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Preface

A correlation between the pyramids of Giza and the inner planets
of our solar system has been found. This manual is not only a
user guide for the P4 computer program regarding this correla-
tion, but it also provides some basic information about the techni-
cal and theoretical background, including archaeological, mathe-
matical, and astronomical aspects. Further details and several
other related results, which are not included here, are presented
in the book “Pyramiden und Planeten” (in German). A subsequent
book (in preparation) will provide more details about the results
given here. However, we tried to include all the necessary infor-
mation so that the reader can work properly with the manual and
the program. This manual is intended for scientists and for any-
one, who is interested in the secret of the pyramids.

For a basic overview of the planetary correlation, it is sufficient to
read chapter 1 (introduction), sections 3.1.1-3.1.3, 4.6.3, 4.10,
and chapter 5 (summary). Related lecture videos of the author on
YouTube (English subtitles) can be found with the search items
“byramiden planeten jelitto.” For the essential ideas of the calcu-
lations, but not in the programming itself, chapter 4 provides the
underlying basic concepts.

Additionally, the appendix contains the entire source code of the
program, which is provided mainly for programmers. When print-
ing the manual, and if the source code is not needed, the corre-
sponding double pages 83—-136 can be omitted. If possible, the
printout should be in color and double-sided if the printer supports
that feature. (So, an adequate ring binder can be made.)
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1. Introduction

The purpose of the P4 program is to perform astronomical calculations with respect to the planets
of our solar system and the three pyramids of Giza (Fig. 1). P4 is based on the French planetary
theory VSOP87 [1, 2] (see more below). The fundamental idea is that a correlation exists among
the three inner planets and the three pyramids in Giza. The first papers about this hypothesis were
published in the Austrian journal Grenzgebiete der Wissenschaft (in German) in 1995 [3, 4]. About
two years earlier, the development of the program P3 began, allowing for the mathematical compa-
rison of pyramid positions and planetary positions. Because of three equations (see section 3.1.1)
that define the size of each pyramid, it seems that the Cheops Pyramid (Great Pyramid), the Chef-
ren Pyramid, and the Mykerinos Pyramid represent the planets Earth, Venus, and Mercury, respec-
tively. Furthermore, the pyramid positions correlate with the planetary positions. Because the plan-
ets are moving all the time, their arrangement and distances between each other change continu-
ously. This implies that the geometric arrangements of pyramids and planets match for only one or
a few points of time. Such dates were found, depending on the mathematical approach and further
boundary conditions. So, among other things, the program calculates the dates when Mercury,
Venus, and Earth stand in a constellation according to the arrangement of the Giza pyramids (see
Fig. 1 and [5, p. 95]). The data in Fig. 1 were measured by Sir W. M. F. Petrie [6, 6a]. Excellent
geographical maps, reproducing the pyramids in Egypt, are available, for example, in Cairo [7, 8].
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Figure 1: Alignment of the Giza pyramids with measured data of W. M. F. Petrie [6, 6a] (distances in meters). Two num-
bers are slightly corrected: The large diagonal is 936.16 m instead of 936.19 m, and one angle is 31° 55' 13" instead of
34° 10" 11" (explanation in [5, p. 96; 6, p. 125]). The relative elevations stem from S. Perring (see: [9, part IV, map 1]).
Detailed information is provided in the drawings of Maragioglio and Rinaldi [9]. The angles were calculated from the orig-
inal distances, given in inches (1 inch = 2.54 cm).



The archaeological state of knowledge is that the three great pyramids in Giza were built by the
Egyptian pharaohs Chufu, Chaefre, and Menkaure within the 4™ dynasty. In addition to these Egyp-
tian names, the Greek names are Cheops, Chefren, and Mykerinos. In the archaeological chronol-
ogy, the 4" dynasty is dated roughly between the years 2600 and 2480 BC [10, vol. |, p. 970]. (“BC”
means “before Christ.”) On the other hand, in 1987 and 1994 it was reported that the age of sev-
eral buildings of the Old Kingdom, including the pyramids of Giza, was determined independently
with the “accelerator mass spectrometry” (AMS) [11, 12], ordered by the ETH Zlrich in Switzer-
land. This is a modern variant of radiocarbon dating in which a particle accelerator is used to deter-
mine the amount of radioactive 1*C-isotopes. The result is that, for example, the Cheops Pyramid
has to be dated between the years 3030 BC and 2905 BC with a probability of 95 %. This is a
discrepancy of approximately 400 years! Because it is impossible to shift the chronology of the
pharaohs by 400 years, the reader should keep this point in mind (see details in [5, pp. 361 ff.]).

The first program version was named P3 because of the 3 great pyramids in Giza and the 3
planets Mercury, Venus, and Earth. It was used for computing the astronomical tables in the book
“Pyramiden und Planeten” [5]. After this book was published in 1999, another correlation was
found, namely between the planetary positions and the chamber positions in the Great Pyramid —
with an unexpected connection between both correlations. This led to an extension of the program
P3 with several other options. The new program name is P4 because it is an upgrade of P3 and
includes the fourth planet Mars. P4 covers all features of P3, the processing speed has been
optimized, and the application is much easier. The results, which cannot all be provided in this
manual, are described in detail in the subsequent book, here named “Book 2” [13]. Unfortunately,
until now all publications are in German. As a first remedy, this description is written in English.

The comparison of the arrangements is performed mathematically by a coordinate transformation.
An interesting point of this correlation is that, by using the transformation of the planetary arrange-
ment, the position of the Sun can be precisely transferred to the pyramid area (Fig. 2). This means
that we have a “Sun position” at the Giza plateau. Furthermore, the positions of the chambers
define another “Sun position” inside the Cheops Pyramid. In the following, “Sun position” is written
in quotations because here we do not refer to the real Sun but to the corresponding position in the
pyramid area. Later, we will also find a “Mars position” in the Cheops Pyramid.
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Figure 2: Schematic representation of the Earth's surface around the Giza pyramids and the orbits of the three inner
planets Mercury, Venus, and Earth, after adaption of pyramid and planetary positions. The geometric arrangement of
constellation number 12 (section 3.4.3) looks very similar. Because of different inclinations, the orbits are slightly tilted
against each other. This fact is neglected in the drawing but is taken into account in the calculations.
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Figure 3: Chamber and corridor system inside the Great Pyramid, as seen from the south (a) and from the
east (b). The figure is based on drawings of Maragioglio and Rinaldi [9, part IV, maps 3-7] (arrangement of (a)

and (b) like in Ref. [14]

In Fig. 3 the remarkable system of chambers and corridors in the Cheops Pyramid is given, which
also plays a major role in the correlation between pyramids and planets. The names of the cham-
bers, like “King's chamber” and “Queen's chamber,” originate from classical archaeology and are
based on the explanation that the pyramids were tombs of the pharaohs. At first glance, this
explanation seems reasonable because it is written in countless books. However, this interpretation
is not necessarily correct because a mummy has never been found in an Egyptian pyramid!
Numerous mummies of kings and queens have been discovered, but all of them were found in hid-

of R. Stadelmann).

den tombs in the desert, like in the Valley of the Kings. More about this is provided in [5].



Some of the boundary conditions for the comparison of pyramid and planetary positions are the
following: The “Sun position” can be fixed by placing the “Sun” on the Earth’s surface exactly on
the center line 726 m south of the Mykerinos Pyramid (see Fig. 4). The “Sun position” can also be
free in the two horizontal coordinates and would be fixed only to the Earth’s surface by adapting
the planetary positions, or it can be free in all 3 dimensions. In order to get a better idea, an exam-
ple of the two systems “pyramids” and “planets,” using a 3-dimensional fit, is shown in Fig. 2. The
two planes, “Earth’s surface” and “ecliptic plane” (plane of the Earth orbit), are not coplanar but
tilted against each other. (More about this is given in section 4.10.2.)

Furthermore, the P4 program computes the dates of “linear constellations” of the celestial bodies
Mercury, Venus, Earth, Mars, and the Sun, which means that the planets have nearly the same
ecliptic longitude. These “linear arrangements” of celestial bodies (conjunction and opposition) are
called “syzygy.” In addition, the exact geocentric transit phases, when Mercury or Venus passes
the Sun's disk, can be determined. All options and parameters of the P4 program are provided in
chapter 3.

The calculations were performed as accurately as possible. Strong emphasis was put on the use of
the most recent and precise scientific data. This refers to the astronomical data and computations
as well as to the archaeological data. Concerning the exact dimensions of the Cheops-Pyramid,
the latest results were not always the most accurate one. The reason is that due to weathering
effects the measurement conditions at the Pyramid about 100 years ago were partly better than
today. This is discussed in detail in Ref. [5, pp. 249-255]. However, the corresponding small differ-
ences are important only for the exact shape but not for the size of the Cheops-Pyramid and do not
have any effect on the results in this manual.

2. General technical information

The astronomical calculations are based on the planetary theory VSOP87, developed by P. Bretag-
non and G. Francou at the Bureau des Longitudes, Paris (today: IMCCE, Institut de mécanique
céleste et de calcul des éphémérides) [1, 2]. VSOP means “Varations Séculaires des Orbites
Planétaires” and 87 is the year of publication (1987). The files for the VSOP87 theory can be down-
loaded from the FTP server of the IMCCE homepage: ftp:/ftp.imcce.fr/pub/ephem/planets/vsop87/.

A multi-parameter fit program “FITEX” (fit experiment) [15, 16], included in P4, was developed by
G. W. Schweimer, Zyklotron-Laboratorium, KfK (Kernforschungszentrum Karlsruhe, today: KIT,
Karlsruher Institut fur Technologie). For calculating calendar dates, an algorithm from the book
“Astronomical Algorithms” by J. Meeus [17] is converted into a subroutine of P4. The conversion of
“terrestrial time” (TT) to “universal time” (UT) is performed by using AT =TT — UT, calculated by
F. Espenak and J. Meeus (“NASA Eclipse Web Site,” Polynomial Expressions for Delta-T). The P4
program, all subroutines, and other programs from the author are written in Fortran. The whole
package of programs, and all associated files, can be downloaded from the author's homepage:
www.pyramiden-jelitto.de/downloads.html. Note: Through the provided links, many of the given
references can also be downloaded from the Internet. For details of the theoretical basis, see
chapter 4.

The previous program (P3) was originally developed with the IBM Professional Fortran 77 Com-
piler (Version 1.0, Ryan-McFarland) using the SPF/PC editor and the Windows operating system.
Later on, we switched to the GNU-Fortran compiler g77 with Ubuntu Linux, and then to GNU
gfortran. Of course, it is possible to use other Fortran compilers and other operating systems.

It would also be of interest to port the program to languages like C, C++, or Java. However,
because the architectures of these programming languages are quite different to Fortran, it is prob-
ably easier to write a new program. In addition, it would be a good test of the results if the calcula-
tions were performed independently and based, for example, on a theory other than VSOP87.
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2.1 Data files and other related programs

Table 1 contains a compilation of all files belonging to the astronomical program P4. A few com-
ments about other available programs, and more information about the files in Table 1, are pro-
vided in the following. In this section, program, catalogue, and file names are highlighted in blue.

Table 1: All 32 (36) files of the P4 program: program, text, and data files (download from the author's homepage).

File Brief description
p4.f95 Fortran source code, (p4-4.f95, p4-4.pdf: parallelized version, see footnote on page 82)
p4-32 Executable program file for a 32-bit system (can also be used on a 64-bit system)
p4-64 Executable program file for a 64-bit system, (p4-4-64: parallelized version, 4 threads)
p4-32.sh This shell-script clears the screen display and starts p4-32.
p4-64.sh Shell-script — as above — starts p4-64, (p4-4-64.sh: starts p4-4-64)
p4-manual- User manual with details of the P4 program and main aspects of the planetary correlation
06-2015.pdf concerning the Giza pyramids (this text)
README Notice to the theory planetary solutions VSOP87 from Bretagnon and Francou
vsop87.doc Technical information about the VSOP87 theory from Bretagnon and Francou
out. txt Output file (if it does not exist, it will be created by the program with the corresponding option)
inedit.t Ancillary input file (can be used to create a new set of parameters for inparm. t)
inparm.t This file contains all input parameters for the quick start options 1 to 15, for Tables 39 to 51 in
[5], and for Tables 17 to 33 and 35 to 37 in [13].
inpdata.t Parameters for FITEX and coordinates of pyramid and chamber positions in Giza
inserie.t Dates of transit series for Mercury and Venus (used only at program start)
invsopl.t Shortened VSOP87D data for the planets Mercury to Mars, typewritten manually from:
J. Meeus, “Astronomical Algorithms” [17, pp. 381 ff.]
invsop3.t Polynomial representation of orbital elements, derived from VSOP82 and taken from:

J. Meeus, “Astronomical Algorithms” [17, pp. 200 ff.]

VSOP87A.mer
VSOP87A.ven
VSOP87A.ear
VSOP87A.mar
VSOP87A. jup
VSOP87A.sat
VSOP87A.ura
VSOP87A.nep
VSOP87A.emb

Mercury: VSOP87A, heliocentric rectangular coordinates, ecliptic J2000.0
Venus:

Earth: o

Mars:
Jupiter:
Saturn:
Uranus:
Neptune:

Earth-Moon barycenter:

VSOP87C.mer
VSOP87C.ven
VSOP87C.ear
VSOP87C.mar
VSOP87C. jup
VSOP87C.sat
VSOP87C.ura
VSOP87C.nep

Mercury: VSOP87C, heliocentric rectangular coordinates, dynamical equinox
Venus:
Earth:
Mars:
Jupiter:
Saturn:
Uranus:

Neptune:



http://www.pyramiden-jelitto.de/downloads.html

The files README and vsop87.doc in Table 1 provide details about the theory versions of VSOP87
and are given directly by the authors Bretagnon and Francou (download from the homepage of
IMCCE, link provided previously). The file out.txt contains the results after running P4, if the output
parameter is not set otherwise. The next six files in Table 1, beginning with “in...” are input files,
necessary to run P4. In the file inparm.t, all parameter sets for the quick start options are com-
piled. File inedit.t is a combined input-output file. During each run, all input parameters are stored
at the end of this file. This ancillary file helps to create new parameter sets, which can be added as
new quick start options to the file inparm.t. In this case, the subroutine “inputdata” in p4.f95 has to
be properly adapted. The input parameters in the file inedit.t can also be edited manually and are
adopted by the program with the quick start option 999. This allows for testing new parameter sets.
The file inpdata.t contains parameters for the subprogram FITEX as well as the exact coordinates
of the pyramid chambers and of the pyramids themselves. In inserie.t, several dates (JDE) are
listed to determine the serial numbers of the first Mercury or Venus transits, found after program
start. In invsopl.t are the shortened parameter series of the VSOP87D version, taken from [17,
pp. 381 ff.]. The file invsop3.t contains coefficients for polynomials of third degree for the elements
of planetary orbits, deduced from the version VSOP82 [17, pp. 200 ff.]. All remaining files from
VSOP87A.mer to VSOP87C.nep represent full versions of the planetary theory [1, 2] with a very
high accuracy. They are also available from the FTP server of the IMCCE homepage.

This paragraph provides some general information about the other programs used within the
present pyramid research; the P4 and TOPO programs are new and used in reference [13]. TOPO
calculates the exact volume of the Earth, including the volume of all ice and land masses. All other
programs, including P3, are used and described in the first book [5]. This includes the programs
FORM, SEKAN, PYT, and 7916, which enable geometric calculations concerning the shapes of the
three pyramids of Giza, especially their casing angles. The program DATUM-2 converts the time
system “Julian Ephemeris Day”" into a calendar date and is based on an algorithm from the book
by Jean Meeus [17, p. 63]. The program SKYGLOBE [18] is a “planetarium” simulation of the sky
and shows the celestial bodies like stars, planets, Sun, and Moon, as well as Milky way and con-
stellations for every date and location on Earth. It was written by Mark A. Haney as shareware and
is available at http://astro4.ast.vill.edu/skyglobe.htm. In this project, it has been applied only to
check the “ORION correlation” propounded by R. Bauval and A. Gilbert [19]. When the positions
and proper motions of the corresponding stars were taken into account for a quantitative analysis
of the “ORION theory,” large errors and deviations were found. On the one hand, Bauval and
Gilbert were the first to correlate the pyramids with celestial bodies. On the other hand, their
ORION hypothesis did not pass the test [5, pp. 157 ff., 349 ff.]. The analysis in [5] is based on the
Star Catalogue PPM (Positions and Proper Motions) [20, 21].

For those who are interested, the text, formulas, and most figures, including the book cover, were
created using Ubuntu with OpenOffice (now LibreOffice), Inkscape, and GIMP.

2.2 How to start the program

The P4 program does not need any installation. After downloading and unpacking the files, the
easiest way is to store all of them in the same folder (directory), which can be named “P4,” for
example. It is assumed now that the operating system is Linux, because the P4 program was
finally developed on the Linux distribution Ubuntu. If another operating system is installed, it is
normally necessary to compile the source code p4.f95 again. In the case of a Windows system,
p4.f95 can be compiled with a Windows compliant Fortran 95 compiler (e.g., ifort or gfortran with
MinGW or Cygwin). Other possibilities are to create a Linux partition beside Windows, to use a
Linux life CD like Knoppix, or to apply “VirtualBox.” Special characters are not used in the program
output, so for character encoding, the Unicode UTF-8 or ISO 8859-15 can be applied.

1 In order to keep consistency with [5] and with the notation of Meeus [17], JDE (“Julian Ephemeris Day” or “Julian Day")
was used, based on terrestrial time (TT). Today, JD respectively JD(TT) has the same meaning.
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After creating the folder, we open a terminal in Ubuntu (classic Gnome) through the menus “Appli-
cations — Accessories — Terminal.” (In most cases, a terminal window width of 80 characters is
sufficient; only one option needs a line length of 148 characters — see section 3.3.5.) In the follow-
ing, all texts on the monitor screen like commands, menus, input data, and program results are
printed in blue (not program names and file names). If, for instance, the folder has the name “P4”
and is located in the path ~/Desktop/P4$, we type the following commands at the command line
in the terminal: cd Desktop/P4 <. Now we are in the right folder. The sign “«<” denotes the return
key. To start the program on a 64-bit computer system, we type ./p4-64.sh <, which clears the
screen, and the start menu appears. Another possibility is to start P4 directly with . /p4-64 ¢ with-
out clearing the screen. If the program does not start type chmod +x p4-64* <. In the case of a
new compilation of the source code with GNU Fortran, use the command gfortran -static -03
-Wall p4.f95 «. For a 32-bit system, the files p4-32.sh or p4-32 have to be used. (Replace 64
by 32 in the above commands.) That's it! In the next chapter we will see how to proceed.

3. Program features

After having typed the start command, the main menu appears on the monitor:

PLANETARY CORRELATION
Program P4, June 2015

transits, syzygy

3D Mer. at aph. (1) 3D Mer. at per. (6) Mercury tr. (11)
2D Mer. at aph. (2) Keplers equ. (7) Venus tr. (12)
const. 12, 3088 (3) const. 12, 3088 (8) syzygy, 3 pl. (13)
1.5 days, 3088 (4) 1.5 days, 3088 (9) syzygy, 4 pl. (14)
near aphelion (5) F minimized (10) TYMT-test (15)

info (111) detailed options (0) (0..15 or book options)

The date in the title indicates the last update of the program. In the table we find three different
categories. The first options, (1) to (5), belong to the pyramids in Giza, the options (6) to (10) have
to do with the chambers in the Great Pyramid, and the options (11) to (15) represent planetary
conjunctions. The latter case includes different astronomical events: The three inner planets or the
four inner planets of our solar system stand in conjunction (syzygy). Additionally, if Mercury or
Venus are in conjunction with the Sun, it happens sometimes that they pass in front of the solar
disc, which is called a “transit.” However, before confusion arises, the astronomical relationships
are explained in more detail in the following sections.

3.1 Quick start options (1) - (15)

Normally, about 10 to 15 different parameters have to be fixed before the astronomical calculation
starts. These parameters determine, for example, the kind of astronomical event, the used VSOP-
version, the coordinate system, the mode of calculation for the “Sun position,” the time period to be
examined, the complexity of the output, and so on. In order to avoid this, the general quick start
options (1) to (15) start the program with predefined parameters just after having typed a short
number. For example, typing 12 < makes the program calculate all Venus transits for the years
from 1500 AD to 4000 AD. (*AD” means “Anno Domini” or “after Christ.”) The program output is:



TRANSITS OF VENUS
(geocentric transit phases, terrestrial time TT)
< option 12 >

VSOP87C, comb. search, ecliptic of date, all Venus transits
Period (years) from 1500.00 to  4000.00, Jul./Greg. calendar

wn

co/p date/ time: I IT nearest ITI IV sep["]a

26. May 1518 22:32: 2 22:49:14  1:59:45 5:10:16 5:27:28 -505.3 3
23. May 1526 16:17:38 16:38: 9 19:14:43 21:51:18 22:11:49 666.7 5
---- (Greg. cal.) ------- o

v 7. Dec. 1631 3:53:17 5: 2:16 5:20:49 5:39:22 6:48:20 939.3/
4, Dec. 1639 14:58: 4 15:16:26 18:26:47 21:37: 8 21:55:29 -523.6/
6. June 1761 2: 2:20 2:20:35 5:19:30 8:18:25 8:36:40 -570.4
3. June 1769 19:15:49 19:34:52 22:25:36 1:16:20 1:35:23 609.3
9. Dec. 1874 1:49:12 2:18:56 4: 7:22 5:55:49 6:25:33 829.9/
6. Dec. 1882 13:56:41 14:17:10 17: 5:54 19:54:38 20:15: 7 -637.3/
8. June 2004 5:14:47 5:34:13 8:20:49 11: 7:24 11:26:51 -626.9
6. June 2012 22:10:56 22:28:53 1:30:43 4:32:33 4:50:30 554.4

11. Dec. 2117 0: 2:31 0:25:39 2:52: 8 5:18:38 5:41:46 723.6/
8. Dec. 2125 13:19:29 13:43:10 16: 5:49 18:28:28 18:52: 8 -736.4/
11. June 2247 8:51:10 9:12:31 11:42:27 14:12:24 14:33:45 -691.3
9. June 2255 1:17:39 1:34:41 4:47:36 8: 0:31 8:17:33 491.9

13. Dec. 2360 22:47:17 23: 7:30 1:58:44 4:49:57 5:10:10 625.7/
10. Dec. 2368 12:44:56 13:15:24 15: 0:28 16:45:33 17:16: 0 -836.4/
12. June 2490 12: 1:48 12:25:17 14:39:42 16:54: 7 17:17:36 -741.1
10. June 2498 4:12: 4 4:28:32 7:48:35 11: 8:38 11:25: 6 442.7
16. Dec. 2603 21:14:54 21:33: 8 0:44:29 3:55:49 4:14: 3 517.1/

v 13. Dec. 2611 12:36:50 13:40:18 14: 6: 9 14:31:59 15:35:27 -934.8/
15. June 2733 15:45: 8 16:13:18 18: 0:58 19:48:39 20:16:49 -808.3
13. June 2741 7:17: 8 7:33: 5 11: 0:24 14:27:43 14:43:40 385.6
17. Dec. 2846 20:24:29 20:41:44 0: 5:13 3:28:41 3:45:55 432.1/

v 14. Dec. 2854 -- -- 13:14:26 -- -- -1026.7/
16. June 2976 18:54: 5 19:27:43 20:53: 7 22:18:32 22:52: 9 -850.5
14. June 2984 10:10:33 10:26: 9 13:58:46 17:31:23 17:46:59 336.3
-> 18. Dec. 3089 19: 1:49 19:18:10 22:53:36 2:29: 2 2:45:23 320.6/
v 20. June 3219 22:31:18 23:28: 6 0: 0: 6 0:32: 6 1:28:55 -908.1
17. June 3227 13: 3:37 13:18:56 16:55:19 20:31:43 20:47: 2 293.4
20, Dec. 3332 18:14:30 18:30:23 22:12: 4 1:53:44 2: 9:38 235.5/

v 22. June 3462 1:48:43 -- 2:46:32 -- 3:44:19 -948.1
19. June 3470 15:51:28 16: 6:35 19:46:41 23:26:48 23:41:55 247.9
23. Dec. 3575 17: 7:58 17:23:32 21:10:32 0:57:31 1:13: 5 131.5/

v 24. June 3705 -- -- 5:35:19 -- -- -989.3

UouuwouTwouTwouTwhroUWwprpOoOUUWROUIWPROUTWRAOUTWPBA~O

21. June 3713 18:30:27 18:45:25 22:27:21 2: 9:18 2:24:17 215.2
c 25. Dec. 3818 16:23: 6 16:38:31 20:27:15 0:15:58 0:31:22 41.1/
24. June 3956 21:17:37 21:32:30 1:16:53 5: 1:17 5:16:10 175.2
Computed constellations: 11092 ("/" means ascending node)
Tested planet. passages: 1564
Detected transits : 37
Centr./grazing transits: 1/ 6 CPU-time 0: 0: 0.728 -- end of run.

The general appearance of the printed output is always similar. The first line shows the title of the
program run followed by the second line, giving some basic information. In the third line we find the
number of the selected option, which is often a quick start option. Two up to five lines follow, provid-
ing the remaining information in a brief form so that it is later possible to understand what has been
calculated. These two up to five lines include the following data: the theory version of VSOP, the
astronomical coordinate system, some data about the planets, pyramids or chambers, the time
period, the allowed angular range (e.g., the range of the ecliptic longitudes), and other information.
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In principle, there are two kinds of output of different magnitudes. At first, each astronomical event,
like a transit, is written down in a single line as provided in the previous table. This kind of output is
useful to get an overview when large time periods are investigated and when many planetary
constellations are found. The other possibility is to characterize every astronomical event by much
more information in several lines. At the end of the output, one or more lines give a summary of
the program run. This includes, for example, the number of calculated and detected astronomical
events as well as the CPU-time in hh:mm:ss.sss. More information about these different kinds of
output is provided in section 3.4.

The following provides an example of an extended output for each found constellation. In order to
illustrate it and avoid an output, which is too long, the time limits (3000 to 3200 AD) are chosen in
such a way that only one planetary constellation is found and printed. The calculation is performed
with a simple approach by iteratively solving Kepler's equation. In this program run, the main con-
dition is that the four planets Mercury, Venus, Earth, and Mars stand in a straight line. It means that
they have almost the same ecliptic longitude, which is called a conjunction or syzygy. The first line
of numbers in the table contains the information that is also shown in a short program output. The
additional lines provide the orbital elements for all eight planets. For more details, see sections 3.3
and 3.4. (This conjunction seems to be an important event with respect to the Giza pyramids.)

PLANETS IN A LINE (SYZYGY)
(angular range of eclipt. longitudes dL minimized, JDE)
< option 0 >

"Keplers equation", ecliptic of date, linear c. Mercury to Mars

Period (years) 3000.00 to 3200.00 (c2) angular range: 5.0000 deg
co k JDE year dt[days] Lm-Lv Lm-Le Lm-Lma dLmin
12 4519 2849066.03400 3088.376 -13.729 -3.366 -2.601 0.0 3.366
pla mean long a [AU] eccentr. asc.node incl per per. [AU]
Mer 218.24880 0.38710 0.20585 61.26192 7.02274 94.43121 0.30741
Ven 237.78863 0.72333 0.00626 86.53534 3.40547 146.69081 0.71880
Ear 236.06015 1.00000 0.01624 --- 0.00000 121.70696 0.98376
Mar 244.75076  1.52368 0.09438 57.96608 1.84469 356.11360 1.37988
Jup 319.97784 5.20261 0.05021 111.62426 1.24399 31.99903 4.94137
Sat 46.22049 9.55489 0.05166 123.19406 2.44653 114.53500 9.06126
Ura 312.51632 19.21845 0.04601 79.86019 0.78595 189.20812 18.33424
Nep 177.48520 30.11039 0.00906 143.80990 1.66784 63.69138 29.83766
Computed constellations: 1052

Number of syzygies : 1 CPU-time 0: 0: 0.008 -- end of run.

The 15 quick start options, representing typical program runs, are specified in more detail. The
mode, in which the parameters are defined individually one after the other, can be entered with the
option “0.” A detailed description of all corresponding menus is provided in section 3.3. It is antici-
pated here, that there are many more quick start options than 15. The additional quick start options,
having three digits, are intended to reproduce the results in the tables of the two books [5, 13].

For a better understanding, we must mention that in Ref. [5] 14 different dates and associated
planetary constellations within the period 13,000 BC to 17,000 AD were analyzed in detail, depend-
ing on the geometrical approach, when comparing pyramid positions with the positions of the
planets. These constellations were numbered 1 to 14. Five of them were more significant than the
others, but later it became clear that the constellation with the number 12 is the most important one
[13].



3.1.1 Pyramid positions

One of the main results of the first book [5] is that the three inner planets correlate with the three
pyramids of Giza. More precisely, the Cheops Pyramid represents the planet Earth, the Chefren
Pyramid represents Venus, and the Mykerinos Pyramid represents Mercury. The book describes
how the correlation between pyramids and planets was discovered. Three basic equations were
found that define the sizes of the pyramids. The maximum relative error of these equations is
0.2 %. From recent systematic studies, it came out that the relative uncertainty of the first equation
is approximately 0.001 % [13]! With S being the base length of the pyramid, V the volume, Q the
aphelion distance (largest distance to the Sun), and ¢ the speed of light, these equations are as
follows:

Scheops _ VEarth VCheops _ VEarth S Cheops _ QEarth ( 1) (3)
c-1s VSun VChefren VVenus SMykerinos QMercury
(Cheops Pyramid) (Chefren Pyramid) (Mykerinos Pyramid)

|
|
|
|
' I
! | Mykerinos |
|
* .
I S Chefren !
" | S '
‘Sun position’ ~ :
|
|
. |
| .Y | Cheops
N
_|_> N

Figure 4: Correlation between the inner three planets of our solar system and the three
pyramids of Giza. The positions are each projected vertically into the main plane. Mercury
is placed exactly at the aphelion. For better visibility, the Sun is magnified by a factor 6 in
relation to the planetary orbits, and the planets by a factor 500 [5].
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Option 1: 3D Mer. at aph. (1) (Compare with main menu at beginning of chapter 3.)

“3D” means 3-dimensional calculation: The comparison of the positions of pyramids and planets is
performed by considering all 3 dimensions. The vertical position of a pyramid is given here by its
center of mass, which is located at a quarter of the pyramid's height. The date is restricted in the
way that Mercury is always placed at the aphelion of the orbit, having the largest distance to the
Sun. The investigated time period are the years 13,000 BC to 17,000 AD. The results of the
VSOPB87 theory become less precise, if the date proceeds thousands of years into the past or into
the future. Nevertheless, an estimate of the accuracy [2] (see also section 4.2.4) shows that within
the given years it is by far sufficient for our purpose. In the P4 program, the dates for the application
of VSOP87 are mostly restricted to the described time period. It means that start and end dates
can be chosen freely within that period, but cannot exceed those limits.

The detected dates are listed in a table, where every date is represented by one line. Special dates
are marked at the beginning of the line with the number of the corresponding constellation. These
numbers, 1 to 14, indicate certain planetary constellations, which are defined and described prima-
rily in [5]. The output table using this option is also given in [5, p. 346, upper part of Table 50]. For
more details, see sections 3.3 and 3.4.2.

Option 2: 2D Mer. at aph. (2)

This calculation is similar to that of option 1 with the distinction that the calculation is restricted to
2 dimensions. This means that the positions of the pyramids are projected into the horizontal plane
of the Earth's surface. Accordingly, the positions of the planets are projected into the main plane,
given by the plane of the Earth's orbit, respectively. Therefore, the vertical coordinates are not
taken into account (see also [5, Table 45 on p. 327]).

Option 3:  const. 12, 3088 (3)

This option calculates all relevant quantities for the constellation 12. This planetary constellation at
May 31, 3088, 6:19:09 a.m. (TT, terrestrial time) represents the most relevant event out of the 14
constellations concerning the pyramid positions in Giza. Mercury is placed again at the aphelion.
Notice that in the Eq. (3) (above Fig. 4), the aphelion distance Qpercur, @ppears. Additionally, the
heliocentric coordinates of all planets from Mercury to Neptune for this special date are trans-
formed to coordinates at the Giza plateau (see also [13, Table 26 in appendix A2]). The program
output is given in section 3.4.3 (see also [13, chapter 4]).

Option 4: 1.5 days, 3088 (4)

In this case a time scan around the date of constellation 12 (pyramid positions) is created. The po-
sitions of the planets are given in time steps of one hour beginning 18 hours before and ending 18
hours after the date of constellation 12 (therefore “1.5 days”). So, the slow change of all important
parameters can be followed easily when times pass through the main moment. Compare with [13,
Table 24 in app. Al] and see also section 3.4.4.

Option 5:  near aphelion (5)

This search for planetary constellations represents the pyramid positions in Giza without the
restriction that Mercury is placed at the aphelion. It came out that the planets Mercury, Venus, and
Earth are in line with the pyramid positions only when Mercury is placed not too far away from its
aphelion position. So, in order to keep the computation time short, the constellations are firstly
checked with Mercury in the aphelion. If the agreement of the positions is good enough, Mercury is
placed outside (but near) the aphelion position (short version VSOP87). At the beginning of each
line, “F" means relative error < 0.5 %; “M” means error of scale factor < 2 %; and “>>>" means both
errors < 0.1 %. The errors and especially the theoretical scale factor “M” are described in [5].

11



3.1.2 Chamber positions

Interestingly, 44 days before the “pyramid date” of constellation 12, the planets Mercury, Venus,
and Earth represent the arrangement of the chambers in the Great Pyramid. At this moment,
Mercury is placed exactly at the perihelion of its orbit, the nearest point to the Sun. The correlation
between planets and chambers can be seen in Fig. 5. Notice that the “chamber constellation” also
defines a “Mars position” within the Great Pyramid above the King's chamber. Additionally, the “Sun
position” could be the place of another (secret) chamber. For detailed information and exact coordi-
nates of the new locations, see section 3.4.8. Between the two dates of chamber and pyramid
positions, the five celestial bodies (Sun, Mercury, Venus, Earth, and Mars) are placed nearly in a
straight line. This “linear constellation” (syzygy) is examined in section 3.1.3.
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Figure 5: Cross-sectional area of the Great Pyramid (Cheops Pyramid) as seen from the east [13]. Common representa-
tion of the known original chamber system in the pyramid, the arrangement of the pyramids themselves, and the planeta-
ry orbits. The time span between the constellations of chamber and pyramid positions is 44 days (red paths), which is
half of Mercury's orbit. On the right side of the “Sun” Mercury is placed at perihelion, on the left side at aphelion. The
whole figure corresponds to constellation 12. All “planetary positions” can be calculated with P4 using the option 380.
The configurations in the figure are roughly true to scale. For the exact positions, use the calculated coordinates.
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The origin of the coordinate system is placed at the vertical middle axis of the east wall of the
Queen's chamber on the level of the pyramid base. The x-axis points to the north, the y-axis points
upward (compare with Fig. 5), and the z-axis points to the east. The quick start options, which have
been implemented as main examples, are the following:

Option 6: 3D Mer. at per. (6)

The calculation is analog to option 1. The positions of the pyramids are replaced by the positions of
the chambers in the Great Pyramid, and Mercury is always located at its perihelion. The investi-
gated time period lasts again from 13,000 BC to 17,000 AD.

Option 7:  Keplers equ. (7)

Here, the planetary positions are not calculated with the short or the full version of VSOP87. In-
stead, the positions are determined with the orbital elements by solving Kepler's equation (section
4.2.3). The orbital elements are derived from the VSOP82 theory [17, pp. 197 ff.], and the tran-
scendental equation of Kepler is solved numerically. The other boundary conditions are similar to
option 6. This method does not have the accuracy of the full version of VSOP87, but it has the
advantage that the calculation is rather fast. When the same time period of 30,000 years is investi-
gated, 124,558 constellations are calculated and checked, and the overall computation time is less
than 1 second. Moreover, it is a good test of the other results (see also section 3.4.5).

Option 8: const. 12, 3088 (8)

This computation is analog to option 3. Only the positions of the pyramids are replaced by the posi-
tions of the chambers in the Great Pyramid, and Mercury is placed at its perihelion (section 3.4.8).
The exact date is April 17, 3088, 6:41:13 a.m. (TT, terrestrial time). Now, the planetary positions
are all transformed to the coordinate system of the Great Pyramid. With a deviation of 4.2°, the
transformed ecliptic plane (plane of the orbits) is almost parallel to the central vertical plane in the
pyramid, oriented in north—south direction (x-y-plane). The corresponding origin of this coordinate
system can be seen in Fig. 5 on the ground level of the pyramid, as described previously. The z-
axis, which is not shown, points perpendicularly out of the drawing plane. From this calculation it
was determined that the “Mars position” is also placed inside the Great Pyramid about 40 meters
above the King's chamber (see Fig. 5 and [13, section 4.5, Tab. 25 in app. A2]).

Option 9: 1.5 days, 3088 (9)

Analogously to option 4, this is a 36-hour time scan around the “date of the chambers.” This con-
stellation also got the number 12 because it is closely related to the “date of the pyramids.” The
time difference of 44 days is very short, compared to astronomical scales.

