U=1; 4*r 4
1~u: it ro=k0;5-r4
ltA: i f ru=-1;tr-r4
LI 2: it rU=-2;7.,r4
1,3: if 62;1.r5;9jtc "Kl 500"

,6 4: it 2<4 ; 2.r t;Cgtc " '15U U"
I1,5: i t G<b;3-r5;gtc "Kl 50 0"
lbu: i r G< 7 ; 4-.r5;g tc "K1 5 0"

/,: it -~;5r 5; gtc "K1500'
lbb: it G<10;6.or5;qtc "K1500"
1u9: if G<11;7*r5;gtc "K(1500"
1jU : if (u<12;8-r5;gtc "KI,,UU"

191: "'Ur5u

19 3: A Ir4 ,r 5J*h

1i" 5: it u>~J;gtc- "A(1600"

I 9u: 7 .5-rOj; 265. 3ori

200: "h1700":
201 : it L>U;gtC. "i1lO0i"
,.0 2: 9. 5-r2; 265. 5-r 3
2u3 : y tc "1K19u0"
i7iutu
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* O0 7 5 -1 ; 437 3or 3

* WJ ll.*J.) (ru*L,/( r IlD))r4
j 2u: t)11*10 (r2* L/ (r3 +) -.r5

I .U: cili .LXT~Ll AL '(1. 5)
* 11 : w t L 718,pel,::txPA~3uUILL STABILITY CA~TEWRY S Hj U, hI3, 13, 10

212 : c.Ii 'LIEA'Lhit (1. 5)
213: wr t 716.i2 , "pe1,: txRE LAT I'vL jiuM I L)TY ', 3
.14: W Lt 7 18, "utl1,"

4 16: 'AMukdi eCTilCS CALCULATI0mS"
,17: in (L).rO
21b: r3*ru-rl

;:r1*r~j-rZ
220:U 1 .3 551-. 98 iI* ri- .019 7*r 1+.004 1* r 2-F I

222: 1. u 3J1-. 9923195Ij*rU-.uI5972 Ui*rl+.0O368533*r2-.Fi21
422-3: cx (r[l21 ) *r'12J
,-"4: i.23z 4-i.u43t*rj+.0O99*rl-.0O16*r2-r'[3 I
-2:): xj;(e[ 31) -r 131
Z226: 1. A7uj-1. 7147*ru+.Ud01*rl+.42*r2L.-[41
z z7:;:Lx ii r 41 ). 41

I2j : i.3j-.b5rO.73rl+.0129*r2-Gt11

23.:1.4b1i.7u7-.9i225589*rU-.0655J9417*rl+.013bb0422*r2.G[2]

232: 1.555u-.9013*rO-.u773*ri+.0173*r2.C131

zjb: u-rd
237: if u*U;1/u-rb

'4C): "~dA AyiuuiT ur wvATLi VAP'UIR iN iATH-"
241: Q-* r 0; -r I; r U r 2 ; .D* (r1+ r 2)-,r 3
z42-: r2-r1.r4;.2do6751*r4-r5
/243: 5* r4* ( 'tA ( r3+r5) + FL4A (r3-r 5) )-r 9
z244: rii*rl,.riu
.,4 t: " LuAt 1A.,L1hZ jK~ Vi6IVLr, - LVLAR, imIV AND FAR Ix(":
Z 4U: icr I=i to 4
14: C~~L1 iiA'..l~1iANCL 0vo1~iG 10 t1'l"Thu4ATi'U oY WATEk.( VAkK)R.":

*. *~U .(r i+r 2) or 3
zI: r 2-ri-pr4

LJ : .2b~b'7,i*r4+r j

11.4 o
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2 5.: '-L I 1 *DI 1

Z 51: "~gCtuLWA'L TiiA 1iT'i'AjCL; O'vliG 'vo ATTLINUATIiUs BY iAtL At1) FOG.":
50 1 2."gcK 2 9u0"

59: it -;>=r, II ; qtc, "L 28uu"
zuu: rd*Lu;u-rI; ru-r2
ztblI: .5*(rI+r )*r 3
262: r -- rI~r4
2 63: S. .d7 5.* r4- r 5
2.u'h ~r 4* ' ( r J r 5) + 'F~C (r3-r 5)-r 13

,:6: 6 -rL,-.rU ;rb-rl; r8+rU-r2

Zu6: rZ-ril-r4
2b6 9 .2odb751*r4*.t5
z70: .5* r4* ('effas' ( r3+ r5) + 'imu -r3 -r 5)) .r15
2e7 1: ex j,(-. 126 * rl5) .rlO
272: rnI4*rlu-3j1,21;,ytc "K29U0"
2 73; : K260 U ":
274: Qj-rU;O-rl;rU.rZ;.5*(r1+r2)-r3
275: r2--rI-r4; .2pJo75* r4-r 5

277: ex -Fi l7-j,2j
276: "K29ou"l:
2 79: "CAL.CULM~i Tk(ANSMITA'iiANCL O~vlNG k±0 A'TMi'4UAT1ON 63Y PRECIPITATIOw':
26u : if u)$=," ~;1-II ~t, 31 ; tc "K310U"
201L: it C>2O;I-j.i1,3J;gtc K(3ioull

2 64: "'2ALCuLtklL Tt AZNk1 i'TALqCrz TO' ATI~h ,uAT0 N i3Y SM,04E..":
2 05: A I II / (o I, I * b I I ,21 1 , 3 1 11 ,41
2o6: it s.jI , 4 >1 1 II, 4]
26/ "2:ALCULAi,.Lr iliqL uk l liki' L'LGikA'1TE CUNCLilTRA110W4':
bb: A L[1,41*u;ytc "Lt-14UU"

zs9: j ur = I t L .2; L)'CI IJI
iJu: next J ;(jtt. "r3475"1
2jl: Y&34UU":
2 92: Lcr j=I ic Z
2153: it LiiJ,11=U;U-C[I,J1;gto 'i(3450)"

2,j5: "1(345J":
2 lib:* next .j
297: "rK3475':
i96: next I

Ju 2: v(i3.uo~/ ( 1,3. t9*s 1 ,( r6) * s in (ra)+cos ( r 8)cos r 8)))r15
.3u3 : .I o .t521 7+. U29UU894* c4 . 957e4*,*.+
-) 4 : .. 3640 59144 +. 0 u5u 2571* ,l.13 e3,*~l 34c5;j
3 0 5 : CL\1, u1 \L~2 ?,+K [r, 31, ̂2-r ,

67



3uU: Lit!, I1I+Linl i21%+L[ii .3 1 ,-Li-,rU

3jo: 6=t G;1-1,

J1LJ: LOX i=1 tC 4
3s11: i,. LCuie'%iL CO'-q1iw4 i~ciXt JutTLu Cu~i2LT<ATI'U4 FOA
3 12: ror A=1 tc 2
i13 : it 1(3; it iL04 ;cgtC 'N,35U0'

3 14 : j 1i\,+.74*j tiIj*1UU-. 9-or4
3 1 5: z] ,4+.ub7* rg* lU rlO-r
j 16: VJ.1*j L&,Z /(lr*r4*r5) -~V K

ilb: wrt 71 b,u t ~ kl,~ ii(.C L j~ ru~

3 2 U: it 1>4;y4tc "i{41JU"
j 2 1: 'U ALUIAi 6A~±~L~iiLL SkA~iN- k~ L1%' 6V

.L :" .DiuitiU1NG .,iir.L. 6iPAC1,4 i£U tIC ~~~'
j24:It .;i,ilffu;lgtG "1\36UU"

3hb : it Yj1i,2 , jri,; L,,-*Y 2,iR
.), j "K J 7u tj :
3 33J: Ifit [ ,r 6;1 e ,19tcK

io:i L~AL l1iLIAL vuLcY rlwl.ii C Ar~~"

3i:~~~, A L,, ~- LAI ~ j

3Th: ",iui-ui~iL: ut 6u.46 FRP SUSTAINING( VuLLr~'S ne
J36: hi( 2Ij*.1,,~l
3 37: if I rc( 12 r IjJ)>,; int( i , 2, i\ I+1~ 2,K , I

* ~ ~~ 3o 6 4 .j r;t.±1J;.j

-5 i43: it I rc(e j i ij>u; int (e II, i\, J )4i-ri I r\ 11

4: i 1 (.1;ii- 41>4; jtL "1\43JUU"
3Jib: .JLL ,-Ca (L1I VQ~LLLfo~ I -. i

.3'.; : i ~~)~t~'A*~~

J "iALZ

it iI >z b 4v LCJ"4 4

r\ 2 It

"K4 16U



~7 fit~ I 1 zi) *rI
1o if L rc(.1A.ILr ,LI )>U~;Li+l-ri

ur~ rit r'ot uk iiJ~rJ"

373: LKi,2j=UU-~1r qf 42

6jitl iC1 2IU/ruo±Ki,i, 2 ;gtc "K490

3o7: I i 1 21i 2 ,i U K I)(~iIKI1*[I~2

&/6: it Irc (t±j1i KI 5; int(RjiK,2]+1.i'I,,2
* ju9: itL "j\'=UUi r

J 70u r~4u* . '6 : I

37:"ACLL~. '± ~'S~3t ~L~ L~'DF 1iL'YCr;OIS"

-56u: if 11;i J 220ZI2K

3d9: if i=2;if K=1;5U-Z[1,,K(I
36 J~: it 1<3; it 2;100414i1,A]K

3893: "SUjS1Ai'Iji'G VJtLLY SiAC%4 FOR) WP SKE":

367: if iK1;2.if K
3687: if K21;1iK220ZJ2K
3dit "CAL.ULAC 'IX=A1; iU530 F kZ[1,2,KEQIRD"

3401: k41,iIAL 'JLYFRW L0E

9t 40: Xi =12*I. I,
9 7: iet K=;-~lK

4040: "K4 5OUA " :
4Ul: eil. ,t51 ,X,3.Ll

4u t: IRA 4,t5.u,4x,13.U,lL)

*21524
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41U : cli hE.Aul,.G ,
411: it Oi);Cl ihkIk;t "K5UOO"
4 12: cli 'Gu.1' (1, 1,,Y [1 1 11 ,Y[1 2, 1j
413: cil ~i2(,,'Y112,j,,1
'114 : wrt 71Ld,'uf2,"
41.5: usp "C2uq. 4 U~Lk ivvkiX ikADY";stp

4 17 : cii 'kL- ij
4 1U: cli G~(,,[,J~1lld,.1

420: %c50U"

421: wri 7i8,"ut2,"
422: uSp, NCU NfIi-Wt vairLci REkAY";Stp
42 3: next i

42 5: ent "U 'VU tXl'C TO ± PRIN1:" w
4 26: it .y~u;ytc "iK700iJ"

* 427 : yjSc L R~~ U"
'42 : for 1=1 to 4
42 9: cli IPa'ii I'
43Ui it 1>2;cil 'e1i'4TtAR 3' ;gtC "i(6000"
4 3 1:"L; "u-'.s$
4 32: cii 'aiNii-R 2 (1,r Pk,Y [1 1,11 ,Y[I, 2, 1],Yj,i1,2] ,Y[1,2,21)
4 3 : " Vl-" -L

t 34: C I. 'e KI NI 6A 2' (2,i. 6 ,A I ,1I, 11 1~I2i ,jI121 , z 1 ,2 ,21

4 -56 "ruUUU":
4*/ ncxt
*36: ",7066"

'i3 t: Us . Lj vL,

4,(,3 "rA&'":ret exj4(,jjlj/)

*4 4 .j : "r,4L':ret exii(-pA*u/4.1)

44 , lkiij&' : ret 14j41 1 (ii21 -1Lj5j jI)
-* .) "'1t-,j , :r et L 1 71 jl * 1 4 4j * 1 [5]

4 !U :i "iTLL"

11j4: rmt 1,t4.U,',i4.U,"l;l
4.5: wrt 71i6.i,"cs2, : :,ej, : :ja",1 [6i4 [7I
4Th ret
4::) 7: "L L
4:)8 : .25-l' 5
* ljuj 7
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-tu: Y e.. - (L,2) i1
-*uU : ~ (.2~

4 b 3 r .. t

4: retLilLL
0!3 Yejabl'I -1 7

47616: ti.ti ,t u t

4u73: cii.

'i7uiu ret

4-/1 C. I 'iL.A4iiLL L (3

4o4 w tu-1 Ce 1,::txuLi GUN ,A±$[11,3,13,10 i.S"3,1,
14 C I: Nl aL.XT L LiL I2)
47 4: W Lo 71 e., ope1,::tx %6T MLiiS vwL" 3,13, 10
4 -7t: Cli 'LX' 1i L ~1.S

4v4 7 i u wr t. 7 lu .4 j(3,:) XJC R,,

4 7 7 cll '14LA'I~ (4)

14)U i wt 7i,",etx 6$ "tU. ".l)LSREi%3 3,13 1

,179 r c

4o4u: wLL 7l13,"j.el,: txviL GUUNS~ RAE/ '1AWG AL',J,13, 13, 1
4 ) cii aLLAiLiNLlL(1.i25)
46u *L17u 7o"gl:t m MTR 13 ,1

4 6 : c i %\,LM lot ' (1. 5



AO: w tu i,'i,:xOJ -lL1Tdl( M.1L JL txu,,uzi"3, 13, 1J

DII: C11 ii *LA±LL'JIivi5L

A3: cii .4,gL iLLiL '(I.45Z

Dli): L Ct

51b: "irU"':

.d-j: im t 45x,"Lrt 7 ,4;r 71A
.o22: i.; L~,LiL~A -~~ti'iS;r ? =

D19 : It il Lkx,"Ai'~uut -i. =LL Vi.2?r DL'!%1kkL"wrt
-)2u: Lit L45x,"t Udci iL--"4.;t70L'4

I :)zI: t at t4t5x, " iuilL- j = f$,f4;wrt 701,$5
:,2;4: I~Lt 4:x,"AiO4 - uLimrtt = ",L;w. 70,

.j2 : it o4 zjXU,4CjUL j - iX - ",7.;wt Ul
i i-4: L.L 4 X , "vLJ,i'ILU 1, - = 11,c,t.2~t71.

* j3 3 2u: w r t 7uX,"i(Lz~j i21iJ "c3wt70,

)i: lnt 4 5X, "irI I U uIL - = 01 17.2;wrt 701,kq3
j~b: Lirt. 45x,"a..~c4 uAT - LiLY = g,t4.2;wrt 701,z.4
.;p: tia t 45, %uiiu lkiix.Cii i - LCu = If, f4.20; wr t 70l,Li[5
3U7: m. i. ,Ck' u iN - i Lvj± Az = 6",f.2;wrt 701,A~

-J3/: L .4L 4 5X ,"V.L 6J 1 ~ L~ L 11,' Ti - Ci4- = ",f7.2;Iwat 701,C

- --): di. a, ".±a.eo±loo - LLL6 kk = "If 7.2;wrt 7Ol,L

* 36: 1 mat. 4/;wrt.IN 701 L~ki- LJ =Ilt72wt U~

I. 47 : f Rnt 47)X," ,il ? L K*i~k = 11 1, f 7 .; w r t 7

:),;,j: it. L jx, " . 5'L V L n k).1 IL' ;wr =7U1.LSwt 01
I, 15: 1tfit 4'/;wrt 701

44: lint 54x;c3, 7JIt1'a.";rt7,S

4 555: Lt /;Wrt 701l
S)Q: tn t 47X"viaA.Ub alLT1L/ SPA i hc.)utv;wrt 701

a- 57 : tant 'Ox4," Ac.'L SMk2Lkc.S" ;wrt. 701 ,

55o: tm t 47x, "ik41rli: to f5.U,6x,ttb.u;wrt 7U1,Q.dI,1,1,p1I jA
5 tin: t 47x,"o.uzA1N4G:",i.,51t~0i.

