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1.0      INTRODUCTION 

PCBOOM1 is a computer code which computes sonic booms from current 
U.S. military aircraft. It operates on an MS-DOS-based PC with 640K memory, a 
hard disk, math coprocessor, and graphics output device (screen and/or plotter). 
This report documents additions made to the program and represents a 
supplement to Reference 1.  The revised program is denoted PCBOOM2. 

The program computes sonic boom by two different methods. One is a 
partial implementation of Carlson's simplified method,2 which is suitable for 
steady flight. The other is a partial implementation of NOAA's TRAPS sonic boom 
code.3 That implementation of TRAPS had been modified to include the focal 
zone algorithms from Wyle Laboratories' FOBOOM code.4«5 The enhancements 
presented in this document deal with the TRAPS portion of the program, which is 

also referred to as the "Ray Trace" method. 

The following enhancements have been added to the ray tracing program: 

1. The user may specify any arbitrary atmospheric profile, including winds, 
or can default to the U.S. Standard Atmosphere without winds. 

2. Ground signatures of sonic booms are computed, and may be displayed 
in either graphical or tabular format. The original PCBOOM generated 
only peak levels. These were output graphically as "smear plots", as 

described in Reference 1. 

3. The energy spectral density and/or residual shock spectrum (see Sec- 
tion 2.3) may be computed and plotted or tabulated. If either of these 
spectral outputs is selected, then CSEL is computed from the spectrum. 
The quantity denoted CSEL in the existing PCBOOM output is actually 
Lpeak - 26 dB, an approximation which is valid for N-wave sonic booms. 

4. The user may specify the azimuthal (PHI) increments used by the 
program when computing boom across the carpet at each trajectory 

point. There are two parameters. One is the PHI increment to be used 
when generating the basic mesh across the carpet. PCBOOM had 
programmed values of 1 degree for flight altitudes above 15,000 feet, 
and 2 degrees below.    An increment of 5 to  10 degrees is generally 



adequate and greatly reduces running time. The second parameter Is a 
refined smaller Increment to be used when searching a focal zone. The 
original code used 1/10 of the basic PHI increment. The new program 
requests the actual smaller increment. 

5. As originally structured, when PCBOOM was run in the ray trace mode, 
the only output was the smear plots of peak pressure or CSEL, and data 
to generate these were not retained. All signature and ground ray data 
are now saved in permanent files. These files may be read and data 
plotted at any future time, without re-running the ray trace calculations. 

These files contain all data which would be necessary to generate 

contour plots, should that output form be required. 

6. Some PLOT88 calls in PCBOOM would generate PLOT88 errors 4 

and/or 5.  PCBOOM would preface these with a message telling the user 
to ignore them.    While this problem was primarily cosmetic, the 
messages could be confusing. A revised axis generation routine has been 
supplied which eliminates these occurrences. 

To accommodate these changes within a 640K memory limit, changes were 
made to the program structure. PCBOOM consisted of two modules, SPINONE 
and PCBM, controlled by batch file PCBOOM.BAT. PCBM has been divided into two 
sections, and a new program module SIGOUT (which generates signature and 
spectral output) was written. A new batch file PCBOOM2.BAT, which controls 
overall operation, has been prepared. The flow of control in PCBOOM2.BAT is now 
chained from SPINONE to PCBM2. Depending on the action chosen during 
PCBM2 (Carlson or ray trace), control will either return to SPINONE or will 
continue through new program PCSMEAR (the second part of old PCBM) on to 
new program SIGOUT. Except for the new features which are offered, the change 
is transparent to the user. 

Section 2 of this report represents the user's manual, and describes 
changes encountered by the user during the run stream. Section 3 contains 
programmer's reference and maintenance information. Described in that section 
are the changes made to PCBOOM and a complete description of the new 
program SIGOUT. 



2.0 USER'S  MANUAL 

2.1 Environment and Installation 

PCBOOM2 operates In the same environment as PCBOOM: an IBM PC or 
compatible (80286 or 80386 preferred) with 640K RAM, a math coprocessor, 
and a hard disk. The program is distributed on two floppy disks. Disk 1 contains 
all files necessary to run the program. Figure 1 is a list of files contained on 
Disk 1. (Files dated earlier than 31 October 1989 are taken unchanged from 
PCBOOM.) Disk 2 contains source code, and is described in Section 3. To install 

PCBOOM2, copy all programs on Disk 1 onto the desired subdirectory. 

2.2 Running PCBOOM2 

PCBOOM2 requires user interaction during input and output phases. Most 
user interaction during the input phase is identical to PCBOOM. Input differences 
are the added requests for atmospheric profile data and values of PHI increment 
and the caustic search refined split. These queries appear just after the 
announcement of estimated processing time. Figure 2 shows the screen after the 
queries appear. In this case, the standard atmosphere with no winds has been 
selected. A basic PHI increment of 10 degrees has been entered, with a focus 
search value of 0.25 degree. These values are boxed in. A good starting value for 
the basic PHI increment is 5 to 10 degrees. A good range for the focus search 

increment is 0.1 to 1.0 degree. 

Had a non-standard atmosphere been desired, the file names would be 
entered after the two requests shown in Figure 2. File names may be up to 
32 characters long, including path, extension, and punctuation. The files are 

identical in format to the RAOB and WINDS files required by the original TRAPS 
program.3 An excerpt from Reference 3 describing the format of these files is 

presented here as Appendix A. 