Option 10:  F minimized (10)

The results here are similar to those of option 5, but the algorithm is more sophisticated. For the
time period from the year 3500 BC to the year 6500 AD, the planetary positions are compared with
the chamber positions and the date is not restricted in any way. This means that Mercury can be
placed anywhere on its orbit. For each date, where the positions match with each other and the
found relative error is below a certain value (0.25 %), this error is minimized and the constellation
is counted only, if the minimized error is smaller than another limit (0.05 %). The result is 38 dates
within the investigated 10,000 years when these conditions are met. Of course, other boundary
conditions imply that ultimately only one date is left (see option 8, and also [13, Tab. 20 in app.
A2)).
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3.1.3 Planetary conjunctions and transits

Conjunction means either that two or more celestial bodies have almost the same position in the
sky, or that, for example, two or more planets have the same ecliptic longitude. The latter case can
be seen in Fig. 6. The figure shows the correct dimensions of the orbits in 3088, when the four
planets Mercury, Venus, Earth, and Mars together with the Sun are aligned nearly in a straight line.
As mentioned before, such an arrangement is called “syzygy,” being a generic term of “conjunction”
and “opposition.”

From time to time, Mercury and Venus pass in front of the Sun's disc, which is called a transit. In
Fig. 7 the typical lapse of time is shown for the Venus transit in the year 2012. Here we take Venus
instead of Mercury because of the recent Venus transit, which was a rare event.

vernal
equinox

Mercury Venus Earth Mars

motion of
the planets

Syzygy from Sun to Mars,
May 17, 3088, 12:19

(Mercury transit, min. sep.,
May 18, 3088, 19:21)

Figure 6: Approximate true-to-scale representation of the orbits of Mercury, Venus, Earth, and Mars around the Sun. On
May 17, 3088, the four planets and the Sun are positioned nearly in a straight line (syzygy), followed by a Mercury transit.
The places p, a, and K represent perihelion, aphelion and ascending node, and M; and M, are the orbital centers of Mer-
cury and Mars. For better visibility, the planets and the Sun are drawn bigger than they would normally look like, if they
were drawn to scale. The dates are given in TT (terrestrial time). The range of ecliptic longitudes dL (or AL) is only 3.4°.
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The interesting point is that the two events “the 4 planets and Sun in a straight line” and a “transit
of Mercury or Venus” normally do not take place simultaneously. Within the given 30,000 years
(from 13,000 BC to 17,000 AD), this happens only six times, if we fix the maximum angular range
of the ecliptic longitudes to 5°. This means that the coincidence of the given syzygy and a transit of
Mercury or Venus happens only an average of every 5,000 years. This happens exactly between
the two dates of the “chamber constellation” and the “pyramid constellation,” which are separated
by 44 days! Figure 5 shows that within this period of time the four planets and the Sun form nearly
a straight line. About one day later, Mercury passes the solar disc (for more details see [13]).

Option 11: Mercury tr. (11)

The contact dates of all Mercury transits are calculated for the years 2950 to 3200. Additionally, the
minimum separation between Mercury and Sun, the case of ascending or descending node, and
the serial number are given. For the transit series of Mercury and Venus see also section 4.7.4 and
[22, pp. 7-13]. The period includes the year 3088, which is labeled automatically with the number
12. In the given time span, 34 Mercury transits are registered (section 3.4.6).

Option 12:  Venus tr. (12)

All Venus transits with their four contact points (phases) and minimum separation are listed for the
years 1500 to 4000. This time period is larger than for Mercury because Venus transits occur less
frequently than Mercury transits. Between the years 1500 and 3000, and with a period of roughly
120 years, two Venus transits occur, following each other with a time difference of 8 years. (The
time limits of this option are chosen in such a way that all results are displayed on one monitor
screen.) If we do not have a full transit but a grazing transit, the corresponding line gets a “v” at the
beginning. (See also the first program output in section 3.1.) The same is true for a grazing Mer-
cury transit, but instead the line gets an “m”. In the previous time period of option 11, there are by
chance no grazing transits of Mercury.

Option 13:  syzygy, 3 pl. (13)

This option yields linear constellations (syzygy) of the three planets, Mercury, Venus, and Earth,
together with the Sun. The condition for the syzygy is that the ecliptic longitudes of all three planets
match within an angular range of dL = 5°. The investigated time period is 2900 to 3300. If a transit
of Mercury or Venus also occurs during the syzygy event (within a few hours or a few days), the
beginning of the line in the table gets an “M” or a “V” for a full transit of Mercury or Venus or an “m”
or “v” for a corresponding grazing transit. It might also happen during such a “linear constellation”
that both a Mercury and a Venus transit occur, so that the line is indicated with both letters like, for
example, “MV". This happens only three times between the years 13,000 BC and 17,000 AD,
assuming all ecliptic longitudes within a range of 5°. Note that this does not mean a simultaneous
transit, because both transits might have a time difference of a few hours or a few days. If a syzygy
is near a known constellation within a certain time limit (10 orbital periods of Mercury = 880 days),
the corresponding line is marked with a small arrow “->”" [13, Tables 27, 28]. However, for transits in
the remote future or remote past, the precision of VSOP87 has to be considered (section 4.2.4).

Option 14:  syzygy, 4 pl. (14)

Now, Mars is also included. This means that the program searches for “linear constellations” of
Mercury, Venus, Earth, Mars, and the Sun. The condition is that the ecliptic longitudes of all four
planets are again placed within the 5° angle, meaning a fourfold planetary conjunction (syzygy).
This happens very rarely. So, the whole time period from 13,000 BC to 17,000 AD is checked. The
coincidence of the given syzygy together with a transit occurs only six times, which means an aver-
age of every 5,000 years (see section 3.4.7).
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Figure 7: Venus transit on June 5-6, 2012, as seen from the center of the Earth (geocentric phases).
The positions 1 to 4 are the geocentric contact points (phases) and “m” represents the place of minimum
separation between Venus and the center of the Sun. The size of Venus and the Sun are drawn to scale
as seen from the Earth. N shows the north direction on the celestial sphere. The direction from E (east)
to W (west) is the direction of the apparent motion of the Sun due to the rotation of the Earth. The angles
of the contact points were calculated with P4 (compare with Meeus [22, p. 48]).

Option 15: TYMT-test (15)

This option is mainly a test to check the processing speed. “TYMT” means “Ten thousend Years
Mercury Transit.” The transits of Mercury (geocentric phases) are calculated for the years 3000 BC
to 7000 AD. Using an Intel Core i5-3210M processor (2.5 GHz, 8 Gbytes, dual channel), the TYMT-
test needs 46.0 seconds. During the 10,000 years, 31,520 passages of Mercury along the Sun are
tested and 1,340 transits are found. The results are calculated with the full version of VSOP87.
Interestingly, on the used 64-bit system the 32-bit version of P4 runs faster (43.2 s) than the 64-bit
version. Even higher speed can be obtained, e.g., by parallelizing the processing and using multi-
ple threads. A corresponding program version already exists (see footnote in the appendix on page
82). About 20 years ago, without optimization of the software and using the computer hardware at
that time, the TYMT-test would have needed about 1 month of computation time.

The CPU-time directly depends on the speed of the processor. More “GHz” means less CPU-time.
A criterion, which is more or less independent of the clock frequency and a better measure of the
software efficiency, would be the product of frequency and CPU-time: 2.5 GHz - 43.2 s =108 GHz-s.
This is just a number and means the number of clock cycles necessary for the whole computation.
We can call it 108 Gc (gigacycles) which is 108 - 10° cycles. In P4, only the CPU-time is provided.
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3.2 Quick start options for the book tables

Most of the astronomical tables in the two books [5] and [13] can be reproduced by additional quick
start options, called “book options.” These options are not shown in the main menu, but they can
be found easily. All book options have three digits. The first two digits represent the humber of the
table and the last digit indicates the section of the table. For example, Table 39 in the first book [5,
p. 319] consists of three parts, one placed above the other. These parts can be reproduced by the
options 390, 391, and 392, meaning the digits 39 plus one digit 0, 1, or 2 for the different parts. If a
table has only one part, like Table 45 [5, p. 327], a zero has to be appended and the corresponding
option is 450.

3.2.1 Book 1 “Pyramiden und Planeten”

If the Tables 39 to 51 in [5] are reproduced with the P4 program the program output is not always
identical to the tables. In some cases, the program output is much larger, which means that in the
book only the important quantities are printed.

In Table 50, the correlation between pyramids and planets is checked, in which Mercury is fixed to
the aphelion of the orbit and the “Sun position” in the pyramid area is free in all 3 dimensions. The
latter aspect is described in more detail in sections 3.3.10-3.3.12 and 4.6. There are three possi-
bilities to define the vertical position of a pyramid: It can be the center of mass of the pyramid, the
middle of the pyramid base, or the top of the pyramid. The first two cases are presented in Table
50 and can be calculated with the options 500 and 501. The constellations with the pyramid top as
the vertical coordinate had been omitted in the table because there were no significant new results.
Nevertheless, this case can be computed by using the option 502.

In Table 51, the correlation between pyramids and planets is again investigated. Not only is the
“Sun position” on the Giza plateau free in all 3 dimensions, but the date is also free, which means
that the dates are not restricted to the aphelion passages of Mercury. The first book searched for
the constellations with the short version of VSOP87, and the relative error F'pos was minimized by
repeatedly starting the full VSOP87 version by hand using the P3 program. In P4, these results are
calculated automatically with a fit-subroutine and the VSOP87 full version (see also section 3.4.10).
Here, the results sometimes differ in the last digit from those in the book [5] because in [5] the
relative error was minimized by adapting the point of time manually. The search routine from quick
start option (5) uses the short version of VSOP87. Later, this routine was also implemented for the
full version of VSOP87. If the reader wants to check the results in Table 51 with this different
search method, it can be done with the options 517, 518, and 519 (see also section 3.3.16).

3.2.2 Book 2 (in preparation)

Tables 17-33 and 35-38 in Ref. [13] can be reproduced using the corresponding quick start
options as described previously. Table 20, for instance, indicates quick start option 200. The tables
in book 1 (numbers 39-51) and those of book 2 (numbers 17-38) have no overlap. Thus, the op-
tions can be used without addressing explicitly book 1 or book 2.

3.2.3 Special test option (999)

Let us assume that a special parameter setting is used and several runs have to be done by
changing only one parameter. Then it is not convenient to set all other parameters each time by
hand, as described in section 3.3. Instead, it is easier to use the input-output-file “inedit.t.” If the
reader opens this file using an editor, they will see two sections: 1 and 2. An example of the con-
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tent of inedit.t is provided below. Section 1 (big arrow) is read by the P4 program, if the quick start
option 999 is used, and can be edited by hand. CAUTION! Not all combinations of parameters are
possible and these parameters are not checked by the program when using option 999. The under-
lined parameters (see below) can be changed within their allowed values without any problem
(section 3.3). For other parameters, their modes of operation and interdependencies must be
known.

Section 2 is always overwritten with the presently used parameter values when the program is
started with options other than “999”. Therefore, it is possible to compare the parameters of a
current run (section 2) with the parameters in section 1. In the lines above section 1, the text
should not be changed or deleted because for reading the parameters by the program, the number
of lines must always be the same, and otherwise the original text may be lost.

Example of the content of inedit.t

( The input data in field 1) can be edited by the )
( user and are read by the program with the option )
( "999". The input data in field 2) are written by )
( the program at each run and can be used for com- )
( parison. The manual input by the user in field 1) )
( allows for the creation of input data to be copied )
( into the file "inparm.t." Number and position of )
( the lines in this file must not be changed! )

XXXXX ipla ilin imod imo4  ikomb
XXXXX lv ivers itran 1isep iuniv
XXXXX ical ika iaph iamax step
XXXXXXXXXXXXX ison ihi irb ijd
XXXXXXXXX zmin zZmax ak zjdel
XXXXX dwi dwikomb dwi2 dwi3
X nurtr iek io iout

1) Input to edit (999) - CAUTION: No check of parameters!

31 1 0 1
1 31 3 1
2 0 1 0 0.00000
5 0 1 15
1900.00000 2100.00000 0.00000 0.00000
0.000 0.000 0.000 0.000
1 1 1 2

2 4 3 0 0
1 3 1 11
2 1 2 0 24.00000
1 0 1 15
-13000.00000 17000.00000 0.00000 0.00000
1.850 ©0.000 ©0.000 0.000
1 3 1 2
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When using the option “999” the parameters from field 1 are taken by the program. The para-
meters in fields 1 and 2, provided here, are arbitrary. The parameter names beside the big arrow
correspond to the numbers in fields 1 and 2. If the functionality of a given parameter is not known,
see section 3.3. If the information in this section is not enough, the Fortran source code p4.f95,
listed in the appendix, provides more information. Unfortunately, most comments are in German.

Note: The parameters in inedit.t are not checked with respect to correct input. So, the user should
follow the hints, given above.

3.3 Detailed options (0)

In contrast to the quick start options, the single parameters in the program can also be set individu-
ally one after the other, each given by its own menu. In the main menu on page 7 (last line) we find
detailed options (0). So, the option to get into this modus is “0”. In a program run, not all
combinations of the parameters are meaningful. Those that are not allowed are not presented.
Sometimes a reduced menu is shown. If a number is typed, which is not offered in the menu, an
error message appears. So, the program start with the option “0” is controlled by the program and
protected against any false input. It follows a brief overview of menus and options.

Planetary positions: pyramids, chambers in Cheops Pyramid, linear constellations (syzygy).

Linear constellations and transits: transits of Mercury/Venus, conjunction of 3 or 4 planets.
VSOP theory versions: short or full VSOP version, combination of both, planetary elements.
VSOP coordinate systems: ecliptic of epoch (VSOP87C, VSOP87D), J2000.0 (VSOP87A).

Transit options: equal ecliptic longitudes, nearest separation, transit phases, position angles.

Calendar systems: Julian/Gregorian calendar or only Gregorian calendar.

Time systems: terrestrial dynamical time (JDE, TT), universal time (UT).

Mapping of planets and chambers: assignment of Mercury, Venus, Earth to the chambers.

© © N o 0 s~ NP

Search method for the dates: Mercury passages at aphelion, perihelion, date not restricted.
10. “Sun position”: south of Mykerinos or Chefren Pyramid, “Sun position” free.

11. Computation of free “Sun position”: free in 2 or 3 dimensions, 3D calc. with SLE or FITEX.
12. Vertical level of pyramid positions: pyramid base, center of mass, top of pyramid.

13. The z-coordinate of chamber positions: east wall, west wall, spatial middle of each chamber.
14. Datum plane for Earth's surface: projection on plane of Earth, Mercury, or Venus orbit (2D).

15. Specification of timing: number of constellation (1-14), k-number, years, Julian Day.
16. Tolerance in degree or percent: tolerance/angular range of ecliptic longitude, relative error.

17. Syzygy with simultaneous transit: all planetary conjunctions, only with simultaneous transit.
18. Polarity (orientation of planetary orbits): view from ecliptic north, south or both options.

19. Complexity of output: normal output, extended output.

20. Mode of program output: output only on monitor, monitor + file, special output, exit.

In the following sections the menus are described one by one in the order of their appearance
during program start. Each menu is given at the beginning in blue. Note: Not all menus appear at
program start, depending on the kind of computation. On the right side of each menu, the corre-
sponding internal parameter is given, like for example: “ipla”.
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3.3.1 Planetary positions
Constell. pyr.(1), chamb.(2), 1in.(3) : (internal: ipla)

(1) planetary constellation of Mercury, Venus, Earth = positions of the three pyramids in Giza
(2) planetary constellation of Mercury, Venus, Earth = positions of the three chambers in Great P.
(3) “linear constellations” (syzygy, transit)

There are three main categories. The positions of the planets are compared with (1) the positions
of the three pyramids in Giza, or (2) with the system of the three chambers in the Great Pyramid.
Option (3) investigates when the planets build a planetary conjunction and “linear constellation,”
respectively, or a Mercury or Venus transit. The origin of the coordinate system for option (1) is
middle of base area of Mykerinos Pyramid, x-axis points to the north, y-axis points to the west, and
z-axis points upward; for option (2), middle axis of the Queen's chamber in its east wall on the level
of the pyramid base, x-axis points to the north, y-axis points upward, and z-axis points to the east.

3.3.2 Linear constellations and transits
Tr. Mer.(1), Ven.(2), 3-co.(3), 4-co.(4) : (internal: ilin)

(1) transits of Mercury

(2) transits of Venus

(3) triple conjunction of the three planets Mercury, Venus, and Earth

(4) fourfold conjunction of the four planets Mercury, Venus, Earth, and Mars

The “linear constellations” (above option “lin. (3)") are subdivided into the four given menu
points. Options (1) and (2) are clear. Option (3) means a syzygy of the planets Mercury, Venus,
Earth, including the Sun, and option (4) a syzygy of Mercury, Venus, Earth, Mars, and the Sun.

When running option (3), it becomes clear that Mercury and Earth always have the same ecliptic
longitude. This seems reasonable, but it is not put into the program as a boundary condition; it just
comes out as a result. With option (4), three different cases are observed. Either the ecliptic longi-
tudes of Mercury and Mars are identical, those of Mercury and Earth, or those of Venus and Mars.
In principle, there are other combinations of two out of four planets, but other solutions do not exist.
If one thinks about the problem, it becomes clear why. (If p is the number of planets, then the num-
ber of cases, different pairs of planets with equal longitude, is N = (p-1)-(p—2)/2 with p = 3.)

3.3.3 VSOP theory versions

VSOP87 combi. (1), short version (2),
Kepl. equ. (3), full version (4) : (internal: imod)

(1) combination of the short and full version of the VSOP87 theory

(2) short version of the VSOPS87 theory, Meeus [17, pp. 381 ff.]

(3) planetary elements, polynomials of third degree [17, pp. 200 ff.] and solving Kepler's equation
(4) full version of the VSOP87 theory, Bretagnon and Francou [1, 2]

Option (3) (solving Kepler's equation) is the fastest algorithm, but it has the lowest accuracy. Opt-
ion (2) (short VSOP87 version) is not so fast, but it has a higher precision. Option (4) (full VSOP87
version) has the highest precision, but it takes the most computation time. The option (1) (combi-
nation of short and full VSOP87 version) is fast and yields the same high precision as (4). So, the
recommendation is: option (1) for larger time periods and option (4) for single constellations.
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3.3.4 VSOP coordinate systems

System ecl. of epoch (1), J2000.0 (2) : (internal: Iv)

(1) ecliptic of epoch (dynamical equinox)
(2) standard system J2000.0 (ecliptic of Jan. 1, 2000, 12:00, TT, or JDE = 2451545.0)

The two options are the two applied coordinate systems for the VSOP87 theory. The short
VSOP87 version is provided only with the ecliptic of epoch (1). The VSOP87 full version and the
orbital elements for solving Kepler's equation are given for both systems.

3.3.5 Transit options

Date equ.L.(1), nearest (2), phases (3)
phases and position angles (4) : (internal: isep)

(1) transit check at equal ecliptic longitudes (planet, Earth), finite speed of light not considered
(2) transit check at minimum separation (nearest approach), finite speed of light not considered
(3) geocentric transit phases, as seen from Earth

(4) geocentric transit phases and position angles (the output needs 148 characters line width)

The first two options are each calculated for a fixed moment. Thus, the travel time of light is not
taken into account. These options were written during an early stage of the program development
and now serve for test purposes. Option (3) yields the true geocentric transit phases 1 to 4 as well
as the minimum separation by considering the finite speed of light. In option (4), the position angles
on the solar disk and the semidiameters of the Sun and planet are also calculated. In addition,
central transits (minimum separation < semidiameter of planet) are labeled with “C” (geocentric
central transit) and “c” (central transit, seen from some place on Earth). Option (4) is the only
option that needs 148 instead of 80 characters line width on the computer monitor.

3.3.6 Calendar systems
Calendar Jul./Greg. (1), only Greg. (2) : (internal: ical)

(1) Automatic choice of Julian and Gregorian calendar
(2) Gregorian Calendar for all times

In the first option, the Julian calendar is used for the years 4712 BC to 1582 AD and the Gregorian
calendar for all other times. It does not make sense to use the historical Julian calendar before
4712 BC because in this distant past the calendar gets more and more out of hand, and there are
no historical events to apply this calendar. In contrast, the Gregorian calendar in these past times
is in much better agreement with the seasons. Option (2) means that only the Gregorian calendar
is used for all times. The calendar menu is presented also when no calendar dates are calculated.
This has to do with the fact that the decimal year, displayed in all outputs, is slightly different for
both calendars.

3.3.7 Time systems
Time system JDE/ TT (1), UT (2) : (internal: iuniv)

(1) JDE (Julian Ephemeris Day, equal to JD) and TT (terrestrial time), respectively
(2) UT (universal time)
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JDE and TT are identical time scales with a constant length of days. UT takes into account the
deceleration of the Earth's rotation due to tide friction, so that from time to time a leap second is
introduced (in UTC). Because the slowing down of the Earth's rotation cannot be predicted precise-
ly, the terrestrial time (TT) is the accurate measure. With option (2), TT can be transferred to UT by
using the equations for AT = TT — UT of F. Espenak and J. Meeus [23, 24] (see section 4.8).

3.3.8 Mapping of planets and chambers

Planets E-V-M (1), E-M-V (2), V-E-M (3),

V-M-E (4), M-E-V (5), M-V-E (6) : (internal: ika)
(1) Earth — Venus — Mercury (4) Venus — Mercury — Earth
(2) Earth — Mercury — Venus (5 Mercury — Earth — Venus
(3) Venus — Earth — Mercury (6) Mercury — Venus — Earth

The three planets each correspond in the given sequence to the King's chamber, the Queen's
chamber, and the subterranean chamber (rock chamber) in the Cheops Pyramid. Option (1) is the
case that actually makes sense. The other options are added as a test and for the sake of com-
pleteness.

3.3.9 Search method for the dates

Passage aph./per. area of aph./per. free
(1) (2) (3) (4) (5) (internal: iaph)

For options (3) and (4) it follows

Steps per Mercury passage : (internal: iamax)
Step width (hours, real) : (internal: step)

(1) date: Mercury passage at aphelion

(2) date: Mercury passage at perihelion

(3) time interval around aphelion passage of Mercury
(4) time interval around perihelion passage of Mercury
(5) date completely free (within a given epoch)

Note: There are similar input menus in which not all of the options (1) to (5) are given, but the
meaning of the numbers is always the same. In option (1), only the dates are tested, when Mercury
passes the aphelion. Option (2) means the same for perihelion. In options (3) and (4), those con-
stellations are tested that are in a given time interval around the aphelion and perihelion passage
of Mercury, respectively. This could be, for example, an interval starting 7 days before and ending 7
days after each aphelion passage with equal time steps of (for instance) 12 hours. In this case, it
means that 14 - 2 + 1 = 29 dates are checked for each aphelion passage. In option (5), the date is
totally free. So, during the search the time increases in automatically chosen time steps, and if a
promising constellation is found, the relative error is minimized by an automated fit procedure.

For the options (3) and (4), two additional input lines (see above) ask for a specific time interval for
each aphelion or perihelion passage. First, it requires the number of steps per Mercury passage;
and secondly, the step width in hours is required. In the given example, the number of steps would
be 28 and the step width would be 12 (hours). When searching for “linear constellations” (syzygies)
with the short VSOP87 version or the “planetary elements” version (Kepler's equation), the follow-
ing input line allows for a search with fixed time steps:
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Step width [hrs] (min.-search 0.) (real) : (internal: step)

Thus, in the case that the overall interval dL of ecliptic longitudes of the corresponding planets falls
below a certain limit (e.g., below 5°) the program calculates all of the following constellations in the
given steps (e.g., in “1 hour” steps) until dL again exceeds the previously given limit. If the input 0.0
is given as the step width, the time steps are automatically chosen, and if dL decreases below the
given limit (like 5°), the date is optimized by minimizing dL. This case of automatically minimizing
dL is always used in the combined search with the short and full VSOP87 version.

3.3.10 “Sun position”
Sun pos. Myk.(1), Chefr.(2), free (3) : (internal: ison)

(1) “Sun position” fixed 726 m south of the center of the Mykerinos Pyramid
(2) “Sun position” fixed 963 m south of the center of the Chefren Pyramid
(3) “Sun position” free

In options (1) and (2), the “Sun position” south of Mykerinos Pyramid and south of Chefren Pyramid
means that the “Sun position” is placed exactly on the north—south middle axis of the correspond-
ing pyramid. The given distances were determined geometrically on the basis of figures like Fig. 1
or 8 (yielding the angles §; and &, in Fig. 8).

In option (3), the “Sun position” at the Giza plateau is not fixed, and the calculation of it has to be
further specified by the following menu. Note that “not fixed” does not mean “not defined.” The
“Sun position” at the Giza plateau is defined exactly by the positions of the three planets Mercury,
Venus, and Earth, when considering all 3 dimensions mathematically.

3.3.11 Computation of free “Sun position”

Sun 2D (1), 3D/SLE (2), 3D/FITEX (3) : (internal: ison2)

(1) “Sun position” free in the 2 horizontal dimensions (meaning “restricted to the Earth's surface”)
(2) “Sun position” free in 3 dimensions, calculation with a System of Linear Equations (SLE)
(3) “Sun position” free in 3 dimensions, calculation with coordinate transformation and FITEX

When the planetary and pyramid constellations are adapted to each other by comparing the coordi-
nates or by coordinate transformation, the “Sun position” can be predefined or not. “Predefined”
means that it is restricted in the vertical dimension. This option (1) was applied mainly for the
constellations 1 to 11. Options (2) and (3) are two different ways of calculating the “Sun position” in
3 dimensions on the Giza plateau south of the pyramids and also in the Great Pyramid (for details,
see section 4.6 and [5, app. A16]). In the case of a rather small relative error between pyramid and
planet configuration, both mathematical methods yield the same result and the same “Sun position,”
respectively. In the case of the chambers, the option “2D (1)” does not exist.

3.3.12 Vertical coordinate of pyramid positions

z-coord. base (1), C-M (2), top (3) : (internal: ihi)

(1) z-coordinate at level of pyramid base
(2) z-coordinate at level of center of mass of the pyramid
(3) z-coordinate at top of pyramid
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When fixing the pyramid positions in 3 dimensions, it is necessary to determine the height level of
the positions. Three alternatives are given. The center of mass of a pyramid (option 2) can be
shown to be located at a quarter of the pyramid height. Options (1) and (2) create mostly the same
or similar results, whereas option (3) also generates other constellations.

3.3.13 The z-coordinate of chamber positions
Wall east (1), middle (2), west (3) : (internal: ihi)

(1) center of east wall of each chamber
(2) spatial middle of each chamber
(3) center of west wall of each chamber

When fixing the chamber positions in 3 dimensions, it is necessary to fix the east—west location (z-
coordinate) of the positions. Because only the east walls of all three chambers are located in the
same vertical plane, but not the west walls, three alternatives are also given here.

3.3.14 Datum plane for Earth's surface
Coord. ecl. (1), Mer. (2-4), Ven. (5) : (internal: irb)

(2) projection plane is ecliptic plane (plane of Earth orbit)
(2-4) projection plane is plane of Mercury orbit
(5) projection plane is plane of Venus orbit

For the 2-dimensional calculation (section 3.3.11, option (1)), the planetary positions are projected
vertically into one plane, as also the pyramid positions are projected vertically onto the Earth's
surface. Three different planes can be tested, defined by the orbits of Earth, Mercury, and Venus,
respectively. The change from the Earth's orbit (heliocentric coordinate system, VSOP87C) to a
system based on the Mercury or Venus orbit is performed with rotational matrices (see section 4.5
and [5, app. Al5, pp. 328 ff.]). For Mercury, three different combinations of matrices are available
(options 2—4), all yielding the same result. They were used for test purposes during the develop-
ment of the program.

3.3.15 Specification of timing

Constell. (1..14), k-No. (15), JDE (0) : (internal: ijd) or
Constell. (1..14), vyears (15), JDE (0) : (internal: ijd)

(1-14) dates of the constellations 1 to 14 as given in [5, p. 315, Tab. 38]

(15) k-number (integer number of Mercury passages through aphelion or perihelion) or
(15) time period in years, specified in the menu lines following below
(0) JDE (Julian Ephemeris Day or Julian Day)

The numbers 1 to 14 belong to the planetary constellations 1 to 14 with the given dates. With these
options, only one constellation is calculated. The k-number in option (15) counts the passages of
Mercury through its aphelion or perihelion (see section 3.3.9, options (1) and (2)). The numbers
start with zero after the beginning of the year 2000. Before that date, the numbers are negative.
The format of the k-number is “real” (number with decimal point). Normally, the number (not the for-
mat) is an integer (the digits after the decimal point are zero), but it does not need to be an integer.
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The latter case means that the date is not the passage through aphelion or perihelion, but some-
where between both moments. The option “years (15)” allows us to check the dates in a given
time period. Here, the result normally consists of several planetary constellations. The last option
“JDE (0)” enables us to specify directly a JDE number so that the constellation of this moment is
calculated.

k (real): (internal: ak)
or from vyear (real): (internal: zmin)

until year (real): (internal: zmax)
or JDE (real): (internal: zjdel)

The Julian Ephemeris Day can be any date, just like the k-number, which implies that the relative
error between alignment of pyramids (chambers) and planets can be very large.

3.3.16 Tolerance in degree or percent

Tolerance ecl. long. Venus, Earth (real) : (internal: dwi) or
Max. F-pos at aphelion/ per. (real) [%] : (internal: dwi) or
Tolerance ecl. long. VSOP short (real) (internal: dwi)

" " ! VSOP full (real) : (internal: dwikomb) or
Max. F-pos VSOP short ver. (real) [%] (internal: dwi)

" " VSOP full ver. (real) [%] (internal: dwikomb) or
Max. F-pos, VSOP short, start fitmin [%] : (internal: dwi)

" " VSOP short, final range [%] : (internal: dwikomb) or
Ang. range of eclipt. longitude (real) : (internal: dwi) or
Ecl. angular range, VSOP short v. (real) : (internal: dwi)

" " ", VSOP full v. (real) : (internal: dwikomb)

The accuracy between the theoretical arrangement of the planets — given by the positions of the
pyramids, by the positions of chambers, or by a linear constellation — and the current positions of
the planets is either measured in degree (difference in ecliptic longitude) or in percent (relative error
Foos: F'pos: F'pos: S€€ sections 4.3.1, 4.3.2 and also [5]). The upper limit of these quantities has to
be inserted as real number. A larger upper limit yields a larger number of detected constellations.

When the option “time interval around aphelion or perihelion” (section 3.3.9, options (3) and (4))
combined with a (large) time period is used, like 2000 BC to 4000 AD, then this indicates a “special
search.” At first, only passages through aphelion or perihelion with a maximum allowed error “dwi”
are printed. If the current relative error is below another threshold “dwi2,” a time interval of a few
hours or days around this aphelion (perihelion) is also tested by scanning the interval in small time
steps. Then, only constellations beyond aphelion or perihelion passage are printed, if their relative
error, resp. angle, is below a third threshold “dwi3.” Therefore, the corresponding input line (provid-
ed again) is followed by two additional lines:

Max. F-pos at aphelion/ per. (real)

[%] (internal: dwi)
consider without printing [%] : (internal: dwi2)
! ! print beyond aphelion/per.[%] (internal: dwi3)

So, when checking a constellation with this search, there are three limits (relative errors), and the
last limit is normally small compared to the other ones. A typical parameter set is: dwi =3 %, dwi2
=5 %, and dwi3 = 0.2 % (compare with quick start option 5). In combination with the VSOP87 short
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version, the latter search was used to create Table 51 in [5] with the previous program version (P3).
The “fine adjustment” was done manually with the full VSOP87 version. Now, the search with quick
start option 5 can be performed with the VSOPS87 full version, too. Furthermore, the "fine adjust-
ment” is automatically done when using an automated minimum search with respect to dwi (section
3.3.9 with step width 0.0; see also example in section 3.4.10).

3.3.17 Syzygy with simultaneous transit
A1l conjunctions (1), only transits (2) : (internal: nurtr)

(1) all“linear constellations” (syzygies)
(2) only “linear constellations” with associated Mercury or Venus transit

Option (1): When searching for “linear constellations” with three or four planets, all constellations
are printed that meet the given condition, meaning that the range of ecliptic longitudes is smaller or
eqgual to a given angle dL (e.g., 5°). Constellations, which are accompanied by a Mercury or Venus
transit within a few hours or a few days, are marked with an “M” or a “V.” If it is a grazing transit,
the line is marked with “m” or “v”. In the second option, the detected “linear constellations” are prin-
ted only when there is an associated transit of Mercury and Venus. In this case, constellations with-
out a transit are skipped, which reduces the size of the output.

3.3.18 Polarity (orientation of planetary orbits)

View from ecliptic North (1), South (2) : (internal: iek) or
View from eclipt. N (1), S (2), N/S (3) : (internal: iek)

(1) looking from ecliptic north
(2) looking from ecliptic south
(3) looking from ecliptic north and south

When comparing the pyramid and planetary positions in 2 dimensions, the pyramid positions are
projected onto the Earth's surface, and the planetary positions, for example, onto the plane of the
Earth's orbit. In this case, there are two possibilities when looking onto the planets. We can look
from the ecliptic north (option (1)) or from the ecliptic south (option (2)). One figure is the mirror-
inverted configuration of the other one. So, it makes a difference when comparing with the pyramid
positions, where we always look from above the pyramids. Finally, option (3) simply combines both
options (1) and (2). Thus, all constellations found in (1) and (2) are given in (3).

3.3.19 Complexity of output
Output normal (1), extended (2) : (internal: io)

(1) one line for each detected constellation
(2) several lines for each detected constellation

In option (2), the size of the output for each date depends on other parameters. The orbital ele-
ments of all planets can be obtained only by using also the option: Kepl. Equ. (3).

3.3.20 Mode of program output

Mon. (1), file (2), special (3), exit (4) : (internal: iout) or
Monitor (1), mon. + file (2), exit (4) : (internal: iout)
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(1) output on monitor

(2) output on monitor and written into the file “out.txt”

(3) like (2) but with some output quantities being replaced (also special output for constellation 12)
(4) cancels program start

With option (1), the results are written only onto the computer monitor. When using option (2), all
results are additionally written into the file “out.txt.” This file is overwritten after each program run if
option (2) or (3) is used. So, in order to save the latest results, the created file “out.txt” must be
renamed. Option (3) means that some parameters like

JDE  Julian Ephemeris Day
e error code, when calculating the “Sun position” with FITEX (*0” means “no error”)
it number of iterations when using FITEX

are replaced by

dt [days] time difference to the next aphelion (perihelion) passage
X5 tilt angle between the Earth's surface and the transformed ecliptic plane
M scaling factor between alignment of planets and pyramids (chambers)

The latter quantities allow for the reproduction of some tables in Ref. [13]. For constellation 12, in
combination with some certain parameter settings, option (3) calculates all “planetary positions” in
the Giza area as provided in Figs. 5 and 12 (book options 380 and 381). When typing the parame-
ters individually for the “special” output of constellation 12, only the internal parameters ipla, imod,
ivers, and ihi can be varied. With option (4), the program start is canceled. The program start and
the running program can be terminated at any time by typing <Ctrl>-C or <Strg>-C, respectively.

Detailed technical information about the subroutines VSOP87X, FITEX, and all other program parts
can be found in the FORTRAN source code p4.f95 (see appendix) and to some extent in chapter 4.
Additional mathematical details of the astronomical calculations are provided in [5, app. A14-A16].

3.4 Some program outputs

Some basic information concerning the program output is provided already in section 3.1. With the
following selected options and corresponding results, most of the expressions and parameters in
the table head of the program output are explained. The output is always printed in blue and calcu-
lated with the 64-bit version of P4. Section 3.4.11 provides a compilation of all quick start options.

3.4.1 Option 0

When starting the program with the option “0,” the parameters can be determined individually in
several menus, described previously and appearing one after the other. In the following example,
the transits of Mercury in front of the Sun are calculated for the years between 1800 and 2130. The
input numbers are underlined.

Input: Constell. pyr.(1l), chamb.(2), 1lin.
Tr. Mer.(1), Ven.(2), 3-co.(3), 4-co.
VSOP87-version full v.(1), short v.
Date equ.L.(1l), nearest (2), phases

phases and position angles

Calendar only Greg. (1), Jul./Greg.