* ~56.U: U.a$"i1 ii>' 2ji
*4 u t
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t~vk: tint 2/;wrL 7u1.
iTb3: tim t 59x,c3, ' .ni I~vli...tC;wrt 701,G
t5b4: t.trit /;wrt 701
,~u5: Lai 47x, vui,Llt GuNS XATL/ SP'ACING RO)LaNiX3;wrt 701
i)bu: Lint 47x, m ' LiJ mtLi<.S" ;wrt 701

:)5 it L 4="Vie"; it ri>4 ; 1.p3

D71: ret

)7 5: Ln~t 2/;wrt 7u.1
)i 6: i. t x ," tAUUL o4 i RwV±L/ IU'AL";wrt 701

17: 1m, t 47x," oui ~.-;LLs ~i LmuT k; uuS";wrt 701

~u ftm t 4 7x , c3 ,L': t,5.0 ,5x ,it3. 1,5x , t5. 0

:)o3: ret.
1iju77
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APPENDIX G

KWIK ALGORITHM
GLOSSARY OF MNEMONICS (FORTRAN IV)

1. CO Ceiling - feet
2. C1 Cloud cover - percent
3. VO Visibility - miles
4. TO Temperature - degrees Fahrenheit
5. TI Dewpoint - degrees Fahrenheit
6. DO Wind direction - degrees
7. SO Windspeed - knots
8. PO Atmospheric stability category
9. H3 Slant range to target - kilometers

10. RO Relative humidity - percent
11. XO Smoke screen length - meters
12. TIME Smoke screen duration - minutes
13. AST Angle of sight to target - degrees
14. DLS Direction of line of sight - degrees
15. ARE Average roughness element- centimeters
16. Z1 Roughness element - centimeters
17. PSCTAB Table of stability categories depending

upon solar altitude and windspeed
18. T(4,4) Table of transmittances resulting from

water vapor, haze/fog, precipitation
and smoke for visual, near, mid, and
far infrared wavelengths

19. C(4,2) Table of smoke concentration values for
HC and WP smoke (by wavelengths)

20. B(4) Absorption coefficient error function
21. E(4) Scale height for Mie scattering
22. F(4) Haze and fog attenuation coefficients
23. G(4) Precipitation attenuation coefficients
24. CS(4,2) Table of extinction coefficients for

calculating HC and WP smoke concentra-
tions for visible, near, mid and far
infrared wavelengths

25. A(6) Coefficients to compute sigma y
26. S(6,3),D(6,3) Coefficients of roughness correction

factor used in calculating sigma z for
the various roughness lengths

27. YI, Y2 Yield factors for HC and WP
28. SLAT, SLONG Latitude, longitude, altitude, Julian

SALT, SJDATE, date and Zulu time data
SJHOUR

29. P(4,2,2) Total number of rounds required
(initial and sustaining) to maintain HC
and WP smoke screen

30. RI, Q(4,2,2,2) Number of guns (initial and sustaining
volleys) for 105- and 155-mm howitzers,
for HC and WP smokes (by wavelengths)

31. R(4,2) Rate of fire for HC and WP smokes (by
wavelengths)

32. H(2,2) Unit (per gun) source strength
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33. ME(2) Munition efficiency for 105- and 155-mm
howitzer for HC smoke

34. U(2,2) WP volume source sigma (ao and azo )

for 105- and 155-mi nwiter
35. V(2) Stability dependent -osswind

integrated concentraion for WP smoke
36. W(6) Constant (K) related to stability

category for WP smoke
37. X(4) Wavelength threshold levels
38. Y(4,2,2) Shell spacing for 105- and 155-mm

howitzer (initial and sustaining) for
HC smoke

39. Z(4,2,2) Shell spacing for 105- and 155-mm
howitzer for WP smoke

40. SITE Met site identifier
41. PSC(6) Stability category indicator
42. WLNGTH(4,2) Wavelength indicator
43. PRECIP Precipitation indicator
44. SMOKE(2) HC or WP smoke indicator
45. GUN(1) 105-mm howitzer indicator
46. GUN(2) 155-mm howitzer indicator
47. OFE, DFG Direction from equator (N-S) and

direction from Greenwich (E-W)
indicators

48. I Index for wavelength algorithms
49. J Index for smoke algorithms
50. K Index for gun (10- and 155-mm

howitzer) al gori thms

7
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APPENDIX H

C FORTRAN IV ALGORITHM
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cLOCK DATA
ANTEL*ER 1-0
COPOM0N /KWI K/ PRECIP. ARE, C9,Cl.2 n.fl2,p)JvQ2 t.OSQ PT jt 19

T 1i2 92 ) 9V( i ),V ( 4,292 ) ,Z (, 92, 21
CC I"CN /P, T EC IT EwSLAT vcLOI G PALI ,J I AT E c7?H0kRtDJFvEFC
Cti1IRACTFR*S JLN4tTi

NCPC ('4, )I 6 (1,.22r ( 2H2

LA IA (H( J), ),l,)/1 * 1 1, P ./

0A7A 6LN(ETi /?HY1S1PLE:,W%4EAR TR:.leiIL IF: v~tFR Ik:/
J)AT A SMOKE /2riHC9 2tWP/

UAT A PSC(l)/'4HA / 9P'; (2 ) /%4H8
IJATA PSC(')/qHC PSCqi/qmD I
UAT A PSC( S) /1'4E loPS;(!)/4NF /

INTELER F2l

COM.~~~ MO / V KI PR 2I *9 AR CLC , C 2 90 09 02 a Jo I o~ R2I3 lt #T p 1
2~~~~~i 2.2 I V I 2 V, C (H'4AST '2,o9Y I h(22 ) 9 Z (' 9 2 2P,(1)1

C C 1IvC% / P' ITE /I !T E SL AT cLOfN Gc AL 7 SJLA TE P CZHOt R9D FE CFG
L*ME TOOLD ICAL INPUTS.

RCp(5.1 05CC) 5 1 TE
R"- AD ( 'i 1 500) SL AT
REA I (S v1U'C) [ FE
Rrk40(5910 00) SLON 3

R:..A C 5 s1lJ O) SALT
RILA 1 (5 P10 0C C S.JCAIF

READc)*I,(JG() CCO0
R E A 0 91 (1O I C

RL A D 5v10 00) V)

R;- A D ( 9 U SO 0 PRECIP
REAC (SPIC CC) T C
T,3 z( 5 ./ 9.) ( T -42 .)
RLAL(5.1O~jCC) Ti

0 EaLt5p1L CC) DC
R- ArC(9.ivj50C SU
RiEfC('51LtCC) ARE

RED(5910 00) H'
PEAC(5,1lt CC) A ST
FL ADQt5,1utOU) OLS

* EbL(5,1(tCC) XC
R- A ot%.1)J 0) T I VE
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L*PETtC FCL CG IC AL CAL CULAT7T WI.

L&LL KWIK1
C*lATPCSFl-k.~1C OPT Icc.

CALL KW1K2
C*jATPCSFI-iFIC VIFFUcION.

CALL K(WIA '

(.* L'itT1CNS EXFEKD11LREiS.
CALL KWIKI

C*FFbIFTCLT
CALL KWIKS~
S T C P

C *i 0RM AT ST ATEFMEN TS.
105WC FCFPAT(A4)
1O OU FORMAT(Fil.O)

SUaROUTINE KW4LK1
CCPPCN /K'tdK/ FRECIrAFECuC1,C2,LC.C2,FCFCRvSOSlTO.1.

C1IARACTFR*9 WLNGTH
LCPPCN /CLTFL7/ Lh(1H ('41 ,SMCKE 12) ,GU(2). F"C( )hR1'

CCPIPCN~ IFIC TE., c,1TESLATCLOjIGC!AL 1SJCATE .SZHOLR.OF~E9CFbi
IN~TL3ER PO
iNTECEI PSCTAF
LIVENSIONh PSCTAC3( 7.?)
LATA PI

LUATA C CPSCTAi( 1,J)911. 1)vj1 9?)/

22 l.,.e4&4

'42 2 ''4 1v'4 9 ' '.

9 lqhi 94 4 f'4 4 f 4 /

L.*'V iTEOR~OLOu1 CAL CALCI)IAT TON;.
IF(C I.NE . ICC.) GC TC ICCO
iF(CJ .GT. 21"W.5012) 30 'TO 13))

12 70
(0 TC 21ZCC

L CALCULPTL AN-LLLAt' FRALTTCN CF A YEAR FCIr% EIvE% it-LIAN oATE.

L~ 9 = p80 / I u

%L ATI zS LAr* R

L AL: ULAT.- SOLAR OEXCLINA T I'ON ANGLE Wl').
Al1 A C*Rg
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A Z =A 2*R
hi:= 23 .4 14 '9 *49

A 'I ZS A K( A4 a) *-I i (A~
A'4ZASIN(A4)

L LPLEOLAIL ltiE TI'L CV P'F IIA' PA~- tU - TFLL S.CLAi4 NCOPV (A").

C ZAL ULAT-- SOLAR HOUR ANGLF (As),

C CLCLLATE SOLAIP ALTITUCE (kJ.

A 1 ZA SINIAl)
110 CONTiNUE

A ZA 1*0;9
L -AL:ULAT.. 1SOLATI ON CLASS, N1JM~iP..

12 Z0
IF(Al .LE. &)*) Go To 12)j

12X L0?hT1!UF

4IF (A I .LE, -'49.) GO TO) ' )::

vO To l'iol

1'CC CCtiTJNUF
IF(A7 .L-,. 1 S. ) r,' 0 T 1 '1)J

u') TO 1601)

IFCA I . LE . G.) ,0 T) I i

C CALItJLAT- NET RADJIATION 1*4-CX FOR 6AYTL~1c.
19J LONT I NUE

IF K I o.L-7. SC.) GOC "C Itc.C

uC T C 19LL
15003 CON4TI NIJ

IF (CC bGT. 2 1 &-C 1;) CC TO I 7LC

*U I0 C 19 FC
1 7J1 CONTI NE

IFICC' .&E.. ',''.': ) (,,C TO 19LL
I T 2
kjO TC 19CC

1100 CLr4TINUF
IF L(C I I3VE IcL.) Go& TO I~CC
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19LC CGNTINUIE
IF( 1 .NE. 0) GO TO 20)10

210-) CONT INIJF
IF(UIt.GT . I) GC TC 21 CC
IX~: 1

i1CC LOIhTINUF

(30 TC 21CC

C, ..OMPIT: NET RADI ATION INIOEX FOR NIG1ITTME.
~2,1 CON~TINUE

JF(Cl *GT. 14), ) flO To 229)

i29)C CC T1IKUE

11=-i
L CALCULATE PASCUILL S7AETLITY CATAC-OFY.
2'4)O CONTINUF

I F ( 11 .NE. 'G C T C 214(C
S14

I 4~C LONTINUF

IF(I1 oNE. 1) GO TO 2142U

2'14 0 C014% NUF
IFti11.NL . 2 G GC TC 2 '04C

ill'C CCFRT1NUF

iF( 11 .NE . 1 GO0 T0 2 14 U
1'4 z 4

214 tJ CONTiJF
IF (11 .NE- C) GC TC 214bL,

eP4 b n CChTiNUE
IF(1I1 . NE. -1 GO TO 295))I
1'4

L'sjj CONTiNUF
I F II NE -2) GL f.IC 2 92

i 0O LCFNTiNUF
It--Si .jE. 2.3 GO T 1 254 )

u,) T U 2 7u 0
ci '4 C L C f.T INUE

IF (SO .GE. '4.) GO T 1 2~~
S6 =:2
AO TO 2 TuO

2 9 t CONTINUE

ir SJ .GE. .)Go TO 2i9J
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K uO TO 270)J

IF( SO .L.7.) GO T1l 23)

60 TO 2.70')
2 to C CCrNTIhUF

IF ( S) .f. 9. ) GO TOl 2 2.

uO TO 27J0

IF Iso . G . 1. ) CIO TO -et4)

tO TO 2700

IF SJ . GE - 11. ) GO TO itt

60 TO 2700

qIF (SJ .6E. li. ) Go To &q)

UO TO 271
2tbC CCNTINUF

2 70 CCh!TNUF

t CAL CJLA Tt k.ELAY IVF HIMIrIT Y.
IFCTJ *(GT. D,) GO TO 23))
A 0 :9.'

I F IT0 .L L. G. G C T C 2 5C
9J) Cf)NT INU F

AO 'Z1 .5

2 L)~ LCOTINUF

IF( TI *GE*. 0. ) GU Tn 2?))
A I Z;, .5

IF (Ti ALE. C.) GC T~l 2 qrL
90j cONTINUF

A 1 :715

j 950 CONKTiNUE

RO:=(-1 /fij) *10').
1C999 FCPPWAT(F 9.1 t-SY F .CL

RT IiRN
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S 0tROUT INE KV W 19 2
INTECER P0

A U4 eJ2,2t 9V ( 2) 9Y( 19.292 ) PZ (It .29 2
L) I PE 10 N E ( 'I )vE ('4) F ( P C( '4 ) , C ( 1 ,2 ) oX 1'4)
RE !*A L L#lt2 Io l
REA L NO
JAT A 6/0.1119 ). 19 #,J,5'i,3).

LJ ATA CSE/ 29.CC/ .C19 t C~/O./C ~e#.
LA TA

OATrA PI IT. 1'1592 5'4/
UAtTA NO/21-NO/
u A TA YES,/'tYES/
FNA (A ZE XP ( -AcT*A/2)

F NC(C)I F XP( 4C*AST*AtCE(BQ. /F( I I)
F N9 ( 1) EXQ(-O* AST/'4.1)

L'OATMCSF1EIIC CPTXC<.
V17:ALOG (VO)
V 2 zV I *V I
V ':=VE *V I
F(1 ) :.'1(C.V~51* % I)-( C.Cjiq ?*V2 ),P CC .CC'4 2*4'

F (1 )EXo(F( 1))

F (2 ):EXP(F( 2)

F = EXP( F( '4)

C =~)7- 1. .. 71 J* 590 '4CC*V 14 0 (V1

I 2)=LXPF-C(2) )

6( ) :XP(L( 1) )

L( )=1 4EI 1 C I S99 I I~ )P (o C~ t('41,, 1
2OO 3 42i*

I 'p bi )

I F (A ST .1L4T. C. AS) I':.A 5T

C A LULA T: PRECIPI TABLE WAT:-R.
6:L, - 4 '7 7 * (. L C 1 2 9 * T I1 ) 4 ( * 2 E -C 1J 4 T I * T I I ( E '4 E - C 15 7 1 T I *T 1I

C A L, JL AT-. AMOIJ'%eT 3 F W AT FR V APO R IN 3 AT.
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L 11=0. 90 (L I +Li)
LI=Li-Ll

C =C S.L 14 * (F.% Ad (. L L F KA (L -
Wl=W*Wo

L CALCULATL TFAN'SP i 77A1 Cfc FC % ISIRL I v EALP; 0L #FAR IR LAVELEING1H5
L)0 IC 5 fjQ 0 : 1,9'1
i F(I .NF. '4 ) G C TO 1 L

G~C TC 1?7C
L CAL-LLA T- TRANSSMiTTAINCE 0WIN15 TO A-i)P'TL)% By JATER VAPOR.
'4O-0 LOI'TlUE

Lr)A(bI)*SQRT(WI*Pfl2.)

L2 :LC
L 0 - 9 * fL I 4L.~
Li 7:L Z - L 1
L'i=C0.250 '-sI*

T di .1)lTt.
7 k7uO C C T INUE

C L A LUL.4T: TRANSMITTANCE OWIN43 TO ATTENIATIDN BY HAZE- AN3 F05.
iFCPFECIF E(G. K~C) (sC T C -49 CC
T(IP 2 )=.I)
uO TC. 41LC

~9 J LONTI NUE
I F VC .GE. E I I G(, 7( '4COU
L 414'
Li :tC
L2=:LJ
L2 :O-c*dLl*L2 )
L I = L 2 - L I

LI: r'4
L 2 - Vj

L 4a-)*9* CLI*Li)

* Ll~z0.2iQ~t7S1*L'4

tu0 TO '4100
~40,C LCP'TINU[

U.): ml
LI h C
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T ?ZO. 9*L~4FN (LL'i)+N(~~

C T (19i ) =E)F-( F I TI

10.CONTINUF

IFC(G .6. EQ.) GC S) G3 D C43

L0 CCFTINUF

141u3CONTINUE-

IF(TIl G.L 2C.) G C T '40
T(I 9'3 zi. (-4 G(~

'4l;C LC(TiNUF
LC AL:ULATE LRNSM0ITANCE OINS TO AT NiEATIOBYSMKE

'7i) CONTINUF

IF C(TI1,14) AE. I*S CC 7c 4 5J

'1c7u CONTIN'UE

C~i ONTi NUF
uG T S2N

SO C- T N r

bc 910 K=185



StlqRDUTINE KWIKI

I&TECER FO
COMMON /KWjK/ PRECIO*AqEtC3,Cl9CE.33tD2, 3, O. .%JS4TtJtrL*

2 Y1,VC ,H 1 ,D T, LS ,x: ,iIFLH (2 ,.) ,C .23 iT ( ;, '4 3
UC e ,2) .V ( . '4 92) , (494)2)

L P NSION AC :),S "., 'I :",

i.A TA A/0.1' 9C. 2 9C .229(. 1 V490 . C ;*O C t/.

uATA C CS( J), J1t)v I:1, /
1 O.l'9Cg' E I7,r.C1 .C%112'4,-2.c2' .'1 [-C'J
I O.1 *47S2 jQ1 , ) 7i17,- .92I E-O I

• ~~ O. ! C C J2 " 7 , .C 2 C 12 EE- " ,9- 1.. "'O'' ! E-C 'it

jLh 7A C (E) ( 1 9J) 9,4:1)'a91 =1,' ) /
1 O. '491 1 ?I r.,-4 . 51 ? E- )l, .7 31 E-Th,
S0.94 c l 9-4. .'1E-c. o . 'Ii 1If .(j I
A 0 . 5 ' 4 7 4 2 ' B -L R 9 -4 i 2 7 1 t. E - O 9 . 1 9 2 4 S , t

'10 . I ! C ; C- 7. 4 C I E -r V4. i 1 '4 E-Lli
.. 78 L).2 t94 . v- 3 7' ) 7E-: , ' ,11 .71 " E-J9 ,

0 . 72 C Ili 71;v -  C . [.1'4 - ' , '4 . !.01 SI F- C
L;AT A W /0. J 1 ) )1 t. . 31 0 3 1 .t , 1., ; I

LA TA PI /1 .1'41'92.5'J/

L*AT M)SPriERIC DIFFUSIJN CALCJLAT IoNS.
A I :-1 2'4 .1 IoIq*ALCG Ir CAFE)
Z1 : lO.".A

C I *
*  'E-35RPJ O))

A 2 :AD ( L -D PO* 1} (PI )/I1 CC P . )=Z

,:1 /Dl
IF (SO T9E. 0.) 60 TS (iC A

' 2:0 CO'ITL NUE

JO "'4) . i E-3tR R7R

C*wLALCULATt CRCSSW/!ED 1NTrcP Trc CCfk'cfNTFATICNw FC IP SPOKE.

" zF Ci .LT. T . vN?. F Z .T.'4) TO
C 2S:U K, 1) -* I*A CP31 )l*.* 2O..

L; I=[) ( Po, 1) +O.po q ). L2.1C¢].-,[I ) 71*
1,2:UK1 ).3./*D.CC'I

"- ~VCK )z(W(P]) Y-.*HCK,2) )! (=1SIS2)
' FO CCSOTI ,U
' 2J) CONTINUF

". COO )IS
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SuFRCLTINE V 6 K'4
INYTE5ER PO
REAL P'E

COMM4ON /KWI K/ PR~OAECP1'2D*2 taR9~Sqfvl

Cl-A ACTE * WLNGTH
COMMON /OIITPI3T/ WLG (1 M4--42)9GI(2 C )ol

UA TA PEI/L. 4 9L 04
C0,'iNITIONS EXPENDITURES.