Following completion of the calculations (which will take some time*), the 
messages shown in Figure 3 will appear.    Several minutes (depending on the 

The time estimate seen in Figure 2 is not accurate.  The program does display 
status information from which progress can be tracked. 



Volume in drive A is PCBOOM2 RUN 
Directory of A:\ 

SPINONE EXE 167948 7-23-88 12: 54p 
PCBM2 EXE 286683 10-31-89 11: 59p 
PCSMEAR EXE 142655 10-31-89 11: 59p 
SIGOUT EXE 147799 10-31-89 11: 59p 
AIRCRAF1 :  DAT 883 3-15-88 12: 02p 
HEL.P1 DAT 983 2-26-88 10: 19a 
HELP10 DAT 1336 3-09-88 6: 37p 
HELP11 DAT 1547 3-31-88 11: 25a 
HELP12 DAT 636 3-09-88 6: 38p 
HELP13 DAT 1188 10-22-88 lO- 49p 
HELP14 DAT 610 5-02-88 ll: 43a 
HELP16 DAT 709 10-22-88 10: 50p 
HELP17 DAT 394 1-08-88 12- 46p 
HELP18 DAT 1034 10-24-88 4 12p 
HELP2 DAT 903 10-22-88 10- 42p 
HELP3 DAT 890 2-17-88 5 22p 
HEL.P4 DAT 607 2-17-88 7 41p 
HELP5 DAT 567 3-09-88 6 33p 
HELP6 DAT 752 10-22-88 10 43o 
HELP7 DAT 829 10-22-88 10 •46p 
HELP8 DAT 1283 2-20-88 1 •03p 
HELP9 DAT 1552 2-20-88 1 :05p 
HLP15A DAT 1185 5-18-88 4 33p 
HLPGS1 DAT 1241 3-03-88 3 :32p 
HLPGS2 DAT 1092 3-21-88 3 .08p 
HLPIOl DAT 798 10-24-88 4 :09p 
HLPI02 DAT 1424 10-24-88 4 :10p 
HLPI03 DAT 714 10-24-88 4 :10p 
PARAM DAT 88 5-11-88 3 :46p 
PCBM DAT 508 1-08-88 2 :44p 
PCBOOM DAT 815 10-25-89 1 :17a 
PCBOOM2 BAT 202 10-31-89 11 :59p 

32 File (s)    435200 bytes f: ree 

Figure 1.   Directory of PCBOOM2 Distribution Disk. 



WOULD YOU LIKE TO SEE AN EXAMPLE OF THE FLIGHT TRACK (Y/N)? : n 

1:50:26 

THIS FLIGHT TRACK IS MADE UP OF       18 POINTS 
IT WILL TAKE APP.      144 MINUTES TO COMPLETE 
(ADD 30 MINUTES FOR EVERY POINT WITH A FOCUS). 

Enter atmospheric data file name (ENTER alone for default std. atmos.) 

Enter wind profile data file name (ENTER alone for default no winds) 

Enter PHI increment for ray tracing (ENTER alone for default 5 degrees) 

©ter PHI increment for focus search (ENTER alone for default 0.2) 

.25 

Figure 2.   Atmospheric Data File and PHI Entry Screen. 



Opening PCBOOM.dat 
Reading from KEEPRAY. 
Do you want the smear plot? 

Figure 3.   Initial Display in PCSMEAR. 



particular case) will elapse between the "reading KEEPRAY" message and the "Do 
you want a smear plot?" prompt. This is the beginning of the output phase. If a 
"yes" response is entered, then smear plots identical to PCBOOM's will 

be generated. 

Following the smear plots, the program will generate a ray/signature file 
KEEP.BIN and a companion index file INDX.BIN, then enter the new signature 

output module SIGOUT. Since this module may be entered either as part of a 
PCBOOM2 run stream or independently, it is described in the next subsection. 

2.3      SIGOUT 

2.3.1   Overview and Capabilities 

SIGOUT is a signature and spectrum processing module for PCBOOM2. It 
generates three types of plots: signature, spectrum, and-residual shock spectrum. 
Examples are given in Figures 4, 5, and 6. The data contained in these plots may 

also be output in tabular format to a file or the printer. 

Signature plots, shown in Figure 4, give the waveform pressure versus time. 
The plot contains various annotation. The top line is a heading similar to that 
appearing on the smear plots. The second line gives information about the origin 
and type of ray. The first item, ray number, is a sequential number by which the 
ray is referenced. (An index, described later, is generated by SIGOUT.) This is 

followed by the aircraft time and the azimuthal angle PHI. Rtype, the type of ray, 
is then shown. This is a two-digit number. The first digit may be 1, 2, or 3, 

representing the following types of boom: 

1 - Carpet boom (normal N-wave) 
2 - Focus boom (U-wave calculated by FOBOOM algorithms) 
3 - Post-focus boom (U-wave via TRAPS Hubert transform) 

The type of boom is also indicated in parentheses at the end of the line. 

Caution must be taken when interpreting post-focus booms. The use of the 
Hubert transform was included in TRAPS as an approximate method of accounting 
for attenuation in the caustic passage associated with over-the-top secondary 
booms. Reference 3 contains specific warnings that it is probably not valid this 

close to a focus. 