Time system JDE/ TT (1), UT
from year (real): 1800
until year (real): 2130

= = [

e T R T N N e
NNPWNPRAW
—_——— — — — —

=N W
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Output normal (1),

Monitor (1), mon. + file (2),

Output:

TRANSITS OF MERCURY

extended (2)
exit

(4)

N =

(geocentric transit phases, terrestrial time TT)
< option

VSOP87C, comb. search,

Period (years) from

co/p date/ time: I

0 >

ecliptic of date,
1800.00 to

IT

2130.00,

nearest

all Mercury transits
Jul./Greg. calendar

wn

III IV sep["]a

. Nov. 1802

=

. Nov. 1822
. May 1832

= =
ONPOOOOUINWOONUIUIN ©

3
[y
[ENO)

. May 1937 --

3
[ = = =
NN WROONUIOWO ONO A

6:14:
. Nov. 1815 0:18:

1: 0:

9: 0:
. Nov. 1835 17:32:
. May 1845 16:20:
. Nov. 1848 11: 5:
. Nov. 1861 5:18:
. Nov. 1868 5:25:
. May 1878 15:12:
. Nov. 1881 22:16:
May 1891 23:54:
. Nov. 1894 15:56:
. Nov. 1907 10:23:
. Nov. 1914 9:57:
. May 1924 21:44:
. Nov. 1927 3: 2:

. Nov. 1940 20:49:
. Nov. 1953 15:37:
. May 1957 23:59:
. Nov. 1960 14:34:
. May 1970 4:20:
. Nov. 1973  7:48:
. Nov. 1986 1:44.:
. Nov. 1993 3: 7:
. Nov. 1999 21:16:
. May 2003 5:14:
. Nov. 2006 19:13:
. May 2016 11:13:
. Nov. 2019 12:36:
. Nov. 2032 6:42:
. Nov. 2039 7:19:
. May 2049 11: 5:
9. Nov. 2052 23:55:
10. May 2062 18:18:
11. Nov. 2065 17:26:
14. Nov. 2078 11:45:
7. Nov. 2085 11:45:
8. May 2095 17:24:
10. Nov. 2098 4:38:
12. May 2108 1:43:
14. Nov. 2111 22:19:
15. Nov. 2124 16:54:

20
43
53
31
56
41
28
34
43
57
59
24
31
56
23

9
30

22
44
53
31
11
13

5
14
48
16
17
36
43
26
30
22
24
36
32

6
39

2
48
45
23

5

6:16:
0:20:
1: 4:
9: 4.
17:34:
16:24:
11: 7:
5:20:
5:28:
15:16:
22:18:
23:59:
15:58:
10:26:
9:59:
21:47
3: 4:
20:51:
15:41:
0: 9:
14:36:
4:23:
7:49:
1:46:
3:13:
21:32:
5:18:
19:15:
11:16:
12:38:
6:44:
7:22:
11: 8:
23:57:
18:22:
17:28:
11:47
11:48:
17:27:
4:40:
1:48:
22:21:
16:56:

1
45
17

44
23
10
51
19

44
24
16
38

110

12

11
23
54
32
13
54

10
36
44
10
48
24
30
44
54
12
13
15

126

12
12
32
26

54

8:
2:
2:

12

14

15:
8:
8:

14:
2:

21:

20:

13:

13:

21:
7:
4:
0:

18:

58:
33:
24:
:25:
20:
19:
13:
7:
7:
18:
0:
2:
18:
12:
12:
1:
5:
8:
23:
16:
1:
16:
8:
10:
4:
3:
21:
7:
21:

7

36:
47:
19:
14:
59:
57:
21:
34:

6:

3:
41:
45;
59:
21:
54:

14

53:
16:
32:

7:
57:

41

53:
42
:58:
20:
55:
48:
25:
31:
38:

8:
43:
37:

8:
19:
19:
56:
32:

36
28
47
23
149
49
39
35
10
52
13
37
42
52
23
22
57
41
32
17
146
27
50
58
57
31
:57
28

9
33
57
22

4
43
31
53
20
36
22
40
52
33
51
40

:41:15 11:42:57 60.9/
:46:14  4:48:16 556.1/
:45:19 3:48:43 -838.8/
:46:40 15:50: 9 484.7
:40:58 22:42:46 -336.4/
:49:10 22:52:52 -547.2
:28:13 16:29:56 163.0/
:18:22 9:20:38 657.9/
: 0: 3 9: 2:39 -735.1/
:43:30 22:46:39 287.3
:35:47 3:37:31 -231.8/
143:47 4:48:46 -753.6
:11:12 21:12:57 266.2/
:47: 7 13:49:48 758.6/
: 7:11 14: 9:25 -630.7/
:35:25 5:38:26 84.6
:27:46 8:29:28 -128.7/

:51:56 1:53:45 368.5/
: 7:11 18:10:50 861.8/
:19:37 2:29:37 907.3
:10:25 19:12:27 -527.9/
:10:20 12:13:22 -114.1
:16: 7 13:17:49 -26.4/
:29:57 6:31:52 470.5/
:41:53 4:47:49 -926.7/ 1
:51:19 22: 7: 6 963.0/
:28: 9 10:32:37 708.3
: 9:13 0:11: 6 -422.9/
:40:11 18:43:22 -318.5
: 3:35 18: 5:16 75.9/
: 6:17 11: 8:22 572.1/
:13:25 10:16:39 -822.3/ 1
:42:26 17:45:58 511.8
: 5:55 5: 7:42 -318.7/
:55:27 0:59: 4 -520.5
:48:30 22:50:13 180.7/
:39:48 15:42: 8 674.3/
:26:34 15:29: 7 -718.5/ 1
:50: 0 0:53: 9 309.8
:59:17 10: 1: 1 -214.7/
:50:38 6:55:18 -724.7
:32:38 3:34:24 283.3/
: 8:28 20:11:17 778.9/

-- -- -955.5

APONOOCOOP,L,PONOCOOPL,ONOONORL,ONOOONRPMUONON PR UONONRRUIOONON M

Computed constellations:
Tested planet. passages:

Detected transits

Centr./grazing transits:

28

14035
1041
44

0/ 2

CPU-time

("/" means ascending node)

0: 0: 1.544 -- end of run.



More details about the output format is provided in section 3.4.6. This is one example of fixing the
parameters individually. In the following, the results of some quick start options are presented.

3.4.2 Quick start option 1

Output: PLANETS IN ALIGNMENT WITH THE PYRAMIDS OF GIZA
(Mercury at aphelion)
< option 1>
VSOP87C, comb. search, ecliptic of date, "Sun" free 3D, C-M, FITEX

Ecl. N and S, years -13000.00 to 17000.00 (c2), tolerance F <= 1.50/ 1.00 %

con k year Lm-Lv Lm-Le e it x-Sun y-Sun z-Sun dr P Fl[%]
-59934-12435.214 9.349 13.126 © 85 -588.5 370.0 310.5 5.2 * 0.434
-59768-12395.233 13.603 20.167 © 87 -570.7 227.1 397.3 8.1 0.716
-55865-11455.188 12.728 18.358 0 89 -552.5 298.7 394.0 8.0 * 0.697
-35839 -6631.888 -10.931 -15.051 O 63 -411.5 557.6 -273.4 10.5 0.889
-31770 -5651.861 -7.629 -9.869 0 82 -482.4 571.5 -169.5 8.1 0.668
-27867 -4711.714 -8.557 -11.707 O 75 -457.9 570.4 -209.9 4.6 0.379
-23798 -3731.708 -5.250 -6.516 O 65 -526.9 564.6 -99.3 8.6 0.697
-712 1828.517 -19.311 -31.682 0 114 -606.7 -146.1 -182.7 8.1 * 0.803

450 2108.387 10.444 17.871 O 76 -676.8 153.5 282.4 7.9 0.677

3191 2768.562 -20.247 -33.537 0 116 -596.5 -184.6 -143.6 6.5 * 0.662

12 4519 3088.413 13.779 23.191 O 46 -667.5 21.3 272.4 0.8 0.069
7260 3748.588 -16.937 -28.312 0 129 -648.7 -110.6 -136.6 6.7 * 0.642
11163 4688.633 -17.875 -30.163 0 115 -636.4 -148.3 -107.7 5.5 * 0.540
12491 5008.485 16.189 26.748 0 72 -660.7 -70.6 221.9 9.3 0.866
Computed constellations: 124559 (P: polarity, * view from ecl. south)
Detected constellations: 14 CPU-time 0: 0: 2.412 -- end of run.

After “tolerance F” the two given values belong to the VSOP87 short and full version. After the
limiting year dates, the parameter (c2) means that both the Julian and the Gregorian calendar as
well as the corresponding decimal years are used within their time periods; (c1l) means that the
Gregorian calendar is applied for all times. The parameters in the header line just above the table
are as follows:

con
k
year
Lm-Lv
Lm-Le
e

it
X-Sun
dr

P
F[%]

number of constellation 1-14 or arrow “->,” if date is not far from a known constellation
number of Mercury aphelion (or perihelion) passage (see section 3.3.15)

decimal year (astron. counting, which means that the year 0 exists; see section 4.9.1)
difference of heliocentric longitudes of Mercury and Venus

difference of heliocentric longitudes of Mercury and Earth

error code from FITEX, “0” means “no error,” more information in the source code (app.)
number of iterations when using FITEX for calculating the “Sun position” in 3D
x-coordinate of the “Sun position” in meters at the Giza plateau (y-Sun, z-Sun analog)
accuracy of “Sun position” in the pyramid area in meters (see section 4.9.2)

polarity: the star “x” represents the view from the ecliptic south (“no star”: ecliptic north)
relative accuracy of comparing pyramid (chamber) positions with planetary positions

In the subroutine “FITEX,” the error code “e” is named “KE.” In references [5] and [13], the relative
deviation F is also named F.s, Flpos, OF F"p0s, depending on the way of calculation. These quanti-
ties are always the relative error when comparing the pyramid positions with the planetary posi-
tions. The options “1” and “500” are identical (compare with [5, Table 50]).
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3.4.3 Quick start option 3

Output: PLANETS IN ALIGNMENT WITH THE PYRAMIDS OF GIZA
(Mercury at aphelion)
< option 3 >

VSOP87C (2005) full ver., ecliptic of date, "Sun" free 3D, C-M, FITEX
Ecl. N and S, constellation 12, JDE = 2849079.76330, year = 3088.41 (c2)
date (Gregor.,TT) = 31. May 3088, 6:19: 9, Thursday

con k year Lm-Lv Lm-Le e it x-Sun y-Sun z-Sun dr P F[%]
Lm Bm Rm Lv Bv Rv Le Be Re
Xm ym zm XV yv zZv xe ye ze
XV -XMm Xe-xm yv-ym ye-ym Zv-zm ze-zm rel. deviation

12 4519 3088.413 13.779 23.191 0 46 -667.5 21.3 272.4 0.8 0.069

274.2350 -3.8355 0.466784 260.4560 0.3611 0.725141 251.0441 0.0001 1.010140
0.465739 0.000000-0.031224 .704258-.172709 .004569 0.928519-0.397789 0.000001

0.238520 0.462780-0.172709-0.397789 0.035794 0.031226 0.06939575 %
ascending node (M/V/E/Ma): 61.262371 86.535685 --- 57.966374
inclination i (M/V/E/Ma): 7.022736 3.405473 0.000000 1.844689
perihelion pi (M/V/E/Ma): 94.431801 146.691325 121.707611 356.114290
transl. X1, X2, X3; del-t: -0.465804 -0.000042 0.031160 0.000 days
Euler angl. X4, X5, X6; M: -45.993868 24.468218  43.897290 97644154.
pla x[AU] y[AU] z[AU] L B r[AU] Lm-L dev

Mer 0.034394 -0.464467 -0.031224 274.2350 -3.8355 0.466784 0.0000 0.0000
Ven -0.120230 -0.715090 0.004569 260.4560 0.3611 0.725141 13.7790 1.5890
Ear -0.328133 -0.955359 0.000001 251.0441 0.0001 1.010140 23.1909 1.7809
Mar -0.742601 -1.384620 -0.003376 241.7944 -0.1231 1.571191 32.4406 ---
Jup 3.659951 -3.600495 -0.044977 315.4692 -0.5019 5.134280 -41.2342 -6.4502
Sat 6.950958 6.246050 -0.394537 41.9425 -2.4175 9.353321-127.7075 87.2925
Ura 14.561780-13.283778 -0.228606 317.6278 -0.6645 19.711836 -43.3928 ---
Nep-30.177931 0.905335 0.497313 178.2816 0.9437 30.195604 95.9534 ---

Celestial pos. in Giza body x[m] y[m] z[m] dr[m]

Local coordinates Sun -667.49 21.30 272 .36 0.77
of the "planets" Mercury -0.12 -0.09 16.24 0.15 <
(pyramid positions) Venus 385.58 -239.89 33.43 0.30 <
Earth 739.06 -574.51 23.93 0.14 <

Mars 1373.30 -1232.84 34.00 0.96

Jupiter 4545.10 4889.86 -3044.47 5.07

Saturn -10104.25 10738.27 -928.40 10.57

Uranus 18521.60 19497.37 -12553.34 20.57

Neptune -1354.80 -43610.38 15633.42 31.99
("<" exact deviation dr) CPU-time ©0: 0: 0.084 -- end of run.

Information above the first solid line of the tables:

VSOP87C (2005) full ver., ecliptic of date describes the VSOP version
"Sun” free “Sun position” at the Giza plateau free
3D calculation of “Sun position” in 3 dimensions
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C-M vertical coordinate “z” of pyramid positions at the center of mass of each pyramid
FITEX calculation of “Sun position” by coordinate transformation and fit program FITEX
Ecl. N and S view on ecliptic plane not fixed because of 3-dimensional calculation

The parameters below the first solid line are identical to those in section 3.4.2. The quantities be-
low the dashed line mean the following:

Lm Bm Rm heliocentric spherical coordinates of Mercury

Lv Bv Rv Le Be Re heliocentric spherical coordinates of Venus and Earth

Xm ym zm Cartesian coordinates of Mercury; x-axis through Sun and Mercury aphelion
XV yv zv xe ye ze analog Cartesian (rectangular) coordinates for Venus and Earth

XV-Xm ... difference of Cartesian coordinates for comparison with pyramid positions
rel. deviation the relative accuracy or error F (resp. Fpos, Flpos: OF Fpos)

ascending node ecl. longitude when the planet moves through ecl. plane from south to north
inclination i tilt angle between planes of planetary orbit and Earth's orbit

perihelion pi ecl. longitude for location of shortest distance between planet and the Sun
(M/V/E/Ma) Mercury, Venus, Earth, and Mars

transl. X1, X2, X3 translation coordinates of planetary positions in 3D when using FITEX
del-t time difference between current date and next aphelion/perihelion passage
Euler angl. X4, X5, X6 three angles for rotation of planetary configuration when using FITEX
M scale factor, calculated with M = 1 AU/ X; (AU = Astronomical Unit)

The next table in the output contains the Cartesian and spherical coordinates of all planets from
Mercury to Neptune. “Lm-L" is the difference in ecliptic longitude between Mercury and the corre-
sponding planet, which can be used for a comparison with the accordant angle in the pyramid
area. The quantity “dev.” is the deviation of “Lm—L" in degree to the angles given by the pyramid
positions. The first three angles, belonging to the positions of Mercury, Venus and Earth, are quite
clear (compare with Fig. 8). The deviations for Jupiter and Saturn are based on the positions of the
pyramid at Abu Rawash (Jupiter) and the pyramid area in Abusir (Saturn) [5, Fig. 70, p. 150].
These pyramid locations are very near to the (transformed) orbits of Jupiter and Saturn, after
coordinate transformation of all planetary positions in the solar system with respect to the pyramids
of Giza.

The last table shows the local coordinates of the Sun and all planets after coordinate transforma-
tion to the pyramid area in Giza. The origin of the coordinate system is located in the center of the
base area of the Mykerinos Pyramid. The x-axis points to the north, the y-axis points to the west,
and the z-axis points upward. The quantity “dr[m]” in the last column is the accuracy of the calcu-
lated “Sun position” and the “planetary positions.” For the calculation of “dr” and for the meaning of
“<,” see section 4.9.2 and also [13, Table 25]. The remarkable positions of “Sun” and “Mars” are
highlighted.

3.4.4 Quick start option 4

Output: PLANETS IN ALIGNMENT WITH THE PYRAMIDS OF GIZA
(Mercury near aphelion)
< option 4 >

VSOP87C (2005) full ver., ecliptic of date, "Sun" free 3D, C-M, FITEX
Ecl. N and S, constellation 12, JDE 2849079.76330, year = 3088.41 (c2)
Special search (interval), step number 36, step width = 1.000 hour(s)

con k year Lm-Lv  Lm-Le e it x-Sun y-Sun z-Sun dr P  F[%]
( JDE dt[h] X5 M/10"7 h-Sun " " ! " " "
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12 4519 3088.413 13.779 23.191 0 46 -667.5 21.3 272.4 0.8 0.069
2849079.01330 -18.0 25.67 9.649 20.77 -674.6 50.3 272.1 1.6 0.145
2849079.05497 -17.0 25.61 9.656 20.78 -674.3 48.7 272.2 1.5 0.136
2849079.09664 -16.0 25.55 9.662 20.80 -673.9 47.0 272.3 1.4 0.126
2849079.13830 -15.0 25.48 9.668 20.82 -673.5 45.4 272.3 1.3 0.117
2849079.17997 -14.0 25.42 9.674 20.83 -673.1 43.8 272.4 1.2 0.108
2849079.22164 -13.0 25.35 9.681 20.85 -672.7 42.2 272.5 1.1 0.098
2849079.26330 -12.0 25.29 9.687 20.86 -672.3 40.6 272.5 1.0 0.089
2849079.30497 -11.0 25.22 9.693 20.88 -671.9 39.0 272.5 0.9 0.081
2849079.34664 -10.0 25.16 9.700 20.89 -671.6 37.4 272.6 0.8 0.072
2849079.38830 -9.0 25.09 9.706 20.90 -671.2 35.8 272.6 0.7 0.064
2849079.42997 -8.0 25.02 9.712 20.91 -670.8 34.1 272.6 0.6 0.057
2849079.47164 -7.0 24.96 9.719 20.92 -670.4 32.5 272.6 0.6 0.051
2849079.51330 -6.0 24.89 9.725 20.94 -670.0 30.9 272.6 0.5 0.047
2849079.55497 -5.0 24.82 9.732 20.95 -669.5 29.3 272.6 0.5 0.045
2849079.59664 -4.0 24.75 9.738 20.96 -669.1 27.7 272.5 0.5 0.046
2849079.63830 -3.0 24.68 9.745 20.96 -668.7 26.1 272.5 0.5 0.049
2849079.67997 -2.0 24.61 9.751 20.97 -668.3 24.5 272.5 0.6 0.054
2849079.72164 -1.0 24.54 9.758 20.98 -667.9 22.9 272.4 0.7 0.061
2849079.76330 0.0 24.47 9.764 20.99 -667.5 21.3 272.4 0.8 0.069
2849079.80497 1.0 24.40 9.771 21.00 -667.1 19.7 272.3 0.9 0.078
2849079.84664 2.0 24.33 9.778 21.00 -666.7 18.1 272.2 1.0 0.088
2849079.88830 3.0 24.25 9.784 21.01 -666.2 16.5 272.1 1.1 0.098
2849079.92997 4.0 24.18 9.791 21.01 -665.8 14.9 272.0 1.2 0.108
2849079.97164 5.0 24.11 9.798 21.02 -665.4 13.3 271.9 1.3 0.119
2849080.01330 6.0 24.03 9.804 21.02 -664.9 11.7 271.8 1.4 0.130
2849080.05497 7.0 23.96 9.811 21.02 -664.5 10.1 271.7 1.6 0.141
2849080.09664 8.0 23.89 9.818 21.03 -664.1 8.5 271.6 1.7 0.152
2849080.13830 9.0 23.81 9.824 21.03 -663.6 6.9 271.4 1.8 0.164
2849080.17997 10.0 23.74 9.831 21.03 -663.2 5.3 271.3 1.9 0.175
2849080.22164 11.0 23.66 9.838 21.03 -662.8 3.7 271.1 2.1 0.187
2849080.26330 12.0 23.58 9.845 21.03 -662.3 2.2 271.0 2.2 0.199
2849080.30497 13.0 23.51 9.852 21.03 -661.9 0.6 270.8 2.3 0.211
2849080.34664 14.0 23.43 9.859 21.03 -661.4 -1.0 270.6 2.4 0.223
2849080.38830 15.0 23.35 9.865 21.03 -661.0 -2.6 270.4 2.6 0.235
2849080.42997 16.0 23.28 9.872 21.03 -660.5 -4.2 270.2 2.7 0.247
2849080.47164 17.0 23.20 9.879 21.03 -660.1 -5.8 270.0 2.8 0.259
2849080.51330 18.0 23.12 9.886 21.02 -659.6 -7.3 269.8 3.0 0.272

CPU-time 0: 0: 0.076 -- end of run.

This is a time scan around the aphelion passage of Mercury [13, Tab. 24] in the year 3088 AD.
Theoretical and (almost) ideal values are highlighted (see explanations in [13]). The new param-
eters are described as follows:

Special search (interval) search with Mercury near to the aphelion position
step number number of time steps in the time interval for each aphelion passage
step width width of time steps in hours

The first of the two rows just above the solid line at the beginning of the table is identical to that in
section 3.4.2. It belongs to the very first row of numbers in the table, which gives some quantities
for the date of the aphelion passage. The second of the two header rows belongs to all other rows
in the table. It contains some new parameters:

dt[h] time difference in hours to the middle of the time interval (aphelion passage)

X5 tilt angle Xg between Earth's surface and the transformed plane of the Earth's orbit
M/1077 scale factor between positions of planets and pyramids (divided by 107)

h-Sun height of the transf. “Sun position” above the southern horizon in degree, as seen

from the “Mercury position” (see Figs. 2, 18, and [5, Fig. 151], and [13, Fig. 13])
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3.4.5 Quick start option 7

Output: PLANETS IN ALIGNMENT WITH THE CHAMBERS OF THE CHEOPS PYRAMID
(Mercury at perihelion)
< option 7 >

"Keplers equation", ecliptic of date, E-V-M, "Sun" south of sub. cham.
Ecl. N and S, years -13000.00 to 17000.00 (c2) angular range: 1.8500 deg

con k JDE year Lm Lm-Lv Lm-Le dell del2 P
-56861 -2550434.93231 -11694.956 230.093 98.696 114.324 1.736 ~-1.186 *
-54691 -2359541.44361 -11172.307 237.794 -98.170-115.408 -1.210 0.102
-51783 -2103726.57489 -10471.910 248.141 95.639 116.330 -1.321 0.820 *
-42816 -1314905.41676 -8312.191 280.237 -96.743-113.723 0.217 1.787

1 -38913 -971561.04515 -7372.146 294.297 -97.721-115.558 -0.761 -0.048
-36005 -715746.17643 -6671.749 304.808 95.922 116.021 -1.038 0.511 *
-27038 73074.98170 -4511.932 337.411 -96.272-113.791 0.688 1.719

2 -23135 416419.35331 -3571.906 351.692 -97.244-115.611 -0.284 -0.101
-20227 672234.22203 -2871.523 2.367 96.199 115.701 -0.761 0.191 *
-16324 1015578.59364 -1931.497 16.743 95.214 113.840 -1.746 -1.670 *
-11260 1461055.38017 -711.848 35.477 -95.807-113.768 1.153 1.742

7 -8352 1716870.24889 -11.465 46.276 97.477 117.232 0.517 1.722 *

3 -7357 1804399.75177 228.177 49.978 -96.781-115.572 0.179 -0.062

-4449 2060214.62050 928.560 60.818 96.494 115.370 -0.466 -0.140 *

12 4518 2849035.77863 3088.293 94.434 -95.370-113.661 1.590 1.849

8 7426 3104850.64735 3788.690 105.397 97.792 116.894 0.832 1.384 *

4 8421 3192380.15023  4028.338 109.155 -96.348-115.453 0.612 0.057

11329 3448195.01896 4728.735 120.159 96.809 115.031 -0.151 -0.479 *
12324 3535724.52184 4968.383 123.931 -97.326-117.242 -0.366 -1.732
9 23204 4492831.04581 7588.851 165.409 98.118 116.555 1.158 1.045 *
5 24199 4580360.54870 7828.499 169.223 -95.949-115.263 1.011 0.247
27107 4836175.41742 8528.896 180.391 97.132 114.689 0.172 -0.821 *
28102 4923704.92030 8768.544 184.219 -96.933-117.041 0.027 -1.531
10 38982 5880811.44428 11389.013 226.310 98.444 116.222 1.484 0.712 *
39977 5968340.94716 11628.660 230.180 -95.586-115.017 1.374 0.493
42885 6224155.81588 12329.058 241.512 97.455 114.354 0.495 -1.156 *
43880 6311685.31876 12568.705 245.396 -96.577-116.788 0.383 -1.278
54760 7268791.84274 15189.174 288.099 98.766 115.911 1.806 0.401 *
55755 7356321.34562 15428.822 292.026 -95.262-114.737 1.698 0.773
58663 7612136.21434 16129.219 303.521 97.771 114.045 0.811 -1.465 *
59658 7699665.71723 16368.866 307.461 -96.255-116.505 0.705 -0.995
Computed constellations: 124558 (P: polarity, resp. view on ecliptic)
Detected constellations: 31 CPU-time 0: 0: 0.148 -- end of run.
New terms and parameters:
"Keplers equation" calculation with orbital elements and solving Kepler's equation
E-V-M mapping of Earth, Venus, Mercury to King's, Queen's, and subterranean
chamber
"Sun" south of sub. cham. “Sun position” fixed, south of subterranean chamber
angular range limit for angular deviations in degree when comparing the positions
dell del2 angular deviations 6, and J, in degree between angles of planetary posi-

tions (L,,— L, and L,,— L¢) and of chamber positions in Cheops Pyramid

This run uses the orbital elements given as polynomials of third degree and solving Kepler's equa-
tion numerically. It needs less than 1 second to check more than 124,000 constellations. The re-
sults are not as precise as calculated with the short and full versions of VSOP87, but the computa-
tion is much faster and all important constellations are found.
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3.4.6 Quick start option 11

Output:

(geocentric

VSOP87C, comb. search,
Period

co/p date/ time: I

(years) from

TRANSITS OF MERCURY

transit phases, terrestrial time TT)
< option

1

1>

ecliptic of date,
2950.00 to

IT

3200.00,

nearest

Jul./Greg. calendar

ITI

all Mercury transits

IV

sep["]a

S

18. Nov. 2953 12:58:
19. May 2963  2:31:
21. Nov. 2966 6: 4:
21. May 2976 9:57:
24. Nov. 2979 23:58:
25. Nov. 2992 18:52:
19. Nov. 2999 17:34:
20. May 3009 8:48:
22. Nov. 3012 10:51:
23. May 3022 17:33:
25. Nov. 3025 4:55:
18. Nov. 3032 6:15:
28. Nov. 3038 0:31:
21. Nov. 3045 22:13:
21. May 3055 15:25:
23. Nov. 3058 15:42:
26. Nov. 3071 9:56:
19. Nov. 3078 10:18:
12 18. May 3088 17:10:
22. Nov. 3091 2:54:
23. May 3101 22: 4:
24. Nov. 3104 20:34:
27. Nov. 3117 14:59:
20. Nov. 3124 14:42:
21. May 3134 22:49:
23. Nov. 3137 7:38:
24. May 3147  4:59:
26. Nov. 3150  1:28:
28. Nov. 3163 20: 6:
21. Nov. 3170 19:14:
21. May 3180 4:52:
24. Nov. 3183 12:26:
24. May 3193 12: 2:
26. Nov. 3196 6:22:

13: 0:
2:34:
6: 5:

10: 1:
0: 0:

18:56:

17:36:
8:51:

10:53:

17:39:
4:57:
6:23:
0:43:

22:14:

15:28:

15:43:
9:58:

10:22:

17:16:
2:56:

22: 7:

20:36:

15: 1:

14:45:

22:53:
7:40:
5: 2:
1:30:

20: 9:

19:16:
4:55:

12:27:

12: 6:
6:24:

38
14
57
20

30
30
37
33
50
27
43
41
57
23
47
47

41
50
32
43

44
30
27

25
46
16
54
10

15:
6:
8:

12:
2:

20:

19:

12:

13:

19:
7:
6:
0:
0:

19:

18:

12:

11:

19:
5:
1:

23:

16:

16:
1:

10:
8:
4:

21

21:
8:
15;
15;
8:

2

6:
48:
54:
31:
11:
52:
39:
37:
28:
20:
53:
59:
41:
21:
27:
10:

42

20:
31:
54:
17:
58:
31:
52:
20:
32:

7:
146:
21:
24:
10:

4:
54:

:35
17
19
45
53
23
29
28
29
51
44

7
11
37
16
21
45
128
59

3
59
46
56
23
34
16
13

4
36
19
42
53

4
45

1 4
:38:
:30:
:48:
i 3
:26:
: 8:
127
:21:
117
144
122
114
: 8:
:13:
:11:
122
12
:25:
: 5:
:41:
:59:
:56:
117
:51:
: 0:

1:

144
:23:
:25:
:54;
:53:

1:

:25:

134

13
45

6
40
17
31
11
31
50

4

132

41
21
59

1
47

152

48
30
59

5
12

146

19

8
53

4
49
55

1
57
52
16

18:
18:

4:
13:
12:

6:
23:
23:
11:
17:
18:
11:

1 6:
:41:
:32:
:52:
: 5:
:29:
:10:
:30:
:23:
124
:46:
:31:
:27:
:10:
:16:
:12:
124
1 6:
:31:
7
:45:
1 0:
58:
20:
55:

1:

5:
45:
26:
28:
57:
55:

5:

52
27
28

30
53
35
12
13

7

0

1
19
15
56
43
52
20

8
19

1
48
32
24

6
53
11
50
37
10
15
40
45

-646.
386.
-141.
-634.
359.

855

463

567

276

27: 6 379

7/
9
4/
7
5/

.5/
-542.
190.
-36.
-836.
.5/
-945.,
958.
-436.
-14.
66.

5/
9
8/
4

6/
8/
S/
3

7/

.6/
-839.
796.
-332.
-212.
172.
670.
-735.
601.
-226.
-414.
.0/
773.
-630.
405.
-123.
-612.
7/

5/
5
3/
9
4/
4/
1/
2
8/
1

6/
3/
9
0/
6

17
18
16
15
14
12
17
18
16
15
14
19
12
17
18
16
14
19
20
17
18
16
14
19
20
17
18
16
14
19
20
17
18
16

Computed constellations:
Tested planet. passages:

Detected transits

Centr./grazing transits:

10687
788

34

06/ ©

CPU-time

("/" means ascending

node)

0: 0: 1.192 -- end of run.

In the header, the expression “comb. search” means “combination search”. The search starts for
each transit with the VSOP87C short version and continues with the full version. Nonetheless, no
central nor grazing transit appears during this time period. The constellation number (12) at the
beginning of the line is automatically generated by the program (subroutine “konst”). This program

run is similar to the book option 310 [13, Tab. 31].

The parameters in the last header line are as follows:
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co number of constellation (such as 12), “->" means “near to a known constellation

P partial transit: “m” Mercury, “v” Venus; “c” or “C” central transit (not given here)
date calendar date of middle of the transit, more precisely: minimum separation

I IT III IV times of inner and outer contact points, transit phases (see Fig. 7)

nearest moment of nearest approach (min. sep.) between planet and center of the Sun
sep["] minimum separation between planet and the Sun in arc seconds

a ascending node: “slash” (descending node: “no slash”)

S serial number of transit

In our epoch, the passage of Mercury through the ascending node always takes place in Novem-
ber, the passage through the descending node in May. However, the ascending and descending
node (a) for Mercury and Venus are not determined by the given months but independently on the
basis of geometrical considerations.

Each transit of one series is labeled with the same number. In contrast, the absolute value of the
serial numbers are arbitrary. Jean Meeus, for example, did not name each series with a humber
but with a letter A, B, C, ... [22, pp. 42 ff.]. Here, we take the numbers used on the NASA/Goddard
Space Flight Center website, webmaster Fred Espenak:

http://eclipse.gsfc.nasa.gov/transit/catalog/MercuryCatalog.html
and http://eclipse.gsfc.nasa.gov/transit/catalog/VenusCatalog.html

(Note: In these links, the transit phases are given in universal time UT.) In order to always get the
same serial numbers S, independently from the starting date of the chosen time period, the first
numbers are taken from the file “inserie.t”. Thus, this file is used only at the beginning of each run.
All other serial numbers are determined during runtime of the program.

3.4.7 Quick start option 14

Output: PLANETS IN A LINE (SYZYGY)
(angular range of eclipt. longitudes dL minimized, JDE)
< option 14 >

VSOP87C, comb. search, ecliptic of date, linear c. Mercury to Mars
Period (years) -13000.00 to 17000.00 (cl), angular r.: 6.00/ 5.00 deg

co tr k JDE year dt[days] Lm-Lv Lm-Le Lm-Lma dLmin
-62144 -3015259.12387 -12967.601 -38.133 1.757 0.0 0.105 1.757
-61116 -2924752.04882 -12719.801 36.451 -2.558 -3.025 0.0 3.025
-56018 -2476304.86414 -11491.995 15.891 -1.871 -3.100 0.0 3.100
-55699 -2448270.17542 -11415.238 -11.643 2.577 3.490 0.0 3.490
-54830 -2371781.88140 -11205.820 31.286 1.469 0.0 0.900 1.469
-51975 -2120688.28715 -10518.350 -27.612 -1.048 -0.384 0.0 1.048

M -50946 -2030182.60335 -10270.553 -42.389 -0.500 -0.988 0.0 0.988
-48544 -1818813.77667 -9691.845 24.059 4.074 0.0 1.955 4.074
-48225 -1790778.08803 -9615.086 -2.474 3.782 3.234 0.0 3.782
-44501 -1463199.29860 -8718.206 -21.543 2.831 -0.189 2.831 3.019

V -40777 -1135613.28929 -7821.306 -33.392 -2.288 -2.121 0.0 2.288
-39749 -1045106.26361 -7573.506 41.143 -4.656 -3.657 0.0 4.656
-33463 -492135.45751 -6059.523 36.617 -0.732 -0.497 0.0 0.732
-29579 -150537.15060 -5124.259 -38.030 -3.780 -2.775 0.0 3.780
-28046 -15654.33423 -4754.962 -12.227 4.108 3.948 0.0 4.108
-27177 60834.13961 -4545.544 30.882 1.499 0.0 0.676  1.499
-24322  311928.64773 -3858.071 -27.103 2.726 3.541 0.0 3.541
-23293  402434.40305 -3610.274 -41.808 3.463 3.984 0.0 3.984
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-20891 613802.18908 -3031.569 23.600 4.661 0.0 3.870 4.661
-20572  641837.19908 -2954.812 -3.613 4.509 2.495 0.0 4.509
-19384  746366.77815 -2668.619 18.379 0.226 4.109 0.0 4.109
-16848  969416.60704 -2057.930 -22.063 4.094 0.469 0.0 4.094
-13124 1297003.80471 -1161.026 -32.723 2.174 3.048 0.0 3.048
M -12096 1387510.46824 -913.228 41.449 -2.172 -0.337 0.0 2.172
-5810 1940480.90518 600.754 36.554 0.079 0.707 0.0 0.707
-5650 1954490.74930 639.112 -28.698 4.457 0.0 0.403  4.457
-4621 2044997.03231 886.909 -42.875 4.093 0.0 1.425 4.093
-2955 2191576.37670  1288.230 -20.467 -4.154 0.0 -0.771  4.154
-1926 2282079.86037  1536.020 -37.445 0.453 2.400 0.0 2.400
476 2493450.15754 2114.732 30.475 1.507 -0.232 1.507 1.739
795 2521489.41998 2191.501 7.515 -3.907 0.0 -1.484  3.907
12 M 4519 2849066.01327 3088.376 -13.750 -3.397 -2.605 0.0 3.397
5548 2939566.30702 3336.157 -33.917 3.882 0.0 0.569 3.882
8243 3176650.26922  3985.271 -27.352 -3.312 0.0 -0.379  3.312
8269 3178981.57686  3991.654 16.752 -0.800 1.467 -0.800 2.267
9272 3267156.02956  4233.067 -42.053 -3.820 -0.574 0.0 3.820
15557 3820126.65275 5747.049 41.208 -2.124 0.0 -1.952  2.124
15717 3834138.13217 5785.411 -22.408 -2.064 -3.418 0.0 3.419
15743 3836472.36564 5791.802 24.622 4.659 4.389 0.0 4.659
16746 3924642.67733  6033.204 -38.324 2.520 0.0 2.339 2.520
19441 4161725.56802 6682.315 -32.830 -3.781 0.0 -0.412  3.781
20974 4296612.30826  7051.623 -3.103 -4.188 0.0 -3.368 4.188
M 21843 4373097.00488 7261.031 36.229 -0.135 0.380 -0.135 0.515
24698 4624193.65495 7948.510 -19.615 -0.632 4.214 -0.632 4.846
26915 4819212.51626  8482.453 -28.801 -1.437 -3.049 0.0 3.049
28129 4926065.39990 8775.007 29.292 -0.821 -3.563 0.0 3.563
28448 4954105.08050 8851.777 6.750 -2.902 0.0 -1.249  2.902
32172 5281682.80510 9748.654 -13.384 -0.969 0.0 -0.897 0.969
35922 5611596.79305 10651.928 15.543 -0.971 0.043 -0.971 1.013
36925 5699772.17611 10893.344 -42.331 -3.639 0.0 -2.630 3.639
38113 5804287.97146 11179.498 -34.123 -2.641 -3.546 0.0 3.546
39646 5939173.53429 11548.803 -5.573 -1.199 -3.007 0.0 3.007
43210 6252743.27610 12407.327 41.406 0.134 2.572 0.0 2.572
M 43370 6266755.55351 12445.692 -21.412 1.706 1.352 0.0 1.706
43396 6269087.74498 12452.077 23.576 3.799 2.388 0.0 3.799
44399 6357258.98958 12693.482 -38.437 3.641 1.774 0.0 3.641
49496 6805712.91680 13921.307 35.715 -0.904 -0.924 0.0 0.924
50844 6924245.65229 14245.838 -14.233 3.579 -0.162 3.579 3.742
54568 7251829.78723 15142.733 -27.956 2.517 2.077 0.0 2.517
56101 7386721.26013 15512.054 6.504 -1.307 1.289 -1.307 2.596
Computed constellations: 150628
Number of syzygies 60 CPU-time 0: 0: 7.920 -- end of run.