C* LALLULATE INITIAL SHIELL S--ACING FD4 HIC SM3KE

IF ( I GT. 2 1 GO TO 4 1J3)

L-,ALCIILATE SUS;TAiN ING S'4EL.. SPACINJG FOrk HC 1;4OK--
iF (C i I P hrE 0.) E C 7TC ' OL
Y (I o2 P K )zO.~

s so r CnNTlNUE
Y( I qj AK ) :1 /F j4 C( . I'll"? f (i )S*Y ll*i 0- IK 1 ) (C2 10c' C (19 1) **02

ritkO LONTINUE
IF (Y(I1.2*.) %'E. -3.) GO TO 53

uC TC 5900
'403 CtNTINUF
C* LAILILATE I&ITIAL VCLLFY FOI P-C 5fCKE

0 S=At NT(0(1, K. 1)

(FQ FQ0. 0).1 GO T-.) i 3

'%)9j COfNT INU F
LO CAULLLATE NLPBES (F GUNS FC~R SUSIA1N1KG VOLLEV (10C)

J :A I NTl I. .K v1 I

FIV p E~ 2. GO KI 9 1) 0 #

')QGU LCKT1NuF

C' *cALCUL ATE PATz U,: FIRE FOO H-C %40(

IF C( 1 9) .Nf. ']. I GO TO JtJu

tO.Y23 CONTINUE
C' (ALCLLA 7 TCTAL AtWPEP CF POUINDS I'E U IRECIfl-,C CVOKE)
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P( . .1)=Qc(I..K. 1).{RI*TIME-1 )*C (I .2. ~v)
3' I; A WN ( F (I PX 91)

IF (Q t .(. . C.9) G C T( ! 1CIL.

t 1 cr LC hT INUF
IFU (.LT. ' .AND. P3 *,3T.4i) G* ) j jj)

L' Sn~LLL SPAC1I(. U( )) AN[L VOLLEYS C( UF - cFOKE
IF (CUII92) . NE. 0. ) GO TO $230

(/( 1 1 tK 92)=
Z(I v2 9K 9) =0.

uC T C sqoc*
52)0 CONT INUE

I ( I .LT. ) C T C '2 C

.wO TC t'00
q 50~ CON TI NO E

I JO cONTI NO F
9 ::A1 NT ( Gl 1 1 9K 2)
t 0 :( 1 9 19 K *2 ) -O:
I F ct OE c. 0.a) 6 0 TC r S
(1 ' 1 Kv e) =Q'+ 1

!"9 LCCTINUF

114OU LCCTLNUt
C,. PArt OF FIRE FOP WP %MOK~E

R ( I 9K ) =0.*
uC TC SsuC

'z'.2 1CONyT~j UE
IFI .1GT . i GO0 TO '~L

6C TC 5'*?',

%Sj 0~NTINUE

7 L ONTI'NUF
k( I tl.KF (I.~.

RI=iV(~ X

Fr =R(I K )-8r
IF4t L , 0 1) (o T l)

........ ............. ..



IK

Rc (I q A) =1
5 t)0 CON TI1NU FEU
L~ CA LL LLA TE TOTAL PL~toER CF PfUNCS F EsjU REC QF

iF (C(I1'92) a NE. o,) rio rO t 5
P (1It K 92) : C.
uO TO 6O

0'C LCCTINUE

IFU (IGT. 2 ) ,O TO t7l)

jO TO 5753J
W7 C CCthTlKUE

P (1 K 92~)=O (1 9 29K K 2)a X)0# 3 *.1 *l~ TIME*R( 19(31*)
t7l3O CCP.TINUF

%S=Al NT (P( @K Kv 2)

Pt IK.2)=cr*1.
uO TO t9UJ

t~4 CCINTiKUE

* ALLIJLATJONS FOR E ANDj F ;TABlLIY CAT (STAB~LE cLOW)
L* INITIAL ShfLL SP-ACING FCP 6F SMCKE

1(l .EQ. 1 SAND. 9 .E). 1) Z(191*K):l)).
IF (I .EO. 2 .ANED. K *E(. I1) 2tioloK ) = 0.
i (I .LT. 4 .%NO. K .E2. 2 ) Z(1919K )Z193.

L* cU(cTA NlN6 Si-ELI SFACIRG FOI W.P SPOCKE
IF (I .E 0. 1 A~ND. <C FEJ. I ) Z (l1,2 9K )1UJ.
IF~i oEe. 1 vANo. 0 *EC. 2) 2(livK)=2CC.
IF(I .EO. i *ANfJ K .El. 1) 7(1.2.K):=5J.
IF(Ia *EO0 . Z A NO . K .EG. 2 ) 2( 1I92#K I C G

LO INITIAL VOLL Y FOR W~P S;4O0E

*LO SjU-TAINING VOLLEY F~IR WP~ ;'MO(L
.(1*±2 9K92 )=X0Z(jv2qK)+..

Q* ATL 'f~l FIRE FOR( WP SMflKE

iFl' *EQ. 1) H~)2

* L* TCTAL NIMBEF CF FCLhUS iqEG(IFLU 46P)

IF(t CEC. C.) bO T(C t9CC
PCI ,K92)ZO'i4l.

9( L CCNTINUF
RE TUR N

S-I'PFCUTIpF KIR]Kgi
j0TEjER PO

LCPPCN /X61.K/ PRECIF ,A F 'CJP.IC, 2 ,LcorlcFCFCR2.cOS TO.911,
2 YlVQH'eASrT.)LSXJTIA.H(292),C(192)tT(%,91).

COMMtON /Mrj TE/ % ITEv&L ATPSLONGv- ALT 9SJDATEP.SZlOURt DFLv )FG
LtAkACTFk* 1WLNGTH
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t' 'PINT INPUT flATA

6FITE C IC CCC )
WRIT- ( t.1t)121)

WRIT (a 5910403)
WF1TLtv.C2CC)
WR IT~ 9 .10 50) 1 TE

WR IT:' ( S9,1 ()701) OF (i ',L 0 G
6WLC691C9CC) SALT

WcITE459~,1O903) SJDATF

WR IT --( 1 10J) C)
6 A IT L t 112 C C C I

6 i T L 5' 11 '4 C C FF'E Cr
aRI T-(! '1 OO T3

ARjiT L. ,11 700) 0)

6Rj TL ~tv12 CCC) FSC (F C)

4 1ITEctvICCC3
Qj 'PNT MiJI TI ON E'XPENDI TIRE

LO 7100 izl,'l
WRI T-- t 91011-0

6FTL ~t l 2 C C NGTH,'))

6P1TLC tl2lCC)

6APIT £ C ' I 2CC)

i(I *G T. i ) GO TO 7')

vIAF lt v 12 SCC 3 (11NC I

IAR IT L t 9, 12 7C C

WRIT; 15912900) Ci9 II.(111
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WRIT:' I 59,12MO))
660kL( 9129CC) tai 119 91 )*Y(I1.1 ,)
WR 1 T. ( to 1 '000) UtlI.'. p2. 1) Ri ,Y(I, 2.2). 3(1 .e. I

WR IT:'( t 912 0t. GIJN4)

WRITili.12 703

6qTEttv129CC)
IA IT -- ( 912900) U( Iv) It to 1 9 Z( 1,2 91)
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APPENDIX I

KWIK ALGORITHM
GLOSSARY OF MNEMONICS

(BASIC/HP85, HP9845, AND APPLE II)

1. CO Ceiling - feet
2. CI Cloud cover - percent
3. VO Visibility - miles
4. TO Temperature - degrees Fahrenheit
5. T1 Dewpoint - degrees Fahrenheit
6. DO Wind direction - degrees
7. SO, 53 Windspeed - knots, meters per second
8. PO Atmospheric stability category
9. H3 Slant range to target - kilometers

10. RO Relative humidity - percent
11. XO Smoke screen length - meters
12. T2 Smoke screen duration - minutes
13. S Angle of sight to target - degrees
14. AO Direction of line of sight - degrees
15. Y Average roughness element- centimeters
16. Z Roughness length - centimeters
17. P(7,9) Table of stability categories depending

upon solar altitude and windspeed
18. T(4,4) Table of transmittances resulting from

water vapor, haze/fog precipitation
and smoke for visual, near, mid, and
far infrared wavelengths

19. C(4,2) Table of smoke concentration values for
HC and WP smoke (by wavelengths)

20. B(4) Absorption coefficient error function
21. G(4) Scale height for Mie scattering
22. H(4) Haze and fog attenuation coefficients
2.3. R(4) Precipitation attenuation coefficients
24. 0(2) Table of extinction coefficients for

calculating HC and WP smoke concentra-
tions for visible, near, mid, and far
infrared wavelengths

25. A(6) Coefficients to compute sigma y
26. S(6,3), D5(6,3) Coefficients of roughness correction

factor used in calculating sigma z for
the various roughness lengths

27. Y1, Y2 Yield factors for HC and WP
28. LO,L1,ZO,JO,HO Latitude, longitude, altitude, Julian

date and Zulu time data
29. J(4,2), P5(4,2) Total number -)f rounds required

(initial and sustaining) to maintain HC
and WP smoke screen

3). E(4,2), F(4,2) Number of guns (initial and sustaining
G5(4,2), Q9(4,2) volleys) for .05- and 155-mm howitzers,

for HC and WP smokes (by wavelengths)
31. Ri, R5(4,2) Rate of fire for HC and WP smokes (by

wavelengths)
32. H5(2,2) Unit (per gun) source strength
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33. Q(2) Munition efficiency for 105- and 155-mm
howitzers for HC smoke

34. U(2,2) WP volume source sigmas (a . and azo )

for 105- and 155-mm howitzers
35. V(2) Stability dependent crosswind

integrated concentration for WP smoke
36. W(6) Constant (K) related to stability

category for WP
37. X(4) Wavelength threshold levels
38. 1(4,2), Y(4,2) Shell spacing for 105- and 155-mm

howitzers (initial and sustaining) for
HC smoke

39. Z(4,2), L(4,2) Shell spacing for 105- and 155-mm
howitzers for WP smoke

40. I$(4) Met site identifier
* 41. 0$(6) Stability category indicator

42. A$(8) Wavelength indicator
43. P Precipitation indicator

* 44. H$(1), J$(1) Direction from equator (N-S) and
direction from Greenwich (E-W)
indicators

45. I Index for wavelength algorithms
46. J Index for smoke algorithms
47. K Index for gun (105- and 155-mm

howi tzers) algorithms

On APPLE II these are omitted.

9

I
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APPENDIX J

HP 85 (BASIC) ALGORITHM
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10 REM r ',It HLLI'f 1 .
RKA1: RDO~ kA,1 :SL'

20 F:EM W1K METE RLOiF'' G ICAL IHP
UT, AND METEORtOLfGILL CAL CJ
L A' I ONr':,

30 CLLqP'

40 OPTION EFi- 1
TO PRI NTER
w@O DIM C"4.,- 4,4 K'-2,. :6.

Y,"4 2 , Z -4, 2.)
70 DIM I$C43,P,:,9),Q$E,6JHtE1

.J$E1J
80 1F IX-ED 2
90 PRINT

100 PRINT
1I 0 PRINT " MUNITION EXPENDI

TURE-"
120 'PINT " FOR HC AND WP ;

MOKE"l

1 FPINT
140 'IF TNT
150 I'1=;F "SITE ID";
)WO INPUT I$
17i "I =, "L TITUDE OF S-ITE- DEG'"
ISO iAIIPUT LO

19 . REM DIRECTION FROM EOUHTOR-

200 H$-="N"
210 DISP "LONGITUDE OF SITE - DE
220 INPUT Li

2- DISF' "DIR ECTION FROM GREEHNWI
CH- E OR W".

240 INPUT _il
250 DI-F "JULI AN DATE OF MET OBS

E'VATION Q' 001-366)";
260 INPUT Jt
270 DISP "ZULU TIME OF MET C3rk-EP

ATION-HR (01-24".
220 INPUT HO

4 ~20 DISP "CEILING - FEET".
30r INPUT CO
310 60=C0*:03048
320 DISP "CLOUD COVER - PERCENT"

30 I NPUT ': 1
43,40 DISP "VISIBILITY - MILES".

11 _O INPUT VO
360 '0 :''A$1 61
370 DIP PRECIPITRTION - I='E7

0= Nl".
3::O INPUT P
390 DIsP "TEMPERATURE - DEG F"
400 INPUT T"
410 T=59*"T0-32,
420 DIF "DEW POINT - DEG F".
430 INFUl Ti
440 1= 5 .947..T1-32:,
450 DI',P "WIND DIP'ECTIOr - DEGS"
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MICROCOPY RESOLUTION TEST C:HART
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460 INPUT DO
4,0 DISP "WIND SPEED KNOrS".
4-l0 INPUT SO
490 DISP "AVE ROUGHNESS ELEMENT

- CM").
500 INPUT Y
510 PRINT USING 520 1$
520 IMAGE "ID

= ", AAA
530 PRINT USING 540 H$E13;LO
540 IMAGE "LATITUDE DEG

= " A..ODDDD.D
550 PRINT USING 560 ; J$E1J;Ll
568 IMAGE "LONGITUDE DEG

= ", A,DDOD.D
570 PRINT USING 588 . JO
580 IMAGE "JULIAN DATE DAY

= ",DDOD
590 PRINT USING 600 ; HO
600 IMAGE "ZULU TIME HR

= ",DDDD
610 PRINT USING 620 j CO
620 IMAGE "CEILING M

= ",DDDD.D
630 PRINT USING 640 ; Cl
640 IMAGE "CLOUD COVER %

= ",DDDD
650 PRINT USING 660 j VO
660 IMAGE "VISIBILITY KM

= ".,DD['D .D
670 P$="NO"
680 IF P=0 THEN 700
690 P$="YE ''

700 PRINT USING 710 j P$
710 IMAGE "PRECIPITATION

= ",AARA
720 PRINT USING 730 . TO
730 IMAGE "TEMPERTURE DEG

= "DDDD.D
740 PRINT USING 750 TI
750 IMAGE "DEWPOINT DEG

= ",DDDD.D
760 PRINT USING 770 j DO
778 IMAGE "WIND DIRECTION DEG

= ",DDDD.D
780 PRINT USING 790 ; SO
790 IMAGE "WIND SPEED KTS

= " ..ODDD.D
800 PRINT USING 810 Y
810 IMAGE "ROUGHNESS ELEMENT CM

= ".DDD.D
820 FOR J=l TO 9
830 FOR I=1 10 7
840 READ P , I.J)
850 NEXT I
860 NEXT -_
870 READ 0$
880 IF J$ ."E" THEN 910
890 L1:-Li
'00 REM MET CALCULATIONS.
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910 IF CI1100 THEN 960
,9-420 IF C.' 2 133.6042 THEN 960
930 11=0
940 12=0
950 GOTO 1570
960 REM CALCULATE ANGULAR FRACTI

ON OF P YEAR FOP A GIVEN JUL
IAN DATE (R)

970 RF-80
980 D= o-,PI
990 LO="OtR9
1000 AO=(JO-1)*360/365.242
1010 REM CALCULATE SOLAR DECLINA

TION ANGLE (A4).
1020 A1=AO*R9
1030 A2=279 9348+AO
1040 A2=A2- I1.914827*SIN(A1'--.079

525*COS(Al)
1050 R2=A2+.019938*SIN(2*A)-.00

162*COS2*A1)

1060 A2=A2*R9
1070 A3=23.4438*R9
1080 A4=SIN(A3)*SIN(A2)
1090 A4=ATN(A4/SQR(1-A4*A4+1.E-9

1100 EM CALCULATE THE TIME OF M
'DIAN PASSAGE - TRUE SOLA
lOON 85A)

1110 . 12 .12357*SIN(AI)-.00428
9*COS(AI)

1120 A5=AS+.153809*SIN(2*A1)+.06
0783*C0S(2*PI)

1130 REM CALCULFr SOLAR HOUR AN
GLE (A6)

1140 A6=15*(HO-fi)-LI
1150 A6=A6*R9
1160 REM CALCULATE SOLAR ALTITUD

E (A7)
1170 A7=SINL0)*SIN(A4)+COS(L0)*

COS-' .A, tCOS(A6)
11II%:O Ai=ATN.A'SQR(1-A?*A7+1.E-9

1190 A?=A7tD9
1200 REM-CALCULATE INSOLATION CA

LSS NUMBER.
1210 12=0
1220 IF A7<=60 THEN 1250
1230 12=4
1240 GOTO 1330

* 1250 IF A7<=35 THEN 1280
1260 12=3
1270 GOTO 1330
1280 IF A7<=15 THEN 1310
1290 1"2=2
1300 GOT0 1330
1310 IF A7<=0 THEN 1520
1 1 20 T=I
1330 CEM CALCULATE NET RADIATION

INDEX FOR DAYTIME
,340 13=0
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17550 IF C1>50 THEN 1380
I 368 13=12
1370 GCITO 1460
1380 IF C:>=2133.6042 THEN 1410
1390 13=12-2
1400 GOTO 1460
1410 IF CO>=4876.8096 THEN 1440
1420 13=12-1
1430 GOTO 1468
1448 IF C1<>100 THEN 1468
1450 13=12-1
1468 IF 13<>O THEN 1480
1470 13=12
1480 IF 13>1 THEN 1500
1498 13=1
1500 I1=13
1510 GOTO 1570
1528 REM CALCULATE NET RADIATION

INDEX FOR NIGHTTIME
1530 IF CI>40 THEN 1560
1540 I1=-2
1550 GOTO 1578
1560 11=-i
1578 REM CALCULATE PASQUILL STAB

ILITY CATEGORY.
1580 14=0
1598 15=0
1600 IF 1104 THEN 1628
1610 14=1
1620 IF 11>3 THEN 1640
1630 14=2
1640 IF 11<>2 THEN 1660
1658 14=3
1660 IF 1101 THEN 1680
1670 14=4
1680 IF 1100 THEN 1700
1690 14=5
1700 IF I1<>-1 THEN 1728
1710 14=6

U 1720 IF 110-2 THEN 1740
1730 14=7
1748 IF $0>=2 THEN 177e
1750 15=1
1760 GOTO 1990
1770 IF S0>=4 THEN 180e
1780 15=2
1790 GOTO 1990
1800 IF SO>=6 THEN 1830
1810 15=3
1820 GOTO 1990
1830 IF SO>=7 THEN 1860
1840 15=4
1850 GOTO 1990
1860 IF $0>=8 THEN 1890
1878 15=5
1880 GOTO 1990
1890 IF S0>=10 THEN 1920
1900 15=6
1910 GOTO 1990
1920 IF 80>=i THEN 1950
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1930 15=7
1940 GOTO 1990
1950 IF S0>=12 THEN 1988

c!y~1 I5=8
1970 GOTO 1990
198E,0 15=9
1990 PO=P(14,I5)
2000 REM CALCULATE RELATIVE HUMI

DI TY
2010 IF TO>8 THEN 2050
2820 A0=9.5
2030 80=265.5
2040 GOTO 2070
2050 A8=7.5
2060 80=237.3
2070 IF TI>0 THEN 2110
208 A1=9.5
2898 81=265.5
2100 GOTO 2130
2118 A1=7.5
2120 81=237.3
21 30 E0=6.l1*1O -A(R*T.rB+T)
2148 E1=.I.11*e-.1AI*TI/(BI+T1))
2150 R0=EI/E0t100
2168 PRINT
2178 PRINT
2180 PRINT USING 2190 j Q$[P8,P8

J
2190 IMAGE "PRSQUILL STABILITY C

ATEGORY ",A
2200 PRINT USING 2218 . RO
2218 IMAGE "RELATIVE HUMIDITY

",DDDD. 0
2220 PRINT
2230 REM PASQUILL STABILITY CATE

GORY DATA
2248 DATA 1,1,2,3,4,6,6
2250 DATA 1,2,2,3,4,6,6
2260 DATA 1,2,3,4,4,5,6
22?0 DATA 2,2,3,4.4,5,6
2280 DATA 2.2.3,4,4,4,5
2290 DATA 2,3,3,4,4,4,5
2388 DATA 3,3,4,4,4,4,5
2310 DATA 3,3,4,4,4,44
2328 DATA 3.4,4,4,4,4,4
2330 DATA "ABCDEF"
2340 REM KWIK: ATMOSPHERIC OPTIC

S AND SMOKE CONCENTRATION C
ALCULRTIONS.