F-15  1 LVL TURN-NOnUCEL ! 10/25/1989 ! 02:08:22 
Ray    22U,  Tac =    11.  sec. Phi = -69.33 deg, Hl:ype - 23        (Focus: 
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Figure 4.   Typical Signature Plot. 
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Figure 5.   Typical Spectrum Plot. 
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T-15      !  LVL TURN-NOrCCEL !   10/25/1989 !   02:Ü8:£: 
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Figure 6.   Typical Residual Shock Spectrum Plot. 
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The second digit of Rtype may also be 1, 2, or 3, representing when that 

signature was computed: 

1 - During carpet boom analysis 
2 - While searching a caustic region for focus 

3 - At or adjacent to a focus 

The third line of annotation gives the maximum and minimum pressure, 

and the time and location of the boom impinging on the ground. 

Spectrum plots, as shown in Figure 5, give the energy spectral density of 
the boom. The same three lines of annotation appear at the top. The peak level 

(in dB re 20 microPascals) and CSEL are also shown within the figure. 

The residual shock spectrum is defined as:6-7 

S(f)~=  27rf   lF(f)l (1) 

where   F(fJ =   Fourier spectrum of impulsive load 

f      =   frequency, Hz 

This quantity is used in the evaluation of the response of structures to an impulse. 
Figure 6 is an example of a residual shock spectrum generated by SIGOUT. 

Another key output of SIGOUT is an index of rays. Figure 7 is an example. 
All rays and their corresponding signatures are stored sequentially in file 
KEEP.BIN. The order of storage at a given aircraft time is the carpet calculations 
(Rtype 11 and 31), then rays computed during a caustic search. The index table 
identifies, at each aircraft time, the ray number range associated with carpet 
booms (first set of columns) and which are associated with the caustic search 
(second set of columns). The corresponding PHI values associated with these 
limiting ray index numbers are also shown. Shown in the last column are the 
indices and PHI values of all focus (Rtype 23) booms. This index, together with 

the smear plots, very efficiently identifies rays of interest. 

11 



1 Carpet Booms 
Time | Ray Phi to Ray Phi 

.0 1 -72.27 19 72.27 
1.0 20 -72.27 38 72.27 
2.0 39 -72.27 57 72.27 
3.0 58 -72.27 76 72.27 
4.0 77 -72.27 94 72.27 
5.0 95 -72.27 113 72.27 
6.0 114 -72.27 131 72.27 
7.0 132 -72.27 149 72.27 
8.0 150 -72.27 167 72.27 
9.0 168 -72.27 185 72.27 

10.0 188 -72.27 205 72.27 
11.0 206 -72.27 223 72.27 

12.0 226 -72.27 243 72.27 
13.0 244 -72.27 261 72.27 

14.0 264 -72.27 281 72.27 
15.0 282 -72.27 300 72.27 
16.0 301 -72.27 319 72.27 
17.0 320 -72.27 338 72.27 

10/25/1989   !   00:16:31 
Caustic  Booms 

Ray       Phi     to  Ray       Phi 
Focus   Booms 

Ray       Phi 

186  -69.32 187   -69.82 

224   -69.33 225   -69.83 

262   -69.34 263   -69.84 

186  -72.27 

224   -72.27 

262   -72.27 

Figure 7.    Typical Index Table. 
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2.3.2   Running SIGOUT 

When SIGOUT runs as part of the PCBOOM2 stream, it will read the data it 

requires from files KEEP.BIN. INDX.BIN. and PCBOOM.DAT, and will show the 
message shown in Figure 8. If nothing is entered, the program will proceed with 
those data. If a name is entered, the program will "archive" the data set, 
renaming the two ..BIN files into name.SIG and name.IND. A new file, name.TIT, 
will also be generated storing the top title line used on the plots plus information 
about plot output devices. The name must be a valid file name (no extension) of up 
to 8 characters. A path may be included, with the total length (path, \s, and 
name) up to 20 characters. In this case, the name MELMAC has been entered, 
(boxed in the figure) resulting in archival files MELMAC.SIG, MELMAC.IND, and 
MELMAC.TIT. MELMAC.SIG is the renamed version of KEEP.BIN, holding the ray 
trace data and signatures. MELMAC.IND is the index file formerly called INDX.BIN. 

Following archive option selection, the output device menu shown in 
Figure 9 will appear. The selections made here will be archived on the name.TIT 

file as permanent defaults. 

If SIGOUT is run self-standing, an archive file name may be included in the 
command line, as described in Figure 8. In that case, the screens shown in 
Figures 8 and 9 will not appear. The program will commence from the following 

point, which follows after the device selection screen in the no-name case. 

SIGOUT will display the number of ray/signature points in the data set, and 
will offer to show the index (Figure 7) on the screen or print it. No-index or quit 

options are also offered. 

Following the index, the program will enter a cycle of requesting a ray 
number, asking which type of plot is desired, and to which plot device it should 
go. Choices are controlled by pressing function keys defined on the screen. In 
general, "ENTER" is also an option which backs up to the previous level. Pressing 
ENTER in response to a request for a ray number counts as 0, and backs up to the 

Index-or-Quit screen. 

When the output device selection is made, F9 selects the screen and F10 
selects the hard copy plot device. Holding the shift key while pressing F9 or F10 
will cause the plot to be generated, then the program will offer to send a table of 

13 



Default PCBOOM output data set being processed.  You may archive this set 
for future access.  For SIGOUT to process an archived set, include its 
name on the command line, e.g., SIGOUT MYBOOM, when starting the program. 

Enter the name (up to 8 characters, no extension) under which to archive 
this data set.  Files name.TIT, name.IND, and name.SIG will be created 
(RETURN alone to not archive it.) 