New expressions and parameters:

linear c. linear constellation, syzygy

angular r. max. angular range, first value: short version, second value: full version of VSOP87
co number of constellation

tr transit, “M,” “V”: full transit, “m,” “v”: grazing transit (within a few hours or days)
dLmin minimum angular range dL,,, of ecliptic longitudes of all participating planets

The moment of minimum angular range for the ecliptic longitudes of all participating planets does
not need to happen within the period of the planetary transit, but can happen shortly before or after
the transit. So, the time difference between the moment of minimum angular range and transit can
be a few hours or days. The angular range (angular r.) of 6° and 5° in the head lines belong to
the short and the full version of VSOP87. The first number should be larger than the second one
(see also [13, Table 29]). Otherwise, one or a few constellations can be lost.
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3.4.8 Book option 250

The table [13, Tab. 25] represents all important data when the planets stand in a constellation
according to the chamber arrangement in the Cheops Pyramid. This book option is identical to
option 8. Mercury is placed in its perihelion 44 days before the “pyramid constellation” (option 3).
Two significant locations in the Cheops Pyramid — secret chambers (?) — are highlighted.

Output:

PLANETS IN ALIGNMENT WITH THE CHAMBERS OF THE CHEOPS PYRAMID

VSOP87C (2005) full ver.,

(Mercury at perihelion)
< option 250 >

ecliptic of date, E-V-M,

"Sun" free 3D mid.,

FITEX

Ecl. N and S, constellation 12, JDE = 2849035.77863, year = 3088.29 (c2)

date (Gregor.,TT) = 17. Apr. 3088, 6:41:13, Tuesday

con k year Lm-Lv Lm-Le e 1t x-Sun y-Sun z-Sun dr P Fl%]
Lm Bm Rm Lv Bv Rv Le Be Re
Xm ym zm XV yv YA xe ye ze

XV -Xm Xe-XxXm yv-ym ye-ym Zv-zm ze-zm rel. deviation

12 4518 3088.293 -95.595-113.868 0 105 -21.78 -17.38 -8.76 0.20 0.570

94.2332 3.8355 0.307417 189.8280 3.3144 0.720012 208.1012 -0.0001 0.998755
0.306728 0.000000 0.020564-.070079 .715384 .041627-0.404127 0.913342-0.000002

-0.376807-0.710856 0.715384 0.913342 0.021064-0.020566 0.56966279 %
ascending node (M/V/E/Ma): 61.260938 86.534589 --- 57.965443
inclination i (M/V/E/Ma): 7.022735 3.405472 0.000000 1.844689
perihelion pi (M/V/E/Ma): 94.429919 146.689667 121.705528 356.112069
transl. X1, X2, X3; del-t: -0.305872 0.001023 -0.020245 0.000 days
Euler angl. X4, X5, X6; M: -16.990371 -4.182910 50.631409 2316903300.

pla. x[AU] y[AU] z[AU] L B r[AU] Lm-L dev

Mer -0.022641 0.305891 0.020564 94.2332 3.8355 0.307417 0.0000 0.0000

Ven -0.708259 -0.122694 0.041627 189.8280 3.3144 0.720012 -95.5948 1.3652

Ear -0.881019 -0.470443 -0.000002 208.1012 -0.0001 0.998755-113.8680 1.6420

Mar -1.223696 -1.059317 0.015315 220.8818 0.5421 1.618585-126.6486 ---

Jup 3.428235 -3.843492 -0.038355 311.7316 -0.4267 5.150408 142.5015 177.2855

Sat 7.124162 6.065578 -0.396527 40.4114 -2.4267 9.364943 53.8218 -91.1782

Ura 14.442448-13.403693 -0.227280 317.1363 -0.6609 19.705201 137.0968 ---

Nep-30.172472 1.043277 0.493994 178.0197 0.9374 30.194544 -83.7865 ---
Celestial pos. in Giza body x[m] y[m] z[m] drm]
Local coordinates Sun -21.78 -17.38 -8.76 0.20
of the "planets" Mercury -5.38 -28.43 -7.01 0.09 <
(chamber positions) Venus -0.20 23.38 -2.95 0.26 <

Earth -10.93 46.09 -5.20 0.18 <
Mars -27.45 86.83 -3.25 0.44
Jupiter -352.87 -39.18 -30.97 2.01
Saturn 7.15 -619.13 -60.71 3.62
Uranus -1274.34 -219.61 -103.67 7.37
Neptune 1221.69 1474.36 162.73 10.91
("<" exact deviation dr) CPU-time 0: 0: 0.092 -- end of run
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For the description of the parameters, see the table of the “pyramid constellation” (option 3, section
3.4.3). The “Sun position” is now located in the Great Pyramid, or more precisely, below the Great
Pyramid, and the “Mars position” can be found about 40 m above the King's chamber (see Figs. 5,
19, and 20). The local coordinates are displayed at the bottom of the output. In the fourth written
line of the output, “mid.” means that the relevant position is the spatial middle of each chamber.

3.4.9 Book option 381

Here, we get additional “planetary positions” at the Giza plateau of the four main dates in 3088 AD
(see Fig. 12). The calculation of the coordinates is described in sections 4.6.3 and 4.6.4. Analog
positions inside the Cheops Pyramid (Figs. 19, 20) can be computed with option 380.

Output: PLANETS IN ALIGNMENT WITH THE PYRAMIDS OF GIZA
(more positions - coordinate system of pyramids)
< option 381 >

VSOP87A (2005) full ver., standard J2000.0, "Sun" free 3D, C-M, FITEX
Ecl. N and S, constellation 12, JDE = 2849079.76330, year = 3088.41 (c2)
date (Gregor.,TT) = 31. May 3088, 6:19: 9, Thursday

con k year X5 M/10”7 h-Sun x-Sun y-Sun z-Sun dr P F[%]

12 4519 3088.413 24.58 9.764 20.99 -667.5 21.3 272.4 0.8 0.069

Celestial positions in Giza

body x[m] y[m] z[m] drm] latitude N longitude E

date of chambers: JDE = 2849035.77863

Sun -667.49 21.30 272.36 0.77 29 57.9905 31 7.6813
Mercury -1107.01 35.38 441.03 1.09 29 57.7526 31 7.6726
Venus -459.18 -1006.75 613.80 0.87 29 58.1033 31 8.3204
Earth 35.24 -1320.33 490.56 0.83 29 58.3709 31 8.5154
Mars 910.94 -1885.15 425.24 1.21 29 58.8449 31 8.8666

date of syzygy JDE = 2849066.01327
Mercury -130.71 -387.90 246.95 0.39 29 58.2810 31 7.9357
Venus 251.70 -595.71 218.68 0.28 29 58.4880 31 8.0649
Earth 589.42 -867.01 167.06  0.45 29 58.6708 31 8.2336
Mars 1257.17 -1460.49 155.25 1.03 29 59.0323 31 8.6026

date of transit: JDE = 2849067.30624
Mercury -102.82 -358.64 222.36 0.36 29 58.2961 31 7.9175
Venus 270.45 -565.35 200.49 0.25 29 58.4982 31 8.0461
Earth 606.56 -841.32 153.23 0.44 29 58.6801 31 8.2176
Mars 1269.28 -1439.92 143.75 1.02 29 59.0388 31 8.5898

date of pyramids: JDE = 2849079.76330
Mercury -0.12 -0.09 16.24 0.32 29 58.3517 31 7.6946
Venus 385.58 -239.89 33.43 0.11 29 58.5605 31 7.8437
Earth 739.06 -574.51 23.93 0.33 29 58.7518 31 8.0518
0.96 29 59.0951 31 8.4611

Mars 1373.30 -1232.84 34.00

CPU-time ©0: 0: 0.044 -- end of run.
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3.4.10 Book option 511

In this run the date is completely free when comparing the positions of pyramids and planets. The
position of Mercury is not restricted to the aphelion or perihelion, but can be everywhere on the
orbit. Originally, the search for such events took place with constant time steps around each
aphelion passage. As shown in [5], Mercury must always be located near the aphelion. Otherwise,
no solution exists. In P3, the short version of VSOP87 was used for this search, which can be
reproduced in P4 with the quick start option (5). If a constellation was found, the exact date was
originally optimized by minimizing the relative error F “by hand” with the VSOP87 full version. The
results are listed in Table 51 in book 1 [5].

Output: PLANETS IN ALIGNMENT WITH THE PYRAMIDS OF GIZA
(time not restricted, F minimized)
< option 511 >

VSOP87C, comb. search, ecliptic of date, "Sun" free 3D, C-M, FITEX
Ecl. N and S, years -13000.00 to 17000.00 (c2), tolerance F <= 0.50/ 0.10 %
con k year dt[days] X5 M/107°7  x-Sun y-Sun z-Sun P  F[%]
-55865 -11455.192 -1.594 85.176 9.3060 -572.8 339.8 352.1 * 0.059
-39921 -7615.072 -9.846 99.961 9.0800 -605.0 4602.1 184.3 * 0.081
-23632 -3691.743 -5.645 45.801 9.0661 -483.1 559.7 -168.4 0.092
3191 2768.567 1.918 168.702 10.5076 -627.8 -134.4 -152.6 * 0.083

12 4519 3088.413 -0.198 24.801 9.7334 -669.4 28.9 272.6 0.045
11163  4688.662 10.522 174.347 9.3062 -670.6 232.1 -136.7 * 0.065
19301 6648.673 -4.921 176.513 10.3385 -654.2 -124.6 -65.2 * 0.015
31176  9508.827 9.112 -167.460 9.0020 -617.6 406.0 -147.7 * 0.055

13 39314 11468.834 -7.615 167.389 9.6831 -709.1 -1.4 4.6 * 0.060
55258 15308.976 -8.037 -159.439 9.2144 -731.5 122.0 -1.2 * 0.025
Computed constellations: 313708 (P: polarity, * view from ecl. south)
Detected constellations: 10 CPU-time 0: 0: 6.996 -- end of run.

Now, it is possible to find all such optimized constellations, calculated with the VSOP87 full version,
within one program run. In the provided program output, the middle section of Table 51 [5] is repro-
duced with the book option “511,” where the centers of mass in each pyramid form the basis for the
calculations. This option is a good test for the correctness of Table 51.

When comparing this output with the middle columns of Table 51 in [5, p. 347], there are some-
times slight differences in the last digit of dt, X5, and M. These are small deviations because of the
manual fit procedure used in [5]. Actually, this option for reproducing Table 51 required a major
programming effort because the algorithm should be fast but no planetary constellation should be
lost. The automatic minimization of F [%] with this quick start option is normally more precise than
the data in Table 51; however, the numerical differences are negligibly small. Also, the (decimal)
year exhibits some small differences to the data in [5]. Generally, the reasons for such deviations
are described in section 4.9.

This approach — center of mass, position free in 3 dimensions, point of time free, and full VSOP87
version — can also be investigated with another special search routine by doing an equidistant scan
(in time) around each aphelion passage. The respective quick start option is 518, as mentioned in
section 3.2.1. Analog calculations with the vertical coordinate being the top and the base of the
pyramid can be performed with the options 517 and 519, respectively.
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3.4.11 List of quick start options

Table 2: Summary of all quick start options for the P4 program with a brief description (key words) of each. More
detailed information is provided in the header lines of each output after running the program. The book options allow for
reproducing the results in the book tables and provide even a few supplementary tables, not given in the books.

option brief description

Quick start options

Pyramid positions, Mercury at aphelion, 13000 BC—-17000 AD, 3D-calc., Fpos <1 %
Pyramid positions, Mercury at aphelion, 13000 BC-17000 AD, 2D-calc., Fpos < 1.5 %

Pyramid positions, constellation 12 (May 31, 3088) with relevant information, “celestial positions”

in Giza

4 Pyramid positions, time scan around Mercury passage through aphelion, constellation 12
(May 31, 3088), time span 1.5 days

5 Pyramid positions, special search around aphelion passage of Mercury, 13000 BC-17000 AD,
VSOPB87 short version, 3D-calc., Fpos (at aphelion) < 3 %, Fpos (beyond aphelion) < 0.2 %

6 Chamber positions in Great Pyramid, Mercury at perihelion, 13000 BC-17000 AD, 3D-calc.,
Fpos < 0.88 %

4]

7 Chamber positions, Mercury at perihelion, 13000 BC-17000 AD, calculation by solving Kepler's
equation, maximum angular deviation 1.85°

8 Chamber positions, constellation 12 (April 17, 3088) with relevant information, celestial positions
in Great Pyramid

9 Chamber positions, time scan around Mercury passage through perihelion, constellation 12
(April 17, 3088), time span 1.5 days

10 Chamber positions, time not restricted, Fpos minimized, 3500 BC-6500 AD, Fpos < 0.05 %

11 Mercury transits in front of the Sun, geocentric phases, 2950 AD-3200 AD (includes constel-
lation 12)

12 Venus transits in front of the Sun, geocentric phases, 1500 AD—4000 AD

13 Triple conjunction, planets Mercury, Venus, and Earth in a line, 2900 AD-3300 AD, “equal”
longitudes, dL < 5° (includes constellation 12)

14 Fourfold conjunction, planets Mercury, Venus, Earth, and Mars in a line, 13000 BC—17000 AD,
“equal” longitudes, dL < 5°

15 TYMT-test (test of program performance), Mercury transits, 3000 BC-7000 AD

Special options

111 General information: authors, copyrights, and basis of calculations

-803 calculates start numbers of the transit series and creates “inser-2.t" in order to replace “inserie.t”

Quick start options for book 2 [13]

170 Chambers positions, Mercury at aphelion, 13000 BC-17000 AD, 3D-calc., Fpos <1 %

180 Chambers positions, Mercury at perihelion, 13000 BC-17000 AD, 3D-calc., identical to option 6,
except: Fpos <1 % (— years of “pyramid constellations”)

190 Chamber positions, Mercury at aphelion, mapping of planets: E-M-V, 3D-calc., Fpos <1 %

191 “ “ , Mercury at perihelion, *“ “ “ - V-M-E, “ “

192 “ “ , Mercury at aphelion, “ “ “ 1 V-M-E, “ “

200 identical to option 10, except time period: 3500 BC-10700 AD and only “Gregorian years”

210 identical to option 9, except: time span 24 days, time step 12 hours

220 identical to option 9, except: time span 2 days, time step 1 hour

230 identical to option 4, except: time span 24 days, time step 12 hours

240 identical to option 4, except: time span 2 days, time step 1 hour
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Table 2: — continue —

250 identical to option 8
260 identical to option 3
270 identical to option 13, except time period: 2800 AD—3300 AD
280 identical to option 13, except time period: 11000 AD-11700 AD (includes constell. 10 and 13 [5])
290 identical to option 14
300 Mercury transits, geocentric phases, 1900 AD—2300 AD
310 Mercury transits, geocentric phases, 2900 AD—-3300 AD (includes constellation 12)
320 Venus transits, geocentric phases, 4000 BC-0 AD
330 Venus transits, geocentric phases, 0 AD—4000 AD
350-351 Syzygy, four planets in a line, May 17, 3088; Mercury transit, min. separation, May 18, 3088
360-361 Venus transit, minimum separation, Dec. 18, 3089; syzygy, three planets in a line, Dec. 23, 3089
370 Search for “shadow-constellations,” time not restricted, 0 AD-5000 AD, Fpos < 2 %
371 Preceding “shadow-constellation” at constell. 12, May 22, 3088, ecliptic of date, not a book table
372 “ “ “ “ “ “ “ ,J2000.0, not a book table
380 Special output, chamber positions, constell. 12, additional positions in Great Pyr. (Figs. 5, 19, 20)
381 Special output, pyramid positions, constellation 12, additional positions in Giza (Fig. 12)
385 Special output, elements of all planetary orbits for the year 0 AD, not a book table
Quick start options for book 1 [5]
390-392 Pyramid positions, Mercury at aphelion, comparison of angles, view from ecl. north, 10000 BC—
10000 AD, max. angular deviation 1.2°... 1.4° , VSOP87A; VSOP87C; "Kepler's equation”
400-402 similar to 390—-392, except: view from ecliptic south, 5000 BC-15000 AD
410-419 Pyramid positions, constellations: 2—4 and 8-14, VSOP98C, spherical heliocentric coordinates
420-429 identical to 410—419, except: rectangular heliocentric coordinates
430-432 Pyramid positions, constellations 3, 9, and 13, planets Mercury to Neptune, VSOP87A (J2000.0)
440-442 identical to 430-432, except: VSOP87C (ecliptic of date)
450 identical to option 2
460-461 Pyramid positions, reference Mercury orbit, parameters , i, and 7, constellations 1-5 and 6-10
470-471 identical to 460—461, rectangular heliocentric coordinates in Table 47 [5].
480-481 Pyramid positions, reference Venus orbit, only Fpes is given for constellations 1-5 and 6-10
490-492 identical to 417-419, Pyramid positions, only the parameter X1—X7 for the coordinate transfor-
mation are given for the constellations 12, 13, and 14 in Table 49 [5]
500 identical to option 1
501 identical to option 1, except: positions are center of pyramid base instead of center of mass
502 identical to option 1, except: pyramid positions are top of pyramids instead of center of mass,
not a book table
510 Pyramid positions, time not restricted, Fpos Minimized, 13000 BC-17000 AD, positions are top
of pyramids, Fpos < 0.1 %
511 identical to option 510, except: positions are center of mass of the pyramids
512 identical to option 510, except: positions are center of pyramid base
517 like option 5, except: VSOP87C full version, top of pyramids, Fpos (at aphelion) < 3.8 %,
Fpos (out of aphelion) < 0.1 %, not a book table
518 like option 517, except: center of mass of pyramids, Fpos (at aphelion) < 3.0 %, not a book table
519 like option 517, except: center of pyramid base, Fpos (at aphelion) < 2.1 %, not a book table
Program start with input file
999 program start with parameters from the input file “inedit.t,” which can be edited manually
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4. Technical and theoretical basis

This chapter is a brief description of the archaeological, geometrical, and astronomical basis of the
P4 program. For the details and further background, see the corresponding references and the
source code in the appendix. When proceeding from the previous program version P3 to P4, some
details of geometrical aspects and time systems are slightly changed and compiled in section 4.9.

4.1 Positions at the Giza plateau

The exact coordinates of pyramid positions and chamber positions in the Cheops Pyramid are
necessary for an accurate comparison with the planetary positions and are summarized here. For
more details see Refs. [5, 13].

4.1.1 Positions of pyramids

The positions of the pyramids in Giza were measured very precisely within a geodetic net by
Sir W. M. F. Petrie [6, 6a]. The main distances are provided on the right half of Fig. 8. The “Sun
position” was determined here by graphically comparing the pyramid positions with the planetary
orbits of Mercury, Venus, and Earth [5, pp. 121 ff.]. From the distance between the “Sun position”
and the Mykerinos Pyramid we obtain the angles 6, and 8,. The first search for planetary constel-
lation was done by comparing these angles with the difference in ecliptic longitude of Mercury and
Venus, as well as of Mercury and Earth. Later on, a 2-dimensional search was performed without a
predefined “Sun position.” For the 3-dimensional search, the pyramid positions in height were
needed. The relative levels of the pyramid base for the Cheops Pyramid is 0.0 m, for the Chefren
Pyramid 10.11 m, and for the Mykerinos Pyramid 12.68 m [9, part IV, map 1]. To obtain the coordi-
nates of the pyramid positions, a coordinate system is defined with its origin in the center of the
base area of the Mykerinos Pyramid. As said before, the x-axis is pointing to the north, the y-axis
points to the west, and the z-axis points upward (see Fig. 2).
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Figure 8: Geometric relations on the pyramid plateau in Giza. The distances between the pyramids, given in me-
ters, were measured by Petrie [6, p. 125; 6a] (see also [5, pp. 130 ff.]). For the angular errors, see [5, p. 128].
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For the height positions of the pyramids, three different levels were tested, when comparing with
the planetary positions: the ground base, the center of mass, and the top of each pyramid. It can
be shown mathematically that the center of mass of a pyramid is placed at a quarter of the pyramid
height [5, p. 314]. With the coordinate system defined previously, the three pyramid positions have
the coordinates listed in Table 3. The original heights of the pyramids are 146.59 m (Cheops Pyra-
mid), 143.70 m (Chefren Pyramid), and 65.14 m (Mykerinos Pyramid), calculated with the base
lengths and the pyramid angles from [6] (see also [5, p. 257]).

Table 3: Coordinates of the centers of the three pyramids in Giza (in meters) [6] according to the
defined coordinate system. For the z-component three options are given: the level of the pyramid
base, the center of mass, and the top of the pyramid.

: zy[m]  zep[m]  z[m]
pyramids x [m] y [m] (bbase) Eg'_m) (E[op)
Cheops Pyramid 739.19 -574.45 -12.68 23.968 133.91
Chefren Pyramid 385.33 —240.04 -2.57 33.355 141.13
Mykerinos Pyramid 0 0 0 16.285 65.14

4.1.2 Positions of chambers

The exact positions of the chambers in the Cheops Pyramid were taken from the drawings of
V. Maragioglio and C. Rinaldi [9]. They used length and angular data from measurements and pub-
lications of Piazzi Smyth [25, 26], John and Morton Edgar [27], Howard Vyse [28], J. S. Perring
[29], and W. M. F. Petrie [6, 6a].? The coordinates of the chamber positions, derived from the given
data, are summarized in Table 4. The origin of the coordinate system is placed at the middle axis of
the east wall of the Queen's chamber on the ground level of the pyramid (see Fig. 9). The x-axis
points to the north, the y-axis points upward, and the z-axis points to the east, which is out of the
drawing plane.

Table 4: Coordinates of the three chambers in the Cheops Pyramid (in meters, taken from [9]) ac-
cording to the coordinate system in Fig. 9. Concerning the z-component, three options are given:
the middle of the east wall, the spatial middle, and the middle of the west wall of each chamber.

z [m] zy [m] zy [m]
ETET RS xml yIml castwall) (middie) (west wall)
King's chamber -11.05 45,95 0 -5.24 -10.48
Queen's chamber 0 23.54 0 -2.88 -5.76
Subterranean cham. -5.46 —28.45 0 —7.035 -14.07

The essential data and more are visualized in Fig. 9. The numbers in italic letters are calcu-
lated here from the given data. The numbers are not always consistent, because in the charts of
Maragioglio and Rinaldi, the data are based on various measurements performed by different
researchers. If different data exist, the deviations are in the range of one or a few centimeters and
are not relevant for the astronomical comparison. In one case the number has not been taken from
the reference: the horizontal distance from the north baseline of the pyramid to the end of the
descending corridor is given as 107.39 m [9, Part IV, Map 3]. This distance could not be measured
directly, but has to be calculated from other distances and angles. In Fig. 9 we obtain this length by

2 Full texts of several references are available on the Internet. Some links are provided in the reference list. The refer-
ences [25-29] are examples for each author. It has not been checked, whether all the data in Fig. 9 can be found therein.
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the sum of 94.27 m + 13.33 m = 107.60 m. So, we rely primarily on data that could be measured
directly, like for example the length of the descending corridor, and avoid possible calculation
errors from the reference. At this point, it has to be said that the work of Maragioglio and Rinaldi
shows outstanding quality because their encyclopedic drawings provide a huge number of meas-
ured data and valuable details.

94.27
116.38

Figure 9: Inner construction of the Cheops Pyramid as seen from the east, with the linear measurement data given in
meters. The technical data are taken from detailed drawings of V. Maragioglio and C. Rinaldi [9, part IV, maps 3-7]. The
numbers in italic are additionally calculated from the other data. The underlined quantities “L” are the lengths of the
chambers, extending vertically from the east walls of the corridors into the depth of the drawing.

4.2 VSOP87 - planetary positions

The VSOP87 planetary theory was developed by P. Bretagnon and G. Francou (Bureau des Longi-
tudes, Paris, today: IMCCE, Institut de mécanique céleste et de calcul des éphémérides) [1, 2].
VSOP means “Varations Séculaires des Orbites Planétaires” and 87 is the year (1987) of publica-
tion. As said in the introduction, the files for the VSOP87 theory can be downloaded from the FTP
server on the IMCCE homepage.
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ftp://anonymous@ftp.imcce.fr/pub/ephem/planets/vsop87/

VSOP87 allows for calculating the positions of the planets of our solar system (Mercury to Nep-
tune) with very high precision as a function of time. The theory includes all gravitational perturba-
tions between the planets and relativistic effects. It is valid for a time period ranging several
thousand years into the past and into the future. Although the theory was further improved (VSOP-
2000, VSOP2002, and VSOP2002b (A. Fienga, J.-L. Simon) [30]), the accuracy of VSOP87 is by
far sufficient for the purpose of the comparison with the Giza pyramids. The available six VSOP87
versions, differing in the kind of the used coordinate system, are compiled in the following table.

Table 5: The six VSOPS87 versions. Here, the full versions VSOP87A and VSOP87C
and a short version of VSOP87D are used.

version kind of coordinates coordinate system

VSOP87 Heliocentric ecliptic orbital elements (elliptical coord.) equinox J2000.0
VSOP87A Heliocentric ecliptic rectangular coordinates equinox J2000.0
VSOP87B Heliocentric ecliptic spherical coordinates equinox J2000.0
VSOP87C Heliocentric ecliptic rectangular coordinates equinox of the date
VSOP87D Heliocentric ecliptic spherical coordinates equinox of the date
VSOPS87E Barycentric ecliptic rectangular coordinates equinox J2000.0

4.2.1 VSOPS87 full version

For technical information a brief summary is quoted from Ref. [1]: “The VSOPS82 solution is made
of the perturbations developed up to the third order of the masses for all the planets. Perturbations
up to the sixth order obtained by an iterative method complete the theory of the four outer planets.
It also contains the perturbations of the Moon onto the Earth-Moon barycenter and the relativistic
perturbations expressed in isotropic and standard coordinates. The integration constants are deter-
mined by adjustment to the numerical integration DE200.” The Planetary and Lunar Ephemerides
DE200 are based on numerical integration and interpolation (JPL, Jet Propulsion Laboratory, E. M.
Standish et al. [31-33]).

The next VSOP-version VSOP87 was improved in such a way that the planetary positions no
longer have to be calculated from the orbital elements, based on elliptical coordinates. Instead, the
positions are given directly in rectangular variables X, Y, Z, and in spherical variables L, B, r, being
the longitude, latitude, and distance of a planet to the Sun ('r' = radius). Two different kinds of coor-
dinate systems are used: the standard equinox J2000.0 and the dynamical equinox (equinox of the
date). The reference J2000.0 is a fixed system and is directly linked to the reference frame of
DE200. The conversion from the standard system J2000.0 to the equinox of the date is performed
with a precession matrix as a function of time. This matrix, taking into account the precession of
the Earth's axis, is valid for several thousand years in the past and in the future. Although further
developments lead to the new versions DE405 and DE406, we guess that the modifications to
DE200 are slight. All three versions are available on CD-ROM from the website of Willmann-Bell,
Inc.: http://www.willbell.com/software/jpl.htm [33].

Here, the full versions VSOP87A and VSOP87C are applied using rectangular coordinates. All
theoretical input of the VSOP87 theory is finally expressed in analytical expressions of rectangular
coordinates in terms of periodic series and Poisson series. These sums contain up to several thou-
sand parameters Aan, Ban, and Can, Where the index o runs from 0 to maximal 5 and n from 1 to
maximal 2047 (for Saturn). As an example the analytical expression for the X-coordinate of a
planet is given as a function of the time 7 with 7 = (JDE — 2451 545.0)/ 365 250.0 :
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X(7) = Z Z ™A, cos(B,+C, . 1) (4)
a=0 n=1

N becomes smaller as « increases. The expressions for the Y- and Z-variable are analog. The
conversion to appropriate spherical coordinates and other rectangular coordinates is done sepa-
rately in the P4 program. From Eq. (4) and the corresponding equations for Y and Z, it is easy to
get the current velocity of the planet by calculating the derivatives with respect to time (7). So, we
obtain, for example, the x-component of the velocity by:

max (l
v (7) = Z Z( t“ 1A, cos(B,,+C, 1) - 1“A,C,sin(B, +C, 7 (5)
a=0 n=1

Nevertheless, the velocity is not needed in P4; thus Eq. (5) is provided here, because the calcula-
tion is quite simple. (The relevant program lines in P4 were converted to comment lines.) In addition
to other parameters, the coefficients A, B, @and C, are stored for each planet in one file, which
is, for instance, “VSOP87A.mer” for Mercury and the standard equinox J2000.0. To improve the
rapidity of computation, these coefficients are read only once from the file (from hard disc or solid-
state drive) and are stored for all coordinates X, Y, Z, and for all planets in a single five-dimension-
al array for direct access. The subroutine VSOP87 has been adapted accordingly and renamed
VSOP87X. Details about application of the gravitational theory and the derivation of the analytical
results, respectively, can be found in Refs. [1, 2]. More technical information is provided in the files
README, vsop87.doc (Table 1), and in the source code in the appendix.

4.2.2 VSOPS87 short version

In “Astronomical Algorithms” of Jean Meeus, the most important periodic terms of the VSOP87D-
version (spherical coordinates) are compiled in table form [17, app. Il, pp. 381-422). The tables
contain different coefficients A, B, and C, also belonging to Eqgs. (4) and (5), but the series are
shortened by more than 95 % and also the number of decimals is reduced. After appropriate con-
version to rectangular coordinates, the results of the VSOP87D short version can be compared
directly with the VSOP87C full version because both alternatives are based on the mean equinox
of the date. The accuracy of the short version is not much lower than that of the VSOP87C full ver-
sion. For the year 3088, the difference in the ecliptic longitudes and latitudes between the short
and the full version of VSOP87 is approximately 0.0001°, which is less than 1 arc second.

4.2.3 Orbital elements and Kepler's equation

In an alternative method, we use the orbital elements listed in [17] as polynomials of third degree
as a function of time in the following form:

a,+a,T+a,T>+a,T° (6)

They were derived from VSOP82 [1]. The coefficients a, to a; are given for the mean equinox of
the date and also for the standard equinox J2000.0 ([17, pp. 200-204] and “invsop3.t” in Table 1).
The time T is measured in Julian centuries:

_ JDE - 2451545.0
T = 36525 (7)

The six orbital elements for each planet are [17, pp. 197 fi.]:
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= mean longitude of the planet

= semimajor axis of the orbit

= eccentricity of the orbit

= inclination on the plane of the ecliptic
= longitude of the ascending node

= longitude of the perihelion

N - Do~

The mean longitude L, is the longitude of a body if its orbit would be circular; therefore, we use the
subscript “c.” To get the real position of the planet, we have to solve the equation of Kepler [17,
pp. 184 ff.] with respect to the eccentric anomaly E :

E = M+e-sinE 8)

The mean anomaly M is given by M = L_.— z. Because Kepler's equation is a transcendental
equation, it can only be solved numerically. Different iterative methods exist to find the roots of a
function f, as follows:

f(E) = M+e-sinE—E =0 9)

The following three methods are realized in the P4 program: method of Newton/Raphson, ‘fixed
point' method, and secant method. Only the first method is actually used. (The other methods can
be activated by changing the value of the parameter “meth” in the P4 source code.) The method of
Newton/Raphson is quite fast and is appropriate because the derivative f'(E) = 0f(E)/OE can be
determined analytically. In our case the corresponding equation is

flE,) E +M+e-sinEn—En 0
" 1-e-cosE, (10)

E

= En_

lterative application of Eq. (10) yields the solution E, satisfying Eq. (8). The index “n” means the n™"
iteration. By using

1 E
tanY = (=% tan= (11)
2 l1—e 72

[34, p. 36] we get the true anomaly v. The inclinations of Mercury and Venus orbits are only a few
degrees and thus the true anomaly of a planet is nearly identical to its ecliptic longitude. The first
search for planetary constellations was performed by comparing differences in ecliptic longitude of
Mercury, Venus, and Earth with the corresponding angles 6, and &, in the pyramid area (see
Fig. 8). Therefore, it was a good test of the results to compare differences of the true anomalies
with the same angles. Using Kepler's equation, all of the main constellations are found, although a
3-dimensional search is not done here. The ecliptic latitude B and radius r are not calculated for
this search option. The computation time is much shorter than with the other VSOP87 versions.

4.2.4 Accuracy of the theory

The accuracy of VSOP87 for Mercury, Venus, Earth-Moon-barycenter, and Mars is better than 1"
(1 arc second) within the time period of 2000 BC to 6000 AD and about 1” at both ends of this time
span [2]. For Jupiter and Saturn, the same precision is valid for the years 0 to 4000 AD and for
Uranus and Neptune from 4000 BC to 8000 AD [2]. For our purpose, which is a comparison with
the positions in Giza, 1 arc second is much better than necessary; and for the important year
3088 AD, the precision is even better than that. The question is: What precision do we have for
years further in the past or future, like for instance for the year 15,000 AD?
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An accurate answer to this question is not easy as no more information was found in Refs. [1, 2].
The deviation of the theory is not increasing linearly with time, but stronger than that. A vague
possibility is comparing the full VSOP87 version with the short VSOP87 version [17]. If we calcu-
late the planetary positions for the beginning of the years 2000 BC and 6000 AD, the differences in
ecliptic longitudes and latitudes between both theory versions are also around 1 arc second for the
planets Mercury to Mars. This is the same value as the accuracy of the full version alone. If we do
the same for the years 13,000 BC and 17,000 AD for angles like (L,,—Lg), the corresponding differ-
ences of the theory versions have a magnitude of 0.1° or 0.2°. So, even for these deviations, the
precision is good enough for comparison with the pyramid positions, the chamber positions, and
also for checking the planetary conjunctions (dL < 5°.) On the other hand, a deviation of 0.2° or
even 0.1° is not precise enough to determine the exact transit data of Mercury and Venus. In this
case, the errors of the corresponding position angles have an order of magnitude of 45°. There-
fore, the transit calculations are valid primarily from 2000 BC to 6000 AD, and because the year
3088 AD is well in this range, the relevant calculations are without any problem. Another possibility
(not concerning the precision) is comparing VSOP87A and VSOP87C. The angular difference
L, —L should be nearly the same and the distances r should be identical. (The results are very
similar to the test before.) Nevertheless, the allowed time span for applying VSOP87 is limited to
the range 13,000 BC to 17,000 AD. In addition, when computing planetary transits more than 4000
years in the past or in the future, the user should be aware of this increasing uncertainty.

In order to check the results, the calculations were also performed by using the orbital elements of
the planets, given by Meeus [17, pp. 200-204] and by solving Kepler's equation (subroutine
“vsop3”; see, e.g., quick start option 7). In the present age, its accuracy is a bit lower than that of
the other VSOP87 subroutines. However, when using years further in the past or future, the devia-
tions do not increase as strongly as with the other routines, especially if the differences of ecliptic
longitudes are computed. Therefore, this routine can be used within a longer time period, and the
time limits are set to 30,000 BC and 30,000 AD (see Fig. 10 and last paragraph of section 4.9.1).

Transits (vsopl, vsop2)
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Figure 10: Estimated time periods with different precision of the astronomical calculations. The colors have the following
meaning; light green: relatively high up to very high precision, yellow: precision acceptable, care has to be taken, red:
larger deviations and errors possible, hatched area: years are out of range, error message. Three different subroutines
exist in the P4 program, which are based on the VSOP theory: vsopl (VSOPS87 short version), vsop2 (VSOP87 full
version), and vsop3 (orbital elements according to VSOP82, Kepler's equation).

4.3 Relation between pyramid and planet positions

How can we compare the positions of the pyramids with those of the planets? As a first attempt, the
arrangement of the planetary orbits were drawn to scale on a large sheet of paper, like in Fig. 11.
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Then the arrangement of the pyramids was added in such a way that the Cheops Pyramid was
placed on the Earth's orbit, the Chefren Pyramid on Venus' orbit, and — if possible — the Mykerinos
Pyramid on Mercury's orbit. The allocation of the pyramids to the planets was done according to
Egs. (1), (2), and (3). In Fig. 11, five arrangements A to E of the pyramid positions are provided,
where Earth and Venus (Cheops and Chefren Pyramid) are always located exactly on their orbits.
In most cases, the planet Mercury would not reach its orbit. Only for the case that Mercury is placed
at or near to the aphelion, all three planets are arranged correctly (see arrangement A in Fig. 11).
(The aphelion is the place on the orbit of maximum distance to the Sun.) So, in the following, Mer-
cury has to stand at the aphelion or near to it; otherwise, no solution exists. Interestingly, in Eq. (3),
defining the relation between Mercury and Mykerinos Pyramid, the aphelion distance of Mercury is
used — a remarkable coincidence! In Fig. 11, the north—south alignment of the pyramids also
correlates with the main symmetry axis of Mercury's orbit. In principle, this is not necessary in this
geometric test, but for the final planetary constellation this is almost the case. The distance from
Mercury to the Sun in arrangement A, which is the aphelion distance, can be transferred to the
Giza plateau. With this simple geometric (1-dimensional) approach, the distance was determined
to be 726 m (compare with Fig. 8).

vernal equinox Earth orbit

Figure 11: Approximate to-scale representation of the planetary orbits of Mercury, Venus, and Earth.
“K” means ascending node, “p” perihelion, “a” aphelion, and “M” is the middle of the Mercury orbit. The
polygons “A” to “E” represent each the arrangements of the three great pyramids in Giza. The constella-
tion “A” fits almost perfectly to the pyramid positions. A solution exists only when Mercury is placed at or
near to the aphelion. For better visibility, the planets were magnified by a factor 500 and the Sun by a
factor 6.
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The next question is: Does this situation ever happen? And if yes, when? At first, we start with the
assumption that Mercury is placed exactly at its aphelion. What we need are the dates when this
actually happens. Fortunately, Jean Meeus derived a formula with the VSOP87 theory for all mo-
ments when Mercury stands at the aphelion [17, p. 253]. The Julian date, used here, is:

JDE = 2451590.257 + 87.969 349 63 (k — 0.5) (12)

where k is an integer number. For k = 0, we obtain the first aphelion passage of Mercury after the
beginning of the year 2000. Replacing (k — 0.5) with k yields the perihelion passages, respectively.
Now, with these aphelion dates we can start to compare pyramid and planetary positions.