2350 DIM BK4),G(4)..H(4)..R(4),D(2
.. Xk'4)

2360 ! FIXED 2
2370 FOR I=1 TO 4
2380 READ B(I),GUI),X(I)
2390 NEXT I
2400 Q I=LOG (VO'>

4 2410 02=V I * V I
2420 Q.-3=V2tUI
243 HI1 51 -. 91 1:V 1 0 1,-

V2+.8041 *V3
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24501 H(':)=1.58381511-.992319519*
1l- 0159728O1*V2+ .06368583*

240H 'E.XP(H(2))
2470 H' 37)=1.2394-1.8436*V1..099

''2-00 16*V3
2480 H.'=EXP,' H(3Y)
2490 H'f4)=1 .5176-1.714?*V1..0081

:#Vat 0428tV3
2500 kV4)=EXP(H(4))
2510 Rcl)=i.3306-.8825*V1-.8753*

V2+.0129*V3
2520 R(1)=EXP(R(1))
2538 R(2)=1.481951707-.922595829

*V1- . 65509417*V2'-.81368842
2*V3

2548 R(2)=EXP(R(2))
2550 R(3)=1.5556-.9013*V1-.0773*

V2+.0173*V3
2568 R(3)=EXP(R(3))
2570 R(4)=1.5928-.9396*V1-.8627*

V24- .168tV3
2580 RC4)=EXP(RC4))
2598 HO=8
2600 DISP "SLANT RANGE TO TARGET

- 1CM".-
2618 INPUT H3
2628 PRINT USING 2630 ; H3
2630 IMAGE "SLANT RANGE TO TARGE

T - KM "1000
2648 DISP "VERT ANGLE OF SIGHT T

O TARGET - DEG";
2650 INPUT S
2660 PRINT USING 2678 j S
2670 IMAGE "ANGLE OF SIGHT TO TG

T - DEG ",DDD
2680 IF S>=8 THEN 2788
2690 5=-S
2700 S=S*CPI'180>
2718 S=SLN(S)
2720 H4=0
2738 IF 5=0 THEN 2768
2740 H4=1'/S
2750 REM CALCULATE PRECIPITABLE

WATER.
2768 W=.4477+.8328*T1+.0812*T1*T

1+. 0000184*TI*T1*TI
2778 REM CALCULATE AMOUNT OF WAT

ER IN PATH.
2780 DEF FNA'A) = EXP(-S*A/2)
2798 L@=H3
880 L1=HO

2810 L2=LO
2820 L3= 5*(L1+L2)
2830 L4=L2-L1
2840 L 5=,2886751*L 4
2850 W'3= .5*L4*(FNA(L3+L9)+FNA(L3

2E 6 0 WI=WtWO
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428 7 F EM C:ALCULATE TRANSMITTANCE
S FOR VISUAL.. NEAR, MID AND
FAR IR WAVELENGTHS

? 2 0 FOP 1=1 TO 4
290 REM CALCULATE TRANSMITTANCE

S OWING TO AE:SORPTION BY WA
TER VAPOR.

2900 IF I14 THEN 2936
2910 T(I,1W=EXP(-.6681*W1)
2926 GOTO 3636
2936 DEF FNB(B) = EXP(-BA2)
2940 LO=B(I)ZSQR(W1*PI)/2
2956 L1=HO
2966 L2=LO
2976 L3=.5*CLI+L2)
2980 L4=L2-L1
2996 L5= . 286751*L4
3066 M2=.5*L4$'CFNB(L3+L5:i+FNB(L3

-L5".
3010 T(I. 1)=2/SQR(PI)*M2
3626 17I..1)=1-T(I31)
3636 REM CALCULATE TRANSMITTANCE

OWING TO ATTENUATION BY HA
* ZE AND FOG.

3646 IF P=0 THEN 3676
30650 T(L,2)=1
3066 GOTO 3350
3670 IF V0;=G(I) THEN 3276
3686 DEF FNC(C) = EXP4C*S*LOG(.1

3090 L0=H4
3166 L1=HO
3110 L2=L6
3126 L3=.5t(LZ+L2)
35130 L4=L2-LI
*140 L5=.28867!31*L4

3150T3= 5tL4*t.FNC(L3+L5)+FNCK"
L3-L5))

3166 T4=EXP'.-H(I)*T3)
3170 ClEF FND(D) = EXP(-D*S/4.1)
.f180 L1H4
:196 L2=H3
3266 L3=.5t(L1+L2'
3210it L4=L2-L1
3220 LS=-2886751*L4
3s230 T5= 5tL4*(FND(L3+L5)+FND(L3

-L')
7246 T6=EXPe-,128tT5)
325 0 VI ,2-'=T4*-TE
3660 GOTO -3350

ff 3276 L6=H3
2980 LX=HO
3296 L2=L6
7366 L3=.Sr:'L1+L2)
3316 L4=L2-LI
3320 LS=. 2886?51*L4
3330 T7=.54.L4*(FND(L3+L5)+FN'(L3

* -L5~))
3340 T(I..2'=EXPC-H(I"*t7',
3350 REM CALCULATE TRANSMITTANCE

OWING TO ATTENUATION BY PR
EC IPITAT ION.
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3360 IF P=l THEN 3390
3370 T(I,3)=1
3380 GOTO 3410
3390 IF VO>20 THEN 3378
3400 T(I,3)=EXP(-H3*R(I))
3410 REM CALCULATE TRANSMITTANCE

OWING TO ATTENUATION BY SM
OKE.

3420 T(I,4)=X(I)/(T(I,1)*T(I.2)*
T(I,3))

3438 IF T(1,4)<=1 THEN 3450
3448 T(I,4)=1
3458 REM CALCULATE LINE OF SIGHT

INTEGRATED CONCENTRATION.
3460 FOR K=1 TO 2
3478 READ D(K)
3488 NEXT K
3498 IF T(I,4)<>1 THEN 3548
3588 FOR J=1 TO 2
3510 C(IJ)=O
3528 NEXT J
3530 GOTO 3680
3540 FOR K=1 TO 2
3550 IF D(K)<0 THEN 3580
3560 C(I,K)=8
3570 GOTO 3590
3580 C(I,K)=LOG(T(I,4))/(-D(K))
3590 NEXT K
3600 NEXT I
3610 DATA .118,26.7,.05
3620 DATA .18,7.5,.05
3638 DATA .55,5.1,.05
3640 DATA 0,5,.05
3650 DATA 3.3,2.46
3660 DATA 1.5,2
3670 DATA 8, .25
3680 DATA 0,.32
3690 REM KWIK: ATMOSPHERIC DIFFU

SION AND SMOKE SOURCE STREN
GTH CALCULATIONS

3700 DIM S(6..3),R(6),Q(2)..H5(2,2
),05(6,3),U(2,2)

3710 ! FIXED 2
3720 DISP "DIR (FR NORTH) OF LIN

E OF SIGHT-DEG".;
3730 INPUT AO
3740 PRINT USING 3750 ; AO
3758 IMAGE "DIR OF LINE OF SIGHT

- DEG "..DDD
3760 PRINT
3770 REM ATMOSPHERIC DIFFUSION C

ALCULATIONS
3780 FOR I=1 TO 6
3790 READ A(I)
3800 NEXT I
.3810 FOR 1=1 TO 6
7822'0 FOR J=1 TO 3
3830 READ S(IJ)
3840 NEXT J
3850 NEXT I
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3860 FOR 1=1 T0 6
3870 FOR J=1 TO 3
3880 READ DS'I.J)
3890 NEXT J
3900 NEXT I
3918 READ H5(,),H5(1,2).H5.K2,1

.H5(2, 2)
3920 READ U(1,1),U(2, 1),U(1.2,U

(2..2")

3930 A1=-1.24+1.19*LGT(Y)
3940 2 =10-AI
3950 A2=ABS(A8-0O)*(PI/188)
3960 R2=SQR(13.69/(13.69*SIN(A2)

*SIN(A2>+COS(A2)*COS(A2)))
3970 Y1=1.9521547+.82906894tR8-

00049575*R8*R8+.0888482*R
0*RO*RO

3988 Y2=3.364059144+.868502571*R
8-.00115301tR0tR8+.80001339
42*RB*ROZRO

3990 C2=S(P8,I)+S(P8,2)*Z+S(P8,3

4888 DI=D5(Po,I)+D5(P8,2)tZ+D5(P
8 , 3'*ZE"'

4010 D2=1/01
4820 IF .... THEN 4048
4038 0=1
4040 $3=.515*S8
4850 DISP "SCREEN LENGTH - METER

SIj;
4068 INPUT XO
4878 DISP "DURATION - MINUTES";
4080 INPUT T2
4098 FOR N=1 TO 6
4100 READ W(N)
4110 NEXT N
4120 FOR 1=1 TO 4
4130 REM CALCULATE CROSSWIND INT

EGRATED CONCENTRATION FOR W
P SMOKE.

4148 FOR K=1 TO 2
4158 IF 1<3 AND P8>4 THEN 4190
4168 SI=U(K,I)+.74*A(PO)t100.9
4170 S2=U(K,2)+.667*C2*188ADI
4180 VcK)=W(PO)*Y2*H5(K,2)/(PI*S

I*S2)
4198 REM MUNITION EXPENDITURES (

HC SMOKE).
4200 REM MUNITION EFFICIENCY:
4210 Q(1)=.4
4220 Q(2)=.4
4230 REM SUSTAINING SHELL SPACIN

G FOR HC SMOKE.
4240 IF I>2 THEN 4310
4250 IF C(I.I>8 THEN 4280

q 4260 Y(I..K*=O
4270 GOTO 4310
4288 Y(I,K=I/R2*( .731:Q (K cYI1*H

;" 5(.Sd . I,/ C2*S3*C( I, 1 ). ))#02

4290 IF ' ,i,,K)<X8 THEN 4310
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4300 ,:If., =XO
4710 NEXT K
4320 NEXT I
4330 REM DATA USED TO CALCULATE

SIGMA Y FOR CONTINUOUS SOUR
CE.

4340 DATA 4...32,.22,.144,.102,.
076

4350 REM DATA USED TO CALCULATE
SIGMA Z FOR CONTINUOUS SOUR
CE.

4360 DATA .139085297,.015017284,
-. 800102581

4370 DATA .122097643,.01097037,-
.0000680135

4380 DATA .118104377,.010962963,
-. 0880673401

4390 DATA .097649832,.810418519,
-. 0000683502

4400 DATA .078772166,.08727284..-
.8880458056

4410 DATA .055487093,.00655309,-
.0008401796

4420 DATA .944814815,-.08485185,
.008037037

4430 DATA .894883591,- .88483951,
.0800359147

4440 DATA .854792368,- .8482716,
.0800347924

4450 DATA .816026936,- .0607407,
46 .080047138
4460 DATA .786826936,-.80687487,

800847138
4470 DATA .726015713,-.08686173,

.0000460157
4480 REM UNIT (PER GUN) SOURCE S

TRENGTHS.
4490 DATA 18.7,1737.3,77.1,7076.

2
4500 REM WP VOLUME SOURCE SIGMAS

(U(2..2)'"
4510 DATA 5.4,7.9,1.8,2.6
4520 REM STABILITY CONSTANTS FOR

WP SMOKE.
4530 DATA .016,.016,.016,.016,.0

16..,016
4540 REM KWIK: MUNITION EXPENDIT

URES (CONTINUATION).
4550 DIM R5(4,2),I(4,2),J(4,2)..P

5(4,2),E(4,2),F(4,2).,G5(4,2
)..Q9(4,2),L(4,2)

4560 DIM A$E8
4570 ! FIXED 2
4580 $3=$0*.515
4590 REM UNIT SOURCE STRENGTH.
4600 READ H5(1,1),H5(1,2),H5(2,1

).,H5(2.2)
4610 FOR I=! TO 4
4620 FOR K=1 TO 2
4630 IF I>2 THEN 4950
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4640 REM CALCULATE INITIAL SHELL
SPACING FOR HC SMOKE.

4650 I(I F.'=S3 45
4660 IF Y:.I,K)'0 THEN 4780
4670 E(IVf)=1
4680 F(I.K)=I
4690 GOTO 4858
4700 REM CALCULATE INITIAL VOLEY

FOR HC SMOKE.
4710 IF I(IK)>Y(IK) THEN 4730
4720 GOTO 4740
4730 I(I,K)=Y(I,K)
4740 EI,K>L=X'I(I,K)
4750 Q5=INT(E(IK))
4760 Q6=E(IK)-Q5
4770 IF Q6=0 THEN 4790
4788 E(IK)=Q5+1
4790 REM CALCULATE NUMBER OF GUN

S FOR SUSTAINING VOLLEYS (H
C SMOKE).

4800 F(I.K)=XOY(I,K)
4818 05=INT(F(I,K))
4828 Q6=F(IK)-Q5
4838 IF Q6=0 THEN 4850
4848 F(IK)=Q5+1
4850 REM CALCULATE RATE OF FIRE

OR HC SMOKE.
4860 RI=.5
4878 IF C(I,)<>0 THEN 4890
4888 RI=8
4898 REM CALCULATE TOTAL NUMBER

OF ROUNDS REQUIRED (HC SMOK
E).

4980 J(I,K)=E(IK)+(RI*T2-1)*F(I
491,K)
4910 QS=INT(J(I,K))
4928 Q6=J(I,K)-Q5
4938 IF 06=0 THEN 4958
4940 J(I,K=Q5+1
4958 IF I<3 AND P8>4 THEN 5488
4968 REM SHELL SPACING <L( ) & Z

" ( )'> : VOLLEYS <G( ) & Q( )
). - WP SMOKE.

4970 IF C(1,2?(>8 THEN 5020
4980 Z(I,K)=O
4998 G5(IK)=8
5000 Q9(I,K)=0
5818 GOTO 5178
5020 IF 1>2 THEN 5098
5838 L(I,K)=V(K)/C(I,2)*180
5040 IF L(I,K)<=X8 THEN 5866
5858 L(I,K)=X8
5068 Z(I,K)=L(I,K)
5878 G5(I,K)=X6/Z(IK)
5880 GOTO 5180
5898 G5(I..K)=.6*C(I,2)/V(K)
510 Q5=INT(G5(IK))
5110 Q6=G5(I,K)-Q5
5120 IF 06=0 THEN 5156
5130 S5(IK)=Q5+1
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514f GOTO 5160
1U' G5'I.K)=Q5

51t o Q9(I..K)=G5(I,K)
517Lu REM PATE OF FIRE FOR WF SMO

V E.
5180 IF C(I,2)<>8 THEN 5210
5190 R5(I,K'=O
5200 GOTO 5358
5210 IF 12 THEN 5240
5220 R5(IK)=(Z(IK)+60)/S3
5230 GOTO 5250
5240 R5(IK)=120/S3
5250 R5(I,K)=R5(I,K)/20
5260 R5=INT(R5(I,K))
5270 R6=R5(IK)-R5
5288 IF R6<.5 THEN 5308
5298 R5=R5+1
5300 IF R508 THEN 5320
5310 R5=1
5320 R5(IK)=R5*20/60
5330 R5(IK)=I/R5(I,K)
5340 IF R5(IK)<1 THEN R5(I,K)=1
5350 REM CALCULATE TOTAL NUMBER

OF ROUNDS REQUIRED (WP SMOK
E)

5360 IF C(I,2)<>8 THEN 5396
5370 P5(I,K)=O
5380 GOTO 5818
5390 IF 1>2 THEN 5420
5400 P5(IK)=G5(I,K)+Q9(IK)*(T2

*R5<I,K)-I)

5418 GOTO 5430
5420 P5(I,K)=Q9(I,K)*(XO/60+1)*(

T2*R5(I,K)-1)
5430 Q5=INT(PS(I..K))
5448 06=P5(1,K)-Q5
5450 IF Q6=0 THEN 5470
5460 P5(I,K)=QS+1
5470 GOTO 5810
5480 REM CALCULATIONS FOR WP SMO

KE E & F STABILITY CATEGORI
ES (STABLE FLOW).