IMELMACI 

Figure 8. Archive Query Screen in SIGOUT. 

1* 



the data just plotted to either a file or a printer. (A cancel option is included.) 
When the table option is taken for either type of spectrum, the table includes both 
spectra. Table printing goes to the default print device PRN. Other devices 
(e.g., a printer on LPT2) can be accessed by entering their name as if they 

were files. 

The plot output device selection menu includes an option (F5) which 

presents a menu similar to Figure 9. Choices made at that point will remain in 

effect during the current run of the program, but will not be saved. 

After a ray number is selected, the program will display a table of all 
signature values. Figure 10 shows an example table. The data are arranged in four 
pairs of columns, and heading information appears at the top. The "what to plot" 
choice appears at the bottom. There is no automatic provision to keep the top 
from scrolling off the screen if there are many points, but the keyboard PAUSE 

key remains active for manual pausing. 

15 



Default PCBOOM output data set being processed. Jou »ay archive this set 
f.r future access.  For SIGOUT to process an archived set, mcluue its 
name on the command line, e.g., SIGOUT MYBOOM, when starting the program. 

Enter the name (up to 8 characters, no extension) under which to archive 
this data se?.  Files name.TIT, name.IND, and name.SIG will be created. 
(RETURN alone to not archive it.) 
MELMAC 

Screen and Plotter devices must be selected: 

1. EGA Screen 6. HP 7475A (LPT2:) 
2. CGA Screen 7. HP Laserjet 
3. Hercules Screen 8. Epson FX-80, etc. 
4. HP 7470A 9. Epson LQ-1500, etc. 
5* HP 7475A    10. Device selected in main menus 
(Device 10 has IOPORT = 0, MODEL = 41, Scale factor - 1.00) 

Enter choices for Screen and Plotter.  Defaults are 1 and 10. 
(RETURN alone to accept defaults.) 

Figure 9.    Default Plot Device Selection in SIGOUT. 
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Ray     200     Generated at  Time  =     10.   seconds.        Phi  =     40.00  degrees 
Ground intercept  at X  and Y =         25.02            3.54  kft, Time  =       24.08  sec 
Peak pressure  =     5.39  psf,        Ray  type  11   (Carpet boom) NPTS  =  39 

msec           psf msec           psf              msec           psf msec           psf 

.00           .00 105.30        3.10             131.60           .00 157.90     -3.10 
85.80           .00 107.90        2.79             134.20        -.31 160.50 • -3.41 
85.80        5.39 110.50        2.48             136.90        -.62 163.20     -3.72 
86.80        5.28 113.20        2.17             139.50        -.93 165.80     -4.03 
89.50        4.97 115.80        1.86             142.10     -1.24 168.40     -4.35 
92.10        4.66 118.40        1.55             144.70     -1.55 171.10     -4.66 
94.70        4.35 121.10        1.24             147.40     -1.86 173.70     -4.97 
97.40        4.03 123.70           .93             150.00     -2.17 176.30     -5.28 

100.00        3J72 126.30           .62             152.60     -2.48 177.30     -5.39 
102.60        3.41 129.00           .31             155.30     -2.79 .00           .00 

ENTER:   another  ray F8:   spectrum    F9:   residual  shock spectrum     F10:   signature 

Figure 10.   Typical Screen Tabulation of Signature in SIGOUT. 
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3.0      PROGRAMMER'S REFERENCE 

ai     Modifications to PCBOOM 

3.1.1 Atmospheric Inputs 

The ability to read atmospheric data represents restoration of a capability 
from the original TRAPS program.* Subroutine OPENUP and LJUST were 
replaced in their original positions. Subroutines PTHDIN and WINDIN were 
restored to their original form. OPENUP was modified to deal only with the 
atmospheric files, requesting their names from the user. The prompts for the 
PHI increments (described below) were included in OPENUP. 

3.1.2  User-Specified PHI   Increment 

The value of the PHI increment is set in subroutine SCREEN, which 
generates a table ANG of azimuthal angles at which to compute the boom. In 
PCBOOM. SCREEN would select the PHI increment based on flight altitude. This 
has been modified to use the value input by the user. 

SCREEN would generate the table of ANG by taking for the first value the 
negative cutoff limit plus 0.1 degree, then for the second the cutoff limit rounded 
to the next higher degree toward zero. Subsequent angles would be at PHI 
increment values above this. The scheme had two problems. First, the positive 
cutoff limit would not necessarily be included; the routine did not finish with two 
positive angles corresponding to the initial two. Second, 4> = 0 would not 

necessarily be included in the mesh. 

The program was modified so that the regularly spaced mesh would be 
centered on 0 degree, and each end would include the cutoff angle (adjusted 
1 degree toward zero) and the nearest whole degree, rounded toward zero. 

The authors would like to thank Dr. Albion Taylor for providing a copy of the 
latest PC version of TRAPS, from which the required code was copied. 
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Subroutine GETDLT was modified to supply the user-entered value, rather 
than divide the current increment by 10. These parameters are passed from 
OPENUP to SCREEN and GETDLT via COMMON /AZMINC/ . These three routines 

have been grouped into source file MODSUB. 

3.1.3 Forus Signatures 

The current version of subroutine FOCALP was installed. The scaling of the 
boom signature entering FOCALP was adjusted to correspond to that required by 
FOCALP. It was assumed that the location of this signature relative to the focus, 

and the ray/caustic curvature value, were correctly calculated. 