4.3.1 1-dimensional comparison

The most simple approach is to compare the angles 6, and 9, at the Giza plateau (Fig. 8) with the
corresponding differences of ecliptic longitudes (L). More precisely, if the index “M” stands for
Mercury, “V” for Venus, and “E” for Earth, the following equations must be valid: L,, - L, = §; and
L), — Lg = 6, within a given tolerance. In this case, the “Sun position” is placed exactly south of the
Mykerinos Pyramid. Another option is to locate the “Sun position” south of the Chefren Pyramid
with the angles 9, and 6, being adapted accordingly (section 3.3.10). In this “1-dimensional” com-
parison, only one parameter, the ecliptic longitude L, is considered. For the calculation of the rela-

tive error F,,, being another measure to evaluate a detected constellation, see [5, pp. 133 ff.].

4.3.2 2- and 3-dimensional comparison

The cases of 2 and 3 dimensions are treated in a similar way. Therefore, we start with 3 dimen-
sions. Let a be the vector from the Mykerinos Pyramid to the Chefren Pyramid, b the vector from
the Mykerinos Pyramid to the Cheops Pyramid, and accordingly, a' the vector from Mercury to Ve-
nus and b’ the vector from Mercury to Earth. The vectors a' and b' are derived from the planetary
positions, which are calculated before with VSOP87. For example, for the “pyramid date” of con-
stellation 12 [5, 13], JDE = 2849079.76330, we find:

a = (385.33, —240.04, 17.07)" (13)
and  a' = (0.238520, —0.172709, 0.035794)" (14)

The numbers in Eqg. (13) are given in meters, calculated from Table 3 (compare coordinate system
in Fig. 2) and those in Eqg. (14) in “AU.” The “Astronomical Unit” (149,597,870.61 km) is the mean
distance between Earth and the Sun. The superscript “T” means “transposed.” In this example, the
vector a connects the barycenters of the pyramids. With a and b being the lengths of the vectors a
and b, let p = b/a be the ratio of the distances between the pyramids and g = b”a’ accordingly the
ratio for the corresponding planets. Furthermore, let g, be the angle between a and b, which can
be calculated with the inner product a-b by &, = arccos(a-b/(a-b)), and &, the corresponding angle
between a’ and b". Now, the conditions p = g and &, = &, imply that the alignments of pyramids and
planets are identical. Because these equations are (probably) never exactly valid, we define the
following relative deviation F",,s in percent (8, and & in radians) [5, pp. 326, 339]:

2

1 + (6q—6p)2

F'os = 100 \/ >

[%] (15)

(q—p
p

For the 2-dimensional calculation, the positions of the pyramids are projected onto the surface of
the Earth and the positions of the planets onto the ecliptic plane. Thus, the z-component of each
vector is set to zero and Eqg. (15) can also be used. The analog name in [5] for the 2-dimensional
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case is Fiys . Concerning the pyramids and the 3-dimensional approach, the relative deviation of
the main constellation 12 is only 0.07 %. In the case of the chambers in the Cheops Pyramid, the
calculations are analog, with the only exception that the 2-dimensional calculation is not realized.
Finally, the calculation in 3 dimensions appears to be the most reasonable one. The “Sun position”
is not predefined and the date is not necessarily restricted to aphelion passages. Note: The factor
1/2 in Eq. (15) causes F',,s and F",4s to be rather “relative error per coordinate” than “relative error,”
which simplifies the comparison of 1-, 2-, and 3-dimensional calculations (not mentioned in [5].)

4.4 Two fit programs

Different programs for iterative fitting and computing of data are used in P4. Two of them are
described in this section in more detail. The first one (FITEX) is more complex and was written by
G. W. Schweimer. | kindly got it from the KfK (Kernforschungszentrum Karlsruhe, today KIT) where
| did my PhD. The second one (ringfit) was created to improve the processing speed of P4.
The improvement is only little, but the used equation seems interesting. Therefore, it is used to
calculate the transit phases. Other fit algorithms, applied in P4, are described in their astronomical
context in sections 4.2.3, 4.7.1, and 4.7.2.

4.4.1 FITEX

The description here is written on the basis of the program description, given by Dr. G. W. Schwei-
mer (KfK, Cyclotron Laboratory, today KIT) [15, 16, and 5]. Originally, the code was written in
FORTRAN 1V, but has been adapted now to the new compilers GNU gfortran and Intel-Fortran.
The program consists of four subroutines (the last four subroutines in P4) and allows us to solve
the nonlinear least squares problem. It uses a least squares interpolation between variables and
functions or the exact gradient of the functions.

Very often in scientific measurements the problem exists of finding some parameters of a mathe-
matical model, so that the measured data are reproduced by the model in terms of a least squares
fit. The mathematical problem is solved if the minimum of the Euclidean norm of the vector F is
found by variation of the parameter vector X:

|F(X)| = minimum (16)

The components of the vector F are the differences between measured values Y and model va-
lues Z(X) in terms of the measuring errors AY:

Y‘u_Z‘u(X)

F. =
: AY,

, H=1..m, a7

where u is counting the single data points. For the most part, the solution of Eq. (16) can be found
only numerically. Therefore, an optimum procedure does not exist. In the given method the follow-
ing information about the vector F is used:

1. The vector F has at least as many components as the vector X.

2. The solution vector X is known approximately, i.e., the range for each component Xj,
i=1...n,is known.

The functions F, are calculated in the main program (P4) by the user. The subroutines of the
search program are embedded in the main program and are connected through a question-
answer relationship. The search program calculates the expected best vector of parameters and
asks the main program for the values of the functions. The main program answers with the function
values. The search program stores these values in the memory and asks again, if necessary.
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The minimum of the Euclidean norm of the vector F can be found with an iterative procedure. The
estimated best vector of parameters X, is obtained by the linear approximation of the functions
F. The linear approximation is

F/m<X) = H+G:(X-C) with X #C (18)

Here, the vector H and the matrix G are the approximations of the function values and of the deri-
vatives at X = C. The well-known problem of the linear least-squares fit, implemented in the search
program as another subroutine, yields a stable procedure to find the vector X,,,, so that the linear
approximation F;,(X) becomes a minimum. The matrix G of the derivatives can be calculated
analytically for simple functions. For complicated functions, it is more convenient and more effec-
tive to determine the derivatives numerically from the function vectors, calculated during the earlier
iteration process. The latter procedure is used in the P4 program.

Different problems that may show up during the search are fixed by the program. Under certain
conditions, it may happen that the new point X, iS worse, meaning that it has a larger Fj, than
the previous best point X,,. In this case the program would switch to a 1-dimensional search with
step-size control along the straight line, connecting X,,.,, and X,,;. When calculating the derivatives
numerically, another difficulty might be that the rank of one of the used matrices becomes smaller
than n (humber of the components of X), so that the system of supporting points collapses into a
subspace. This is fixed by creating a random point in the neighborhood of the previous best point
Xoid-

The program terminates the search if | Xe, (i) =X (i)l < [E(i)| for i=1 ... n, where E(i) are the
search accuracies. An estimate of the accuracy of the result follows. If the program does not termi-
nate correctly, an error analysis is carried out. More information is available in Refs. [15, 16] and in
the source code “p4.f95” within the last four subroutines (appendix).

4.4.2 Ringfit

A common method to find the roots of a function (y(x)=0) is the secant method. It can be used
universally because the analytical derivative of the function is not needed, in contrast to the meth-
od of Newton and Raphson. Two points are fitted by a straight line and this line is extrapolated or
interpolated to zero. Normally, when calculating the roots of a function, the function is not linear.
The idea of the new method is to make the algorithm faster by also taking into account the curva-
ture of the function. Instead of a linear extrapolation, a constant curvature is assumed which means
a circle. Thus, instead of two points three points are fitted to a circle and the intersections with the
x-axis are calculated. Therefore, this algorithm is named “ringdfit.” Iterative application generates the
roots of any function if it is continuously differentiable. Because “ringfit” works well and is slightly
faster than the secant method, it is briefly described in a general form.

The equation of a circle is
r’ = (x=x.+(y=y,) or y(x) = yo £V —(x—x,) (19a,b)
with r being the radius and (x,, y,) being the coordinates of the center of the circle. If three points

(X1, ¥1), (x5, ¥5), and (x5, y3) of an arbitrary function (near to the x-axis) are placed on the circumfer-
ence of a circle, we get the x-coordinate, x,, of the center of this circle by:

(XT+ YD) (Ya=y,) + (X5+y3) (yi—ys) + (X5+ Y3 (y,—y,)
2'[’X1<y3_y2) + Xz(yl_ys) + Xs(yz_yl)]

X, = (20)
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The y-coordinate y, is calculated with the same equation by interchanging all x and y and leaving
all of the indices unchanged. The reader can verify this result (x,) straightforward by starting with
three equations like Eq. (19a), corresponding to the three initial points, and eliminating r and y,. To
get the radius r, we insert x, and y, as well as the coordinates of one of the initial points, like e. g.
x; and y, into Eq. (19a). The desired intersections of the circle with the x-axis (y = 0) are found by
setting y in Eq. (19a) to zero and solving the equation for x. This gives

X(lsg = Xot m (21)

The superscript (s) means “solution.” In most cases two solutions exist. The nearest one replaces
the “worst” of the previous three points, and iterative use of this procedure yields the final solution
which is the root of the original function. However, some aspects have to be considered.

1. We have to find the nearest solution to the previous three points, meaning that we have to
decide whether the plus or the minus sign in Eq. (21) applies.

2. In principle, it might happen that the three points are located on a straight line. In this case,
the method doesn't work because the denominator in Eq. (20) becomes zero and r becomes
infinite. We overcome this situation by checking whether the denominator of Eq. (20) is
zero, and if this is given we switch from “ringfit” to the secant method.

3. The term under the root in Eg. (21) can be negative. This implies that an intersection be-
tween circle and x-axis does not exist. In that case, either the three points of the initial func-
tion have not been chosen properly, or this function does not have any roots.

4. Here, “ringfit” is used to compute the transit phases. So, the x-values, representing Julian
Ephemeris Days, have a lot of digits. If such numbers are squared, in many cases, numer-
ical noise prevents correct results, also called numerical instability. Therefore, at the begin-
ning the three initial x-values are shifted to the origin by a constant time interval to reduce
their size. The shift can be, for example, x, which even simplifies Eq. (20). At the end of the
calculation the three (new) x-values are shifted back to the old region by the same interval.
This should be done always if the differences of the x-values at the beginning are much
smaller than the x-values themselves. An example of how the algorithm can be implement-
ed is given in the source code of P4 (subroutine “ringfit”).

Whereas the secant method extrapolates with straight lines, “ringfit” extrapolates with circles. The
latter routine probably has not much practical relevance because here the speed gain is about O to
3 %. (In other applications, the improvement can be larger.) Nevertheless, it is slightly faster than
the secant method and the basic idea and its equations also have an aesthetic aspect. Therefore,
the routine is used here.

4.5 Coordinate transformation of planetary orbits

The 2-dimensional comparison of pyramid and planetary positions means that the height level of
the pyramids above the Earth's surface and the planetary positions out of the ecliptic plane are
neglected. In other words, the positions are projected perpendicularly to the Earth's surface and to
the ecliptic plane, respectively, just by ignoring the z-coordinate. (The x- and y-axis are placed in
the ecliptic plane.) Now, the question is: Why should we use the ecliptic plane for projecting the
positions? The ecliptic plane is the plane of the Earth's orbit, the third planet. Would it be better to
take Mercury's orbit, since Mercury is the first planet? In principle, it makes sense to take the plane
of the Mercury or the Venus orbit as the reference plane — with the new x- and y-axis on it. In order
to check this approach, a coordinate transformation from the heliocentric ecliptic coordinate system
to the heliocentric coordinate system of the Mercury or Venus orbit is hecessary.
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The main equations of the transformation from the ecliptic to the Mercury orbit coordinate system
are given without further explanation. For details and drawings of planetary orbits and their orienta-
tion see [5, app. A15]. The x-axis in the ecliptic system is defined in such a way that the Mercury
aphelion is placed perpendicularly above the x-axis. In the “Mercury system” the Mercury aphelion
is placed directly on the new x-axis. Concerning Mercury (index “M”), let ©,, be the ecliptic longitu-
de of the ascending node, L,, the ecliptic longitude of the aphelion, and i the inclination of the
Mercury orbit. Then we define w = £,,—-L,, and

sinw

T = arcsin

+w—T (22)

\1—(sini cos w)?

as well as £ = 7— w . Here, mis Ludolph's number and not the longitude of perihelion. For the deri-
vation of Eq. (22) see [5, pp. 331-333]. Now, the transformation can be performed with the rota-
tional matrix R :

CoSw CcosS& —sinwcosi singE  sinwcos&+ cosw cosi sing sini siné
R(w,i,E) = |—coswsinE —sinwcosi cosE —sinw sin€ + cosw cosi cos&  sini cos &
sinw sini —CoSw sinj cosi
(23)
The angles o, i, and & are the Euler angles. The calculation for the Venus orbit is similar. With this
transformation it is possible to conduct the 2-dimensional comparison between pyramids and plan-

ets with three different reference planes: the ecliptic plane, the plane of Mercury orbit, and the
plane of Venus orbit. Many more details and calculated examples are provided in [5, app. A15].

4.6 “Celestial positions” at the Giza plateau

Let us assume that the three planets Mercury, Venus, and Earth stand in a constellation identical to
the arrangement of the pyramids of Giza with the following correlation: Mercury <> Mykerinos Pyra-
mid, Venus < Chefren Pyramid, and Earth «<» Cheops Pyramid. This means that the three planets
build a triangle in space and the pyramid positions form a triangle at the Giza plateau. If these
triangles are mathematically “similar,” which means that they have the same shape (not the same
size), then the previous assumption is true. The question is: How can the real Sun position with
respect to the planetary positions be transferred to the Giza plateau, when taking into account the
pyramid positions? In the following, two ways of calculating the “Sun position” at the Giza plateau
are explained by considering 3 dimensions. (For the geometrically predefined “Sun position” at
Giza and for the “Sun positions” being free on the Earth's surface in 2 dimensions, see Ref. [5]).

4.6.1 “Sun position” by system of linear equations

Here again, the vectors a and b, pointing from one to another pyramid as explained in section
4.3.2, define the arrangement of the three pyramids in Giza. The corresponding vectors for the pla-
nets are a' and b'. The vectors a and b are always constant (because the pyramids do not move),
whereas the vectors a’ and b' change continuously with time. In order to obtain a vector basis for
the 3-dimensional space, we create a vector d, perpendicular to a and b. With the vector product
axb anda= \a\ being the absolute value (as before), we have

a+b

d = —(aXb)m

with axb:(aybz—ab a,b,—a b axby—aybx) (24)

z%y’ Xz
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Analogously, we get a vector d’ for the planets. (The letter “d ” is used instead of “c” to be consistent
with [5], because in that book ¢ was already defined as a vector from the Chefren Pyramid to the
Cheops Pyramid.) Note that the basis a, b, and d as well as a’, b’, and d' are not orthogonal, which
is not necessary here. Now, we get the solution — the (transferred) “Sun position” — in two steps.

The three vectors a', b', and d’ represent a basis of the 3-dimensional space. So, first we expand
the vector s’, which is the vector from Mercury to the real Sun, with respect to the basis a’, b’,
and d'. This means that the following system of inhomogeneous linear equations (SLE) has to be
solved:

a'x;+b'x,+d'x; = s’ (25)

After solving the SLE (25) [5, p. 341], we build a linear combination of the basis a, b, and d in the
pyramid area with the solution x;, x,, and x5 and get the “Sun position” s on the Giza plateau by

s =ax +tbx,+dx; (26)

One more aspect has to be considered. All pyramid vectors start at the position of the Mykerinos
Pyramid. If we use the center of mass as the pyramid positions, the position of the Mykerinos
Pyramid is not the origin of our coordinate system, but a quarter of the pyramid height above that.
So, we have to add a quarter of the height, which is 16.285 m, to the z-component of the result s.
Thus, the coordinates of the “Sun position” in the pyramid area finally are (details in [5, app. A16]):

Sy = —665.1m, s, = 22.8m, and s, = 273.1m 27)

4.6.2 “Sun position” by coordinate transformation and FITEX

Another possible way to obtain the “Sun position” is to transform the planetary positions (coor-
dinates) to the pyramid positions by translation, rotation, and change in the size by a “scale factor.”
In this case, the position of the Sun can also be transfered to the Giza plateau. At first, the problem
of calculating the corresponding parameters and especially the rotation angles seems difficult, but
it becomes easy if we also include FITEX. So, the solution is found by the search program. All
components needed are still present in P4. For the rotation in space we take the rotational matrix
R of Eq. (23).

At first, a point in time is calculated by P4 (VSOP87) when the planetary constellation and the
arrangement of the pyramids match each other (F",,s being minimized). This means that the ar-
rangements — both forming a triangle — are mathematically “similar.” Then the positions of the
planets are adapted to those of the pyramids by translation, rotation, and “downsizing” in 3-dimen-
sional space. For the translation, three parameters X;, X,, and X; are needed; the rotation in space
means another three parameters X,, Xs, and X, and change in size is given by one parameter Xj.
The calculation is an iterative process. At the beginning, X, to X, are chosen more or less arbitrari-
ly. Then the program FITEX optimizes these seven parameters by iteratively minimizing the Euclid-
ean distances between the transformed positions of the planets and the corresponding pyramid
positions. If x, y, z and x', y', z' are the coordinates of a planet before and after the transformation,
the full transformation is given by

X' X+ X
y'| = Xp R(X Xg, Xg)- |y + X, (28)
z' z+ X,

The search program FITEX works efficiently. The number of iterations necessary to find the solu-
tion X; to X5, is approximately 50 to 150 for each constellation within +15,000 years from present
time, although seven parameters have to be optimized simultaneously. But how do we get the “Sun
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position”? In the heliocentric coordinate system, the Sun is placed in the origin. So, we apply the
transformation of Eq. (28) to the zero vector (0, 0, 0)". As in section 4.6.1, for the date of constel-
lation 12 we get the following coordinates of the “Sun”:

S, = —667.5m, Sy = 21.3m, and s, = 2724 m (29)

The differences in the results between Egs. (27) and (29) are about 1 and 2 m, which seems rea-
sonable. The transformation of Eq. (28) is also used for the chamber positions in the Cheops
Pyramid and — once the parameters have been found — for transforming the positions of the outer
planets Mars to Neptune to the pyramid area. This second procedure is preferred because the
positions do not match exactly 100 % and the small deviations are balanced by minimizing the
distances with FITEX. Some examples of other “Sun positions” and “planetary positions” in the Giza
area, calculated with this second method, are listed in sections 3.4.2-3.4.4 and 3.4.8-3.4.10.

4.6.3 Additional “planetary positions”

The previous section describes two methods of calculating the transformed “Sun position” inside
the Cheops Pyramid (see Fig. 5). On the left half of Fig. 5 there are some more positions inside the
pyramid. They belong to the transformed planets at the “pyramid's date” and at the “conjunction
(syzygy) date.” These positions do not seem as important as those defined by the “chambers date.”
However, for the sake of completeness, we describe how they can be computed. To make it more
clear, these positions refer to the coordinate system of the Cheops Pyramid, and not to the “date of
the chambers,” but instead to the “dates of syzygy and pyramids.”

The calculation is straight forward. For the “date of the chambers,” the positions of the planets are
adapted to the chamber positions by coordinate transformation and the fit-program FITEX. The
corresponding seven parameters, X; to X5, are kept for later use. Next, the planetary positions are
calculated for the associated “pyramid's date,” being 44 days later with Mercury at aphelion.
Finally, we repeat the coordinate transformation with these new data by using the previous seven
parameters, X; to X, and get the “pyramid positions” inside the Cheops Pyramid (Fig. 5). Because
we need a fixed coordinate system, we use VSOP87A (J2000.0), although the results, when
calculated with VSOP87C, are nearly identical. The tools in the program already exist. The trick is
that we have two different points of time and must know how to use them correctly. We can do the
same for the date of the planetary conjunction (syzygy) as well as for the middle of the Mercury
transit. Concerning the latter date, the planetary positions are not shown in Fig. 5 because they are
not much different than those of the conjunction.

What about the coordinate system of the pyramids? Here, the origin is placed at the center of the
Mykerinos Pyramid. Similarly, we can also calculate the transformed planetary positions for all
dates — given before — on the Giza plateau and in the urban area of Giza, respectively. The region
is shown in Fig. 12, with the planetary orbits plotted accordingly. In this case, the procedure of
applying the dates is reversed. From the transformation of the planetary to the pyramids positions
we obtain seven new parameters, X; to X5, for the “pyramid's date.” Then the same coordinate
transformation is done for the other points of time. Note that the “planetary orbits” in Fig. 12 are
tited against the Earth's surface by about 24.5° (see Fig. 2) so that the visible shape of the orbits
becomes slightly elliptical. Some numbers are provided further down in Table 6. The tilted small
rectangle at the “Sun position” (Fig. 12) is a concrete platform of 25 m wide by 50 m long, aligned
to the center of the Chefren Pyramid and still existent in 2003. Today, the shape of the platform has
been changed.

If the reader is interested in where these positions can be found in Giza, it would be more conven-
ient to have the exact geographical latitude and longitude instead of the Cartesian coordinates in
meters (GPS coordinates in section 3.4.9). In this case, it is easy to find the locations with a GPS
receiver. The corresponding calculation is described in the following section.
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Figure 12: Pyramids plateau of Giza and the neighboring village. The transferred planetary orbits are projected vertically
to the Earth's surface. The sizes of the planets are magnified with respect to the orbits. The Mars position, which belongs
to the pyramids, is represented by a white pyramid (29° 59.095' N, 31° 8.461' E). Its size is adapted roughly in proportion
to Mars. The points M; and M, are the orbital centers for Mercury and Mars. Other planetary positions belong to the date
of the Mercury transit and to the “chamber's date” (3088 AD). The GPS coordinates can be calculated with option 381
and are provided in section 3.4.9. Background created on the basis of Google Maps; © 2015 Google, ORION-ME.
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4.6.4 Geographical coordinates

The conversion to latitude and longitude is not trivial if done properly. One reason is that we have
to match a flat area, given in Cartesian (rectangular) coordinates, to the surface of a sphere; and
another reason is that the Earth is not even an exact sphere, but an ellipsoid or spheroid. To get
accurate results, we have to consider the mathematical definition of the geographical latitude. The
cross section of the Earth along the rotational axis is an ellipse. So, we begin with some basic
equations.

If the Earth would be a sphere with radius
R, then the coordinates in Fig. 13 would
g ————————= be u =R-cos(B) and v = R-sin(B). (Here,
T the common identifiers x and y are re-
placed by u and v in order to not be con-

fused with the rectangular coordinates x,
y, and z at the Giza plateau.) If considering
the elliptic shape of the Earth's cross sec-
tion, the calculation becomes a bit more
complicated. With R, and R, being the
Earth's equatorial and polar radius (see
Table 7), the equation for the Earth ellipse

level of the
circle of latitude

equatorial plane

I
|
|
|
I
|
|
|
|
|

in Fig. 13 is
2 2
u "4
Fo —— RV R = GO
S e p
Figure 13: Schematic elliptical-shaped cross section of the It follows
Earth. The geographical latitude B is the cutting angle bet- u \2
ween the tangent normal and the equatorial plane. v(u) = =R p 1- R_ (31)
e

As shown in Fig. 13, the geographical latitude is the angle B of the intersection between the tan-
gent normal and the equatorial plane. The tangent normal per definition is aligned perpendicularly
to the tangent, whose slope is the derivative of the elliptical-shaped function with respect to u.
More precisely, the derivative is the tangent of B—n/2. From Eq. (31) we obtain

dv Rpu T

— = T :itan(B—— (32)

du R VR2—u? -

In order to get u as a function of B, we solve Eq. (32) for u. The positive solution is
R 211
u(B) = R, |1+ |-LtanB| | ? (33)
R
e

Using the procedure described in section 4.6.3, the P4 program calculates the rectangular coor-
dinates x, y, and z of any planetary position, which is transferred from space to the pyramid area.
As mentioned previously, the x-axis points to the North, the y-axis points to the west, and the z-axis
points upward. The origin of the coordinate system is placed in the center of the base area of the
Mykerinos Pyramid. In this case, the z-coordinate, being more or less the position above or under
ground, is not relevant. Only x and y are converted to the geographical coordinates B and L, en-
abling the use of GPS. (Note that the coordinate system of the chambers is different.)
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The center of the Mykerinos Pyramid is located at a latitude of By = 29° 58.3518' N and a longitude
of Lo =31° 7.6946' E (or By = 29.972530°N, Ly = 31.128243°E, measured in Giza by averaging the
GPS coordinates of the 4 pyramid corners). It defines the origin of the coordinate system. Let x and
y be the rectangular coordinates of a calculated “planetary position”, measured from the Mykerinos
Pyramid, then we calculate the corresponding geographical coordinates B and L. The differences
AB =B —-Bgand AL =L — L are related to x and —y in the “pyramids system” and to x and z in the
“chambers system.” In the following, the subscript “0” always refers to the point of origin.

The latitude is calculated in two steps. First, we determine an approximate value of the difference
in latitude by AB, = x- 360°/U, with U = 40008 km being the circumference of the Earth, measured
across the poles. (Here, the subscript “a” always means “approximate.”) So, an approximate value
of the desired latitude is given by B, = By + AB,. Next, we determine the exact latitude B. For the
Mykerinos Pyramid we get the geocentric coordinates uy and v, by inserting By into Eq. (33) and
then applying Eq. (31). Similarly, we obtain approximate values u, and v, with Egs. (33) and (31)
by inserting B,. The Euclidean distance x, between two points having the latitudes B, and B, and
the same longitude, is

X, = V(uy—ug P+(va—v, P (34)

Next, we correct the value AB, by calculating the difference AB = AB - |x/xa| . On the one hand,
distances like x and y mean straight lines, and on the other hand the surface of the Earth is not flat
but slightly curved. Concerning the pyramids, the distances are in the range of 1 or 2 km, meaning
that the differences in latitude and longitude are less than 0.02°. For such small angles «, we get a
very good approximation: sina = 2 sin(a/2) = a = tan ¢, where « is given in radians. The reader
might verify that the term 2 sin(« /2) is the Euclidean distance between two points on a sphere with
radius 1. (This distance would be measured in a straight line through the Earth.) Thus, we neglect
the curved nature of the Earth's surface and get the final latitude B = By + AB.

When calculating the longitude, in principle there is another problem. If we have the exact coordi-
nates x and y, then it makes a small difference whether we go at first x meters to the north and
then y meters to the east (at the latitude B), or if we go y meters to the east (at the latitude B;) and
then x meters to the north. The reason why is simple. If we move a constant “west—east” distance
|y| from the equator “upward” toward the North Pole, the corresponding difference in geographic
longitude AL becomes continuously larger. Although this effect is quite small for distances of a few
kilometers, we balance the result by using the arithmetic mean of the latitudes: B, = (B, +B)/2.
This means that we first go x/2 meters to the north, then y meters to the east, and again x/2 meters
to the north.

Once more we use Eq. (33) and calculate u (B ). With 2ru (B ,,) being the circumference of the
circle of latitude B,,, we obtain

AL y
360° 2nu(B

(35)

which yields AL. Note that y means —y for the pyramids and z for the chambers. Finally, we get the
geographical longitude by L = Ly + AL.

Note: The perimeter U of a circle with radius R is given by U = 2nR. Surprisingly, the perimeter of
an ellipse Ugy can be calculated only numerically. However, about 100 years ago the Indian mathe-
matician Srinivasa Ramanujan found the following analytical approximation for the circumference
of an ellipse. By using the Earth radii this is

32 : e Rp
U, ~ n(R +R — with A = (36)
10 + V4 -3 22

ell e p) 1+
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This formula is very interesting because for low and medium eccentricities it is extremely precise
and probably nobody (on Earth) knows whether it can be deduced mathematically and how
Ramanujan found it. An example of “planetary positions” in the Giza area is provided in Table 6 by
using the date of the Mercury transit (calculation with option 381 or 0, section 3.4.9; see Fig. 12).

Table 6: Geographical positions at the date of the Mercury transit (May 18, 3088, 19:20:59, TT).

corresponding planet Mercury Venus Earth Mars
Latitude (North) 29° 58.2961' 29° 58.4982' 29° 58.6801' 29° 59.0388'
Longitude (East) 31°7.9175%' 31° 8.0461' 31° 8.2176' 31° 8.5898'

For the chambers system (Fig. 5), such calculations do not make much sense because the cham-
bers are separated by only a few meters and there is ho GPS reception inside the Cheops Pyra-
mid. Nevertheless, in P4 the geographical coordinates are also calculated for the chambers.

4.7 Syzygy

4.7.1 Planetary conjunctions

The condition for planetary conjunctions is that the ecliptic longitudes L of all participating planets
are similar within a given angle dL,, e.g., dL, = 5°. The ecliptic latitudes, which describe the posi-
tions out of the ecliptic plane, are neglected. The two main options are “3 planets in conjunction”
(Mercury, Venus, and Earth) and “4 planets in conjunction” (Mercury, Venus, Earth, and Mars). In
order to save computation time, the chronological search happens mostly in “large steps” with a
special search after each step. This “large step” is (mostly) the synodical period of Venus and Earth
of approximately 584 days. We start with a conjunction and after each step, when Venus and Earth
stand again in conjunction, the overall range dL, including all participating planets, is minimized as
a function of time. If the minimized angle dL,,;, is smaller than the limit dL,, a new syzygy is found.

For the minimization of dL, being an iterative process, the difference in L for all planets has to be
checked pairwise. Now, three planets mean three differences and four planets mean six differ-
ences. So, after the minimization procedure, the condition is that the maximum of all differences
must be lower than the given limit dL,. The minimization algorithm uses three points of time with
equal time intervals. Let the angular ranges dL,, dL,, and dL; be the associated function values. If
the corresponding three points of time are in ascending order, then the algorithm to minimize dL
goes like this: At the beginning both time differences are 5 days. For dL, < dL, < dL4 the three points
of time are shifted to the left (to earlier times) by one interval, for dL, > dL, > dL they are shifted to
the right; and for dL, > dL, < dL5 they move closer together by the (optimized) factor 5. If the differ-
ence between two times is lower than the search minimum ¢ or if dL, < dL, > dL;, meaning “numeri-
cal noise,” the procedure is terminated and the solution is found (subroutine “fitmin,” 1. method).
In P4 a check automatically follows to determine whether a simultaneous Mercury or Venus transit
happens. Therefore, we continue with the transits in front of the Sun.

4.7.2 Transit phases

Three different ways to determine these Mercury and Venus transits are provided in P4. The first
two options are quite simple. In the case that, e.g., Mercury has the same ecliptic longitude as
Earth, it is checked by plane geometry whether the ecliptic latitude of Mercury B,, is small enough
that the planet stands in front of the solar disk. In the second option, the condition of “identical
ecliptic longitudes” is replaced by “minimum separation” between planet and the Sun. These two
options are not very precise because the finite speed of light is neglected. Therefore, only the third
option is explained in more detalil.
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This option includes the calculation of geocentric phases and minimum separation of a transit (see
Figs. 7 and 14). Here, the term “geocentric” has the meaning “as seen from the center of the Earth.”
For the calculation of the geocentric phases we need the diameters of Mercury, Venus, and Sun,
which are summarized in the following table. The radii of Mercury and Venus are taken from “Trans-
its” [22, p. 16], and the solar radius is taken from a recent measurement of Brown/Christensen-
Alsgaard [35]. The given radius of Venus includes the opaque atmosphere of nearly 50 km height.

Table 7: Optical size of the celestial bodies, Earth radii: IERS (2003)

radius [arc sec] radius [km]
Sun 958.97 695508
Mercury 3.3629 2439.0
Venus 8.4100 6099.5
Earth, equatorial radius 8.7941 6378.1366
Earth, polar radius 8.7647 6356.7519

If taking the solar radius of 695990 km, used by Meeus [22], the results are identical to those of
Meeus in almost all cases, apart from some rounding effects. (If desired, the solar radius can be
adapted easily in the source code p4.f95.) As an example, we now take the data of Mercury, but
the arguments are analogous for Venus. The letters L, B, and r characterize the heliocentric spheri-
cal coordinates of a planet, and the subscripts “E” and “M” mean Earth and Mercury. Let o be the
separation between Mercury and the Sun as seen from the center of the Earth, then we find

r, V1 —cos’p

S —— (37)
re —r, COSf

o = arctan

with cosp = sinBg sinB,,+ cosB, cosB,, cos(L.—L,,) (38)

The angle g is the separation of Mercury and Earth as seen from the center of the Sun. Eq. (37) is
deduced by plane geometry from the astronomical triangle Earth-Mercury-Sun, and Eqg. (38) is in
principle the spherical law of cosines (trigonometry in 3 dimensions). For B¢ = 0, which is the case
when using the ecliptic of date (VSOP87C), Eq. (38) reduces to

cosf = cosB,, cos(L.—L,,) (39)

At the beginning, Eq. (38) was used in P4 because it is universally valid. In contrast to this ap-
proach of spherical trigopnometry, another possibility is provided on the basis of vector analysis. If r
is a vector from the Sun to a planet in rectangular coordinates, and by applying the inner product of
two vectors and the absolute value (length) of a vector |r|, we get the separation by

—-r

r

E'(rM_ E)

a = arccos (40)

rel-[ru—ref
Both Egs. (37) and (40) yield the same results, but finally, Eq. (40) is used because the calculation
is slightly faster. Considering the transit of Venus, Eqgs. (37) to (40) can be taken by replacing the

indices “M” by “V.” But how do we get the exact geocentric transit phases? If s and s' are the
angular radii (semidiameters) of Sun and Mercury or Venus as seen from the Earth, then we obtain
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the outer contact points 1 and 4 with

a = S+S' (41)
and the inner contact points 2 and 3 with

a=5s-5S' (42)

(compare Figs. 7, 14). But we have to be careful. If, for example, Eq. (41) is fulfilled and we have
calculated the planetary positions for one point of time, it does not mean that we see the planet in
contact with the Sun. If the light is coming from the “contact point” on Mercury's surface to the
Earth, it needs approximately 5 or 6 minutes. During this time, the Earth has moved away from the
point, where we wanted to make the observation. In short, we have to consider the finite speed of
light.

Let us assume that the light from the Sun's circumference passes Mercury at the time t,, and
reaches Earth at the time tz. The difference At =tz —t,, is the travel time of the light. If t,, and the
position of Mercury is given, we need the position of Earth to calculate At; on the other hand, we
need At to calculate the position of Earth. So, it seems as if we have a problem. Fortunately, this
can be solved iteratively. In the following, ¢ is the speed of light and ¢ is the search accuracy, such
as €= 0.1s. The time t, is given and the problem now is to determine the exact time tz, when the
light, starting from Mercury at t,,, reaches the Earth. The problem can be solved with the following
“fixed point” algorithm:

Step 1: Calculate the position of Mercury r,, with VSOP87 at the time t,, and
set initial travel time of light (arbitrarily) to At = 320 s.
Step 2: Calculate the position of Earth rz with VSOP87 at the time tz =t,, + At.

Step 3: Calculate the optical path length between Mercury and Earth by
Ar=|re(te) — ry(ty)| and the travel time of light by At,,,, = Ar/c.

Step 4: Aslong as | At — At | > €, replace At with At,,,, and continue with
Step 2; otherwise, stop this routine and the solution is tg = ty, + At

Furthermore, the minimum separation is found using a procedure with three points (separations «)
as a function of time t, which are o, o,, and ¢4 at times t,, t,, and t;. These points define a kind of
hyperbolic function of the following form:

(43a, b)

a(t) = a-(t—bP+c? with b = t2+1. Y 2
2 (a,2— a,?)(ty—t,) + (2= a2)(t,—t,

The parameters a and ¢ need not be calculated. Because t is given as large number JDE, the addi-
tion and subtraction of t, in Eq. (43b) is a trick to avoid numerical instability (like in “ringfit,” section
4.4.2). Next, the minimum at t = b replaces the worst of the three previous points, which iteratively
yields the nearest approach (subroutine “fitmin,” 2. method). Note that the transit calculations are
partly performed in a different way than by J. Meeus [22]. Nevertheless, if the solar radius of
695,990 km, applied by Meeus, is also used in P4, the results are identical in almost all cases.