5490 REM INITIAL SHELL SPACING
5500 IF I=1 AND K=1 THEN 5530
5510 IF I<" AND K=2 THEN 5538
5520 IF I=. AND K=1 THEN 5550
5530 L(I.K)=188
5540 GOTO 5560
5550 (I'K)=50
5560 REM SUSTAINING SHELL SPRCIN

5 I
55780 IF 1=2 AND K=2 THEN 5618
5580 IF 1=2 AND K=2 THEN 5618
5590 IF 1=1 AND K=2 THEN 5638

5600 IF I=2 AND K=I THEN 5658
5610 Z(I..K)=100
5620 GOTO 5660
5630 2(I.,K)=200
5640 GOTO 5660
5, 50 Z(IK)=50
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5F, C, REM INITIAL '.,OLLEY - WP SMO
KE.

5 67 i G5" I .K)=X@ L(I.J ',+I
5680 REM SUSTAINING VOLLEY.
5690 Q9(T.K)=XO/Z(I,K) I

5700 REM RATE OF FIRE - WP SMOKE

5710 IF K=I THEN 5730
5720 IF K=2 THEN 5750
5730 R5(I.,K)=2
5740 GOTO 5760
5750 R5(1.K)=
5760 REM TOTAL NUMBER OF WP ROUN

DS REQUIRED.
5770 PS(I.,K)=G5(I,K)+Q9(I.,K):(T2

*R5(I.,K,-1)
5780 Q5=INT(P5(I,K))
5790 Q6=P5(IK)-Q5
5800 IF 06>0 THEN P5(I,K)=Q5+1
5810 NEXT K
5820 NEXT I
5830 FOR I=I TO 4
5840 PRINT
5850 PRINT
5860 PRINT
5870 PRINT
5880 PRINT
5890 PRINT
5900 READ AS
5910 PRINT "" A
5920 PRINT
5930 PRINT
5940 PRINT "

METERS MIN"
5950 PRINT USING 5968 XO,T2
5960 IMAGE "SCREEN LENGTH'DURATI

ON:",DODOD, IX,DDD
5970 PRINT
5980 PRINT
5990 IF I>2 THEN 6500
6000 PRINT HC SMOKE SC

REEN"
6010 PRINT
6020 PRINT
6830 PRINT 105MM HOWIT

ZEP"
6040 PRINT
-858 PRINT "VOLLEY GUNS RATE/ SP

ACING ROUNDS"
6060 PRINT " MIN M

ETERS"
t070 PRINT USING 6880 .; E(I,1),I

6080 IMAGE "INITIRL:".ODD.7XDODD
ODD D

6090 PRINT USING 6100 j. F(II,R
I, Y I., I , J( I, l)

6100 IMAGE "SUSTAIN:",DOD,IX,.DD
D,2X.0DDDDDDD, lXDDDDD

6110 PRINT
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1

E120 PR I HT
t;130 PRINT
e140 PRINT 155MM HOWIT

ZER"
6150 PRINT
6160 PRINT "VOLLEY GUNS RATE' SP

ACING ROUNDS"
6170 PRINT " MIN M

ETERS"
6180 PRINT USING 6190 ; E(I,2),I

(1,2)
6190 IMAGE "INITIAL:",DDD,7X,DDD

ODDD
6200 PRINT USING 6210 ; F(I.2),R

1I, Y( I,. 2), .( I. 2",~
6210 IMAGE "SUSTAIN:".,DDD,1XDD.

D,2XDDDDDDD, iX, DDDDD
6220 PRINT
6230 PRINT
6240 PRINT
6250 PRINT " WP SMOKE SC

PEEN"
6260 PRINT
6270 PRINT
6280 PRINT " 105MM HOWIT

ZER"
6290 PRINT
6300 PRINT "VOLLEY GUNS RATE/ SP

ACING ROUNDS"
6310 PRINT " MIN M

ETERS"
6320 PRINT USING 6330 ; G5"I., 1),

L'(I., 1,

6330 IMAGE "INITIAL:".,DDD,TX.,DDD
DODDD

6340 PRINT USING 6350 . QI, 1..
R5 I.,I).Z I., I ).,P5( II )

6350 IMAGE "SUSTAIN: " , D000.IX. ,DO.
0, 2XDDDDDDD. lX,0DDDD0

6360 PRINT
6370 PRINT
6380 PRINT
63 0 PRINT " 15rIM HOWI'T

7 ER"
6400 PRINT
t410 PRINT "',OLLE'-," GUNS RATE.' SP

AC I NG R0UNDS'-
6420 PRINT ' I.IIN M

ETERS"

6 4 1 F' R I N T U I NG 4 0 .; G 5 , I . 2

644 0 1I AGE "INITIAL ", DDE ,7XDDD

6450 PRINT USI r 4 .G. Q6(4I-2,.
P,- T .2. . .. 1 r' "I. ,2"

-E "'-;U',:,TAIN: " ,DD., 1×, rD.
I.. FDDC11ZDD, I X., DDDDDD

R470 r 7N7
48 PRINT

,--,490 IF I •3 -HEN 6590
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6500 PRINT " WP SMOKE SC
REEN"

6510 PRINT
6520 PRINT
6530 PRINT " ROUNDS/ RA

TEx TOTAL"
6540 PPINT " 68 METERS MI

NUTE ROUNDS"
6550 PPINT USING 6568 . Q9(II),

R5I.. 1) P5(1 1)
6568 IMAGE "105MM: ",DDDDD,4X,

DDD,4XDDODD
6578 PRINT USING 6580 j Q9(1,2),

P!5 .;] 2),P5(I .*j

6580 IMAGE "155MM: ",DDDDDD ,4X
,ODD ,4XDDDDD

6590 NEXT I
6600 PRINT
6618 PRINT
6628 PRINT
6630 PRINT
6648 PRINT
6658 PRINT
6660 PRINTER IS I
6678 DISP "DONE"
6680 REM UNIT (PER GUN' SOURCE S

TRENGTHS,
6698 DATA 18.7,1737.3,77.1,7876.

2

6700 DATA "VISIBLE:"
6710 DATA "NEAR IR:"
6720 DATA "MID IR:"
673A DATA "FAR IR:"

4 6740 END

1

V
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APPENDIX K

HP 9845 (BASIC) ALGORITHM
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(I REM &l:wIk SMOKE ALGOFITHri (HP 9845) SEPTErIEER 23, 1981

REM KW IK: METEOROLOGICML INPUTS AND METEOROLOGICAL CALCULATIONS.
30 OPTION BASE I
40 PRINTER IS u
S0 DIM C( 4,2), T,, 4,4), V( 2 ), t6 ), Y(4,2 ), Z< 4,2)
bO DIM S(6,3),A(6),0(2),H5(2,2),D5(6,3),U(2,2)
70 DIM R5(4,2),I(4, 2 ,J(4,2 ),P5(4.2)..E(4.2).F,4 ..2 G5.,4,2),Q9<4,2.).L.4, 2
80 DIM B<4 ), G<4), H(4), R< 4 .D(2), X< 4
90 DIM I$[41,P(7,9)..QS(6J,H*(I J,..I$1J

1?00 DIM S)O0 [.Im Asre]

110 FIXED 2
120 PRINT
130 PRINT
140l PRINT " MUNITION EXPENDITURES"
I50 PRINT " FOR NC AND WP SMOKE"
160 PRINT
1:"O PRINT
le0 DISP "MET SITE ID".

190 INPUT I$
200 D1SP "LATITUDE OF MET SITE- DEG".:

:1'0 INPUT LO
220 REM "DIRECTION FROM EQUATOR- N OR S"
"-S3( H$="N"
240 1ISP "LONGITUDE OF MET SITE - DEG";

250 INPUT Li
260 DISP "DIRECTION FROM GREENWICH- E OR W".'
270 INPUT J$
280 DISP "JULIAN DATE OF MET OBSERVATION";
290 INPUT JO
30,0 DISP "ZULU TIME OF MET OSERVATION-HR";
310 INPUT HO
320 DISP "CEILING - FEEf"
330 INPUT CO
340 CO=CO-*.3048
*9 DISP "CLOUD COVER - PERCENT",

* 360 INPUT Ct
;0 DISF "" ,ISIBILITY - MILES";

3"80 INPUT VO
390 VO=VO*l .61
400 DISP "PRECIPITATION - I=YES O=N".:
410 INPUT P
420 DISP "TEMPERATURE - DEG F";
430 INPUT TO
440 TO=5/9* T0-32)
450 DIS'P "DEW POINT - DEG F";

460 INPUT TI
470 Tl=..9*(TI-32)
4;0 0ISP "WIND DIRECTION - DEGS";
490 INPUT DO
500 DISP "WIND SPEED KNOTS";
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" ,I 0 INPUT S0
5 I2 0 DISP "AVE ROUGHNES$ ELEMENT - CM";

530 INPUT Y

540 DISP "SLANT RANGE TO TARGET -
... 0 INPUT H3
5,0 DISP "ANGLE OF SIGHT TO TARGET - DEG";

570 INPUT S
580 DISP "DIRECTION OF LINE OF SIGHT-DEG";

590 INPUT A9
600 DISP "SCREEN LENGTH - METERS";
610 INPUT XO
620 'ISP "DURATION - MINUTES";

I30 INPUT T2
M40 PRINT " ID -

. PRINT LATITUDE - DEG = ";H$1J;LO

660 PRINT " LONGITUDE - DEG = ';J$(J;LI

670 PRINT " JULIAN D TE - DAY = " ;JO

60 PRINT " ZULU TIME - HOUR = "HO

0 PRINT " CEILING - METERS = " CO
70) PRINT "  CLOUD COVER - PERCENT = "I

710 PRINT "  VISIBILITY - KILOMETERS = ";VO

0-10 PRINT " PRECIPITATION = " P

')30 PRINT " TEMPERATURE - DEG C = "TO

740 PRINT " DEW POINT - DEG C = "Tl

750 PRINT " WIND DIRECTION - DEG = " DO

760 PRINT " WIND SPEED - KNOTS = ";SO

770 PRINT " AVE ROUGHNESS ELEMENT - CM =

7,_- FOR J=1 TO 9
-90 FOR I=l TO 7
00 READ P< U, ,J
-I o NE X T I
i0'O NEXT J
a30 READ '$
G40 IF J$< >"E" THEN 870
C 5O LI=-L1
560 REM MET CALCULATIONS,
-u IF CI<>lo THEN 920

:0 IF CO'>2133.6042 THEN 920
4'90 12-0

GOTO 1530
::u REM CALCULATE A4NGULAR FRACTION OF A YEAR FOR A GIVEN JULIAN DHTE (O;

i}- 3L' R9=PI,'i180

-140 D9:180/PI
1.1 LO=LO*R9

)60 AO=( JO-I )*360/365. 242
4'0 REM CALCULATE SOLAR DECI. INATION ANGLE <A4),

' A2=279,9348+A0

O n ;-:A2+1 *914827.STN(AI )- 079525e.COS'A 1
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1010 A =A2+.019938*SIN(2*A!I)-.00162*COLS(2*A1 )

ihf20 A2=A2*R9
1U 3U A3=23.4438*R9
i040 A4S3N A3 *SI( A2)
j050 A4=ATN( A4?SQR( I-A4*A4+1E-99))
1060 REM CALCULATE THE TIME OF MERIDIAN PASSAGE - TRUE SOLAR NOON eAS).
10)70 A5=12+.12357*SIN(A )-.004289*COS(A )
1080 AR5A9+ . 153809*SIN(>'#'fI )+, 060783*COS 2*Ai )
1090 REM CALCULATE SOLAR HOUR ANGLE (A6)
1100 A6=15*(HO-AS)-LI
111 0 A6=A6*R9
1120 REM CALCULATE SOLAR ALTITUDE (A7)
1130 A7=SIN(LO)*SIN(A4)+COS<LO)*COS<u4)*COS(A6)
1140 A7=ATN(A7/SQR(1-A?*A7+IE-99))
* 1150 A7=A7*D9
1160 REM CALCULATE INSOLATION CLASS NUMBER.
t170 12=0
1180 IF A7<=60 THEN 1210
1190 12=4
1200 GOTO 1290
1210 IF A7<=35 THEN 1240
1220 12=3
1230 GOTO 1290
1240 IF A7<=15 THEN 1270

1250 12=2
1260 GOTO 1290
1270 IF A"(<=6 THEN 1480
1280 I2=1
1290 REM CALCULATE NET RADIATION INDEX FOR DAYTIME.
300 13=0

1310 IF CI>50 THEN 1340
1320 13=12
i330 GOTO 1420
1340 IF CO>=2133.6042 THEN 1370
1350 13=22-2
1360 GOTO 1420
1370 IF CO=4876,8096 THEN 1400
1380 13=I2-1
1390 GOTO 1420
1400 IF CIO)100 THEN 1420
1410 13=12-i
1420 IF 13<)0 THEN 1440
1430 13=12
1440 IF 13>1 THEN 1460
1450 13=1
1460 11-13
1470 GOTO 1530
1480 REM CALCULATE NET PADIMTION INDEX FOR NIGHTTIME
1490 IF CI.)40 THEN 1520
?106 I1=-2
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v 1U GOTO 1530
. 1520) 11=-i

,1-130 REM CALCULATE PA'SQUILL STABILITY CATEGORY.
" 1540 14=0

I 5 0 15=0
1560 IF 11<>4 THEN 1580
1570 14=1
1580 IF I1<>3 THEN 1600
1590 14=2
i600 IF I1<>2 THEN 1620
1610 14=3
1620 IF I1<>1 THEN 1640
1630 14=4
1640 IF I1<>0 THEN 1660
1650 14=5
1660 IF I1<>-i THEN 1680
1670 14=6
1680 IF 11<>-2 THEN 1700
1690 14=7
1700 IF S0>=2 THEN 1730

i1710 15=1
1720 GOTO 1950
1730 IF SO>=4 THEN 1760
1740 15=2
1750 GOTO 1950
1760 IF S0>=6 THEN 1790

1?70 I5=3
1780 GOTO 1950
1790 IF SO>=7 THEN 1,920

1800 15=4
1810 GOTO 1950
1820 IF S0>=8 THEN 1850

1830 15=5
* 1840 GOTO 1950

i:50 IF SO>=1O THEN 1880
136') 15=6

*870 GOTO 1950
i :330 IF S0>=11 THEN 1910
190 15=7
l1'09) GOTO 1950
1910 IF S0')=12 THEN 1940
1'20 15=8
1930 GOTO 1950
1940 15=9
1990 PO=P< 14,15)

1960 REM CALCULATE PELATIVE HUMIDIT"7
1970 IF TO>0 THEN 2010
1960 i0=9.5
1990 B0-265.5
2000 GOTO 2030
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2020 B0=237.3
* 2030 IF Tl> O THEN 2070

204 0 1419.5
2050 81=265.5

* 2060 GOTO 2090
2070 141=7,5
2060 61-237.3
2 09 0 EO=6,11.10^(AO*TO/(80+TO))
2 21006 El1=6, i11*1 0 "(AJ T1/,( B1+T1)

* 2110 RO=Et/EO*100
2120 PRINT " PASOLIILL STABILITY CATEGORY= Q$P.O
2130 PRINT " RELATIVE HUMIDITY= P
2-140 PRINT
2 15 0 PRINT
216.0 REM KNJIK: ATMOSPHERIC OPTICS AND SMO-KE CONCENTRATION CALCULATIONS.
-170 FOP 1=1 TO 4

* 21686 READ 8<1~CIXI
Ll190 NEXT I
-, 200( VI=LOC'.VO)
221') V2=VI*Vl
2 220 V3sV2.*VI

* 2230 H(i)=i.5551-.9811*.V1-.0197*Y2+.0041*VJ
2240 H( 1 sEXP NH: 1))

2#S0 H('2 )=EXP( H<2
2270 WS.)=f .2394-1.0436*91+.0099*V2-.06Y
2 2&80 H(3 .=E.XP( H( 3)
2290 I.(41.5176-1.7147*V1+.0001*V2.042649V3
237,0 C H(4)=EXP(H(4))
2,310 R(1)=1.3306-,8S25*oV1-.0753*V2+.0129*V3
2320 R( 1 )=EXP( R( 1)
:33' R' "2)=1,461951707-,922595829*Y1-.06550O9417*V24. 01366;0422.' * /3
2340 P(2)=EXP<R(2))
2350 R( 3)= 1 .5556-,901 3*V1 -. 0773*V2+. 01f73*93
2360 R<*3 )=EXP;R(3 ) )
2376 R<4)=1.5928-.9396*Y1-.062?*V2+0166,*V3
2,38 0 R( 4 )EXP(R 4)
2 396 0H0=0
-:400 I&- S'*=0 THEN 2420
2410 S=-S

*2420 S-S*(P I /tB80
2430 S=SIN(S>
2440 H4=0
2450 IF S-0 THEN 2480
2460 H4 =1IS

* 2470 REM CALCULATE PRECIPITABLE WATER.
2480 W=.4477+.0328*T1,1.ae-3.*T1*TI1.84E-5*TI*TI*T1

* 2490 REM CALCULATE AMOLINT OF WATER IN PATH.
* 2500 DEF FNA(A)SEXP<-S*4/2)
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F -2510 LO-HJ
520 Li=HO
--5306 L2=LO
.2540 L3't5*(LI+L2)
2550 L4=L2-Li

2560 LS=.2886?'51sL4
"570 W0 . 5*L4*( FNA( L3+L5 )+FNAC L3-L5')
2580 WJI=W*WO4
2590 REM CALCULATE TRANSMITTANCES FOR VISUAL, NEAR.. MID AND FAR IR WA4VELENOTI

o00 FOR 1=1 TO 4
2610 REM CALCULATE TRANSMITTAN'CES OWING TO ABSORPTION BY WATER VAPOR.