3.1.4 Signature Output 

-3.1.4.1     Retrieval and Output of Signatures 

PCBOOM calculated signatures at the ground intercept of each ray. Once 
signatures were calculated, only the peak pressure (or CSEL, calculated from the 
formula CSEL = 101.6 + 20 logio Ppk/psf. regardless of signature type) was 

retained. The signature itself tended to be abandoned. Part of the signature 
output modification consisted of finding where in the code the signatures were, 
determining (and correcting, as necessary) their scaling status, and communi- 

cating them to a master file. 

All pertinent ray information and boom signatures were written to a master 
file KEEPRAY. This file is opened on Unit 20 and is patterned after existing 
scratch file CLIBRY, but with signatures added. KEEPRAY is written by a modified 
version of subroutine STORE. Signatures are communicated to STORE via 
COMMON /PX/ . This block has been installed in subroutines EXTRPR, FOCAL, 
FOCMAP, RBRAYS, RTRACE, SIGNUP, SIGPRT. and STORE. The COMMON 
contains variable IFLAG (identified as Rtype in SIGOUT output), which has now 
been deleted from STORE'S argument list. This affects calls from RTRACE, 

EXTRPR, RBRAYS, and STORE. 

Subroutine RBRAYS has been substantially modified so that the signatures 

are properly indexed when caustic rays are sorted. 
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3.1.4.2     Structure of KEEPRAY 

This file stores all results from the TRAPS portion of PCBOOM2. Figure 11 
Is an excerpt from the top, showing the heading and records from three rays, 
with their signatures. 

The first line holds four integer counters: 

NREC   = number of records (lines) In file KEEPRAY 
NSETS = number of ground intercept and signature data sets 
OPREC = starting record number of caustic overpressures 
NFP      = number of flight track points 

The second line holds a text description of the flight case. The data sets 

start on the third line and continue up to the line indicated by OPREC. A single 
data set consists of one record, or line, of ground intercept data (13 items) 
followed by äs many lines as necessary to list the element pairs of the 
signature arrays. 

The ground intercept line includes: 

IFLAG = ray type code: 
11 - carpet boom 
12 - pre-focus boom processed by FOCMAP 
13 - pre-focus boom processed by FOCAL 
23 - focus boom processed by FOCAL 
32 - post-focus boom processed by FOCMAP 
33 - post-focus boom processed by FOCAL 

TO = time in seconds; flight track point minus 1 
XD = x-coordinate of aircraft 

YO = y-coordinate of aircraft 
ZO = aircraft altitude 

TG = time, in milliseconds, of ray propagation to ground 
XG = x-coordinate of ground intercept 
TO = y-coordinate of ground intercept 
PHI = azlmuthal angle of ray 
P = pressure at ground 
CSEL = C-weighted Sound Exposure Level 
M = Mach number 

NPTS = number of points (elements) in signature array 
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Figure 11.    Excerpt From Top of KEEPRAY. 
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The signature data consists of pairs of time and pressure values. A 
signature data line starts with an integer telling the index of the first pair on that 
line. So, a leading 16 on a line indicates that the next item is the sixteenth 
element pair in the signature array.   Then five element pairs are given in the 
order     time (i),   pressure (i),   time (i+1),   pressure (i+1)      time (i+4), 
pressure (i+4).  If NPTS is not an even multiple of 5, the last line is padded with 
zeroes to finish it out. 

3.1.4.3 Split of PCBM 

Module PCBM contained the Carlson model, the ray tracing model, and the 
smear plot routine. To accommodate the enhancements, the smear plot routine 

for ray trace cases has been placed in a separate program. This was a natural 

place to split the program, since data required for the smear plots were stored in 
-scratch file CLEBRY which was read in at this point. File KEEPRAY contains all 
data necessary for the smear plots (including all CLIBRY data), as well as signa- 
ture analysis. 

The modified main program is denoted PCBM2. At the point where 
subroutine SMEAR_PLOT would be called following TRAPS calculation, PCBM2 
terminates. The batch stream carries it into PCSMEAR, which is described in 
Section 3.1.5. When PCBM2 reaches the normal Carlson termination, it ends with 

a return code of 3, which signals the batch stream to return control to input 
menu module SPINONE. Smear plots for the Carlson case are still generated 
within PCBM2. 

3.1.4.4 Axis Generation 

PLOT88 axis generation and labeling routines will, in some cases, auto- 
matically scale tic labels and append a 10n annotation to the axis label. To avoid 
the 1011 appearing on the right and top axes, PCBOOM would write a long blank 
string as the label, forcing the 10n (if any) off the page. This resulted in messages 
regarding PLOT88 errors 4 and 5. 

An axis-generating routine WYLEAX, which does not scale tic labels, has 
been supplied. This replaces calls to PLOT88 routines STAXIS and AXIS, as 
appropriate.   These calls are located in modules 101 and 102, which have been 
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renamed I01W and I02W, respectively.    All associated messages have been 

deleted. Routine WYLEAX is supplied as object module WYLEAXIS.OBJ. 

3.1.5  PCSMEAR 

Program PCSMEAR effectively replaces the last portion of PCBM. It reads 

file PCBOOM.DAT (SPINONE output) exactly as does PCBM2. It then reads 
KEEPRAY via new subroutine RD_20. RD_20 performs the same actions on 
KEEPRAY as RD_CLIBRY did on CLIBRY. Additionally, it reads the signatures and 

writes all data out in binary form to file KEEP.BIN, with index file INDX.BIN. 