4.7.3 Position angles of transit

The position angles refer to the transiting planet, when it is in contact with the Sun's limb. The
angles are measured from the y-axis (Fig. 14), which points to the celestial north pole. They cor-
relate also with the apparent motion of the Sun due to the Earth's rotation. Jean Meeus provides a
procedure for calculating the apparent positions of Mercury and Venus on the solar disk during the
transit [22, pp. 14 ff.]. Unfortunately, for Mercury the method is available only for the years between
1600 and 2300 AD. Because we are interested in the year 3088 AD, another way must be found.
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Let us assume an Earth reference system that is not rotating and independent from the orientation
of the Earth axis (CRS, Celestial Reference System), and another system that is fixed to the Earth
(TRS, Terrestrial Reference System). If x-zs and x;zs are two position vectors belonging to the
same local point, but to the two different systems, the transformation between both vectors at a
time t is given by [36, 37]

Xcps = P<t)'N(t)'U(t)'X(t)'Y(t)'XTRs (44)

The matrices P and N take into account precession and nutation, U the rotation, and X and Y the
polar motion of the Earth. Although in our case the matrices N, U, X, and Y can be neglected, the
calculation is still not easy. However, instead of using explicitly the precession matrix P(t), the posi-
tion angles are calculated with the following four steps:

1. The positions of the planets Mercury (or Venus) and Earth in Cartesian coordinates — calcu-
lated with VSOP87C (ecliptic of epoch) — are rotated around the x-axis by an angle, which
is the obliquity of the ecliptic of that epoch. We have to take the x-axis because it connects
the solar center with the Earth's position at the beginning of spring (vernal equinox). By this
rotation, the x-y-plane becomes parallel to the plane of the Earth's equator. The obliquity of
the ecliptic &,, which varies slightly in time, is taken from Axel D. Wittmann [38, p. 203]:

£ = 23.4458042° — 0.856033° - sin(0.015306 - (T + 0.50747)) (45)

The time T is measured in Julian centuries as in Eg. (7) and the argument of the sine func-
tion is given in radians. Other equations for &, with polynomials exist, but Eq. (45) has the
advantage of having no “runaway effect” for large T [38]. Mathematically, the transformation
is performed by using the rotational matrix of Eq. (73) in section 4.9.3.

2. Now, the new positions of Mercury or Venus and of the Sun are translated by the (negative)
coordinates of the new Earth position. This means that the origin of the heliocentric coordi-
nate system is shifted to the Earth's center and so becomes geocentric.

3. The new rectangular coordinates of Mercury (Venus) and the Sun are transformed into
spherical coordinates.

4, From these geocentric coordinates, the position angle of Mercury — or accordingly Venus -
with respect to the solar center is calculated by equations taken from André Danjon [39,
p. 36] and Jean Meeus [22, p. 15], respectively. In the following, a5 and d5 are the apparent
right ascension and declination of the center of the Sun, and «a, and &, are the correspond-
ing angles for the planet Mercury or Venus. With Aa = ap — g, A6 = 6 — J5, and K being an
auxiliary quantity we get

206264.8062

K =
1+sin®d. -tanAa-tan(Aa/2) (46)

X = —K-(1 —tandg sinAd) - cosd; - tanA a (47)

y = K-{sinA¢ +sindg - cos dg - tanA a - tan(A « /2)) (48)

The constant 206264.8062 is the number of arc seconds in one radian. The zero position of
right ascension is not relevant because declination and differences of right ascension are
unaffected. The quantities x and y are the rectangular coordinates of the planet given in arc
seconds. Finally, the position angle P, measured from the y-axis (Fig. 14), is

P = arctan

i) (49)
y
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With cos P having the same sign as y, we get P in the correct quadrant [22]. In the P4 pro-
gram this is realized as follows: If we have y-cosP <0, then P is replaced by P +180°. The
transit in 3088 AD (Fig. 14) is not a central one, but it is the first one of a new transit series.
Due to the convention, taken from the “NASA Eclipse Web Site,” this series has the number
20. It comprises nine transits and will last from 3088 to the year 3456.
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Figure 14: True-to-scale representation of the Mercury transit in 3088 AD with position angles. If calculating the data
with the previously used solar radius 695,990 km [22] and not with the current value of (695,508 + 26) km [35], the devia-
tions are maximal 0.06° for the position angles and 18 s for the times of day. These differences are rather small.

Several iterative search algorithms are used in the P4 program. The contact points 1 to 4 are
determined with the subroutines “ringfit” and “secant” in combination with the “fixed point” algorithm
(section 4.7.2, subroutines “vsopltr” and “vsop2tr”), whereas the nearest approach is calculated by
a special minimum search (subroutine “fitmin,” 2. method). Other methods are those of Newton
and Raphson, used to solve Kepler's equation (subroutine “vsop3”), the procedure to minimize the
angular range of a planetary conjunction (subroutine “fitmin,” 1. method), and FITEX, the multi-
parameter fit program used, e.g., to determine the “Sun position” (last four subroutines in P4).

A few remarks should be done about the characteristics of grazing transits. In principle, there are
three different kinds of geocentric grazing transits. All calculations in the P4 program are done with
the assumption that the observer is placed at the center of the Earth. This yields the geocentric
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transit phases (times in the tables). In case of a geocentric grazing transit, only three transit
phases are provided: the two outer contact points and the minimum separation because the planet
never gets completely on the solar disk. If this transit can be seen as a full transit from other parts
of the Earth then it is also named a “partial transit.” The second possibility is that from the geocen-
tric position, the planet does not touch the Sun's limb, but from other points of the Earth, we have a
grazing transit. In this case, only one transit phase can be calculated, which is the nearest sepa-
ration between planet and Sun. The third possibility means that it looks like a full transit from the
geocentric position but from other parts of the Earth it is a grazing transit. In this case, we have five
transit phases, like a full transit, but actually from parts of the Earth, it is a grazing (partial) transit.
In the computed tables, these three cases — marked with “m” for Mercury and “v” for Venus — can
be distinguished easily. They have three, one, or five transit phases, respectively.

4.7.4 Transit series

The transits of Mercury or Venus in front of the Sun can be combined in the so-called transit series.
Different ways of combinations are possible and are described in detail in [22, pp. 7-13]. The main
patterns are successive transits of Mercury every 46 years and of Venus every 243 years. Each
series has a number and different series are serially numbered according to their first appearance.
The series of Mercury, starting at May 18, 3088 has the number 20 (see last column in the table of
section 3.4.6). The corresponding paths of Mercury along the Sun's disk are provided in Fig. 15.
The figure is drawn on the basis of the position angles, calculated with P4 (VSOP87).

Mercury transit series
(No. 20)

Figure 15: The complete transit series of Mercury, having the number 20 (according to
the serial numbers on the website of the NASA/Goddard Space Flight Center — see links in
section 3.4.6). The transit series begins in May 18, 3088.

Now, if a new transit is found by the P4 program, the question is: How do we get the corresponding
serial number? For Mercury, the time differences between transits in the same series are multiples
of 46 years. In the P4 program the date (JDE) of each first transit of a new series is stored. There-

65



fore, the date of the new transit is compared with these transit dates, already stored. If the time
difference between the new and one of the stored transit dates is a multiple of 46 years the new
transit has the same serial number as the stored transit date. If there is no connection to a pre-
ceding transit, the new one gets a new serial number. To check for the multiple of 46 years, the
function “modulus” (mod) can be used. Let Jye, and Jye, be the decimal years of one of the stored
older transits and the new transit. Then the corresponding relation for Mercury is:

(Jnew — Jprey) Mod 46 < & (50)

Here, € is a small time period like, for example, 0.03 years. This description is a little bit simplified.
Instead of using years in the P4 program, the periods of 46 and 243 years are provided in Julian
Days. For Mercury, the averaged time interval is At), = 16802.200 Julian Days and for Venus it is
At, = 88756.137 Julian Days. Actually, after a longer time period some of the already finished trans-
it series can show up again. Due to the convention, these transits get a new serial number.

Another example is given here independently of the pyramids. The recent Venus transit in the year
2012 has the number 5. If we follow this series No. 5 into the future, we find that approximately in
the years between 5000 and 7200 a fantastic sequence of about 8 successive central Venus trans-
its will occur within this series. The corresponding Venus passages are represented in Fig. 16. The
transits are shown from the beginning only up to the central transits. During later transits of this
series, Venus will pass also in front of the northern half of the Sun so that Fig. 16 would become
confusing. Additionally, the precision of VSOP87 decreases slightly in this remote future.

: M, ; Venus transit series No. 5
d " <Udp T ~ i
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Figure 16: V\enus transits, first half of series No. 5 (number convention like in Fig 15, only Gregorian calen-
dar), from the beginning in the year 554 up to the central transits between the years 5000 and 7200.

More details could be discussed, like for instance special circumstances that show up when com-
puting conjunctions or methods to improve the processing speed, but here only the main points are
given. In principle, all details can be found in the source code (appendix).
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4.8 Universal time

The terrestrial (dynamical) time (TT) is a linear time scale with constant lengths of the days. It is
appropriate for astronomical purposes in order to handle large time spans accurately. The
universal time (UT) takes into account the slowing down of the Earth due to tide friction. It means
that the length of a day is increasing very slowly. Because the “second” is the basic time constant,
a leap second is introduced occasionally in order to keep the time of day in phase with the Earth's
rotation. These leap seconds are applied in UTC (Coordinated Universal Time), which means that
the difference of UTC to TT changes always discontinuously by 1 second. The difference between
UT and TT changes continuously but not uniformly because the deceleration of the Earth varies
slightly from time to time.

Because the Earth's deceleration for times far in the past or in the future is not precisely known, UT
(and also UTC) includes some uncertainties in these times. For such time periods, UT can only be
extrapolated. TT is by definition a precise measure of time and is used in astronomy for long time
spans when the Earth's rotation is not relevant. The terrestrial time TT is equivalent to JDE and is
used in the VSOP87 theory. If the time of day is important, like for example, for historical events on
Earth, UT or UTC should be used. The P4 program allows for a conversion from TT to UT. The
equations, provided further down, are used to calculate the time difference:

AT = TT-UT (51)

These equations are taken from the “NASA Eclipse Web Site," Polynomial Expressions for Delta-T,
and are reproduced here because they seem to be available only on the Internet. The polynomials
up to 7t degree were created by Fred Espenak and Jean Meeus, based on the works of Morrison/
Stephenson [40] and Stephenson/Houlden [41].

To apply the equations, a decimal year J is required. Espenak and Meeus provide the following
equation: J = year + (month — 0.5)/12. For consistency with references [5] and [13], “J” (Jahr)
instead of “y” (year) is used. The maximum error would be 0.5 months and the average error about
8 days, being sufficiently small. However, we use the decimal year, given by Egs. (68) and (69) in
section 4.9.1. The average error of 0.5 days is even smaller and the application is easier because
in these equations the year is given directly as a function of JDE.

Before the year -500 (astronomical counting), which is 501 BC, and from now into the future, AT
has to be extrapolated based on the reasonable assumption that the Earth's rotation decelerates
more or less constantly. The polynomials are valid only within the corresponding time periods. The
result AT is given in seconds (Fred Espenak, Jean Meeus [23]):

J—1820

J £ -500: AT = =20 + 32u®> and u=>-——=-—
100 (52)
500 < J < 500: AT = 10583.6 — 1014.41u + 33.78311 u?
- J ~ 5.952053 u® — 0.1798452 u*
100 + 0.022174192 v° + 0.0090316521 u° (53)
500 < J < 1600 : AT = 15742 — 556.01 u + 71.23472 u°
7—1000 + 0.319781 u® - 0.8503463 u*
100 — 0.005050998 u° + 0.0083572073 u° (54)
. 3
1600 < J < 1700: AT = 120 — 0.9808 t — 0.01532 t2 + (55)
t = J— 1600 7129
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1700 < J < 1800:

t = J-1700

1800 < J < 1860:

t = J-1800

1860 < J < 1900:

t = J-1860

1900 < J < 1920:

t = J-1900

1920 < J < 1941:

t = J-1920

1941 < J < 1961:

t = J-1950

1961 < J < 1986:

t = J-1975

1986 < J < 2005:

t = J —2000

2005 < J < 2050:

t = J-2000

2050 < J < 2150:

J > 2150:

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

8.83 + 0.1603t — 0.0059285 t 2
4

3
+ 0.00013336t "~ — 1174000

13.72 — 0.332447t + 0.0068612 t 2

+ 0.0041116 t 3 — 0.00037436 t *+ 0.0000121272 t °

— 0.0000001699 t ® + 0.000000000875 t *

7.62 + 05737t — 0.251754 t° + 0.01680668 t°
5

233174

— 0.0004473624 t* +

—2.79 + 1.494119t — 0.0598939 t 2
+ 0.0061966 t 3 — 0.000197 t*

21.20 + 0.84493t — 0.076100 t 2+ 0.0020936 t 3

t2

29.07 + 0407t - +
233 2547

2
4545 + 1.067t — - - L
260 718

63.86 + 0.3345¢ — 0.060374 t >+ 0.0017275t 3
+ 0.000651814 t * + 0.00002373599 t °

62.92 + 0.32217t + 0.005589 t 2

J—1820

-20 + 32 ( 100

2
) — 0.5628 - (2150 — J)
J—1820

—20 + 32 u° u =
0 32u and 100

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

The universal time is now obtained by UT = TT — AT. Note that Egs. (52) and (66) are identical. All
equations are implemented in the calendar program DATUM-2, too. The uncertainties in AT are
also taken from the NASA website [24] and fitted by polynomials for the use in DATUM-2 (for
details see [13, app. A5]). To get an idea, some results of AT with errors (x) are provided in the fol-

lowing:
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— 2000 :

AT = (778 £ 62) minutes
2000: AT = (63.9+0.1) seconds
3000 : AT = (74 £ 31) minutes

20000 :

AT = (294 £ 97) hours = (12 % 4) days
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4.9 Computational changes from P3 to P4

When reproducing the results in the tables of book 1 [5] with the P4 program, in some cases slight
numerical changes can be found. The astronomical calculations, based on the VSOP87 theory, are
unchanged. This includes the dates, based on the Julian Ephemeris Day, all kinds of positions like
the “Sun position” at the Giza plateau, and other astronomical quantities. However, some other
calculations are improved and the changes — compared to the previous version P3 — are provided
in the following. New additional options and all new features of P4 compared to P3 are listed in the
program header of the P4 source code p4.f95 (appendix) and are also included in section 3.3.

4.9.1 Decimal year

In some tables the date is not given as Julian Day but as a decimal year number. This is just
intended to assist the reader in knowing, for example, what JDE = 2456282.5 means. If the cor-
responding decimal year J = 2012.97 is given, it becomes clear that the given date is somewhere
at the end of the year 2012 AD. In the first book [5, p. 315], the decimal year J was approximated
by the following linear function of the Julian Day:

J=-PE 47119086 (67)

365.248

When comparing with the calendar date, this equation has an error of less than 12 days for the
time interval 11,000 BC to 4000 AD. Before and after this period, when going further into the past
or into the future, the error is increasing linearly with respect to AT. For the year 10,000 AD, the
deviation from the calendar date is about 34 days, and for the year 100,000 AD the error is ap-
proximately 1.5 years, which can be checked easily with the DATUM-2 program. The reason for
these discrepancies is the existence of two different calendars, the Julian and the Gregorian
calendar, with a calendar reform in the year 1582 AD. This means that two different linear func-
tions, being linear on a large scale, are approximated by one linear function in Eq. (67).

The simple solution of this problem is to use two linear functions instead of one. Thus, for the
Julian calendar and the Gregorian calendar, respectively, we have

JDE
< < ) J = — 4712.0
(0 < UJDE 2299160.5) 365,25 (68)
JDE — 2451545.0
< J = + 2000.0
(JDE < 0 or 2299160.5 < JDE) 3652425 (69)

Here, the decimal year, based on the Julian calendar, is only used for the time period 0 < JDE <
2299160.5, which are the years between 4712 BC and 1582 AD. The upper limit is evident
because of the calendar reform. One reason for the lower limit is that the Julian calendar gets com-
pletely out of phase with the seasons before 4712 BC, and another reason is that in those years no
historical events exist so that it would not make any sense to use the Julian calendar. (Note,
that the Gregorian calendar is a substantial improvement, but it still needs a correction of one day
about every 4000 years to stay in phase with the seasons.)

Now, the average deviation between the decimal year and the calendar date is around *+ 0.5 days
for all times. It does not matter how far we go into the past or future. Anyway, for our purpose the
difference between Eq. (67) and the system of Eqgs. (68) and (69) is relatively small, like for ex-
ample, for the moment of minimum separation of Mercury transit during the planetary constellation
12. Equation (67), applied in the first book, yields J = 3088.365, whereas with Eq. (69) we get
J = 3088.379. As mentioned previously, all astronomical computations with the VSOP87 theory are
unaffected, since they are based on JDE and not on J.
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The period of 3800 years

In this context the period of about 3800 years, described in [5, pp. 132, 136], needs an additional
comment. At the end of a period of 3800 years and 1 month the planets Mercury, Venus, and Earth
have nearly the same positions like at the beginning, because for all three planets this period is
almost equal to an integer number of siderial orbital periods. (This helped to estimate the range of
validity of vsop3 in Fig. 10.) The time interval is about 1387980.4 Julian Days. If we divide this
number by the 365.25 days of a Julian year, we get 3800.0832 years, which is almost equal to
3800 years and 1 month. Division by the 365.2425 days of one Gregorian year yields 3800.1613
years, equal to 3800 years and 2 months. So, the period of 3800 years and 1 month, discussed in
[5], is primarily valid for the Julian calendar. On the basis of the Gregorian calendar, after the year
1582 AD, the period lasts 3800 years and 2 months. Although the two periods differ by 1 month be-
cause of the different length of the years, the physical time period is exactly the same.

4.9.2 Position tolerance

When the planetary constellation of Mercury, Venus, and Earth is fitted to the pyramid positions (or
chamber positions), an accuracy of this fit in percent is given by the relative error Fpos, F'pos, OF
F"nos: respectively. (“F” is related to the German word “Fehler,” meaning error, fault or mistake.) In
the following we use only F,, although the equations are also valid for F',,s and F",,s, Which are
each based on a different geometrical approach. In order to get a position error dr of the calculated
“Sun position” in meters (in [5] also called As), the length of the position vector of the “Sun position”
rs = | rs| is multiplied by Fjes, Which is dr = rs - Fpes [5, €.9., Tab. 17, p. 149]. The origin of the cor-
responding coordinate system is placed in the center of the Mykerinos Pyramid (pyramid positions)
or in the base of the Cheops Pyramid (chamber positions), which is an arbitrary choice in both
cases. Although the resulting position errors are quite reasonable, it is more convenient to measure
the position vectors from the common center of the three pyramids and from the common center of
the three chambers. The coordinates of these two centers (position vector r,,) are just the arith-
metic average of the corresponding rectangular position coordinates of the three pyramids or three
chambers. Let r, be the average distance of the three pyramids (chambers) from this center and
rsun the distance of the “Sun position” from this center, given by

Fsun = Irs = Teyl (70)

Then, the position error of the “Sun position” (dr) in meters is calculated by the following equations:

For Igyn>Tla dr = rg, Fpos (71)

for  Tgyp=T, dr = — -F (72)

As Fos is given in percent, it must be divided by 100 before being inserted into Egs. (71) and (72).
If the “Sun position” is located near to the common center of the three chambers, meaning that rg,,
is almost zero, then the relative position error dr, calculated with Eq. (71), is nearly zero, too. This
would not be very reasonable and is avoided by using the parabolic function in Eq. (72).

Egs. (70) to (72) are used for the positions of “Sun” and of all “planets” — replacing rg,, accordingly
— except Mercury, Venus, and Earth. For the last-mentioned planets, the deviations between trans-
formed planetary positions and pyramid (chamber) positions can be determined exactly by calcu-
lating the corresponding Euclidean distances. These values are marked with “<” (see quick start
options 3 and 250, sections 3.4.3 and 3.4.8). Finally, the previous equations are analogously used
to determine the uncertainty of the Mercury aphelion position for the constellations 13 and 14.
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4.9.3 Algebraic sign of X5

One method for calculating the “Sun position” in 3 dimensions is to use coordinate transformations
and the least squares fit program “FITEX,” in which the planetary positions are fitted to the pyramid
or chamber positions by adjusting the seven parameters X; to X7. The orientation is adapted by
using the rotational matrix R(X4, X5, Xg) of Eq. (23). With X,, X5, and Xg being the Euler angles, R
is the product of three matrices D,(Xg) - Dx(Xs) - D,(X,); see also [5, pp. 335 ff.]. In the following, the
algebraic sign of Xz is discussed. Let « be the rotational angle; then, for example, a rotation around
the x-axis is given by the matrix

1 0 0
D (a) =| 0 cosa sina (73)
0 —sina cosa

(Note: It seems that by accident all rotations in Ref. [5] are given by the transposed (inverse)
matrices compared to the normal convention. Because this is only a question of agreement and
because it does not change the results — except for the sign of the rotational angles — we kept this
allocation here.) The angle Xs is the tilt angle between the planes of the Earth's surface and of the
transformed Earth's orbit [5, p. 345]. Both planes are shown schematically in Fig. 2. By geometric
considerations it can be established that, if X5 is a solution matching the planetary positions with
the pyramid (chamber) positions, —X5 is also a solution. In the latter case, the angles X, and Xg
have to be replaced by X,+w and Xg+ &, respectively, where the plus and minus signs can be
chosen arbitrarily and independently for both quantities. So, for rotations in 3 dimensions we get the
following matrix identity:

+ 7). D (=Xg) D,(X, + n) (74)

This can be shown easily with the matrix in Eq. (23). By modifying the angles correspondingly, all
changes of algebraic signs of the trigopnometric functions cancel each other, that the matrix remains
the same. It follows that the sign of X5 has no meaning if X5 is given without X, and Xg. Therefore,
most tables in the second book [13] list only the absolute values of Xs. On the other hand, the P4
program always vyields the actually found algebraic sign of Xs. Eq. (74) can be demonstrated, for
example, with a postcard. After defining x-, y-, and z-axis as well as X,, X5, and Xg, the reader gets
the same result by rotating the postcard manually by using either the given angles on the left or on
the right side of Eq. (74).

4.9.4 Date of constellations 13 and 14

For the constellations 13 and 14 the date is not fixed to the planetary passage through aphelion or
perihelion. Instead, the exact point of time is found by manually minimizing the relative error F"ps.
For the results in the first book [5], when using the P3 program, the Julian days (JDE) were
rounded three digits after the decimal point. In the P4 program, the minimization of F",, is done
automatically and the JDE results are accurate for about five digits after the decimal point. In order
to achieve consistency between different calculations within the second book, the dates are not
rounded like before. Thus, when reproducing the results in the first book with the p4 program, there
are slight differences in the planetary coordinates concerning the constellations 13 and 14. Never-
theless, these tiny differences are not important. They are mentioned here so that the user of the
P4 program knows (if comparing the results with [5]) where these deviations come from.

4.10 Further specific features

In the following, two additional discoveries with respect to constellation 12 (3088 AD) are presented
in sections 4.10.2 and 4.10.3. They are not directly related to the use of the P4 program, but they
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do support the general findings. They are also mentioned to clarify that the overall picture of the
planetary correlation is even more complex than originally expected. In sections 4.10.4 and 4.10.5,
we learn more about “Sun positions” and “secret chambers,” but before these aspects are ex-
plained, some information is given concerning mathematical speculations.

4.10.1 Matching coefficients

If archaeological facts, like measured data, are mixed with mathematical speculations to show
certain relations, sometimes criticism arises, saying that with such “mathematical playing around”
anything can be proven. Truthfully, under special circumstances, this criticism is justified. However,
it is not always true. To clarify, we will specify what “special circumstances” means in this context
by using two examples.

In addition to classical archaeology, two relations that define the size of the Cheops Pyramid have
been found in the literature. First, the distance from Earth to the Sun (1 AU = 149.6 million km) is
said to be 1 billion times larger than the height of the Cheops Pyramid (146.59 m [10, vol. IV,
p. 1227]). Secondly, the height of the triangular side of the Cheops Pyramid, being the distance
from the base line to the top of the pyramid (186.43 m), multiplied by 600, should be the distance
corresponding to 1° difference in longitude at the equator (111.32 km). The relative error of the first
eguation varies up to 3.6 % because the distance between Earth and the Sun is not constant, due
to the elliptical shape of the Earth's orbit. The accuracy of the second relation is about 0.5 % which
is somewhat better. The reader can verify this easily. Nevertheless, both relations have a serious
disadvantage: They both contain an arbitrary factor, namely 1 billion (1,000,000,000) and 600. The
problem is that with such factors, or better “matching coefficients,” just about anything can be
proven. The corresponding equations are given in the following together with a small sketch. The
crossing out of both equations stresses that both of them are meaningless. The reason is given in
the following.

1. Distance Earth — Sun: r =_1860,000,000 - Ncheops N h
2. Distance for 1° differepse=in longitude: L(1°) = 600 - a a /

Let us take two arbitrary quantities (like the height of the Eiffel Tower and the distance between
London and New York) and let us allow matching coefficients, consisting of one digit (1 to 9) and
an arbitrary number of zeros (e.g., 100, 4000, 70, 300,000, etc.). In this case, it can be easily
shown that with the corresponding “matching factor,” an average accuracy of about 10 % can be
achieved. We illustrate this with an example. Let us assume that the ratio between two quantities is
exactly 550. Thus, we need a factor of 550 to get an equation, which is perfectly valid. According to
the previous assumption concerning matching coefficients, the nearest available factors are 500
and 600. The relative error of an equation, using 500 or 600, would be approximately 10 %. A
mathematically more detailed discussion is given in [5, pp. 64 ff.]. Now, a deviation of 10 % is more
than the errors in the above two equations, so we could misleadingly assume that both equations
are still significant. However, this is not the case.

The given pyramid has five characteristic lengths: the height h, the height of the side face a, the
base length, the diagonal in the base area, and the distance from a corner to the top of the pyra-
mid. If we take, for example, five astronomical lengths for comparison, like the distance from Earth
to the Moon, the circumference of the Earth, etc., then we have 25 different combinations with the
five lengths in the pyramid. The 25 corresponding equations do not have an accuracy of 10 %
each, but some of them have less and some of them have higher accuracy, meaning statistical
scattering. Now, it can be shown mathematically that, on average, at least one of these combina-
tions has an error of less than 1 %! It means that we have to look only for the smallest error of all
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25 relations to obtain an accuracy of better than 1 %. It follows that all such equations containing a
matching coefficient (like 600 or 1 billion) have no significance! With such factors we can prove
anything. We could even easily bridge several orders of magnitude. In short, equations with such a
“matching coefficient” are irrelevant! The same can be achieved if more complicated equations are
used. This includes squares (like x?, where x might be any quantity), other mathematical powers
(X%, x*, ...), square roots, constants like T, etc., or even two or more matching coefficients instead
of one.

Another important criterion is that the physical units like meter, kilogram, etc. must match. For
example, after combining some archaeological quantities in an equation, someone gets the num-
ber “2.99” and would claim: “Here, we have the speed of light.” In actuality, the speed of light is
2.9979 - 108 m/s. The relative error of the pure digits is about 0.3 %, which is not bad, but the phys-
ical unit of velocity like “m/s” is missing. Furthermore, if using the m/s unit, the order of magnitude
is wrong by a factor 100,000,000. The last factor is a matching coefficient, not even being men-
tioned. Thus, the quantity 2.99 has absolutely no meaning with respect to the velocity of light.

We keep in mind that “matching coefficients” are not allowed. However, without such factors it is
almost impossible to find an equation that relates an arbitrary quantity with fundamental physical or
astronomical constants. So, what about the three equations (1) to (3) of the planetary correlation?
All of them are simple and of the same kind: the rule of proportion. No matching coefficients are
used and the physical units are correct. Moreover, the physical quantities create an overall picture,
which makes sense. So, they are not of the category “matching coefficients,” explained previously.
The three equations and especially Eq. (1) are analyzed in detail in Refs. [5, 13]. In the following,
two other astonishing aspects are described, which support the planetary correlation.

4.10.2 Obliquity of the ecliptic

Figure 2 in the introduction shows how the transformed planetary orbits are tilted against the
Earth's surface. The tilting angle between the transformed ecliptic plane (plane of the Earth's orbit)
and the Earth's surface is 24.47° (= Xs; see Xsg in section 3.4.3). It just comes out by using the
VSOP87 theory in the P4 program, in which X5 is one of the parameters X; to X7, characterizing
the coordinate transformation from the positions of the planets to those of the pyramids.

Why didn't the master builders construct these two planes coplanar, but instead tilted them against
each other? The answer is simple: the obliquity of the ecliptic is about 23.45°, which is the angle
between the plane of the equator and the plane of the Earth's orbit (ecliptic plane). By the way, this
obliquity is the reason why we have four seasons per year.

Earth Cheops Pyramid

Figure 17: Correlation between Earth and Cheops Pyramid — as seen from southwest direction —
with respect to the ecliptic plane (see Fig. 2 and for 24.47° see X; in the table of section 3.4.3).
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The given correlation means that the angle between the plane of the Earth's equator and the eclip-
tic plane correlates with the angle between the Earth's surface and the ecliptic plane after coordi-
nate transformation. The difference of 1° is small and can probably be explained (compare X5 in
the table of section 3.4.4). An illustration of the correlation is given in Fig. 17 (see also Fig. 2). This
is perfectly in keeping with the correlation between pyramids and planets, and can explain why the
transformed planetary orbits in Fig. 2 are considerably tilted against the Earth's surface in Giza.

4.10.3 The riddle of midwinter

Figure 18 shows that inside the Cheops Pyramid the “Sun position” is located south of the subter-
ranean chamber. If we look from the chamber to the “Sun position,” the direction is about 34.0°
upward from the horizontal direction. (With Ax = 16.40 m and Ay = 11.05 m being the differences of
the respective coordinates of “Mercury” and “Sun position” — see table in section 3.4.8 — the angle
is calculated by arctan(Ay/Ax) = 33.97°.) The real Sun has the highest position above the horizon in

the south at noontime. The question is: Is it possible that the real Sun stands in the same direction
of 34° above the horizon?

Cheops Pyramid

ajns‘os Je\.UUJnS

83,47° :|‘
|

\

Syzygy

Figure 18: Cross section of the Cheops Pyramid (3088 AD) with highest Sun position in midwinter and midsummer.

The highest daily position of the Sun is dependent on the time of year. At summer the maximum
angle above the horizon at Giza is 83.47°. The date is called midsummer or summer solstice. In
winter, the lowest angle of the Sun in Giza at noon is 36.57°. Figure 18 provides the geometrical
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arrangement. It shows that if looking from the “Mercury position” in the subterranean chamber to
the “Sun position” in midwinter, the real Sun stands almost in the same direction. The angular
difference of 2.6° is small but not very small. For the astronomical comparison with the planetary
positions, the chamber positions were assumed to be in the spatial middle of each chamber.

In order to find a remedy for the angular discrepancy of 2.6°, the chamber positions were slightly
varied, and an interesting phenomenon was observed. If using the middle of the west walls of each
chamber, the corresponding angle of the “Sun position” in the pyramid becomes 36.55°, which is
almost exactly the midwinter position of the Sun above the horizon. Actually, an argument exists to
use the middle of the west walls: The east walls of the three chambers are all placed in the same
vertical plane (see Fig. 3), oriented in north—south direction. So, the x- and y-coordinates of the
chambers are well defined with regard to this plane (Fig. 18). Now, all chambers extend to the
west, but each one at a different length. This situation is similar to a histogram with three columns
of different heights. Could it be that the pyramid builders exactly defined the coordinates of the pla-
nets in all 3 dimensions in this way?

Nevertheless, the “middle of west walls” option also has some disadvantages compared to the
“spatial middle of chambers” option. The overall accuracy of the comparison between pyramids
and planets is 2.2 % for the “west walls” option instead of 0.6 % for the “spatial middle” option (sec-
tion 3.4.8). Furthermore, the angle between the vertical x-y-plane in the pyramid and the trans-
formed ecliptic is 18.4° for the “west walls” option compared to 4.2° for the “spatial middle” option
(see Xs in section 3.4.8). So, as the “midwinter angle” becomes more accurate with the west walls,
two other parameters become worse. Perhaps this problem can be answered one day, but for now
it remains as open as an unsolved riddle — until further notice.

4.10.4 “Sun position” and concrete platform

In Fig. 12 we see the “Sun position,” located approximately 670 meters south from the center of the
Mykerinos Pyramid. This position is defined precisely by the planetary positions in the year 3088
with an uncertainty of about 1 meter if the VSOP87 theory with 3-dimensional coordinate transfor-
mation is applied. The question is: Do we find anything special at this location? The answer is

yes”.

In the year 2003, | visited this spot and found there a platform of concrete. This stage was definite-
ly not from ancient times, but from modern times. The center of the platform was located at latitude
29° 57.9898' north and longitude 31° 7.6842' east. The numbers are an average of a few measure-
ments, performed with a GPS receiver (Garmin eTrex Summit). The theoretical “Sun position,”
calculated with VSOP87, is latitude 29° 57.9905' north and longitude 31° 7.6813' east (section
3.4.9). At that time the platform had dimensions of about 25 - 50 m? and was oriented with its long
middle axis towards the center of the Chefren Pyramid. The difference between the measured and
the theoretical position is only 5 meters. One year later, the whole platform was covered with half
meter deposit of sand, which had been put there artificially and not by wind transportation. Today in
2014, the platform is again mostly free of sand. Meanwhile, its shape has been changed and can
easily be seen in Google Earth or Google maps (satellite view).

What is the purpose of this platform? It is located in the desert, surrounded by sand and hilly
ground. There is no paved vehicle access, and therefore it cannot be used as a parking area,
although it looks like that. The question is: Is the remarkable coincidence of the platform position
and the “Sun position” accidental or not? Of course, it can be an accident, but the probability for it
seems low. The calculation of the “Sun position” yields a vertical coordinate of 272.36 m above the
base level of the Mykerinos Pyramid. Thus, the “Sun position” is placed more than 250 m above
the ground. So, if someone digs beneath that platform he probably will not find any treasure, ex-
cept sand.
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Figure 19: Cross section of the original state of the Great Pyramid with details of the “Mars position” and its environ-
ment (upper inset) during the astronomical events in the year 3088 AD. The levels of the courses were measured by
W. M. F. Petrie [6, Map VIII]. The shape of the blocks of stone around the opening of the southern air shaft is taken from
a drawing of Maragioglio and Rinaldi [9, part IV, map 2, Fig. 2]. This drawing, where we find also the numbers of the
courses, was published in 1965. Today, in the year 2014 some more blocks have been removed around the mouth of the
air shaft. So, the reader can compare the state of 1965 with the situation at present.
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4.10.5 “Secret chambers”

A better chance for a successful search is given in the Cheops Pyramid. Beside the “Sun position”
beneath the pyramid, there is a “Mars position” about 40 m above the King's chamber. The massive
volume of the Pyramid consists of more than 200 courses of stone blocks. Fortunately, Sir W. M. F.
Petrie accurately measured the level of each course [6, map. VIII; 13, Tab. 15] so that it is possible
to locate the course of the “Mars position.” A true-to-scale drawing of the pyramid's cross section
with a grid for higher graphical precision and better visibility of the distances is provided in Fig. 19.

“Mars position”

According to the data of Petrie, the 114. course covers the height from 86.385 m to 86.957 m,
measured from the pyramid base. As the vertical coordinate of the “Mars position” is 86.83 meters,
the position is located within the 114. course. The horizontal distance from the original southern
pyramid surface is about 19.5 meters. But how is the positioning in the east—west direction? The
position of the central pyramid axis to the middle plane of the corridors (Fig. 3) is 7.20 m westward
[9, part IV, map 3, Fig. 2].2 Adding half of the corridors width (0.53 m) [9, part IV, map 6, Fig. 4], this
adds up to 7.73 m to the east walls. The “Mars position” is located 3.25 m westward from the
common plane of the east walls. It follows that we find the “Mars position” about 4.5 m eastward
from the vertical middle plane of the pyramid (see top view in Fig. 20). The coordinates of all of the
transformed planetary positions inside the pyramid can be computed with the book option 380.

Southern air shaft

An interesting fact is that the “Mars position” at the date of the Mercury transit is almost exactly
placed at the original opening of the southern air shaft of the King's chamber. The orbit of Mars in
the year 3088 can be calculated very precisely with the VSOP87 theory. The astronomical
precision is better than 1 arc second for the heliocentric coordinates. If we transfer this precision to
the “planetary positions” in the Great Pyramid, we obtain an accuracy of better than 1 mm for the
transformed Mars positions. The chamber positions in the Great Pyramid have an uncertainty of
approximately 10 cm, which is still very good. The largest error comes from combining chamber
and planetary positions and is given by the relative error in percent (see e.g. the program output in
section 3.4.8). The computed error of 0.57 % for the comparison with the chambers means a
spacial uncertainty of 0.44 m for the “Mars position.” But what about the z-coordinate, fixing the
position in east-west direction? The distance of the middle of the southern air shaft from the East
wall of the King's chamber is 2.46 m [9, part IV, map 7, Fig. 10]. At the “chambers date” the corre-
sponding distance of the “Mars position” is 3.25 m (book option 380). If we consider the southern
air shaft being oriented exactly in north—south direction, we get an east-west distance of the “Mars
position” of about 0.8 m eastward from the opening of the air-shaft, which is rather close.

If a horizontal borehole should be drilled from the south side of the pyramid to examine the loca-
tion of the “Mars position,” the east—west positioning should be determined with both options
“middle axis of the south side” and “position of the air shaft” because the exact north—south align-
ment of the air shaft between King's chamber and pyramid's surface is not sure. The middle axis of
the pyramid's south side can be fixed by triangulation from the two south corners of the pyramid.
As said before, the “mars position” is located approximately 4.5 m eastward from the central axis of
the pyramid. We have an interesting analogy: At the end of the transit, Mercury leaves the Sun's
disk, and shortly before, “Mars” leaves the Great Pyramid.