20 IF 1<'4 THEN4 2650
2630O T( I,I )=EXP(-.0681 *W1)
2-640 GOTO 2750
26 50 DEF FNB( B )EXP( -B' 2)
660 L0~' (I=, 1*S 611W*PI1 )?2
070 LI=HO

* 6WJ L2=LO
,6 90f L3-.5*nL1.L2)
,O-70 L4=L2-LI

1I L.5=.2886?51*L4
20"-, M2= 9*L4*( FNB( L3+LS )+FN~E(L3-L5))
3u T< 1, t )2 RP I )*M2

240 T/ 11)=I -T(I1,I1)
2'7r"0 REM CALCULATE TRANSMITTANCE OWING TO ATTENUATION BY HAZE AND FOG.
2r60 IF P0O THEN 2790

27830 GOTO 3070
2 90 IF V0>-G<I) THEN 2990
280 0' DEF FNC(C >=EXP( C*S*LOG' .1 ?H( 1>3)

* 23f LO=H4
"82'U L1=Hu

30u L2-L0
2840) L3=, 5*( L I L2)

28't50 L=2L
9H6 f, L5=,2886751*4L4

iO T3= .5*L4*( FNC( L3+L5 )+sFNC:( L3-L5h
80T4=EP<-H( I1)*T3)3
90 EF FND' 0 =EXP( -DicS/4 .1)
U0L1=H4

10L2=H3
COL3=."".L1+L2>r. 30L4=L2-LI
4wLS-'.2686?51*L4

- T5= . 5*L4*( FND( L3+LS )+FND.( L3-LS.
.~Ci T6=EXP-. 128*T5)'

2*;?0 T(I,2)T4*T6
9 .GOTO 3070
9 0 LO-HJ

300 LISHO
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3010 L2=LO
3020 L3=.5*(Li.L2)
3030 L4=L2-LI
3040 L5=.2986741*L4
3050 T7= 5*L4*( FND( L3+L5 )+FND( L3-L5))
3060 T( I.2 )=EXP(-H( I )*T7)
3070 REM CALCULATE TRANSMITTANCE OWING TO ATTENUATION BY PRECIPITATION.
3090 IF P=1 THEN 3110
3090 T<1,3)=t
3100 GOTO 3130
3110 IF VO>20 THEN 3090
3120 Tl,.3)=EXP<-H3*R(I))
3130 REM CALCULATE TRANSMITTANCE OWING TO ATTENUATION BY SMOKE.
3140 T<1, 4 )=X( I )(T( I, 1 )*T( I, 2 )*T( 1 3))

* 3150 IF TeI,4)<=l THEN 3170
3160 TeI,4"=1
3170 REM CALCULATE LINE OF SIGHT INTEGRATED CONCENTRATION.
318 FOR P=i TO 2
319A READ D(K)
3200 NEXT K
3210 IF T(I,4)<>t THEN 3260
3220 FOR J=l TO 2
3230 C I.jJ=O
3240 NEXT J
3250 GOTO 3320
3260 FOR K=1 TO 2
3270 IF DK)<>O THEN 3300
3280 C(1,K=O
3290 GOTO 3310
3300 C(I..K)=LOG(T(I,4))/-D(K)
3310 NEXT K
3320 NEXT I
3330 REM A.TMOSPHERIC DIFFUSION CALCULATIONS.
7340 FOR L=1 TO 6
3350 REA., A<L)
3360 NEXT L
.3370 FOR 1=1 TO 6
3360 FOR J= TO 3
3390 READ SI,J)
3400 NEXT J
3410 NEXT I
3420 FOR I-1 TO 6
3430 FOR J=1 TO 3
3440 READ D5(I,J)
3450 NEXT J
3460 NEXT I
3470 READ H5(1,1),H5(1,2),H5(2, ),H5(2,2)
3480 READ U< I , I ), U(2, 1), U( I , 2), U( 2..2
3490 Ai=-.24+1,19LGT(Y)
3500 Z-1 0A1
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3510 A2=AS(A9-DO*( PI/180 )
3520 R2=SQR(f3.69/<13,69*SIN(A2).SIN(A2)+COS,::A2'>*COS<(2)))
3530 Y=1 .09521547+.02906894*RO-4.957SE-4*RO*RO+4.82E-6*RO*RO*RO
3540 Y2=3.364059144+.060502571*RO-1.153U1E-3*RO*-RO+1.33942E-5R*RO*P.i
3550 C2=S(PO, I )+S<PO,2 )*Z+S(PO,3 )*Z"2
3560 DI-D5(PO,I)+D5(PO,2)*Z+DS(PO,3)*'2
3570 D2=I/D1
3580 IF SO<>O THEN 3600
3590 S0=1
3600 $3=.515S0
3610 FOR N=I TO 6
3620 READ W(N)
3630 NEXT N
3640 FOR 1=1 TO 4
3650 REM CALCULATE CROSSWIND INTEGRATED CONCENTRATION FOR WP SMOKE.
3660 FOR K= TO 2
3670 IF (1<3) AND (P0>4) THEN 3710
3680 SItU<K,1)+.74*A(PO)>*100A,9
3690 S2=U<K,2)+.667*C2* O0Di
3700 V( K )=W( P 0 )*Y2*HS( K, 2 )/< PI*S 1 $*SL,
3710 REM MUNITION EXPENDITURES (HC SMOKE).
3720 Q(1)=Q(2)=.4 ! MUNITION EFICIENCIES
3730 REM SUSTAINING SHELL SPACING FOR HC SMOKE.
3740 IF 1>2 THEN 3610
750 IF C<1,I)<0 THEN 3780

37 760c Y<I, KY=O
3770 GOTO 3810
3780 Y( I ,K )=1/R2*( .731.*Q(K)*YI*HS<K, I C2*S.':' 1, 1 "D2

- 3790 IF Y(I,K)<XO THEN 3810
R 300 Y,I,K)=XO
380 NEXT K
3820 NEXT I
3830 FOR I=1 TO 4
3640 FOR K=i TO 2
3850 IF 1'>2 THEN 4170
3860 REM CALCULATE INITIAL SHELL SPACING FOF H SMOkE.
78 3-70 I(1 .K)=$3*45

.0 IF Y( IK)<,>0 THEN 3920
75:90 E(I,iK)=1
39 u0 F(I,K)=1
* ;9 0OTO 4070
3'9 20 REM CALCULATE INITIAL VOLLEY FOP HC SMOKE,
3930 IF V I,K)>Y(IK) THEN 3950
3940 COTO 3960
3950 I I,K)=Y(IK)
3960 E< IK)=XO/I(IK)
3970 Q5= I NT( E< I,K):)
3980 Q6=E< I,K)-@5
3990 IF 06=0 THEN 4010
4000 E(I.K)=Q5+1
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( 4010 REM CALCULATE NUMBER OF GUNS FOR SUSTAINING VOLLEYS (HC SMOKE).
4020 F( I, K )=X'/Y(IK)
4030 QSINT(F(IK))
4040 Q6=F(I,K)-Q5
4050 IF Q6-0 THEN 4070
4060 F<I,K)=Q5+l
4070 RI=.5 ! RATE OF FIRE FOR HC SMOKE
4080 IF C(I,1)<>0 THEN 4100
4090 R1=0
4t00 REM CALCULATE TOTAL NUMBER OF ROUNDS REQUIRED <HC SMOKE).
4110 I J(I,K)=E(1,K)+t/2*F(I,K*(T2-2)t CHANGE COORDINATED WITH PENA ON 19MAY81
4120 J(I,K)=E.I,K)+<Rl*T2-t)*F<I..K) !I THIS LINE REPLACES THE LINE ABOVE IT ,.

4130 Q5-INT(J(I,K))
4140 Q6=J(I,K)-Q5
4150 IF Q6-0 THEN 4170
4160 J< I,K)=05+1
4170 IF (1<3) AND (PO>4) THEN 4700
4186 REM SHELL SPACING <L( ) & Z( )> & VOLLEYS ".G" & 0)> - WF SMOKE.
419.) IF C<I,2)<>0 THEN 4240

. 4200 Z(I,K)=O
4210 G5(I,K)=O

. 4220 Q9(I,K)=O
4230 GOTO 4390
4240 IF 1>2 THEN 4310
4250 L(I..K)=VK)/C(I,2)*00
4260 IF L(I,K)<XO THEN 4280
4270 L(IK)=YO
4280 Z(I,K)=L<I,K)
429d G5. I,K)=X0/Z(I,K)
430A GOTO 4320
4310 G5(. I,K)=.6*Cl I,2),"V(K)
430 N5=IT(GS< I,K))
4330 06=G5( ,K)-05
4343 IF 06=0 THEN 4370
4 351 6 GS< I,K)=05+ 1

4360 GOTO 4380
4370 G5(IK)=05
438009 1I, K =G5( ,,K.

" 4390 REM RATE OF FIRE FOR WF' SMOKE.
4400 IF CI,2)<>O THEN 4430
4410 R5(I,K)=O
4420] GOTO 4570
443U IF' 1>2 THEN 4460
4440 R5(I,K)=(Z. I,K)+60)/S3
4450 GOTO 4470
4460 R5( I,K)-I20/S3
4470 R5(I,K)=RS<I,K)/20
4480 R5=INT(R5<IK))
4490 R6=R5( I, K)-R5
4500 IF R6<.5 THEN 4520

1
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K
1

4510 R5=R5+1
4520 IF RS<>O THEN 4540
4530 R5=i
4540 R5(I,K)=R5*20/60
4550 R5( I, K )=I/R5(I,K)
4560 IF RS<I,K)<l THEN R5(I,K)1=
4570 REM CALCULATE TOTAL NUMBER OF ROUNDS REQUIRED <WP SMOKE)
4580 IF C(1,2)00 THEN 4610
4590 P5(I,K)=O
4600 COTO 5010
4610 IF 1>2 THEN 4640
4620 P5< I, K)=( T2*RS( I, K )-I )*,,9( I, K)+G5( I., K)
4630 GOTO 4650
4640 P5(I,K)=Q9<I,K)*<(XO/60+1)*(T2*R5I.,K)-I)
4650 Q5INT(P5(I,K))
4660 Q6=P5< I, K)-Q5
4670 IF Q6-0 THEN 4690
4680 PS(I,K)-QS+1
4690 GOTO 5000
4700 REM CALCULATIONS FOR WP SMOKE E & F STABILITY CATEGORIES (STABLE FLOW
4710 REM INITIAL SHELL SPACING
4720 IF <I=) AND (K-I) THEN 4750
4730 IF <1<3) AND (K=2) THEN 4750
4740 IF (1-2) AND (K-1) THEN 4770
4750 L<I,K)=iO0
4760 GOTO 4780
47 7 L(I,K)=50
4780 REM SUSTAINING SHELL SPACING
4790 IF <1=1) AND (K=1) THEN 4830
4800 IF (1=2) AND (K=2* THEN 4830
4810 IF (-I=) AND (K-2) THEN 4850
4820 IF <1=2) AND (K=l) THEN 4870
4830 Z(I.K)=100
4840 GOTO 4880
4850 Z(I,K)=200
4860 GOTO 4880
4870 Z(I , K )=50
4880 REM INITIAL VOLLEY - WP SMOKE.
4:3-90 G5 , I K )=X.'< 1 K )+ I
4'0rA REM SUSTAINING VOLLEY.
41-- 0 09< 1, K )=</Z( I, K )+ I
4920 REM RATE OF FIRE - WP SMOKE,
473 i IF K=1 THEN 4950

4940 IF K=2 THEN 4970
. 0 R5,(. I , K )=2
4960 GOTO 4980
4970 R5( I,K)=1
4980 REM TOTAL NUMBER OF WP ROUNDS REQUIRED,
4i's P5< I, K )=( T2:,R5< I, K )-1 )*09< I. K .+G5< I, I)
5000 NEXT K
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5010 NEXT I
5020 FOR I=i TO 4
5030 PRINT LIN(?)
5040 READ A$
5050 PRINT " ",A$
5060 PRINT LIN(2)

* 5070 PRINT MIETERS MINUTES"
5080 PRINT USING 5090,XO,T2
5090 IMAGE " SCREEN LENGTH.."DURATION' ",DDDDD.,4:,DD.
5100 PRINT LIN(2)
5110 IF I>2 THEN 5530
5120 PRINT " HC SMOKE SCREEN"
5130 PRINT LIN(2)
5140 PRINT " I05MM HOWLITZER"
5150 PRINT LINe1)
5160 PRINT " VOLLEY GUNS RATE/ SPACING ROUNDS"
51;0 PRINT " MIN METERS"
5180 PRINT USING 5190;EI,1),I(I,1>

; 5190 IMAGE "  INITIAL: ",DDDI IX,DDD
5200 PRINT USING 5210;F<I,1 ),RI,Y<I.. ) JrII )
5210 IMAGE " SUSTAINING:",2X.DD, 2X,0.D,SX,DDDD,3X,DDDD
5220 PRINT LIN(3)
5230 PRINT " 155MM HOW ITZER"
5240 PRINT LIN( 1)

* 5250 PRINT " VOLLEY GUNS RATE/ SPACING ROUNDS"
5260 PRINT " MIN METERS"

5270 PRINT USING 5I90.E.1,2',1(1,2)
5280 IMAGE " INITIAL.- ",CCDD., I OX., DDDD
5290 PRINT USING 5210F<I,2 ,RI,Y(I,2),JrI..2)
5300 IMAGE " SUSTAINING:",2X,DD..2X,.D,O,5X,DDDD,3X,DD00
S 5310 PRINT LIN(3)
5320 PRINT "  WP SMOKE SCREEN"
5330 PRINT LIN<2)
5340 PRINT " 105MM HOWITZER"
5350 PRINT LIN(I)
5360 PRINT " VOLLEY GUNS RATE./ SPACING ROUNDS"
5370 PRINT " MIN METERS"
5380 PRINT USING 5190;GS(I,1),L(I,1)
5390 IMAGE " INITIAL:".DDD. 0X,DDDD
5400 PRINT USING 530019(I.oR5I..I ),2.I,l),PS<I,1
5410 IMAGE u SUSTAINING ".,2X, D , 2X. D. D,5X, DDDD, S .. DDD
5420 PRINT LIN(3)
5430 PRINT " 155MM HOWITZER"
5440 PRINT LIN",I
5450 PRINT " VOLLEY GUNS RATE/ SPACING ROUNDS"
5460 PRINT " MIN METERS"
5470 PRINT USING 5190;G5'.I,&L,L(I,2)
5480 IMAGE " INITIAL:",DDD,l0X,DDD'
5490 PRINT USING 5300;09(I,2),R5<I.2),Z'I,2),PSKI,2'
5500 IMAGE " SUSTAIt4ING:"..2X..DD .2:..D .D .X.. DDCDD. 3', ) D DD
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5510 PRINT LIN(2)
5520 IF 1<3 THEN 5610
5530 PRINT " WP SMOKE SCREEN"
5540 PRINT LIN<2)
5550 PRINT " ROUNDS/ RATE/ TOTAL"
5560 PRINT " 60 METERS MINUTE ROUNDS"
5570 PRINT USING 5580;Q9(I,1),R5(I,1),P5(I..l)
5580 IMAGE 105MM; ",DDDDD.,5X,DDD.,5X,DDDDDDD.
5590 PRINT USING 5600;Q9(I,2),R5(I,2>,P5(I,2)
5600 IMAGE " 155MM, ",DDDDD.,5X,DDD.,5X,DDDDDDD.
5610 NEXT I
5620 PRINT LIN(6)
5630 PRINTER IS 16
5640 DISP "DONE"
5650 REM PASQUILL STABILITY CATEGORY DATA
5660 DATA 1,1,2,3,4,6,6
5670 DATA 1,2,2,3,4,6,6
5680 DATA 1,2,3,4,4,5,6
5690 DATA 2,2,3,4,4,5,6
5700 DATA 2,2,3,4,4,4,5
5710 DATA 2,3,3,4,4,4,5
5720 DATA 3,3,4,4,4,4,5
5730 DATA 3,3,4,4,4,4,4
5740 DATA 3,4,4,4,4,4,4
5750 DATA "ABCDEF"
5760 REM ABSORPTION COEFICIENT,SCALE HEIGHT AND WAVELENGTh' ?ES '1. O.
5770 DATA 0.118,26.7,0.05
5780 DATA 0.18,7.5,0.05
5790 DATA 0.55,5.1,0.05
5800 DATA 0,5,0. 05
5810 REM EXTINCTION COEFICIENTS FOR HC AND WP,
5820 DATA 3.3,2,46
5830 DATA 1.5,2
5840 DATA 0,0,25
5850 DATA 0, 0.32
5860 REM DATA USED TO CALCULATE SIGMA Y FOR CONTINUOUS SOURCE.
5870 DATA 0.4,0.32,0.22,0.144,0.102,0.076
58830 REM DATA USED TO CALCULATE SIGMA Z FOP CONTINUOUS SOURCE,
5890) DATA 0.139085297,0.015017284,-1.02581E-04
5900 DATA 0.122097643,0.01097037,-6.80135E-05
59:0 DATA 0.110104377,0.010962963,-6.73401E-05
5920 DATA 0.097649832,0.010418519,-6.83502E-05
5930 DATA 0,070772166,7.27284E-03,-4.50056E-05
5946 DATA 0.055487093, 6.55309E-03,-4,01796E-05
5950 DATA 0,944814815,-4.85185E-03..3.7037E-05
5960 DATA 0.894803591,-4.83951E-03,3.59147E-05
5970 DATA 0.854792368,-4.82716E-03,3.47924E-05
5980 DATA 0,816026936, -6.07407E-03,4.7138E-05
5990 DATA 0.786026936,-6.07407E-03. 4.7138E-05
6000 DATA 0,72601'5713,-6,06173E-O3.,4.60157E-05
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d

K 6010 REM UNIT (PER GUN) SOUPCE STRENGTHS.