Following RD.20, the program calls SMEAR.PLT. That routine is 

unchanged. Generating the smear plot is optional, as described in Section 2. If 
the option is declined and it is later desired to generate smear plots, PCSMEAR 
can be run by itself provided files PCBOOM.DAT and KEEPRAY have not been 

overwritten by subsequent runs. 

When PCSMEAR ends, the batch stream runs program SIGOUT, described 

in Section 3.2. 

3.1.6  Miscellaneous Changes to PCBM Source Code 

While modifying PCBM to enhance the ray tracing, data storage, and 
spectrum plotting capabilities, mionor changes were introduced. Program 
modules and segments of code which had been commented out or orphaned were 
removed, this was done to reduce program size and improve running efficiency. 

These changes are documented by comments within the code. 

3.2      SIGOUT 

3.2.1   Structure and Subroutines 

Figure 12 is a subroutine hierarchy chart for SIGOUT. Not shown are calls 
to SPINDRIFT or PLOT88 library routines. The main program module SIGOUT 
controls most of the user interaction.   The role of each subroutine is described 
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below, in alphabetical order.  Detailed documentation for each routine is contained 

within the source code. 

3.2.1.1 ACWT 

This routine provides the value of C-weighting, as a ratio, for a given input 
frequency. It is taken directly from MDBOOM.8 a version of FOBOOM prepared 

for McDonnell Douglas Corporation. 

3.2.1.2 BLOCK DATA 

This routine contains default values of various data items. The text and 
parameters for the plot output devices are contained here. 

3.2.1.3 FFT 

This routine performs a complex fast Fourier transform, using the Cooley- 
Tukey algorithm.  This routine was taken from MDBOOM. 

3.2.1.4 GETFIL 

For a given ray index number, this routine reads the corresponding records 
from KEEP>BIN and passes them back via a COMMON block. 

3.2.1.5 LOUDNS 

This routine controls calculation of spectra. For a given signature, it obtains 
a line power spectrum from SPECT1. It normalizes this to energy spectral 
density. The residual shock spectrum is also prepared, and CSEL is computed 
from the energy spectrum.  This is a modified version of an MDBOOM module. 

3.2.1.6 PCBTIT 

This routine controls the startup phase of the program. The interaction 
illustrated in Figures 8 and 9 is generated here. The action SIGOUT takes is 
determined by whether or not there is a name included on the command line 

calling it. 
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SIGOUT PCBTIT 

PRTIND 

TIMPLT TICLAB 

GETFIL 

LOUDNS SPECT1 FFT 

ACWT 

SPEPLT 

BLOCK DATA 

Figure 12.   SIGOUT Subroutine Hierarchy Chart. 
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3.2.1.7 PRTIND 

This routine generates the index table shown in Figure 7. 

3.2.1.8 SPECT1 

This routine, taken from MDBOOM, obtains the energy spectrum of a signa- 

ture. The signature is redistributed onto a regular mesh with a power-of-2 length, 

as required by FFT. The program is set for a 2 kHz bandwidth, and current 

dimensions will accommodate up to a 2-second signature length. The Fourier 

transform obtained from FFT is converted to an energy spectrum. 

3.2.1.9 SPEPLT 

This routine generates the spectrum and residual shock spectrum plots, as 

illustrated in Figures 5 and 6. 

3.2.1.10 TIMPLT 

This routine generates the signature plots, as illustrated in Figure 4. 

3.2.1.11 WYLEAX fx. v. ctext. nchar. axlen. anfte. first, delta, annhgt. tihgt. 
ticlng. ndeca) 

This FORTRAN-callable routine generates annotated axes, as described in 

Section 3.1.4.4. The arguments are presented here because source code is not 

available. The arguments correspond to all of those required by PLOT88 routine 

AXIS, followed by all (except exphgt) required by STAXIS. Definitions are 

contained in the PLOT88 manual, and the effect (except for the absence of 

scaling) is exactly as if STAXIS and AXIS were called. This routine is also used in 

PCBM2 and PCSMEAR 

3.2.2  SIGOUT Maintenance 

There are two potential maintenance items. One is the choice of plot 

devices. The menu is limited, specifically because it reads the selection made in 

SPINONE from unlimited choices. The default parameters and text are defined in 

BLOCK DATA. 
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The second potential maintenance item is if spectra are required for 
signatures longer than 2 seconds or for frequencies above 2 kHz. Dimensions and 
parameters in LOUDNS and SPECT1 would have to be adjusted accordingly. Note 
that aircraft available in the program are not expected to generate signatures as 
long as 2 seconds. Also, given the zero thickness shock structure generated by 

this program, spectra even at 2 kHz are probably not realistic. 

3.3     Software Compilation and linking 

Distribution Disk 2 contains all sources (except WYLEAX) required to build 
programs PCBM2, PCSMEAR and SIGOUT. Routine WYLEAX is supplied in 
compiled form as WYLEAXIS.OBJ. Module SPINONE is taken directly from the 
original PCBOOM; consult Reference 1 if it is necessary to rebuild that. 

All compilation and Unking is performed with Microsoft FORTRAN Ver- 
sion 4.01.  In general, source modules should be compiled by the command: 

FL /Gt /c /4Yb nameibr 

PCBM2 may not fit into 640K if compiled this way. For PCBM2 source modules, 
the /4Yb switch (which enables error trace-back) should not be used. Depending 
on exact memory available, it may be necessary to optimize for size via the /Os 

switch.  The command for minimum size is: 

FL /Gt /c /Os name.for 

Program modules PCSMEAR and SIGOUT do not have this size problem. 