“Sun position”

The “Sun position” is located southward and above the subterranean chamber. The coordinates
are given with an accuracy of about 0.20 m. In order to examine how this position can be reached,
a detailed view on the area around the subterranean chamber is given in Fig. 20.

3 In the given reference the central axis of the pyramid is drawn eastward of the corridors, which is not correct. Actually,
the central axis is located westward of the corridors, which can be seen for example in the top view of the Great Pyramid
[5, Fig. 163], published originally by Piazzi Smyth [26].
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Figure 20 (left page): Cross section of the Great Pyramid with details of the “Sun position” south of the subterranean
chamber in 3088 AD. The dimensions of chamber and corridors were taken from drawings of Maragioglio and Rinaldi [9,
part IV, maps 3 and 4]. The point A was chosen arbitrarily as an access point if a boreholing is planned in order to exam-
ine the transformed Sun position. The position uncertainties of “Sun-" and “Mercury position” are around 20 cm. The dril-
ling should be oriented exactly to the south with an angle of 41.1° above the horizontal plane. (This is only an example
how to proceed if an inspection shall be done.) If the residual rock structures in the subterranean chamber are an
obstacle, the drilling can also be started closer to the east wall, for example at point B. In this case, the drilling direction
is not exactly to the south but with an angular deviation of 15.0° to the west and a vertical angle of 40.1°. Notice that the
data of the points A and B in the rectangular frames are not calculated with the “Mercury position” (section 3.4.8) but with
the coordinates of the chamber (Table 4). This makes a slight difference. The orbits are orthogonal projections.

5. Summary and epilogue

Equations (1) —(3) suggest that the three pyramids of Giza represent the three inner planets of our
solar system: Mercury, Venus, and Earth (Fig. 21). In all three equations, the Earth is related to the
Cheops Pyramid. Venus belongs to the Chefren Pyramid, Mercury to the Mykerinos Pyramid, and
the Sun to the light (speed of light). The equations are repeated here.

(numerators) (denominators)
4
Cheops Pyramid and Earth Cheops - _Eamh Light-second and the Sun
c-1s Van
. VCheops _ v Earth .
Cheops Pyramid and Earth = Chefren Pyramid and Venus
VChefren VVenus
. SCheops _ QEarrh . .
Cheops Pyramid and Earth = Mykerinos Pyramid and Mercury
SMykerinos QMercury

S and V are the base length and volume of the pyramid, Q is the aphelion distance from the Sun,
and c is the speed of light. The first equation, containing a “second,” is analyzed in detail in [5], and
again in [13] by using the most recent data. Furthermore, the positions of the pyramids and the
arrangement of the chambers in the Great Pyramid seem to correlate with the positions of the
given three planets. The two points of time, when the positions match exactly, follow each other
within a period of 44 days, which is half of the orbital period of Mercury. Between these two events,
a conjunction of the four planets Mercury, Venus, Earth, and Mars imply a “linear constellation” of
five celestial bodies, namely the four planets and the Sun, which happens with a simultaneous
transit of Mercury. This coincidence of the four planets being in conjunction (dL,,;,< 5°) and a simul-
taneous transit only happens more or less every 5,000 years. The basic chronology of the event in
terrestrial time is as follows:

Apr. 17, 3088, 06:41:13 : three inner planets in alignment of chambers, Mercury at perihelion

May 18, 3088, 19:20:59 : Transit of Mercury in front of solar disk (nearest approach) with
simultaneous conjunction of Mercury, Venus, Earth, and Mars

May 31, 3088, 06:19:09 : three inner planets in alignment of pyramids, Mercury at aphelion

Note: While we find the aphelion distance of Mercury in the third equation, Mercury is placed exact-
ly in the aphelion at the “pyramids date” in 3088. Furthermore, the circumstances concerning the
obliquity of the ecliptic and the Sun position in midwinter support the planetary correlation. (The
constellations can be visualized, e.g., on the web page “Fourmilab,” created by John Walker.)

The question is not whether these three equations and the astronomical aspects are correct. They
are correct within the given small uncertainties! The main question is whether these equations and
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correlations are all accidentally valid or not. More precisely, the questions is: How large is the prob-
ability that all of these aspects are accidental? In Ref. [5, pp. 87 ff.], a first mathematical estimate
of the probability for the simultaneous accident was performed and it was found to be less than
1: 1 million. It follows that these findings most probably are not accidental. By including the addi-
tional results of this manual, the probability for the accident becomes even much less!

If the hypothesis of the planetary correlation turns out to be true, some changes in the naming are
possible. The Mykerinos Pyramid would be the “First Pyramid,” the Chefren Pyramid would be the
“Second Pyramid” and the Cheops Pyramid would be the “Third Pyramid,” according to the se-
qguence of the planets. In the same order, we can alternatively also call them “Mercury Pyramid,”
“Venus Pyramid,” and “Earth Pyramid.” The King's chamber, the Queen's chamber, and the subter-
ranean chamber in the Cheops Pyramid could be renamed “Earth chamber,” “Venus chamber,” and
“Mercury chamber,” respectively. Furthermore, by continuing the sequence of the planets, the five
“relieving chambers” above the King's chamber (Fig. 3) would be named after the five outer plan-
ets. Another interesting aspect is that the planetary correlation, calculated with VSOP87, yields a
“Sun position” and a “Mars position” within the Cheops Pyramid. Because for many decades scien-
tists have been searching for undetected chambers and corridors in the Cheops Pyramid, these
two positions are probably good candidates for a new (secret) chamber.

For those who believe that all of these
mathematical and astronomical re-
sults are accidental coincidences, a
technical phenomenon at some of the
stone blocks on the Giza plateau
was observed, which cannot be ex-
plained by neither ancient nor modern
technologies. This phenomenon* [5,
13] was found at blocks of lime stone
and granite and can be proven easily
with present experimental methods.
Some photos with larger magnifi-
B, ' . cation and an explanation of possible
B M arinog e =D experimental tests are provided in
Pyramide Pyramide Pyramide technical phenomenon.
. A e b
4 s The external and own references are
- listed and readily available. The P4
Figure 21: Planetary correlation of the Giza pyramids. The program, including the executable file,
pyramids are seen from the South (names in German). the source code, and associated data
files, can be downloaded from the
author's website. All used archaeological and astronomical data, as well as the calculations, can be
checked by the reader. Most calculations were tested and verified in different ways. Nonetheless, if
an error in the calculation or in the approach is found or if the reader has a suggestion for improve-
ment, a note can be sent to: Hans Jelitto, Ewaldsweg 12, D-20537 Hamburg, Germany; contact. If

4 The technical effect is: The original casing stones of the pyramids and, for instance, the granite stones at the valley
temple of the Chefren Pyramid have very tiny joints between them with a width of approximately 0.1 mm. This is already
known. The new phenomenon at some adjoining blocks is that natural structures, visible on the surface of the blocks,
exactly continue across the joint from one to the other block without any misalignment. A “surface effect” because of
weathering might — in principle — be possible for lime stone but not for granite. If today a granite block of several tons is
cut with a special machine, then a gap of at least a few millimeters exists, and if these blocks are again moved together,
then slant lines of natural structures have a displacement or shift of a few millimeters at the joint. This is not the case for
a lot of granite blocks in Giza. If this technical effect proves to be true, then it seems that the natural granite was
originally “cut” without or nearly without any loss of material. For granite blocks, weighing tons, this is impossible at
present, even with high-tech cutting techniques. In the first book [5], this phenomenon is called “fugentbergreifende
Strukturen” (German). Translated to English, this could be “joint-exceeding structures” or “joint-transcending structures.”
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the reader plans to translate any part of this text or make any modifications to the P4 program the
author would appreciate receiving a copy of the results or an Internet link.

Apart from the planetary correlation, additional aspects are propounded in Refs. [5, 13]. In the past,
various speculations about mathematical peculiarities concerning the shapes and especially the
slope angles of the pyramids were published. The algebraic approaches were classified in [5] and
a new interpretation was found by combining the different hypotheses. This is supported by struc-
tural conditions of the pyramids: the base area of the Cheops Pyramid not being exactly square,
the different rectangular corner sockets for the original casing blocks at the four corners of the
Cheops Pyramid, and the original granite casing of the Mykerinos Pyramid.

If only parts of the given results are valid, the consequences for the current research in Egyptology
are quite serious. It appears that some high-tech was involved when the pyramids of Giza were
built. Since, to our knowledge, the ancient Egyptians did not have any high technology in terms of
our present technical level, the next question arises: Did our planet Earth have extraterrestrial
visitors in ancient times? Therefore, the principle possibilities of interstellar space travel are dis-
cussed in [5, pp. 218 ff.]. Furthermore, the current state of knowledge concerning the so-called
exoplanets (extrasolar planets) — planets beyond our solar system — is briefly reviewed, consider-
ing this new viewpoint [13].

A detailed discussion of the archaeological measurements and more facets are included in Refs.
[5, 13]. Some of the main points in [5] were published as articles in journals (German) [3, 4, 42, 43].
They can be downloaded here or with the links provided in the reference list. Although the main
astronomical points of Ref. [13] concerning Giza are presented in this manual, the aspects will be
described in more detail in that book and, of course, some new aspects will be presented. At least
this is planned.

If the planetary correlation in general is correct, it seems possible that the pyramid builders left
some information or something else at the “Mars position” or “Sun position” inside or beneath the
Great Pyramid. In this case, it seems important and evident that the information about new cham-
bers, writings, artifacts, or whatsoever — if something will be found — would not only be for some
archaeologists or institutions. It would be for the public, which means for everyone who is interest-
ed.

Writing this program description required less effort than writing the program code itself. When this
manual was written, more or less all astronomical results and details concerning the Giza pyramids
were known. When starting programming, we had to start from scratch. From the viewpoint of
natural sciences, the scientific context — meaning astronomical and other calculations — is more or
less (modern) basic knowledge. Nevertheless, when beginning any such project, new ideas are
necessary and there are still a lot of unsolved archaeological problems. | hope that in the future,
more private and professional researchers will be interested in such questions within this new
young research area.

Assuming that the calculations make sense,
I hope the user has the same enjoyment I had,
when I wrote the program. (Hans Jelitto)
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Appendix — P4 Source Code

Fortran 95, free source form

The source code of the P4 program contains notes and comments providing additional technical
information; it is intended mainly for programmers. Unfortunately, most (but not all) of the com-
ments are written in German. The version of the program is given by the calendar date at the
beginning of the program head. If the source code should be compiled again, it is not necessary to
take it from this text because it is available in the file p4.f95. Actually, the latter file is the refer-
ence! Notice that the compiled P4 source code does not run alone. It needs the supplementary
files that are specified in Table 1. The titles and rubrics of this appendix, provided in the “Contents”
at the beginning of this manual, are not repeated here. Instead, the entire source code of the
executable program is listed continuously. The reader should pay attention to the copyright notes
on page 137 concerning the P4 program in general and particular subroutines.

The subroutine VSOP87 [1, 2] has been upgraded (— VSOP87X), as proposed by Bretagnon and
Francou, so that the comprehensive VSOP87 data are read only once from hard disk at program
start. The subroutines of FITEX [15, 16] were converted to double precision and all program parts
were updated to Fortran 95 standard (gfortran). In principle, the code is converted from the fixed to
the free source form, although the maximum length of the code lines is still 72 characters. When a
test was performed, not with gfortran but with the Intel Fortran compiler IFORT, available at the
Computing Center of the TUHH (Technische Universitdt Hamburg-Harburg), the source file p4.f95
had to be renamed to p4.f90. For the language standard, the script “Fortran 95 — Nachschlage-
werk zur Fortran-Norm ISO/IEC 1539-1:1997” (RRZN, Leibniz Universitdt Hannover) was used.
Unfortunately, this script is sold only to members and students of some universities in Germany,
Austria, and Switzerland, and may be used only by them. Anyway, as Fortran is a standardized
programming language several other Fortran reference books are useful as well, such as the man-
ual “Using GNU Fortran” [44].

At the beginning of programming, the comments were written only for myself, in order to later
understand the logical configuration and meaning of the program. Now, | hope they are also helpful
for the reader if needed. For a better readability, the code is highlighted by using the editor “gedit”
(print to pdf). | have to admit that the programming style is a bit old-fashioned, like, e.g., the use of
the implicit statement. Nevertheless, the program can be started easily, it runs quite fast,® and the
results seem to be correct.

The program was developed from 1993 until today, but — of course — not continuously. From time
to time new ideas arose and were implemented into the program code during countless evenings
and weekends. One of the last written subroutines was “pos_angle” (section 4.7.3) to calculate the
position angles during a transit, because | was interested in how the transit of the year 3088 looks
like. Finally, | hope the program and this manual are also interesting for others.

5 In order to obtain higher processing speed, some “hot spots” in the P4 program were parallelized with the application
programming interface (API) “OpenMP.” The modified subroutine “VSOP87X” was renamed as “VSOP87Y.” For the
compilation of the source code, we use the command: gfortran -fopenmp -02 p4-4.f95. The subroutine has
been adapted according to four threads, because the used processor has two cores with Hyper Threading. Therefore, the
corresponding P4 file names have an additional “4.” Now, the calculated combined CPU-time is longer than the runtime
of P4. So, the execution time, especially of the TYMT-test (64-bit version, see page 16), is determined not only with the
subroutine “CPU_time” but also with “date_and_time.” The runtime decreases from 46.0 s to about 22.4 s, and with a
small terminal window of three lines to 20.0 s. The modification has rather a technical meaning than a practical reason,
because the single-thread program is already fast enough. Moreover, with a single-core processor the program would
even decelerate. Thus, the original P4 program code is listed in this appendix and the parallelized code files p4-4.f95,
p4-4.pdf, p4-4-64, and p4-4-64.sh areincluded in the p4 program package (download).

82


http://www.pyramiden-jelitto.de/downloads.html

UOA ,S3}TSUBJ], ydng Sep Jem Syiejuaql jyueq 49ydT]
-zJ9y uTaw 31TH J9318weded-q/8d0SA JOp usyTaY udizdaanyab
Jop BunisT1yny STp Jony pun Jdanjeq "€9°S ‘VSN ‘GETET
BTUTBJTA ‘puowydTy ‘GZOSE X0g9'Q°d ‘'dUI ‘119g-uuewilTM
‘1661 ‘.SWYiTJob)1y 1BOTWOUOJ]ISY, :SNI3 UBSL UOA yong
wap sne snwyiTJobly WSUTD jfne 1JSTSeq wniepJapualey uts
uT 3ar uoA bBunuydsdwn Jnz o1epopl wwesboudusiun seq

........ Bunbesyueq ---------

*Auewdaay ‘bunquey ££G0Z-d ‘T HBomspirem3
‘031T19( SueH GIOZ ‘¥10Z (2) :(.XL8dOSA. <--) L8dOSA
swwedBboadaaiun Sap UOTIRYTLIPOW JOP YDT]1SSOTLYISUTD
‘91Tojwwedbold usbTiagan STp pun 4 wwedboudidney seq

*1-¥1173Q 40) suotssaJtdxd

1eTWOUA10d ‘93TS gaM 9sdT103 YSYN ‘SNasy uesr pun
‘Yeusds3 padd4 LN - Ll = 1-B318p S19IITW (1N) ,dWTI
1BeSJ9ATUN, UT (L1) ,9WT} 1BTJIS8JU9]1, UOA Bunuysauun

"€86T '29Q ‘Iudwe1ddns T ‘€90E MM pue

‘wunTJoledoqe uoJ10NAZ “(MIM) dyndsidey wnaiusazsbunyds
-J04UJd) ‘86T "AON ‘€90E MM . S912Tided SSI\UTAS 4o
HuTJ9311L0S OTISe1] 4O STSA1euy Judpuadapul 19po 40}
VNIQOW ®p0) ayndsidey ayl, :S1T9 "('H :UT JYdT11Ud4490
-J9A S)1BW1SJD pun 113YDTMIUD 7/6T WN JBWIDMYDS "M'9
UOA 3pJnm X3LTI4 "dyndsidey 1zE9L-A ‘O¥9€ Yydejisod
“NTsAyduaay Jany INITISUT ‘(14BYDOSUTDWSH-Z110Yw1dH J9p
UT aynJdsiJey wnaiuazsbunydsaoq ‘Hz4 :Joanz) AbBojouydal
40 91N1TAISUT ayndsidey ‘1IN :(1Toi1wwedbold uUSJ9IUTY WT
uswwedboudaaiun ¢ sne pusaysisaq) XILI4 1edwwesboud

"douedd ‘sTded $T1OSL-4

‘NeaJdaydoy-14a4uaq aNUSAY £/ ‘(IIIWI) SopTJawayds
S9p 1N21ed 9p 19 9159190 anbTuedaw dp INITISUT
‘nodued4 ‘9 pun uoubelaug 'd :Sa1T4usreq oHTJ20yabnZ
pun (,saJTeiaue)d S91TQJQ SOP SOITRINIDS SUOTIRTJEp,
9TJ08YL J3p jne puadaTseq) X/8d0OSA Wwwedbouadiaiupn

*usTaleq ualJdysangabine usiun ‘usbtasoysbnz a1)1e pun gd
UoTSJ3) 9BTJBYJOA BTP ‘td Wwedboud sep jne pusaydauds
-1Ud YdDTS udyatzaq ('Q STIQ 'y) uaqgebuy uspusbrol a1q

*HuUN1STO1J4YSeMdD JBPO STIURJIRH UOA 1Jy DUT9IpusabUT duyo
yoopal ‘3ST YydT1z3dnu 2Jdpue Jany s ssep ‘111931sab
bunbanjuap 4nz BunuijoH JBp UT PJIIM {d wwedbodd seq

(*191eQ Joua[ Buejuy nz usysys ,4pd-GTOZ-90-1enuew-yd,
T91eQ J9p 2YybTaAdO) wnz pun BunzinyN Jnz UBUOTIRWIOLUT)

*1ST YdT1J9pJ0otdd Jaqeyur-1ybTaAdo) *mzq Jaqgaydn Jap
funbTwysusy autd qo ‘udianad nz 1ST ‘purs 31ysezabine
uapuablo4 wr 9Tp ‘(') STIQ 'Vy) 91Tajwwesboud usdapue
9Tp Jond "bHunbBTwysusn uaydT134TJYdS Jap Jjdepaq bunziny
9119TZJBWWOY *UDPJDM 1DPUBMIDBA 1JY JBUTSPUIBIT oMz
9119TZJ2WWOY 43N} IYDTU USJJINP pun ‘pJTIm juueusbd
ssaewshsbunupao suaaqgaydn sop sweN Jap abuejos ‘bBunbany
-J9\ USTSJ} Jnz d)domz aydsthobepaed pun -sbunpytqsny
‘91enTJdd ‘9YDT13JIBYDSUSSSTM Jdn) ‘UBUOTSJIdA\ uapuayabuay

STT

01T

SOt

00T

S6

06

S8

08

SL

0L

59

09

-JOA U3JyT pun ,}pd-GTAZ-90-1enuew-yd, Taieq Jop dwyeu
-sny 1Tw ‘9)1T9jwwedbodd uabTiagan STp pun fHd wwedbodd
sep uayals 0311T19C 'H uon 1ybTuaAdo) sep ine uabozag

* SWWYY90dd S3A ONNANIMYIA *
* ANN SLHY9IYAOD *

(Bunytadagdop UT) Z yong ¢

L-/10G-G8968-€ NESI

‘(666T) UT1J2g ‘BR1JSA YTUYDSL pun 11eYDSUISSTM *,eZTH
UOA udpTWeJAd JOp P1TQIWESSH SaNau UTS pun Ja1ysi
-SS3| JAYDITLIUTAWIDA UTI - NILINYTd ANN NIAIWVYAd. ‘T

rudaydang Temz uodp uT usbunuydoudag USYISTWOUOJILSE ITP
3}J49Tznpoddad s3 raydTa)busandan) usydT)boowid usuotidQ
UOA 1Yez]19TA\ SUTD pun USIUBTJIBADTJIODY| SUIPITYISJUIA
*usptwedAd usap 1Tw Hueyuswwesnz wt (wntbAzAS) usuoT
-e1191suoyjualaue)d ,UsJeauT], UOA 933undliTaz JWWTISS]
pun 3UUOS J43pP JOA 9ITSURIISNUSA PuUN -JNYJD| JBP UIS
-eyd 9Tp SO 1duydaJaq UTYJD1ITaM "apTwedAd-sdoay) Jap
gleyJauut Bunupaoueddwwey Jop *Mzq uspIwedAd-ezI9 Jop
Bunupaouy Jap 3Tw ysTa1bU4dA USSTZORJd UBUTS 1ydT1HdoOW
-J9 pun Swd3SASUSUUOS S2JISUN UDIBUBYd JOP UDUOTITSOd
9Tp QwnaeulTaz abuey Jany 1auydadaq yd wwedabodd seq

BungtaJdydsaqzany

GTOZ Tunf ‘9 ‘Bunqueq ‘011T19( Suey

= = 'g€d Swweaboud sop HBun1}d>TMiusual1ToM SPTITAS =
-19TA SUTD 31ST wwedboud seq " (STded ‘IDIWI)
= nooued4 pun uoubelalg UOA /8dOSA STJ03YL
= ayostJdelaue)d STp 9TMOS usabhol0ldAbay 491 =
-jeyweu uabunssaly puts abejpundg "3sT
= usgababaon Bunupaouedswwey ‘mzq =
funupaoueuspTwedAd aIp ydJnp =
= J9p ‘sapjunditaz sap bBunw =
= = -WI}Sdg JNZ pun usUOT} =
= = =  -TIsoduaiaueld Jap =
= = = bunuydadag Janz =
= = = wwedboud =
= = v d =

VZI9 NOA NIAIWVHAd ¥3Q NOILVTIHHOMNILINYId

(G6 uedldod) vd

SG

0§

St

ov

S€

0€

S¢

0c

ST

0T

GOT UOA ¢

91T18S 664" vd/pd-boad/suey/awoy/ :1a3eq

GOT UOA T 91TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



i " (bunsaTwridowwedboud Jap <
i pun ua40Ss3z0J4doJ) Ty J3J2]119uyds uabam 110A < GET *ualydeaq nz puts BunqraJIydSuTaLY
i -UUTS) /8d0SA UOTSJDA110A STp Jan} ydne 13y < pun -ssoJ9 *GEEZ 1TJdy WOA puTs 9TS -uape)abiaiuniay ST
i -TJ3d wn °'mzq 19ydy wn 11BAJDIUTITIZ, :SNeUTY < 19UJD1UT WP SNe 3nauda /PEZ UdPJINM UdTa1Ie(Q-/8d0SA 9Td
i JaganJeq *12uydaJdaqydeu UOTSJIAL10A JOp 1Tw <
i UdST1lewolne uapJdam ‘uUspJanm uspuniab UOTSJDA e T e
i -ZJNy J9p }TW STP ‘UDUOTIL]]1DISUOY :UOTSJDA < [oYord unydan - * dou*)/8d0OSA
i -110A- PUN UOTSJUSAZINY-/8d0SA UOTIeuTquoy (X < snuedpn * ° ean*3/8d0SA 0Lt
i "sJep STQ JNYJ3y J4ony ‘uaddery a11e ‘g r3suoy < uJnies * * 31es°)/8d0SA
i T3¢ Jnu (Sd9) pd4ooy aydstydedbosg - ($T STq T < J493tdnc * * dn[*D/8d0OSA
*3suoy ‘bunuydauaglazuri ‘X3JLI4 ITw HBunuydau < sdep * * Jew )/8d0OSA
-9g-g€ 19q) bBunupJouedswwey "mzq -uapTwedAd < r44 9pJ43 * * J4ed°')/8d0SA
J9p sIseg jne apuse)abuaptwedhd sut unidayn < SNU3\ * * UIA*D/8dOSA GoT
STQ JNXJ3y UOA UBUOTLITSOd Jap bunbesiuagen ([ < JNYJ3 * * JaWw )/8dOSA
i "usuotidp 4961g9aT13q Bunp < (dysod3 *p *143) "p4ooy "31Jey ‘D/8d0SA
i -USMJDA\ Toq $T STIQ T USUOT1E)1d3SuodudlBUe)d <
i Jap bunuarydely pun bBunuusyJj aydsTiewoiny (T < 0z wd31SAsINuUNdUdMYDS-pUOp-9pJ4T * * quwd VY/8dOSA
i *3MundiTaz J9T944 pun abusebydanplaytdad Jop < unydaN * * dou'y/8d0OSA 09T
i ayeu a33undiTaz ‘UndJd| WISQ USITIZ19YTJad (Y < snuedn * ° eJan'y/8d0SA
i "9pTwedAd-sdoay) Jop UT udawwey < uJnies * * 1es'y/8d0SA
i T3JP USP Nz JNXJ3|y pun Snusp ‘apd3 udiaueld < (*HTpusels Jgartdng * * dnl[*y/8d0OSA
i Jap uabunupaonz aydT1ba0w auapaTydssdan sydxas (b < STz -110A 3TJ039Yl-/8d0SA sdep * * Jew y/8d0OSA
i ‘uJawwey Jap < Jdnz Jailsweded 91p 9pJ3 * * J4ed°'y/8d0SA GGT
i 9puSEM1SOM pun -3SQ Jop 9IYund1913TW 9IP ‘Mzq < usl)1eylus usaTIIe(Q UdP SNUdA ° * USA'Y/8dOSA
i ‘aqund1aliTwiduwwey STP ydJanp 9qebUOASUOTITSOd (4 < -usabyo) 9TIp pun 9s3IQ) ANYJB * * JBWY/8dOSA
i "ud3ldueld USP ITW YOTI1BUSASUOTITSOd wnz apTw < (0°000ZC "133) "pJooy 31Jex ‘V/8dOSA
i -edAd-sdoay) Jop uJdwwey TaJp JOP UIIBUTPJOOY (d < 012
i " (666 UOT1dQ) USUUD0Y USPJDM 1JITI < "1y "J3ISY :Snad| ‘Z84OSA She "uydadaq 0GT
i -Ipa 1]19nuew Jdlsweded TP J4dp UT ‘,3 3ITPauT, < ‘91uswa)auyeg Jap bBunyyaisdepwouhiod * * ¢ 1 gdosSAuUT
i T91eQ-1ndul JauTd 3TW ldJejswwedbold :jeuotidp (p < "By "J31Sy :snas| ‘1zdaanyab ‘@/8d0OSA ¢ ¢ ¢ 1°TdOSAUT
*(YdT149p404Jd 1YdTU uduTBWRb Y < SNU3A pun JnyJ3| JaNn) USTJDSITSURI] * * * 1°9TJIISUT
WT) UDZ13SJ® ,1°9TJDSUT, uuep Taieq 9SITIP < (Y4 *pJooy-uapTwedAd pun *d-sdoay) Jop ut
uuey 1yosusnmab uusm °,1°Z-JaSuUT, TI1eQg UINSU < U91BUTPJOOY-Jauwwey ‘XJ1I4 ‘4 J93dweded - * * 3 ejepdut ST
JBUT® UT USTJDS-1TSURI] pun uJdawwnN-3arc 49p < uauoTidp-31Je31sy1auyds ssaewsb indur * ¢+ 1 wiedut
91ST7 91p 1bnazus 9sa1q :£08- uoTridojerzads (2 < L3} waedut, Joan) ziesdoiaweded <-- Jd)
i jUJ®}4TZ ToJp Sne uayalsaq uauotidQ < -owededaqebury Jo9p USJSTITPI wWnz Ia3eg * * ° 1 }TpauUT
i uauabaogdan 911 ‘3ISSTAY Seq "z STIQ @ pun € < 002
i sne 1ziasabuawwesnz ‘uasse) uajndjine gge pun < *11191549 wwedboad won uotidQ Japuayd oI
i T6E€ ‘06E€ US1YeZ uSp ITW YIdTS STP ‘913TUYdS < -94ds3ud T3q OTS PJTM ‘3JISTISTXS SITad
i -Qy TaJp 3123TSaq 19TASTag wnz g€ 91139el 1@ < -390 1YdTUu SITP UUSM ‘TI31eQg-STugsbuz * * * * 3IX3*ino
i "39puT4dq BUN3ITIUSQIOA UT YITS sep ‘Z sayong < wL8d0SA SuoTin|oS Aieiasuelrd, T4
i S9p 9€ STQ LT U9119gel STIp Jan} pun ,udidueld < S6T -09Yl JNz UOT}RWJOJUT DJdYdT1dyanisny ° * Ddop-/gdosAa
i pun usptwedAd, saysng sap 1§ STQ 6E UD113qel < L8d0OSA 9TJOdYL JINzZ UOTIRWJOJUTZINY * * * *  JWAYIY GET
i Uap UT 93B3]1NSdY OIP JON4 UDJDTISTIXd - 31bTaz < uoT}e19JJ0NUDIBURd JOP IYDTSJagaN
i -obue anusp-2qebuTy wWI JYDTU Jage - usuorido < pun pd nz bBunitoyjuesbunuatpag :4pd GIEZ-90-1enueuw-{d
i -3Je1s]119uyds sy1yejuaqli :usuotidg ausbioguap (g < $9-d N " N " ot ys'y9-pd
i "(TTT) UOT3dQ-0jUI SUTd YdT1Z3}dESNZ pun < 061 Z€-vd 31931JelS pun wATyYosp1Tg 3ysssol * ¢ ys'ze-pd
i (GT""T) uau0T3dQ-34B3S]113UYDS UOA dYTdY dUTd < wa3sAs-31q-¥9 " " ottt p9-pd 0€T
i s 1q16 uduOTleUTqUONJDIdWeded UBYISTdAY nz (e < wa1SAS-1Tq-Z€ Janl TIaieq aJeqdyanisny - -t * ze-pd
i (3XaL J9SdTP) 9p0d113ND-G6-NVdLd0d * * ° ° G64°td
i :nzuTy usabunzusebu3z uspusablo) STP JBTY uSWWOY i T e e T i
‘9pJNM 19PUBMIDA ,udldueR)d pun uspIwWedAd, yong i 681 i BunqToJydsaqzany 193eQ i
sep Jany 9TIp ‘€d UOTSJaAwwedbold Jap Jaganuaban i i i szt
i i 1uaTaleq ze apuabiojyoseu uasaoysb pd wweaboud wnz i
rusbunzusebu3 pun usuotidg SndN <-- i i i
I I LTSS TTTTTTTTTEETmsmm T E T 1
R R LR LR R CE) [ [
i N3NOILdO NINIAIIHOSHIA 3Id i i "UDTOI41TY 3sJassnae usbunuydsuaqitTsued] Jap i 0cI

T e e e T T i i u91sal wnz pun stseg sie (bejdap 9¢19SJ4dp) SnadW ‘[ i

GOT UOA § 81T8S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA £ 91T3S 664" vd/pd-Hoad/suey/awoy/ :133eq



‘A-W-3 "T ‘(pJepuels) W-A-3 T :Jouwexquss)ad
pun -uauuTBTuS0Yy ‘-SBTUB0Y NZ JnYJ3| pun
snuap ‘@pJ3 uoa usbunupdaonz ‘16s0w syossg
............. tudawwey <-> uaiaueild :bunupaonz

(*1193Su0y 0ud UdTOZ ©J4dJYysW) 3JDT)11TEISP
(uoT1e11931SU0Y 0Jd 91T97 SUID) jewJou
................ raqebsny-wwuedboud Jap bueiwn

(19 "1day pun "A110A ‘V.8dOSA) 0 000ZC
(2£840SA) @yd0d3 Joap 3TIATINI
................. 1/8d0SA UT wd31sAsuaieutpdooy

(318UJd3UT “IIIWI) UOTSJDAL10A £8dOSA

(snaap) 28dOSA ITw Bunyd>Ta19 BYdsua1day

(Snd3| " UOA ydng) UOTSJIDAZJNY /8dOSA

/8d0SA UOTSJUDA110A ‘N -ZJnN) UOA UOTIRUTqUO)
.............................. 1UOTSJA-£8dOSA

(wunThAzAS ‘3TSued]) uauoTiyunluoy
apTwedAd-sdoay) Jap udawwey € Jap bunupaouy
uapTwedAd € Jap bBunupaouy
.......................... tusuotiTsodualaueld

usaQgabuT® U19ZUTD JdIdWEJed <--
.17Z-J9suT, TO3leq J9p bunbnoziy <--
(48Q4aTITPa) 3 3TPAUT, sne ndul <--
(*buniToJ9qJOA UT 3ST ydng seq)
¢ yong sne gg-Gg pun gg-/T usllLqel <-- T8¢
Wueld 'n cwedkd, sne 1G-6€ ud1Bqel  <-- ZIS
s1ybtaAdo) *n usJolny nz uoOTIPWIOIUT <--
uabunuydauag *Jise UdYdT1IUdSOM BTIQ <--
....................... 1usuoT1dQ-314e315119UYdS

rjwesabsut usuoTidQ

" (dWT1-nd)) uagababue 1TaZUBYDDY

916T190UDQ BTP PJITM Sinejuwedbodd Sap apuj wy
*ydst16ug ut 1z19[ ‘udyTazidoy SJ3YdT1J4YydNiSne
ysJanp gz ‘sqebsny-wweabold J4op bBuniaassaquaap
" (XL8dOSA :dwen Janau) wwedbouadaaiun-/840SA WT
S4NJJNy-uaieq Sop UOTIRNTLTIPOW YdJnp wadapue
Jaiun ‘11oMbTpuTmydsabuayday Jap BunuatwtidQ
*uaJaTznpoJdad ydejutd ATIR1DJ

‘(g IYund uaqo 3aYyaTs) uauoTidp usuabaogiadA usp
ITW gz ‘Z yong wap sne ua)13dge] UdYDIT1IUdS
-9M TP YDTS uasse) 1Tweq ‘1qrbsne ualaweded
91191zads 9bTUT® (ZT '9°Z) UOT1R1]191SUOY SUTID
Jany sep ‘(1erdads) 1zusebud jewdoq Sansu UTdD
9ssTuq@abu3 Jop 9bTazUY JNz dpJanm S11eLUSQT
*U9pJaM UQGDTJYDSJIagan

1110Mmabun jnejwweabodd ud3SYdSRU WTSQ ISTS UUEY
1SUOS "U3dPJdM juueudqun jnejwwedbold wap ydeu
.3X1°1no, Ta9leQg TP SSnw ‘udaydtads nz 1jey
-Janep 231e11NsSay 9Ip Wn "uagaTJ4ydsab ,1x1°ino,
T93eQ TP UT pun WITYdSp1Tg usp jne BTITaZ
-yoTa1b6 9ssTugabu3 STp uUdPJOM TOQUDTH "1z13S
-J® ,TId3eQ UT, YoJnp apJnm ,€d, wwedboud wt

9-'1

(0)
€08-
666

-0LT
-06€

111
ST-1

(x

ANANANANNNANANANANNNNNNNNNNANANANNA

0GE

143

ove

GEE

0€E

T4

0ce

S1€

0TE

S0€

00€

Luonuqg, oqebsny-wweaboid STp Joani uoridg 9TIQ
*(1yemaapuaiey Jap uon HTb

-useyge) uaya1S SJapualey uaydstuetdobasbh sap
pun uaydsSTueTIn[ SO9p wnedl1Taz udp Jant SITaM
-9[ aTp ‘pJIM 11191S9bJep usUOTINUNL4 DJBIUT)

Z Yyodnp 31z1a[ 9TS Ssep ‘1J49SS9QJOA UJDLOSUT
9pJNM yezsadyer uajewrzop Jap bunuydauag 9IQ
*11T6 3ar aATiebau uany yone 1zial STS Ssep
‘}J9TZTJTIPOW JJdedap apdnm Bunuydssuaaqswnieq 9Id
*}9PUSMIDA UDITDZ 9]1E J3N) J9pud1ey 9YdSTURTJ
-0b24b Jdp pJTM SO JOpPO (Jdpud1RY JdYdSTueTJOD
-946 'mzq JaydstueTn[) jyemuspualey aydsTiew
-01ne 3Tp S 19TH T9QUDTH "1J49TJHIIUT Snasp [
uoA bunuydauagqswnieqg aUTd dapJNM SNUSA pun
JanyJay uon uaseyditsued)] Jap agqebuy STp Jan4
*(931S gam 9sdT123 YSYN dYaTs

‘snasj " pun yeuads3y *4) IydTaJJd uabunyd
-T919 aydsTiAjeue Jagan pJTIM IN - LL = L-B319p
}Tw Bunuydadwn 9T@ *(LN) .OWTII 1BSJISATUN, pun
(L1) .9WTI} (1edTweuAp) 1BTJI1SDJUD], DWILSAS
-1T97 To9Mz 9Tp So 1gTH udseydiTsued] ITIp Jan4
*UdT1J49pJ0Ldd UBYDITOZ 8HT SUDLISIPUTW UOA
J031TUOl wap ine abuse)ud)Tdz SUTd 1ST T9QJDTH
*usuyd9Jdaqg nz auuog Jap buniydTisbunboamag au
-equIayds 9TIp Jjne Bnzag uT uaseyd Jap puadysem
uslaue)d S9p 19YUTMSUOTITSOd STIP YdT)z3idesnz
‘uotl1dg oTp s® 1qth bunwwTisequaseyd Jop Tog
‘uaseyd ‘'Mmzq 93jundiTaziyeiuoy ud

-neusab 9Tp 'y'p ‘,SITSUBJ] SIP dpUJ pun V1ITNW
‘uutbag, SU11ITJP pun (1TdzIne11YydT] Jap bunb
-T1YDTSYIanJdag auyo) ,1due)d pun auuos uayds
-TMZ uoTleJedaS 91PWTUTW, SUdITaMz ‘,uabuse
91e)T1d11%9 2yd1916, WNTUSLITJY SEp SU1ISJd Sd
1916 3TSuedjualaueld usp Jan} I¥undiTdz SV
*uaqgababue aTuasiTsued] uabTiTomal Jop

JawwnN STP pun ud3jouy JapuabTalsge ‘mzq Jap
-uabToisine ‘uoTijunfuoy J4ap 3IT9zJyn pun wnieq
UapJam 11e4 WISITP uIl *1ydT)ha0oWJd 1dUJBIUT
Wwap Sne *mMzgq JnN1leJalT] JOp She ud)13age] ITw
yota1bJ4d)\ USUTD sem ‘uadssel uabrazue Snuap

pun JnyJdjy UOA 91TSUBJ] 9]1E SOLUSXD3N] YITIS
uew uuey bunuydauog-3TSued| JOp UDISD] wnz
*(2/8d0SA) IJ49TJ31STHAJI 9QTOYISUDUUOS JBP JOA
93TSURJUISNUIA pPuUN -JNXJI|y UdpPJaM YdT1z3oesnz
*sJdely yone jeuotido pun apJ3 ‘snuap ‘uny

-J9y ‘9UUOS :9YTY JDUTD UT SWIISASUDUUOS SOp
J49dJ20¥S19WWTIH G "Mzg ¥ "y p ‘uotijunfuoy ut
SABW STQ JNYJ3 "Mzq 9pJ3 STQ JnYJ3| :wnTbAzAg
"JYyD U @EEOE ST "JYD'A @OEAE ‘19 udydsuaiday
Jop bBunssoq pun ,Ssjusws13l 1e3ITQJQ, :Ldwyeusny
*3zua4b3g “4ydTu @EOLT STY “JYD A QEOET wned
-3}T9Z Udp 4ne apJnm /840SA 3ITw uabunuydaiag 1@
*1yezsadyer uayd

-T1yonaeuqgab Juays Jop 3Tw uddpuos ‘uaqgababue
san)J3a sap sbuebyounpiayrtdad 'mzq -1aydy sop
JBWWNN-Y 43P }ITW JYysw 1YDTU USPJIOM BWNILULTIZ
*yd11h20w 149TUTqWOY udUOTIdQ SPTa(Q

3z3a[ puts ,10dpang 139, pun ,10dpJaoN "3
BuniydTy sne o119, uUsUOTIdQ USPTDQ UBP JBSSNY

(n

(4

(u

(w

!