6020 DATA 18.7,1737,3,77.1,7076.2
6030 REM WP VOLUME SOURCE SIGMAS (U(2,2)).

6040 DATA 5.4,7.9,1.8,2.6
6050 REM STABILITY CONSTANTS FOR WP SMOKE,

6060 DATA 0.016, 0.016,0.016,0.016,0.016,0.016

6070 DATA uVISIBLE"
6080 DATA "NEAR IR"

6090 DATA "MID IR"

6100 DATA "FAR IR"

6110 END

1

r

g1
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APPENDIX L

APPLE 11 (BASIC) ALGORITHM

1 25



I:]LIST 10,4200

10 REM KWIK SMOKE ALGORITHM FEB
.,1982, PROGRAMMER SUE HANSE
N

20 REM KWIK METEOROLOGICAL INPU
TS AND CALCULATZONS.

:30 D$ = '"'.: REM CONTROL Do
40 DIM C(4, 2>,T(4, 4),V(2) ,W(6) ,Y

(4,2) , Z(4,2), S(6,3),A(6), Q(2
) ,H5(2,2), D5(6, 3), U(2, 2),R5(
4, 2), 1 (4,72), J (4, 2), P5j(4, 2)

50 DIM E(4,2),F(4,2),G5(4,2),Q9(
4, 2), L(4, 2), B(4), G(4), H(4), R
(4),D(2), X(4),P(7,9)

60 PI = 3. 1415927

63 DEF FN A(A) = EXP ( - S * A
/ 2)

64 DEF FN B(B) - EXP ( - (B*
B))

65 DEF FN C:(C:) = EXP (C: * S *

LOG (.1 / H(I)))
66 DEF FN D(D) = EXP ( - D * S

/ 4.1)
70 PRINT D$;"PR# 4"
120 INPUT "MET SITE ID ",I$
130 INPUT "LATITUDE OF MET SITE

IN DEG "; LO
140 INPUT "DIR. FROM EQUATOR (N=

I&S=-1) ";,HS
150 LO = LO * HS
160 INPUT "LONGITUDE OF MET SITE

IN DEG ";LI
170 INPUT "DIRECTION FROM OREENW

ICH (W=I&E=-I) ";JS
180 Li = LI * JS
190 INPUT "ALTITUDE OF MET SITE

- KILOMETERS "ZO
200 INPUT "JULIAN DATE OF MET OB

SERVATION " JO
210 INPUT "ZULU TIME OF MET OBSE

RVATION-HR ";HO
220 INPUT "CEILING - FEET

225 CO = CO * .3048
230 INPUT "CLOUD COVER-PERCENT

" ; C 1
240 INPUT "VISIBILITY-MILES

";VO
1 245 VO = VO * 1.61

250 INPUT "PRECIPITATION( 1=YES&O
=NO) ";P

260 INPUT "TEMPERATURE-DEG F
" TO

265 TO = 5 / 9 * (TO - 32)
* 270 INPUT "DEW POINT-DEG F

T1
275 TI = 5 / 9 * (TI - 32)
280 INPUT "WIND DIRECTION-DEG

", DO
290 INPUT "WIND SPEED-KNOTS

"; so 126



300 INPUT "AVE ROUGHNESS ELEMENT
-CM Y; Y

:?10 INPUT "SLANT RANGE TO TARGET
-KM " ; H3

320 INPUT "ANGLE OF SIGHT TO TAR
GET-DEG

3-30 INPUT "DIRECTION OF LINE OF
SIGHT-DEG "A9

340 INPUT "SCREEN LENGTH-METERS

."; XO
350 INPUT "DURAT ION-MINUTES

"; T2
:355 TEXT
:356 PRINT : PRINT TAB( 10)"MUNI

TION EXPENDITURES"

357 PRINT TAB( 11)"FOR HC AND W

P SMOKE": PRINT
360 PRINT "ID" SPC( 27)"= "I$
370 PRINT "LATITUDE" SPC( 9)"-DE

G" SPC:( 8)"= "LO
380 PRINT "LONGITUDE" SPC( 8)"-D

EG" SPC( 8)"= "Li
390 PRINT "ALTITUDE" SPC( 9)"- K

M" SPC:( 8)"= "ZO
400 PRINT "JULIAN DATE" SPC( 6)"

-DAY" SPC( 8)"= "1JO
410 PRINT "ZULU TIME" SPC( 8)"-H

OURS" SPC( 6)"= "HO
420 PRINT "CEILING" SPC( 10)"-ME

TERS = "CO
430 PRINT "CLOUD COVER" SPC( 6)"

-PERCENT ="ci

4:38 XD = INT (VO - 10 + .5) / 10

440 PRINT "VISIBILITY" SPC( 7)"-
-KILOMETERS = "XD

450 PRINT "PREC:IPITATION" SPC( 1
6) "p

458 XD = INT (TO * 10 + .5) / 10

460 PRINT "TEMPERATURE" SPC( 6)"
-DEG C:" SPC:( 6)I"= "XD

468 XD = INT (Ti * 10 + .5) / 10

470 PRINT "DEW POINT" SPC( 8)"-D
EG --:" SPC:( 6)"= "XD

480 PRINT "WINE, DIRECTION" SPC(
3) "-DEG" SPC( 8)I"= "DO

490 PRINT "WINE, SPEED" SPC( 7)"-
KNOTS" SPC( 6)1"= "SO

500 PRINT "AVE ROUGHNESS ELEMENT

-CM = "y
501 PRINT D$;"PR# 0"
502 INPUT "ARE ABOVE ENTRIES COR

RECT (1=YES.O=NO) '1 XD
503 IF XE' = 0 THEN 70
504 PRINT Dr$;"PR# 4"
510 FOR J = 1 TO 9

520 FOR I = 1 TO 7
530 READ P(I,J)
540 NEXT I
550 NEXT .J
560 REM MET C:ALC:ULATIONS 127



• ii

570 IF C1 - 100 THEN 600
580 IF CO :> 2133.6042 THEN 600
590 II = 0:12 = 0: GOTO 1050

600 REM CALCULATE ANGULAR FRACI
ON OF A YEAR FOR A GIVEN JUL
IAN DATE (AO)

610 R9 = PI / 180:D9 = 180 / PI:L
0 LO * R9

620 AO = (JO - 1) * 360 / 365.242

630 REM CALCULATE SOLAR DECLIN
ATION ANGLE (A4)

640 Al = AO * R9:A2 = 279.9348 +
AO

650 A2 = A2 + 1.914827 * SIN (Al

) - .079525 * COS (Al) + .0

19938 * SIN (2 * Al) - .001
62 * COS (2 * Al)

660 A2 = A2 * R9:A3 = 23.4438 * R

9:A4 = SIN (A3) * SIN (A2)

670 A4 = ATN (A4 / SQR (1 - A4 *

A4))
680 REM CALCULATE THE TIME OF M

ERIDAN PASSAGE-TRUE SOLAR NO

ON (A5)
690 A5 = 12 + .12357 * SIN (Al) -

.004289 * COS (Al)
700 A5 = A5 + .153809 * SIN (2 *

Al) + .060783 * COS (2 * Al
)

710 REM CALCULATE SOLAR ANGLE
A6)

720 A6 = (15 * (HO - A5) - LI) *
R9

730 REM CALCULATE SOLAR ALTITLID
E (A7)

740 A7 = SIN (LO) * SIN (A4) +
COS (LO) * COS (A6) * COS
(A4)

750 A7 ( ATN (A7 / SQR (1 - A7
* A7))) * D9

760 REM CALCULATE INSOLATION CL
ASS NUMBER

770 12 = 0
780 IF A7 < = 60 THEN 800
790 12 = 4: GOTO 860
800 IF A7 = 35 THEN 820
810 12 = 3: GOTO 860
820 IF A7 K = 15 THEN 840

8:30 12 = 2: GOTO 860
840 IF A7 = 0 THEN 1010
850 12 = 1
860 REM CALCULATE NET RADIATION

INDEX FOR DAYTIME.
870 13 = 0

:80 IF Cl :> 50 THEN 90.
890 I3 = 12: GOTO 96')
W00 IF CO :" = 2133.6042 THEN 92

0
910 I3 = T2 - 2: GOT': Q/')

020 IF CC > = 4876.:'096 THEN 94
C) 128
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930 13 = 12 - 1: GOTO 960
940 IF Cl < :> 100 THEN 960
950 13 = 12 - 1
960 IF 13 < > 0 THEN 980

970 13 = 12
980 IF 13 > 1 THEN 1000
990 13 = 1
1000 11 = 13: GOTO 1050
1010 REM CALCULATE NET RADIATIO

N INDEX FOR NIGHTTIME

1020 IF Cl > 40 THEN 1040
1030 I1 = - 2: GOTO 1050
1040 I1 = -1

1050 REM CALCULATE PASQLIILL STA
BILITY CATEGORY

1060 14 = 0:15 = 0: IF 11 < > 4 THEN

1080
1070 14 = 1
1080 IF II < > 3 THEN 1100
100 14 = 2
1100 IF 11 < > 2 THEN 1120
1110 14 = 3
1120 IF I1 1 THEN 1140

1130 14 = 4
1140 IF 11 > 0 THEN 1160
1150 14 = 5
1160 IF II - 1 THEN 1180

1170 14 = 6
1.180 IF I1 C > - 2 THEN 1200
1190 14 = 7
1200 IF SO > 2 THEN 1220
1210 15 = 1: GOTO 1450
1220 IF SO " = 4 THEN 1240
1230 15 = 2: GOTO 1450
1240 IF SO [> = 6 THEN 1260
1250 15 = 3: GOTO 1450
126C, IF SO :> = 7 THEN 1280
1270 I5 = 4: GOTO 1450
1280 IF SO > = 8 THEN 1300
1290 15 = 5: GOTO 1450
1300 IF SO - = 10 THEN 1400
1310 I5 = 6: GOTO 1450
1400 IF SO :> = 11 THEN 1420
1410 15 = 7: GOTO 1450
1420 IF S0 = 12 THEN 1440
14:30 15 = 8: GOTO 1450
1440 15 = 9
1450 PC) = P(14, I5)
1460 REM CALCULATE RELATIVE HUM

IDITY
.1470 IF TO :: 0 THEN 1490
1480 AO = 9.5:B,) = 265.5: GOTO 15

00
1490 AO = 7.5:BO = 237.3
1500 IF Ti > 0 THEN 1610
1600 Al = 9.5:B1 = 265.5" GOTO 16

15
1610 Al = 7.5:B1 = 237.3

1615 EO = 6.11 * 10 (AO * TO /
(BO + TO)):E1 = 6.11 * 10
(Al * TI / (BI + T1)):RO = E
I / EO * 100

1620 PRINT "PASQUILL STABILITY C 129



ATEGORY =" MID$ ('ABCDEF",

1628 P1)
1628 X = INT (RO * 10 + .5) / I

0
1630 PRINT "RELATIVE HUMIDITY" SPC(

12)"= "XD
1640 PRINT : PRINT
164:3 REM KWIK ATMOSPHEREC OPTIC

S AND SMOKE CONCENTRATION CA

LCULAT IONS
1647 FOR I = 1 TO 4: READ B(1),G

(I),X(I): NEXT
1650 VI = LOG (VO):V2 = VI * VI:

V3 = V2 * V1

1660 H(1) = EXP (1.5551 - .9811 *

Vi - .0197 * V2 + .0041 * V3

):H(2) = EXP (1.50381511 -

.992319519 * V1 - .015972801

* V2 + .00368583 * V3)

1670 H(3) = EXP (1.2394 - 1.0436

• V1 + .0099 * V2 - .0016 *

V3):H(4) = EXP (1.5176 - 1.

7147 * VI + .0001 * V2 + .04

28 * V3)

1680 R(1) = EXP (1.3306 - .8825 *

VI - .0753 * V2 + .0129 * V3

):R(2) = EXP (1.48195171 -

.92259583 * VI - .06550942

V2 + .01368042 * V3)

1690 R(3) = EXP (1.5556 - .9013 *

VI - .0773 * V2 + .0173 * V3

):R(4) = EXP (1.5928 - .939

6 * VI - .0627 * V2 + .0168 *

V3)
1700 HO = 0: IF S = 0 THEN 172

0
1710 S = C

1720 S = S , (PI / 180):S = SIN

(S):H4 = 0
1730 IF S = 0 THEN 1750

1740 H4 = I / S
1750 REM CALCULATE PRECIPITABLE

WATER
1760 W = .4477 + .0328 * TI + .00

4 02 * TI * TI + .0000184 * TI

* TI * TI

1770 REM CALCULATE AMOUNT OF WA

VTER IN PATH

1790 LO = H3:LI = HO$L2 LO:L3 =

.5 * (LI + L2):L4 = L2 - LI:

L5 = .2886751 * L4

1800 WO = .5 * L4 * ( FN A(L3 + L
5) + FN A(L3 - L5))

1805 WI = W * WO

1810 REM CALCULATE TRANSMITTANC
ES FOR VISUAL,NEARMID AND F

AR IR WAVELENGTHS
1820 FOR I = 1 TO 4
1830 REM CALCULATE TRANSMITTANC

ES OWING TO ABSORPTION BY WA
TER VAPOR

1840 IF I < 4 THEN 1870

1850 T(I,1) = EXP ( - .0681 * Wi 130
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): GOTO 1890
1870 LO = B(I) * !SIR (WI PI) /

2:L1 = HO:L2 = LO:L3 = .5 *

(LI + L2):L4 = L2 - LI:L5 =

.2886751 * L4
1880 M2 = .5 * L4 * ( FN B(L3 + L

5) + FN B(L3 - L5)):T(I,I) =

2 / SOR (PI) *-M2:T(I,1) =

1 - T(I,1)

1890 REM CALCULATE TRANSMITTANC
E OWING TO ATTENUATION BY HA
ZE AND FOG

1900 IF P = 0 THEN 1920
1910 T(I,2) = 1: GOTO 2010
1920 IF VO > = G(I) THEN 1990
1940 Lr = H4:L1 = HO:L2 = LO:L3 =

.5 - (LI + L2):L4 = L2 - LI:

L5 = .288675 * L4
1950 T3 = .5 * L4 * ( FN C(L3

+ L5) + FN C(L3 - L5))
1955 T4 = EXP ( - H(I) * T3)
1970 LI = H4:L2 = H3"L3 = .5 * (L

1 + L2):L4 L2 - L1:L5 = .2
886751 * L4

1980 T5 = .5 * L4 * ( FN D(L3 + L
5) + FN D(L3 - L5)):T6 = EXP
( - .128 * T5):T(I,2) = T4 *

T6: GOTO 2010
1990 LO = H3:L1 = HO:L2 = LO:L3 =

.5 * (Li + L2):L4 = L2 - Li:
L5 = .2886741 * L4

2000 T7 = .5 * L4 * ( FN D(L3 + L
5) + FN D(L3 - L5)):T(I,2) =

EXP ( - H(I) * T7)
2010 REM CALCULATE TRANSMI TTANC

E OWING TO ATTENUATION BY PR
ECIPATION

2020 IF P = I THEN 2040
20:30 T(I,3) = 1: 13n-TO 2060
2040 IF VO 20 THEN 20:30
2050 T(I,3) = EXP ( - H3 * R(I))

2060 REM CALCULATE TRANSM I TTANC
E OWING TO ATTENUATION BY SM
OE

2070 T(I,4) = X(I) / (T(I,1) * T(
1,2) * T(I,3))

2080 IF T(I,4) = 1 THEN 2100
2090 T(I,4) = 1
2100 REM CALCULATE LINE OF SIGH

T INTEGRATED CONCENTRATION
2110 FOR K = I TO 2: READ D(K): NEXT

2120 IF T(1,4) I THEN 2140
2130 FOR J = 1 TO 2:C(I,J) = 0: NEXT

21:35 GOTO 2190
2140 FOR K = 1 TO 2
2150 IF D(K) :: --. ) THEN 2170
2160 C(I,K) = 0: GOTO 2180
2170 C(I,K) = LOG (T(1,4)) / -

D(K)
2180 NEXT K 131



219' NEXT I
2200 REM ATMOSPHERIC DIFFISION

CALCULAT IONS.
2210 FOR L = 1 TO 6: READ A(L): NEXT

2220 FOR I = 1 TO 6
2230 FOR J = 1 TO 3: READ S(I,.J)

NEXT

2240 NEXT I
2250 FOR I = 1 TO 6
2260 FOR J = I TO 3: READ ['5(l,J

): NEXT
2270 NEXT I
2280 READ H5(1,1),H5(1,2),H5(2,1

),H5(2,2)
2290 READ U(1,1),U(2,1),U(1,2),U

(2,2)
2300 Al = - 124 + 1.1.9, * ( LOG

(Y) / LOG (10)):Z = 10 "' Al
:A ABS* (A9 - DO0) *(PI /

180):R2 = SQR (13.69 / (13.
68 * SIN (A2) * SIN (A2) +
COS (A2) * COS (A2)))

2310 Y1 = 1.0952155 + .0290689
RO- .0)0049575 * RO * RO +
00000482 * RO * RO * RO:Y2 =
',4.364059144 + .060502571 * R
0 - .00115301 * RO * RO + .Q