The /Gt switch is necessary: the link step may fail if it is not included. 

Directory LINKBATS on Disk 2 contains batch files which control the 
Unking of PCBM2, PCSMEAR, and SIGOUT. AU three programs require the 
PLOT88 library. Program SIGOUT requires the SPINDRIFT Ubrary. The batch 
files assume that these Ubraries are located in the default LIB subdirectory 

assigned to FORTRAN. 
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APPENDIX A 

RAOB and WINDS File Descriptors 
From TRAPS Documentation 

Al 
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RAOB File - Pressure/Temperature/Heiqht Profile 

At many points in the program, values are requi 
temperature, pressure and density at various heights, as 
their first and second derivatives with respect to height 
information is provided through a hydrostaticallv consistent 
interpolation within an internal table. The information 
table is supplied from the U. S. Standard Atmosphere Tabl 
([COESA:1976] , referred to below as SAT76), or from user- 
data, or both, and is controlled by the data set linked to 
unit 10. On IBM 360/370 computer systems using OS, this is 
set defined by DDNAME FT10F001. 

red for 
well as 

This 
form of 
in this 

e,  1976 
supplied 
FORTRAN 
the data 

If this data set is empty or if the first card contains the 
keyword "STANDARD" in columns 1-8, then the SAT76 table will be 
used. Otherwise,       the    user may    provide    data    from    rawinsonde 
observations  or  from rocketsondes  using the format  in Figure B.l: 

+ _- + 

Figure B.l 
Data Format for RAOB File 

card 1 

card 2 

card3- 
cardnn 

up to 72 characters for title 

pressure 
unit 

temperature 
unit 

temperature 
unit 

altitude 
unit 

<pressure>  temperature <dewpoint>   <height> 
<values>    values    <values>   <values> 

<END>   1           1           1           | 

+   + 
Note: the brackets <> denote fields which are optional (see below). 

The keyword parameters for units in card 2 may be selected from 
Table B.l. if omitted (blank), default units will be assumed as 
follows: 

unless  specified 

Pressure MB 
Height Geopotential Meters 

(Heights  assumed Geopotential 
Geometric) 

Temperature/Dewpoint if a unit is provided for only one 
of these,  the same unit will  also be used for the 
other.    If both are missing,  Celsius will be 
assumed. 

Numeric data from the rawinsonde or rocketsonde observations must 
be entered according to the following rules: 

(1) Data must be entered in increasing order of altitude. 
(2) At all  levels,  temperature must be  supplied,  and 

B-4 
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h + 
Figure B.2 

Example of data for RAOB File 

h + 
FEB 11,1979 RAOB JFK-CHH-KWAL COMBINED 0000Z, 

MB C C GPM 
1022. -9.5 -20. 5 8. 
1000. -11.1 -20. 1 
850. -23.1 -24, 6 
718. -31.5 -36, 2 
700. -30.3 -36. .3 
540. -27.7 -43. .7 
500. -31.5 -45. .5 
433. -39.3 -51 .3 
400. -41.3 
300. -48.5 
250. -48.3 
200. -45.3 
175. -43.3 
150. -46.9 
135. -46.3 
100. -54.5 
80. -50.1 
70. -54.1 18250. 
50. -53.7 20410 
30. -52.3 23710. 
20. -50.3 26340. 
15. -46.3 
5. -42.7 35555. 
2. -30.6 41695. 
1. -20.2 47025. 
.4 -18.3 

-14. 
-7. 
-18. 
-20. 
-22. 

53690. 
55511. 
57476. 
59439. 
61401. 
63362. 

END 
COMMENT — SAMPLE OF RAOB DATA 

either pressure or height.  Dewpoint is optional, but 
should be entered if available. 

(3) For at least one level, both pressure and height must 
be supplied. 

(4) The input reader will not read beyond the optional 
end statement; subsequent cards may be used for 
documentation if desired. 

(5) There is an upper limit of 79 levels allowed for RAOB 
input. 

(6) Dewpoint must never be greater than Temperature. 

B-5 
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The above rules are designed to follow as closely as possible the 
nature of actual measurements made in practice. For radiosondes, 
these are pressure, temperature, and dewpoint; height is not 
measured but separately calculated. By contrast, rocketsondes 
normally report only height and temperature. One of each type of 
sounding may be combined to form a single data set, using pressures 
from one and heights from the other. 

Action taken by Input Reader Routine 

.* The input reader routine handles the data in essentially the 
same way that a RAOB is "worked up". First, a virtual temperature 
is calculated from the temperature and dewpoint information at each 
level. This is the temperature at which dry air would have the same 
pressure-density dependence as the actual air. Starting from the 
lowest level at which both temperature and pressure are provided, 
the routine proceeds to calculate heights of adjacent levels where 
pressures are known, or pressures of those levels where only heights 
were given. Except for the starting level, if both pressure and 
height are given for a level, the height is ignored but will be 
printed out with the calculated height for purposes of comparison. 
When differences of more than 100 meters are found, the input data 
should be rechecked. 

If all dewpoints are missing at and above a certain level, then 
the air will be considered dry at and above that level. Otherwise, 
if there are dewpoints supplied above and below but not at a given 
level, dewpoint information will be interpolated. If there is 
dewpoint information above but not below or at a given level, the 
lowest available dewpoint will be used. 