000133942 * RO * RO * RO
2320 C2 = S(POI) + S(PO,2) * Z +

S(PO,3) * Z * Z:DI = D5(PO,I

) + D5(PO,2) * Z + D5(PO,3) *

Z * Z:D2 I / D1
2330 IF SO < 0 THEN 2350

2340 SO = 1
2350 S3 = .515 S o0
2360 FOR N = I TO 6: READ W(N): NEXT

2370 FOR I = I TO 4
2380 FOR K = 1 TO 2: REM CALCUL

ATE CROSSWWIND INTEGRATED CO
NCENTRATION FOR WP SMOKE

2390 IF (I <3) AND (PO > 4) THEN
2410

2400 S1 = U(K,1) + .74 * A(PO) *
1001 .9:$S2 = U(K,2) + .667 *
C2 * 100 ' DI:V(K) = W(PO) *

Y2 * H5(K,2) / (PI * $1 * S2

2410 REM MUNITION EXPENDITURES
(HC SMOKE)

2420 0(1) = .4:0(2) = .4: REM MU

NITION EFFICIENCIES
2430 REM SUSTAINING SHELL SPACI

NO FOR HI: SMOKE
2440 IF I > 2 THEN 2500

4 2450 IF C(I,1) < > 0 THEN 247C.
2460 Y(I,K) = 0: GOTO 2500
2470 Y(I,K) = 1 / R2 * (.731 * Q(

K) * Y1 * H5(K,1) / (C:2 * S3
* C(I,1))) " D2

2480 IF Y(I,K) < XO THEN 2500

* 2490 Y(I,K) = XO 132
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2500 NEXT K
2510 NEXT I
2520 FOR I = 1 TO 4
2530 FOR K = 1 TO 2
2540 IF I > 2 THEN 2740
2550 I(I,K) = S3 * 45: REM CALCU

LATE INITIAL SHELL SPACING F
OR H:: SMOKE

2560 IF Y(I,K) : 0 THEN 2580
2570 E(I,K) = I:F(I,K) = 1: GOTO

2670
2580 REM CALCULATE INITIAL VOLL

EY FOR HC SMOKE
2590 IF I(I,K) > Y(I,K) THEN 261

0
2600 OOTO 2615
2610 I(I,K) = Y(I,K)
2615 E(I,K) = XO / I(I,K):(.5 = INT

(E(I,K)):Q6 =E(I,K) - Q5

2620 IF 06 < .5 THEN 2640
2630 E(I,K) = Q5 + 1
2640 F(I,K) = XO / Y(IK): -J , = INT

(F(I,K)):06 = F(IK) - 05: REM
NUMBER OF GUNS FOR SUSTAINI

NO VOLLEYS
2650 IF 06 . .5 THEN 2670
2660 F(I,K) = 05 + 1
2670 RI = .5: REM RATE OF FIRE F

OR HC SMOKE
2680 IF C(I,1) < "> 0 THEN 2700
2690 RI = 0
2700 REM CALCULATE TOTAL NUMBER

OF ROUNDS REQUIRED (HC SMOK
E)

2710 J(I,K) = E(l,K) + (RI * T2 -
1) * F(I,K):Q5 = INT (J(I,K
)):Q6 = I(I,K) - 05

272o IF Q6 < .5 THEN 2740
2730 .(l,K) = 05 + 1
2740 IF (I <: 3) AND (PO :> 4) THEN

3070
2750 REM SHELL SPACING <L() &Z(

& VOLLEYS <G () &Q( )-WP SM
OKE

2760 IF C(I,2) > 0 THEN 2780
2770 Z(I,K) = 0:05(I,K) = O:Q9(I,

K) = 0: OOTO 2860
2780 IF I > 2 THEN 2820
2790 L(I,K) = V(K) / C(1,2) * 100

: IF L(I,K) < XO THEN 2810

2800 L(I,K) = XO:
2810 Z(I,K) = L(I,k),'O5(I,K) = X(')

/ Z(I,K): GOTO 2825
2820 05(I,K) = .6 * C(I,2) / V(K)

2825 .!5 = INT (05(I,Kf):.6 = 05(
I, K) - Q5

2826 IF 06 ..5 THEN 2840
28:30 05(I,K) = 05 + 1: '30To 2850
2840 05(I,K) = 05
2850 Q9 (I,K) = 05(I,K)
2860 REM RATE OF FIRE FOR WP SM

OKE 133



2870 IF C-(1, 2) . 0 THEN 2890
2880 R5(I,PK ) ' ITO 2980
2890 IF I > 2 THEN 2910
2900 R5(IK) = (Z(I,K) + 60) / S3

GOTO 2915

2910 R5(I,K) = 120 / S3
2915 R5(IK) = R5(I,K) / 20:R5 =

INT (R5(I,K)):R6 = R5(I,K) -
R5

2920 IF R6 < .5 THEN 2940
2930 R5 = R5 + I
2940 IF R5 < "> 0 THEN 2960
2950 R5 = 1
2960 R5(1,K) = R5 * 20 / 60:R5(I,

K) = I / R5(I,K)
2970 IF R5(I,K) < 1 THEN R5(I,K)

- 1

2980 REM CALCULATE TOTAL NUMBER
OF ROUNDS REQUIRED (WP SMOK

E)
2990 IF C(1,2) < :> 0 THEN 3010
3000 P5(I,K) = 0: GOTO 3310
3010 IF I > 2 THEN 3030
3020 P5(I,K) = (T2 * R5(I,K) - 1)

* 09(I,K) - 65(I,K): G0TO 3

040
3-030 P5(I,K) = 09(I,K) * (XO / 60

+ 1) * (T2 * R5(IK) - 1)
3040 Q5 = INT (P5(I,K)):Q6 = P5(

I,K) - 05
3050 IF 06 < .5 THEN 3300

3060 P5(I,K) = Q5 + 1: GOTO 3300
3r70 REM CALCULATIONS FOR WP SM

OKE E&F STABILITY CATEGORIES
(STABLE FLOW)

3c080 REM INITIAL SHELL SPACING
3090 IF (I = 1) AN' (K = 1) THEN

3120
3100 IF (I < 3) AND (K = 2) THEN

3120
3110 IF (I = 2) AND (K = 1) THEN

3i 30
3120 L(I,K) = 100: GOTO 3140
3130 L(I,K) = 50

3140 REM SU'STAINING SHELL SPACI
N G

:3150 IF (I = 1) AND (K = 1) THEN
3190

3160 IF (I = 2) AND (K = 2) THEN
3190

:?170 IF (I = 1) AND (K = 2) THEN
3200

3180 IF (I = 2) AND (K = 1) THEN
3210

3190 Z(I, Z) = 100: GOTO 3220
3200 Z(IK) = 200: c4OTO 3220

:3210 Z(I,K) = 50
3220 05(I,K) = XO / L(I.K) + 1: REM

INITIAL VOLLEY
-?230 '(I,K) = XO / Z(I,K) + 1: REM

SUSTAINING VOLLEY
3240 REM RATE OF FIRE

3250 IF K = 1 THEN 3270 134



3260 IF K = 2 THEN 3280
3270 R5(I,K) = 2: GOTO :329

3280 R5(I,K) = 1

3290 P5(I,K) = (T2 * R5(I,K) - 1)

* 09(I,K) + 05(I,K): REM T

OTAL NO. OF ROLINDS REQUIRED

3300 NEXT K

3310 NEXT I
3320 FOR I = 1 TO 4

3324 PRINT D$*"PR# 0"

3325 INPUT "PRESS 1 AND RETURN W

HEN READY FOR OUTPUT "; Xl

3326 IF XD < > 1 THEN 3325

3327 PRINT L'$ "PR# 4"

3330 PRINT : PRINT : PRINT : PRINT

: PRINT : PRINT PRINT

3340 READ A$

3345 PRINT TAB( 14)A$

3350 PRINT TAB( 25)"METERS MINU

TES"
3355 XO = INT (X0 + .5):T2 = INT

(T2 + .5)

3360 PRINT "SCREEN LENGTH/DURATI

ON: "XOso 11T2

3370 IF I > 2 THEN 3600

3380 PRINT TAB( 11)"HC SMOKE SC

REEN": PRINT TAB( 11)"105MM

HOWITZER"
:3390 PRINT "VOLLEY GUNS RATE

/ SPACING ROUNDS"

3400 E(I,1) = INT (E(I,1) + .5):

I(1,1) = INT (I(I,1) + .5)

3410 PRINT "INITIAL" TAB( 13)E(I

,1) TAB( 25)1(1,1)

3420 F(1,1) = INT (F(I,1) + .5):

RI = INT (R1 * 10 + .5) / 1
O:Y(I,I) = INT (Y(I,1) + .5

):,J(I,1) = INT (J(I,1) + .5
)

.'3430 PRINT "SUSTAINING" TAB( 13)

F(I,I) TAB( 18)R1 TAB( 25)Y(
I,1) TAB( 3:2)J(I,1)

3440 PRINT "VOLLEY GUNS RATE

/ SPACING ROUNDS": PRINT TAB(

17)"MIN METERS"

345' E(1,2) = INT (E(I,-'.) + .5):

1(1,2) = INT (1(1,2) + .5)

:460 PRINT "INITIAL" TAB( 13)E(I

,2) TAB( 25)1(1,2)
3470 F(I,2) = INT (F(I,2) + .5):

Y(I,2) = INT (Y(I,2) + .5):

J (1,2) = INT (J(I,2) + .5)

3480 PRINT "SUSTAINING" TAB( 13)

F(I,2) TAB( 18)R1 TAP( 25)Y(

1,2) TAB( 32)J(I,2)

3490 PRINT TAB( 11)"WP SMOKE SC

REEN": PRINT TAB( 11)"1(')5MM
HOWITZER": PRINT "VOLLEY

GUNS RATE! SPACING ROUNDS"
PRINT TAB( 17)"MIN METE

3:500 05(I,1) = INT (G(1,1) + .5

):L(I,I) = INT (L(I,I) + .5 135
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:"510 PRINT "INITIAL" TAB( 13)G5(
1,1) TAB( 25)L(I,I)

:3520 09(I,) = INT (09(l,I) + .5
):R5(I,!) = INT (R5(I,I) *
10 + .5) / 10:Z(1 1) = INT
(Z(I,1) + .5):PR(I,1) = INT

(P5(1,1) + .5)
3530 PRINT "SUSTAINING" TAB( 1:3)

' i.09(1,1) TAB( 18)R57(I,l) TAB(

25)Z(I,I) TAB( 32)P5(I,l)
:,540 PRINT "VOLLEY GUNS RATE

/ SPACING ROUNDS": PRINT TAB(
17)"MIN METERS"

:3550 05(1,2) = INT (G5(1,2) + .5
):L(I,2) = INT (L(I,2) + .5
)

:3560 PRINT "INITIAL" TAB( 13)i5(
1,2) TAB( 25)L(I,2)

3570 Q9(1,2) = INT (09(1,2) + .5
):R5(I,2) = INT (R5(1,2) *
10 + .5) / lO:Z(I,2) = INT

(Z(I,2) + .5):P5(1,2) = INT

(F'5(1,2) + .5)

3580 PRINT "SUSTAINING" TAB ( 13)
09(1,2) TAB( 1.8)R5(1,2) TAB(

25)Z(I,2) TAB( :32)P5(I,2)
359(0 IF I < 3 THEN 3650

3600 PRINT TAB( 11) "WP SMOKE SC
REEN": PRINT TAB( 6)"ROUNDS
/ RATE/ TOTAL": PRINT

TAB( 5)"60 METERS MINLITE
ROUNDS"

1361) 09(1,1) = INT (09(I,) + .5
):R5(I,I) = INT (R5(I,1) *
10 + .5) / 10:P5(I,i) = INT

(P5(I,I) + .5)
:1620 PRINT "105MM:" TAB( 10)0.9(I

,1) TAB( 18)R5(I,I) TAB( 27)

P5(I,1)
36.30 09(1,2) = INT (09(1,2) + .5

):R5(I-2) INT (R5(1,2) *

1 10 + .5) / I0:P5(1,2) = INT
(P5(1,2) + .5)

:3640 PRINT "155MM:" TAB( 1o)g9(I
,2) TAB( 18)R5(1,2) TAB( 27)

P5(1,2)
:3650 NEXT I
:660 PRINT : PRINT : PRINT : PRINT

: PRINT PRINT
!-:670 PRINT D$"PR# 0"
3680 PRINT "FINISHED"

3690 REM PASOUILL STABILITY CAT
EGORY DATA

370( DATA 1,1,2,3,4,6,6

3710 DATA 1,2,2,3,4,6,6
:3720 DATA 1,2,'3,4,4,5,6
37:30 DATA 2,2,3,4,4,5,6

3740 DATA 2,27.,4,4,4,5

3750 DATA 2,3, , 4, 4,4,5
:3760 DATA 3,3,4,4,4,4,5

3770 DATA 3,3,4,4,4,4,4 136
3780 DATA 3,4,4,4,4,4,4



3890 REM ABSORPTION COEFFICIENT
SCALE HEIGHT,& WAVELENGTH T

HRESHOLD
:3900 DATA C. 118, 26.7, C. 05
3910 DATA 0, 18,7.5,0.05
3920 DATA 0.55,5. 1,0.05
:39:30 DATA 0, 5,0(. 0)5
3940 REM EXTINCT ION COEFICIENTS

FOR HC AND WP
3950 DATA 3.372.46
3960 DATA 1.5,2
3970 DATA 0,0.25
3980 DATA 0,0.32
3990 REM DATA USED TO CALCULATE

SIGMA Y FOR CONTINUOLIS SOUR
CE

4000 DATA 0.4,0. :32,0. 22, 0. 144,0
.102,0.076

4010 REM DATA USED TO CALCULATE
SIGMA Z FOR CONTINUOUS SOUR

CE
4020 DATA .139085:3,. 01501728, -.

OC)0 10258
4030 DATA .12209764,. 0109704,-.

000068014
4040 DATA . 11010438,. 01096296,-

.00006734
4050 DATA .0'9764983,. 01041852,-

.00006835
4060 DATA .07077217,. 00727284, -

* 000045006
4070 DATA .05548709, . 00655:3:1, -.

00:)04018
4080 DATA .94481482,-. 0048519,.

000C) 0370:37
4090 DATA .89480359,-. (048395,.

0000:359 15
4100 DATA .8547923:7, -. 00I48272,

0000:3-47924
4110 DATA .81602694,-.0060741,.

000047138
4120 DATA .78602694, -. 00607407,

. (:)0047 1:38
41:0 DATA .72601571, -. 0060617,.

0000460157
4140 REM LINIT (PER GLIN) SOURCE

S TRENG THS
41r,) DATA 18.7,17:37.3,77.1,7076

.2

4153 REM WP VOL. OLIRCE SIGMAS
U(2,2) )

4157 DATA 5.4,7.9,1.8,2.6
4160 REM STABILITY CONSTANTS Fo

R WP SMOKE
4170 DATA 0.016,0.016,0.016,0.0

16, C). 016, 0. 016
4180 DATA "VISIBLE", "NEAR IR","

MID IR","FAR IR"
4190 END

1 137



APPENDIX M

KWIK ALGORITHM FOR VOLUME OF FIRE TABLES
GLOSSARY OF MNEMONICS (HPL/HP 9825A)

1. A Index for relative humidity indicator
2. B Index for 105- and 155-mm howitzer

indicator
3. C Visibility - miles
4. D Index for stability/windspeed indicator
5. E Dewpoint - degrees Fahrenheit
6. F Wind direction - degrees
7. G;V(6) Windspeed - meters per second
8. H Index for stability/windspeed

algorithms
9. 1 Index for wavelength algorithms

10. J Index for smoke algorithms
11. K Index for gun (105- or 155-mm howitzer)

al gori thns
12. L Index for smoke screen length

al gori thms
13. M Index for smoke screen duration

al gori thins
14. N Temperature - degrees Fahrenheit
15. P Initial volley for HC smoke
16. Q Relative humidity - percent
17. V Direction of line of sight - degrees
18. Z Roughness length - centimeters
19. r6 Angle of sight to target - degrees
20. r20 Slant range to target - kilometers
21. r21 Wavelength threshold level
22. A(7) HC smoke screen length - meters,
23. B(2,4) Table of transmittances resulting from

water vapor, haze/fog, precipitation
and smoke for visible, near, mid, and
far infrared wavelengths

24. C(4,2) Table of smoke concentration values for
HC and WP smoke for visible, near, mid,
and far infrared wavelengths

25. D(4) Absorption coefficient error function
26. E(4) Scale height for Mie scattering
27. F(4) Haze and fog attenuation coefficients
28. G(4) Precipitation attenuation coefficients
29. H(2,4) Table of extinction coefficients for

calculating HC and WP smoke concentra-
tions visible, near, mid, and far
infrared wavelengths

30. 1(6) Constant related to stability category
for WP smoke

31. J(6) Coefficients to compute sigma y
32. K(6,3),L(6,3) Coefficients of roughness correction

factor used in calculating sigma z for
the various roughness lengths

33. M(2) Yield factors for HC and WP

139



34. N(2) Crosswind integrated concentration for
WP smoke

35. 0(5) WP smoke screen length - meters
36. P(2,2,6,7,4) Total number of rounds required to

maintain HC and WP smoke screen
37. Q(6,4,2) Number of guns (105- and 155-mm

howitzer) for HC smoke for visible and
infrared wavelengths and all stability
categories

38. S(2,2) Unit (per gun) source strength
39. T(2) Munition efficiency for 105- and 155-mm

howitzer, for HC smoke
40. U(2,2) WP volume source sigmas for 105- and

155-mm howitzer
41. V(6);G Windspeed - meters per second
42. W(7,4) HC smoke screen duration - minutes
43. X(5,4) WP smoke screen duration - minutes
44. Y(6,4,2) Shell spacing for 105- and 155-mm

howitzer for HC smoke
45. Z(6,4,2) Shell spacing for 105- and 155-mm

howitzer for WP smoke
46. A$(112) Screen length identifier
47. B$(6) 105- and 155-mm howitzer indicator
48. C$(32) Wavelength indicator 9. D$(3)
Precipitation indicator
50. E$(4) HC or WP smoke indicator
51. G$(54) Stability/windspeed indicator
52. H$(81) Relative humidity indicator
53. 0$80 Smoke screen length indicator
54. W$(112) HC smoke screen duration indicator
55. X$(80) WP smoke screen duration indicator
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APPENDIX N

VOLUME OF FIRE TABLES
(IPL/HP9825A) ALGORITHM
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