For altitudes above those for which the user has supplied data, 
heights and temperatures will be provided from SAT76. Pressures are 
then calculated from the nearest user-supplied datum level in the 
same manner as if these were user-supplied height/temperature data. 
The top limit to this interpolated data is 130,247 gpm. Instead of 
switching to a smooth profile above 86km as in SAT76, we continue to 
apply the conventions in force at lower altitudes; namely, linear 
temperature dependence on geopotential height within each layer. We 
have approximated the curved profile above 86km in SAT76 by a 
sequence of closely spaced height/temperature values. 

Below the user supplied data, we have inserted an extra pressure- 
temperature point from SAT76, corresponding to the entry at 5000gpm 
below sea level. This will provide automatic interpolation below 
the user-supplied data if needed. 

There is a slight difference in that we use an interpolation 
algorithm for temperature which is linear with geopotential height 
rather than pressure. Although this agrees with SAT76, it is not 
general practice. usually data points are chosen so closely that 
the difference is small. 

B-6 
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WINDS File - Height/Direction/Speed Profile 

Wind speeds and their derivatives with respect' to height have a 
considerable effect on the ray trajectories and the resulting 
overpressures. Although winds are usually determined on the same 
balloon flights as the information given in the RAOB section, they 
are not generally reported at the same levels or in the same terms. 
Accordingly, the wind data, if any, will be supplied by the user on 
a separate data set linked to FORTRAN unit 15. On IBM 360/370 
computer systems using OS, this is the data set defined by DDNAME 
FT15F001. 

If this data set is empty or if the first card contains the 
keyword "NOWINDS" in columns 1-8, then the air will be assumed to be 
calm; a wind speed of zero will be used throughout. Otherwise, the 
user may provide data from rawinsonde observations or from 
rocketsondes using the format in Figure B.3: 

Figure B.3 
Data Format for WINDS File 

card 1 |   up to 72 characters for title 
+ + + +- 

card 2 

-+ 

I 
-+ 

height 
unit 

card3- 
cardnn 

DEG speed 
unit 

height 
values 

direction 
values 

speed 
values 

<END> 1 

Note: the brackets <> denote fields which are optional. 

The keyword parameters for units in card 2 may be selected from 
Table B.l. If omitted (blank), default units will be assumed as 
follows: 

Height — Geopotential Meters 
(Heights assumed Geopotential  unless  specified 
Geometric) 

Direction — Degrees 
(Note- units keyword will be ignored since the only 
unit allowed is degrees from which the wind is 
blowing). 

Speed — Knots 

The following rules hold for numeric data entry in this data set: 
(1) Data must be entered in increasing order of altitude. 
(2) Missing data will be assumed  to be zero.   Thus, 

Height data should never be missing. 
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T 

Figure B.4 

■f 

Example of" data for WINDS File 
t 

1 

WINDS JFK-CHH-KWAL COMBINED 0000Zf FEB 11, 1979 | 

GMM     DEGREES  KNOTS 
8.      310.    15. , 

119.    305.    22. 
1219.   305.    30. 1 

2439.   320.    43. j 

4881.   285.    94. 
5796.   285.    106. j 

7018.   275.    79. 1 
1 

10380.  275.    73. 1 
13277.  270.    56. I 

j 

14970.  285.    37. ! 
1 

15981.  265.    37. j 

20410.  290.    8. 
22000.  230.    2. i 

t 

23710.  080.    13. t 
i 

26340.  090.    24. _   1 
i 

30000.  060.    14. 
33000.  055.    17. i 
35555.  080.    49. 
41000.  030.    16. 
41695.  270.    17. 
42000.  330.    16. ■ 

47025.  350.    17. i 
53690.  250.    43. i 
56000.  255.    103. ! 

58000.  250.    140. 
60000.  260.    146. 
62000.  265.    144. 
64000.  260.    148. 
65000.  260.    144. 
68000.  260.    81. 
70000.  260.    81. . 

72000.  280.    79. 
END 
SAMPLE OF WINDS DATA                           (                  ■ 

(3) The input  reader will not  read beyond the optional 
"END" statement;   subsequent cards may be  used for 
documentation if desired. 

(4) There  is an upper limit of 79 levels allowed for 
WINDS input. 

(5) There is  no need  for the heights of levels in the 
WINDS File to be the same as in the RAOB File. 
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Action taken by Input Reader Routine 

The input reader routine reads the user-supplied data and 
converts them to internal units. In addition, it adds extra levels 
at geopotential altitudes of 5000 meters below sea level and 130,274 
meters above, at which the winds are zero. 

The program will interpolate the wind speeds and directions 
linearly with respect to geopotential height. This was considered 
more realistic than the alternative of interpolating the wind 
components, although the interpolation of wind directions poses 
special programming problems. In each layer between two levels for 
which the wind speed is non-zero, so there exists a definite wind 
direction at both ends, a rate of direction change with height is 
chosen for which the total direction change over the layer is no 
more than 180 degrees. If a layer is bounded by a level at which 
the speed is zero, so there is no definite direction at that end, no 
turn rate can be calculated. In such a case, there may be an 
adjacent layer for which a turn rate does exist; if so then that 
turn rate will be used. If not, then a turn rate of zero will be 
used. 

After the input reader has processed the RAOB and WINDS files, it 
combines them into a single table, using all the levels from each 
file. This table is used to supply meteorological data to the main 
program on demand. 
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