ANANANANANNANANANANANANNNNNANNANANANANANANANANNANANANANANANANNNNNNNNNNNNNNANNANNANNANNANNANNANNANNNNANNNANNA

S6¢

06¢

§8¢

08¢

SLT

0LC

S9¢

09¢

T4

0G¢

144

144

GOT UOA 9

CIRETS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA G 93T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



uasa19b 1PWUTS Jnu 3TJ03Y]l-/8d0SA J9p uaTL1RQ UdYDdTaJbuejwn
9TP Sssep ‘}J9TZT4TPOW pudysbuTyep apJnMm SUTINOY-/8dOSA 91d
1X/8d0SA ‘Mzq [/8dOSA wwedboadasiun wnz

(*pJepuels-gg-uedido4 ue bunssed

-uy) 3239536 8-Q'T 4Ne G-Q'T UOA 3pJnM Sd3 * (¥)YIHILNI pun
(8)1v3Y d9TMOS ‘34ydnydabutd "Msn 1YDSA STM UBUOTIHUNY S11eY
-U9Qgd ‘UdYdSJDIA ,(Q, IUDUOdXJ ITW UDPJINM UDIUBLSUOY-1EdY 911V
1X31I4 3jedwwesboud wnz

1219549 jewdo4 9TdJ) Sep yodnp (dTzUTdd WT) dpJnNM Jewloy
-U91TdZ 93159} SeQ '319eYlud 8pAZ UBJIIJIO4 pun €07 UeJ3Jo4
UOA 91T9L 9TMOS Gp UBJIJO04 UOA Buejwnydedds ua110A udp Jap
‘}9pUsMIdA ,ued1do4b, J391TdWo)-OND JIP XNUTT niungn 43
-un 3z39[ paTm (puejdeqdly ueAy ‘@°T UOTSJUSA ‘ud1Tdwo) ueuy
-404 1RUOTSSD404d WEI) SJ431Tdwo)-//-NNVYLY0d S3P 91193suy

*1610J49 666 uOTIdQ JOp 3ITW JJeiswwedbold JIp pun uspJom
}J9T1TPD 119nuew ,} 3}TPLUT, Taleq JOp UT Ja3l3weded-indul oTIp
UUSM ‘Jnu 3}]19eJ1US 9110J43U0Y SUT] "1JaydTsabge pusyshHisaiTom
2gebuTy 91)aJa0quT usbab 31ST wweuaboud seq 11191596 1yemsny
Jnz 1yoTu Jeb jaeiswwedBold WIDQ USPJOM ‘pPuUTS 1gnelda 1ydTu
9Tp ‘9Yd10S ‘JeqJyaniyddnp uauoTidQ JOp USBUOTIRUTQUOY d]1€
1YDTU pPUTS wapdassny ‘paIm 1beuayabge , (@) suorido payTeisp,
}TW jaelsuwweaboud WIag Ssep ‘snudp-9gebuT3y wap JBWWT JYIOTU
JYDTJdSIUD STS "IYDBJUTSJIDA SEMID Jdq1ey ITINYDIT1IYDTSJagen
Jop apJanm (jwesabsuT usuotridp) bBunyjyseziny a493z39) 9Id

ruabunyaauwuy

;u:;gn<-EEmLmOLa v
Aﬂwumc+.coz¥:mvmgmmm:mesmgmoLm.amﬂNmam.m
(43X3°3n0,) 933e1d3S394 jne Taieq + JOITUOW °C

Joytuoy T
................................. 119eJdabaqgebsny ----------

" (91TS gam 9sdT123 YSYN)

1-e118p 4ne pusdaTseq ‘(Ln) ,BWTI 1BSJSATUN, T
3ac 'mzq (LL) ,dwr} 1edTweukp 1eTdisadday, I
................................... 19Wwd93sAsyToz ----------

U91TdZ 911e Jan} Japudiey Jaydstuetdobadg g
(6249 > Qv ¢8ST > "uetinf > 29 ZILy > "6349)
sJapuaiey Sap 1yem aydsTiewoiny T
................................ 1W21SASIOpUSIRY ----------

19)UTMSUOTITSOd pun "€ UT 9TIM udseyd ‘v
16T1YdTSHI9NUDq 3T9Zine1IYdT] ‘udyasab sne

9pJ3 JOp UOA uOT}eJedSS ©)1BPWIUTW pun udseyd €

1T9Z4Ne13ydT] J9p “3YdTsydandag auyo :°z/°1

‘dUU0S/3duUe1d UOTIRJRdDS ©1WTIUTW :9}TSUBJ]

9pJ3j/iaue)d obuse] -1dT1¥° 9yoTe1bh :93Tsued) -

............................ :bunwwT}Sag-1TSURI] ----------

1TSued] wauelnWIs 3TW (“#/°€ "Md) wntbAzAs g
( " ) " " w  SJBW STQ JNHJIBW ‘P
(wunTbAZzAS) DYTaYy JBUTS UT ©pJ3 STQ JNNJIBW "€

0Ly

Sov

09

194

1%

1474

l4%

SEY

0EY

144

k4%

Siv

" w u  91TSueJ]-sSnusp @11y
i 11BAJ9IUTITOZ WAUTS UT D3TSUBIL-JINYJIBW D11V
[T ruoTjunfuoy ut udlsueld

i (3ar) Aeq stuswaydy ueting
i (JowwnN-) bBuebydsunplaytdad °"mzq -13ydy
i ("' s1q UOA) 11BAJDIUTSDUIYEL "MZq Jyer
i (¥T STQ T "JIN) UOT3}E11d3SUOY 4P dgebuy
T LR EE T LR T :9gqebut3z-jundiTaz

[ " . Spusemisspm
i " " 911Th
i uJsuwey Jap SpusLMISQ
T 1('pdooy-z ‘gg) "d-sdosy) ut -sodusuuey

i " " uszitds
" " a1yundaamyds
i uapTwedAd J9p uaydae)jpuni9
- :(qgg) usabeyuaysoH auaqgababiop

i "z 49po T usuotTidQ SpTeg
i 10dpansg ua1eYTIAT 1N WOA XIT14
i 10dpJoN u21e4TIATIY WOoA 32119
T R :(dz) uotiyafodd T8q ,3de3TJR)0d,

i (ayoo0d3 Jop 133 ‘Duagi-AX *J19p uyeqsnuap
i ‘9sydy-x 4ne neusb ,JnyJal - 19ydy, uoTIyal
i -0Jd) ‘Y UOT}ewJO4SuBJ] ‘WIISAS-UYRQSNUDA
i (dy20d3 *p 133 ‘Dudq3-AX ‘JIp uyeqInMJaK
i ‘9sydy-Xx = ,19ydy-JnyJay - dUu0S, Ipedan) )
i Japo g ‘y uoTiwJdojisued] ‘walsAS-uyeqdnydaly
i wa3sAs s91eyT1dT133
[ :bunuydadag-qz To9q wal1sAszusdalay

i X3LI4 wweiaboud-3T4 ITW
i UOT}RWJ0}SURJIIUDIRUTPIOOY ‘1RUOTSUSWIP-E
i bunssoq Jop bBunbeuiusgan pun waisAs
i -sbunydTa1H S3J4EIUT] YdJNp ‘1BUOTSUSWIP-E
i auagaldney jne uotiyalodd ‘1RUOTSUBWIP-Z
i e ! (Jwwrisaqun ,uotitsodusauuos,) bBunuydauag

i (Qg pun Qz) IwWWTISdUN
i (aT) 9pTwedAd-uadiay) ydT1pans neuab
i (QT) opTWeJAd-SOUTJaYAly YdT1pans neusb
T R T T 1 ,uot3Tsodusuuos,

i s1yundlTaz Ssap uoTieTdep yodounp HBunupaoue
i -ualaueld pun uapTwedAd uaydsSTMz Bunyd>Tamgy
i Jap BunuaTWTIUTK pun TaJ} BT1190A 3Iunditaz
i sanyJa sap bBuebydunpiaytdad usp wn Ho)
i -eue uayundiTaz uon 9b10)qy 231uelsIpInbay
i uslleyilua sJanyJdap sap buebydunp
i -19ydy usp syTema[ 9Tp ‘Ud]1BAJIDIUTITEZ
i uT uayundiTaz uoA 9b10lqy 231ueirsTpInbay
i san)Ja sap buebyounplayrtdad
i san)Jaly sap buebyounpiaydy
R rapundiTaz

i “I-A-W "9 ‘A-F-W CS ‘I-W-A P 'W-I-A €

0Tv

SOy

00y

S6€E

06€

G8€

08¢

SLE

0LE

S9€

09€

SGE

GOT UOA 8

91T18S 664" vd/pd-boad/suey/awoy/ :1a3eq

GOT UOA £ 91TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



/. [wldap [w]z [wlAk [w]x Apoq, /qe3Ty ejep
/. W-3,°,daN, ‘,edn, ‘,3es, ‘. dn(,
R ‘e, ’,Je3,  usp, ‘ J9W, ‘. ung, /e1d’ /epTY 1T 0P 89T
R ‘OPY 09°0P SYT‘OPY8L YE-'OP 0 OPTY TZ OP6T ZI 0P 0/44TP elep
qeitTy :: (6P)dJe30edERYdD
(2)33°(6:0)3%23 :: (g7)4932euRYD

Awwnp (07)4930e4RYD
(p:0)uerd :: (pT)4@310BJBYD
€415‘zJ41S‘u3s :: (g)de@1de4RYD
dws :: (,)d4@310BUBYD

(g)gowp‘owp :: (G)uaa@3deUBYD

(6:0)e1d’sp :: (€)a930e4RYD

uoy ‘ssp‘sp‘up‘pp :: (z)43312eUBYD

1s‘s3‘dp a3’ (z)ed3 (€)1 & (T)493dedRYd

Ui  (0OT)STYT :: UOTSUSWTIP

(€)woe’ (c)wdd’($6:0)3140 (0T)3591° (G) AL (G)XX 11 UOTSUSWTP
(L'G)gep’ (L'S)SPT (L)ep‘(L)epT :: UOTSUBWIP
(7:)WNUT‘ (8L)wawWzZ (€)M (7)OMT ' (L)OX i UOTSUSWTIP
(000T)M (6)Z' (6)A*(6)4‘ (OOT)MT‘ (£)3‘ (L)X i UOTSUSWIP
(ZT)A4 ()N (9) 4 (6)44TP(9) 4P :: UOTSUSWTIP
(v)eplz‘(z)ps‘(g)ued’ (6:0)puw’ (¥ €)dd’(ZT)Sd4 i UOTSUSWIP
(z-0‘y-e) uotrstoaud @21gnop 3TOTIdWT

oJlse asn uwmmg 9sh

udbunUSTST1RTITUI pun uauoTieJe)yad

.................................................... wweu boadidney
d weaboud

a1npow pua
XewsT‘he14sT  (0/1:081-)3ST :: (f)48bajut

314e1sz’ (0/1:08T-)3se’ (Z'0LT:08T-)4ds :: (8)1e24

(/2's1/) = 1L :: ae3ouweded ‘(z)uoTsuawrp ‘(p)Jobajut

(/61'9-‘pST 0GT-/) = [[ Joaueded ‘(p)uoTsusutp ‘(y)Jabajut
(/0PET"95/88°0POT 20O89T/)=22 :: Jd333uwesed ‘(z)uoTsuawtp ‘(g)1ead
OP'€8TOE6L = QVLI} ‘0P €60/70E- = D9ET} :: J918weded ‘(g)ead
9TJ9S-1Tsued] Jap bBunwwrtisag Jnz

(z'8'9'v)eded :: (8)1e94

bunys1a19 Jaydsua1day S19131Tw HBunuydausag Jnz

(6)TAT (6€'G:0)TUT (6°€°G:0)TAT 1t (p)48bajut

(6'€'s:0'8v0z '€)zded :: (8)1e24

UOTSJDA110A-/8dOSA J9p Jd1dweded

(z1'9'69'¢c) T4ed (8)1e84

SN93|y YdeU UOTSJIAZINY-/8d0SA JOp Jalaweded

anes

0J1Se ay1npouw

a1npou pud
(JWWTISSQ €d ITW ATIRUD]T
pun 119nuew ‘yT ‘€T *1SU0Y ‘©1JoM 9118)
(/ OPL886YTIET OVCOZ- ‘OPYO8IYET6  ETE6E
(/ OPTSYZIET 0V2ZOZ- ‘OPIELEVET6 ETERE

R ‘0P 6IGY ‘0P T8LY- ‘0P 7868E ‘0P ¥0ZET
R ‘opr9zvL ‘OP*ZSEQ-  ‘OPTOEIVC- ‘0P’ 00ZYC
R ‘opzzv8 ‘OPT9GEL-  'OP'PETEZ-  ‘OP'ZI6G8E-/) = uoxe
pT-T USUOT1L11931SUOY Jap sbuebydanpiaydy-Jnydap Sop uJdawwny
9 :: Jajauweded ‘({yT)uoTSuswIp ‘(g)lesad
(usuoTaTsodJauwey ‘mzq i (/ 6PYTOE"Z ‘LPELOL’6 /) = dY3iz

-uapTwedAd : usuoTiTsodusilsueld) JOINe Sqelsssel JaYdSTIaJ09yL

Yi

069

§8S

08S

SLS

0LS

S99

099

§GS

0G6S

144

ovs

GES

(w “w ) YoSTpouAs-1 i ® ‘(/ OPYTZ6 €8S ‘OPSL/8°GIT /) = UAsy
(w “w ) Y2STJapTS-1 i ® ‘(/ OP8OOL ¥ZZ ‘OPE69I6 L8 /) = PTIS1
(rusp ‘rJeW) uaTpey i ® ‘(/ 0P 0OS6609 ‘0P 0006EVC /) = ey

(W PAATSO9 ‘wly 2uyo) oJseydsowly wy @S
ddeuy 1Tw snTpedsnuap ‘,TIv‘Q SNUBA ‘,6Z9E‘E JNMJIB :usTpey

] Jolauweaed ‘(z)uoTsuswtp ‘(8)1esd
19UTdad <- 19YTJdd :31TOZINeIUWN-INNIBW | OPEI6VELI6 L8 = JBWA
000ZC Ydeu 3T9Z19YTJdd-JNNJd| 93S43 | ® ‘OPLSZ 06SISHZ = Jauwd
€007 SY3AI ‘9pJ43-¥ i ¥ ‘0P6°1G/9G€9 = ded  ‘OP9 9€18LE9 = eEY
(pJeebs1y-uasualsTiy)/umodg) auuoS-y i ® ‘OP°00O8OSSH9 =  OY

(,€E9°6S6 "Mzq WY Q66569 :SnadK ‘,SITSuedl, UT sSNTpedusuuos
‘4996856 ‘Mzq WY 80SS69 :duu0S-y ‘, 0 ‘sAydouisy s,ua11v.)

R ‘PO = 0z ‘0P 0GZS9E = 1Twy
R ‘0P 0T90/8.6G6VT = IV ‘0P’ GZG9€E = udd}
R ‘0P 8SYT6L66C = 3 ‘1d/op 08T = 1dpb

R ‘0P SvSISkz = opfz  ‘epre8T/Td = Bptd

R ‘OPZE6L68SESITHSIVI € = Td :: u93oweded ‘(g)yead
je‘te‘oe‘zo‘Ad‘xd‘zq‘Ag‘xq‘ze‘Ae‘xe :: (8)1ea4

(0v)4Ad* (gL)ad (Le)4AX =t (g8)1eaa

(NT(9'2T)dl* (5T)xeU (¥)19b23uT

(usbe] ruetynl uT ud1TOZ ‘uUJd1d UT uabusae) j anes
NILNVLSNOM QNN NITEVIYVA JANIDITANNYD i 9seq a1nhpou
........................................................... 91Npop

i *}JoTyJew ,*3TuT-9J4d, ITW pun JJUSTST1ETITUT (eJOA YdT)z}desnz
i us1getJe) 9HTUT® udpdnNM ‘uspTaWJDA nz usbunpiawudem ,11eMm-,
i *MzQ ,P9ZT1RTITUTUNM-, UOT3IdQ-J21Tdwo) Jap HBunpusmuap Taq wn

i *(U91T9zZ1eWJ04 JDPUBYIDJIASIUD UDJIDTATINED(Q "MZQ USJITA
i -IVY yddnp) ,oxeld, swweaboudaaiun sep apuj 's :8 ‘€ ‘swwedb
i -oJdidney sap apuj 'S i ‘p usuOTIdQ-3J4BIS]1DUYDS "UDZ1ISJD
i Nz S1luswalelS-1ewJdo4 apuaydadsiua puts Janjeq ‘uapdam 1619z
i -abue ud1191S)1LWTIZAQ JYSW UdUU0Y 3dinaejwwedbold abHTUTS Jan4
i t(udin 9YDTS) aqgebsnesTugabil Jop UT 1YRZURUD)1D1S 949559049

i *(%50°0 UOA UDIITJIYDIS UT (%G'°"0)S0dd :wwedBolsTH <--)
i Aeduy uT® uT sod4 ua1Ta}HTINEUSH JUSP UDSJDTIJOSUTI Sep IYJTM

i -9q buejueus)Taz usabTiTOMa[ We ,Yj, °g°Z UOA UBUJIDLIUT ydunp
i U91Ta7 JOBTUT® UDJSTATINY Seq@ ‘PuTS 1ydepab oydemz 2119T1zads
i Jany pun (,3i. "MZq WYiw “wdie “wdia Yd4Np) USPINM JUDTATINE

i -9p 9TpP ‘©31TUYISQY-9p0) yone 31)aeyius wwedsbouadyyeany sasaTq

i *X31I4/d€ *9°z 9TM ‘uduoTridQ J93jwwTisag Bunpusmusp TaQ Jnu
i yoopal 3yatyssab sITQ@ '39pUTSaq uyeg JBUTdS 1dydy WT IYdTU
i JNYJ3y J3p TSQJDTY YdTS ep ‘1auydadaq uoTitsodyiaydy-Jnydap
i 9bT1TOMa[ TP ydne ydsSTiewolIne pJTIM Z/€ pun T/E ,suotido
i 1Jeis )YO1Inb, usp 9TMOS ‘HT ‘€T USUOTIL]]191SUOY Udp Tog

i (pJepuels-Ge-uedido4 ue bunsseduy) *1butuq
i 1T91J0AS1ITIBTIPUTMYDISDY UBYDT1gayJa USUTD Sem ‘udleq 3SIIP
i ine 13T146nz J91X9J4Ip uuep 1ysisaq usbunuydsdag uspuablos uap
i T9g "USpJSOM UDQDTJIYDSab Aeduy uTe UT JaydTadsusayday W pun

0€S

S¢S

0¢s

S1S

0TS

S0S

00S

S6v

06¥

S8v

08Y

SLY

GOT UOA QT 931TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA 6 93T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



JTpuUd
(01)3s012
oppua ! (v‘e=[‘(z'[+T)43s) ‘AwwnpT(x‘OT)pLII (G'GT'OT-=T op
oppud ! (x‘OT)pedd {p'1=T op
oppud ! (y‘e=[‘(T‘[+T)J8s) ‘AwwnpT(4‘OT)pPEL (G'OST 'OSGT-=T op
oppud ! (x‘OT)pPedd (G'I=T Op
(,3°9T49suUT,=91T4 0T=1Tun)uado
uayl (£08-=/0doT) T
oppua
0z = (Z'T)d8s
0z = (T'T)49S ((z==UT1T pue’ £pg-==pdOoT) 30u") 4T
0T = (T)3ST !0z = (T)3se
0LT‘08T-=T op
usyl (z=>uT\T) IT

(u)Jawwnuidels J4ap uaha11S94 WNZ USTJSSITSURI] JBP UDSIUTI----- i

JTpus
(dJ“exT)sJaqueyd 11ed (g=/powT’pue* z==e1dT) JT
(01)3s012
oppua !(T)eplz‘Awwnp (x‘OT)pedd :‘'T=T op
oppud ! (x‘Or)pead fpl-zZ'1=T op
JTpuUd
(x'0T)peau
9s19
(€)33TP* (2) 44TP Awwnp (x‘0T)pead
usayy (p==¢IST'pue’ (z==e1dT"J0" 7==UOST)) T
(x'0T)pead
(7'T=T'(T'€)da) “Awwnp (x‘0T)peads
(7'T=T'(T'2)da) “Awwnp (x‘0T)peads
(7'T=T'(T'1)dJ) “Awwnp (x‘0T)peads
,Ud0H, pun Ud1eUTpPJOOY "7 ‘uddwwed/*JAd 'T :dJ UOA SdZTpUul
(x'0T)pead ! (x‘0T)peau
1917 Awwnp (4 ‘0T )pead
(x'0T)pead
(€'T=T'(T)0M) ‘Awwnp (x‘0T)pead
(7'T=T'(T)OMT) ‘Awwnp («‘0T)pea
(x'0T)pead
(£'T=T'(7)3) ‘Auwnp (x‘0T)pead
(L'1=T'(T)0X) ‘Awwnp (x‘0T)peas
oppud ! (x‘0T)pedd :@l+8‘1=T op
(.3 eyepdut,=a1T4‘@T=3TUn)uado
usyi (g==erdt-dor [==e1dT) 4T
9-p'T = (1)® (e==e1dT) IT
8T = ol (1==e1dT) 4T
0 =of
udaswwey "mzq CMUﬂEmL>m J2p UuU=21euTpJoO0)y Jop S3TMOS

X3L1I4 Jan) Jalsweded pun 9143M1Je1S§ J3p USSSUTI----- i

JTpUD

T=(€)1T $=(2)1T *1=(T)1T :0=1TSueJiT
as1@

T=(€)1T *€=(2)1T *Z=(1)1T ‘Z=1Tsuedit
usyi (z==uT1T) 4TOS1

Z=(€)1T ‘€=(2)1T ‘1=(T)1T ‘T=3TSueJit
usyy (T==UT1T) 4T

funjanid-1Tsued] Jany Jalaweded * *

4TpUd
(UTWZ)IUTPT = uUTWZT (g==e1dT) IT

S0L

00L

S69

069

S89

089

SL9

0.9

S99

099

G669

059

(119p ‘xewz ‘xewap[z‘xewy ‘ye‘1ed1‘e1dr‘ydeT ‘z)wtyds 112
(319p‘utwz ‘uTwap(z‘utwy ‘e’ edt e1dr yder‘z)wtyds 11e3
uayy (((((p==ydet-a0* ¢==ydet)-pue: z==powT) 4o’ 7=/powTt)
9 ‘pue* GI==p[T-pue’ ¢=/e1dT) 40" g==e1dT) 4T
4Tpud
(319p‘ayelz 1aplz et ‘e 1eor‘e1dr ydet g)utyds 1182
3 (z=>ydetr:pue z==powt-pue: GI==p[T) 4T
JTpus
(319p‘dyelz‘raplz yer‘ye’jeor‘e1dr‘ydet’g)wryds 11ed
OP'T - Me = e (T==Y9T'pue’ z==e1dT) JT
(plT)uoye = e
uayy (pr=>pl1-pue* 1=<plT) JT
uayy (g=/e1dt) 4t
0 = Xewy {9 = UTWY :(%'9)93TJ4M 0T
4TpuUd
(. (. w3X33n0, 9174 3INdINQ,, ‘X6), ‘9)ITIM
(13x173n0,=91T4 ‘XT=3TUN)UadO
T = XT
9s19
9 = XT
uayy (T==1n0T) JT
Jo1aweded Jada31Tam bBunyyaisdy * ¢

ZIST (g==31nor-pue: z[==p[T-pue’ G==uoST
3 ‘puer 7==0T'pue’ T==ATUNT'pue’ Q==quoMT
3 ‘puer z=>powT'pue- (([==e)T'pue’ z==ydet
9 ‘pue’ z==e1dT)"Jo’([==yder-pue’ [==e1dT))) 4T
0 = ZIST
T = CIST <-- ANH .Hmcoxv H:QH:O-HmﬂNmam Jonl Jolauweded * " |

—
Il

4TpuUs
(3IN0T‘Z'doT‘¥BT U3INU’ETMP ZTMP ‘QUOXTMP ‘ TMP ‘Tap[z ‘ye’xewz ‘utwz
R ‘plT‘QUT‘TYT‘UOST‘dols‘xeweT‘ydeT‘eyT‘1LOTATUNT ‘daST URILT
9 ‘SUDAT'AL'OT QUONT‘HOWT‘POWT ‘UTIT e1dT)d1T43nduUT 118
usyi (T=/3n0T"pue* 666=/0doT) JT
*udssanw uapJdam 1ssedsbue usuoridQ i
-1Je1s)1auyds 91p ,eiepindut, wwesboudusiun wt sburpasare i
T9qom ‘uabaniurd (usuotidQ-1Jels))auyds Jap 91ST]) 3 wiedut, i
UT 911915 J91aubTeab ue 1)1anuew syiejususagabab uuep TS uuey uey i
*uU3gaTJydsab ,1°1TpauT, T91eg STIP UT udpJdam Jalaweded-indul 91(Q i

(.(,," 7" polJels uotieindwo)  <pd> ,,/),‘9)9ITIM
(etz)swty ndd> 1]ed
JTPUd 100G 03 0B ! (x‘9)33T4M ludyy (y==1N0T) JT
(3INOTQdOT ‘33T J3INU‘ETMP ‘ZTMP ‘ QUONTMP ‘ TMP ‘TP [Z ‘3e’ xewz ‘uTwz
R ‘plT‘QuT‘TYT‘uoST‘dals‘xeweT‘ydeT‘e)T‘1@ITATUNT‘dIST ‘URILT
9 ‘SJOAT'A)'OT qUONT‘HOWT‘pOWT ‘UT1T e1dT)elepindut 11e2
jJeiswwedbouad pun uaieqg-indur----- i

"}TuT-94d | /0/449T°/0/2T'/0/QT eiep
"3TUT-24d | /@/UTWZT’/0P O/WI1dpLz/0/UnJ3T4T /0P 0/09p[Z elep

/oi./dpt/ > /SSpY/ .k /SP'/. L /up’/, --- /dus ejep
/o - /€435 /, - /TS - /43S eiep

/., UOOW-yyJaeqg, *, aunidan,

R, snuedn, ‘, uJaniyes, ‘, J931tdng, *, sJel,
R, yyJe3, ‘., SNUaA, ‘., Aanousy, *, uns,/ueld eiep

/. <-- JaiuadAieq o -y

R .S3auerd, ayy jo . /1X3) eiep
/. (suotitsod uaqueyd) ,‘, (suotritsod ptweaAd) , /313 ezep

SS9

09

S€9

0€9

S29

029

ST19

019

S09

009

S6S

GOT UOA ZT 93TdS

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA TT 93T9S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



oppua 2§

(S T=L"([+(T-T)xG)4Ad) (,(9°CT4G), 9)91TIM 2j Gz8 0z 03 ob (g==e1dT) IT
8'T=T op Ji JTpUd G99/
op e/ ((€)wde + (z)wde + (T)wde) = Twp Oppud [ (T)44TP- = (T)44TP ‘6°I=T Op
oppu?a TH4TP- = TH4TP (TH4TP- = TH4TIP
(Zsx((€)wod- (e T)da) + uayy (g=/e1dr-puer z==33T) 4T
8 Zax ((2)WA-(Z°T)dd) + Zaese ((T)WIA-(T°T)dd))2absp = (T)wde 0zs8 9JoeydsTwoH u91e3TIATIN® UBYDITIPANS JBP UOA BUNIYDITINITIE * * |
€'T=T op 09L
oppus :ep e/ ((T'e)dd + (T Z)dd + (T'T)dJ) = (T)wdd 1€'T=T Op Op°T = Bunudsy (gp-T>6unudsy) 4t
(.o¥erd, i ((0p"08T/UTMP-0P ' T)xAS3)IUTUp = Bunadsy (€=<uT1T) 4T
pun ,ox1ayde, ‘,soduos, usuTinoJIQqnS usp UT eZTI9 UT ,usduoTiTsod i As1 = Bunudsy (z=>ut1T) 4T
-19ydy pun -uaiaueld, ‘,-uauuos, UoA Bunuydadagdalys4 Jnz) ,Twp, i GIS8 TMp = UTMp ‘QP'T + IMp = TMp (QT==quOoT'pue’ ¢==e1dT) JT
uJawwey *Mzq udpTWedAd UdP Nz puelsqy JaJ311ITW pun udawwey *mzq i (*wryido ‘snuap) 0P/ 78S = As1 (Z==UT1T) IT GG/
uapTwedAd TaJp Jop ,WDJ, SWNJIIUDZ USWESUTAWSH Sap udleUTPJOOY i (*wtido ‘unxJal) 0P/ GIT = As} (T==UT1T) IT
4Tpus (uatbAzAs Jany) | OP*0LS = Ay ‘TMp = @TMp
OPS 0% ((ST)4Ad+(yT)4Ad) = (6g)4Ad Op'T = dd}s (G==uosT'pue* ¢==e1dT) 4T
OPS 0% ((ZT)4Ad+(TT)4Ad) = (8g)4Ad 018 "(9beL 6°€8G :SNUBA JBP 1TdZ4NeIWN dYdSTPouAks) 1b6a19b1say i
0PG 0x(ST)4Ad = (L€)4Ad  1opS 0x(2T)4Ad = (9¢)JAd abel ©/G = As3} dpdnm 3TdYJBYITS Jnz “31T6 , " TqWOy, pun ,AzIny, i 0SL
OPS 0x(VT)4Ad = (ge)JAd  ‘pG 0x(TT)4Ad = (pe)dAd uduoT3dQ 9Tp J8n} yone sem ‘puts ssodb yorto1H emis 91u9M-ASy
((€1)4Ad/(9T)4Ad)uerep - = (gg)dAd 9112 ep ‘110AUUTS 1ST (ua3un ayaTs) bunuadsy dany bBunydTa1H 91Q i
((zr)4Ad/(gT)4Ad)uerep - = (zg)JAd
((T1)4Ad/(p1)4Ad)uerep - = (1€)dAd GO8 mmmmmmmmssssssssoooooooo seooooooooooooooseos
usyl (g==UosT) IT (pasn 1ou) 98¢ SLS 06 LTS 8.S ST i Sl
0z = zod  :(97)JAd = Aod :(cr)JAd = xod (pasn 3jou) pey 8LS 94 €vS 8LS o1 i
0z = zqd :(GT)J4Ad = Agd :(z1)J4Ad = xqd 0TS LLS 0z LSS 9LS S i
0z = zed !(pT)dAd = Aed (TT)4Ad = xed e oo oo
(v1)4Ad-(GT)4Ad = (91)JAd 008 [sbel] [obel] [pedJo] [abel] [obel] [peJs] i
(TT)J4Ad-(ZT)4Ad = (€T)4Ad bunadsy  Asi utTmMp punadsy  Asa UTMp i ovL
(€'€)da-(g1)da = (81)4Ad i
(€'€)du-(g'z)da = (/T)4Ad 1 (*1da)y uoTsdap) Asy Jany 1M JabTSSaeINZ U91SS204H S| S TOM
(z'€)du-(z'1)da = (GT)JAd -9[ yoTs gebua sneuty Jagandeq *ssodb nz susem ,bunudsy, "y-'p
(z'€)du-(z‘z)da = (y1)44Ad S6L ‘(pedg G = utmp ‘sbey /GG = Bunudsy) abe) //G = AS} Jany usdolJEA
(T€)da-(T'1)da = (z1)4Ad 1yab OOLT STQ @OOET- d4yel Jap 118AJSIUT WT STUBTaUF 93SJ4d seq i GEL
(T'€)du-(12)da = (TT)J4Ad *u9sse da Nz 9ssTubTaJd3z 911 wn ‘urds ssodb nz 1yYydTUu JJep i
*UDSSD0JD D491TOM pun uJBWWRY *Mzq udpTIwWeJdAd Jap dpuseisqy - S9S9TQ "PJTM udbunudsuagan SpJ3 pun SNUS\ UOA UOTINUN[uOY JBUTD i
JTpUd jne1gqy wap yoeu sep ‘uabe] uT 11BAJDIUTITOZ UTd 3ST ,bBunudsy, i
oppud {(y‘T)dd + (£'1T)da = (£‘T)du ‘g‘T=T op 06L !, 71193suoxJeaut], uotiydg STp J9n4 sbunuadsitaz sap bBunuydedag - t |
usyl (€==TYr 40" 7==TYT) IT 0€L
JTpUs $TpUs
oppua fwd x (¥‘T)dd = (¢'T)dd f€'T=T op 0000€ STQ QEOOE- °Jyer ‘snusp  Jany j 9- = ST (Z==UT1T) IT
0PSO = wd (z==e1dt) 4T 0008T STQ EOO8T- dJyer ‘dn3ddW Jany | //T- = ST (T==UTIT) IT
OpPSZ'O = wd S8L uayl (£08-==pdOT) T
uayl (z==1yrt) IT (,3°9TJOSUT, ydeu uaJaTdoy Sa119nuew yseuep ‘,31°g-J49SUT, <--) i gzl
TuJawwey i ‘,1'9TJaSuUT, TIleq 9Ip Jan) bHBunuydsdag Jnz HBUNJISTSTIRTITUT i
J9p PUBM1SSM pun 9313TW ‘PueMISQ ‘MZQ UIPTWeJdAd Jap 9z3TdS i
pun 1yundJamyds ‘aydae)ipund9 Janj udleuTpdooy Jap bunsseduy yi oppus ‘@T = (T)STYT ‘@OT‘T=T op Ui
i 08L oppua T = (T)pw i6‘0=T op
*ydTS uaydaddsiua ,JAX, pun ,JAd, T899 6Z-TZ pPun I-TT SOZTIPUI i OTP'T- = JoAapl[z ! (XeweTr)leolip = Xewez 0zL
4991 :0v  z/(Aqd+Aed) :6€  z/(xqd+xed) :8¢ i (€)44TP = THITIP *(T)44TP = THITIP
z/hkad :re g/xqd :9g  z/Aed :ge  g/xed :pe  geydie :gg i Op vz/dels = dais fgz = 119p QT = M
ceydie :ze 1eydie :1g 4991 :0€ ewweb :gz e19q :8¢ i 0Z = d94d 3BT = YYST T = Xputr
eydie :zz xqd/Aqd dapo qd/od :9z Aed/Agqd uspo ed/od :gg i GLL 7 = Jedt (y==dosST) 4T (T = Jedr
xed/xqd Jspo ed/qd :yz od :gg qd :zz ed :1g i 6 = 3T4W !/ = 3ITHuU QT = sodT !QT = 14T STL
4991 :0¢ 2od :61 zqd :81 zed /T Aod io1 i 0T = zbe14T QT = 16e14T 0T = Beyyst
Agqd :g1 Aed :p1 x2d :€1 xqd :Z1 xed 1T i oppu@ QT = (T)wnuTl !y‘P=T op
1991 :01 zpd :p Apd :g xpd :/ 4991 :9 i u9buNJUSTSTIRTITUT 9J91TOM-----
4991 G STq T i 0LL
t,J4Ad, uon saztpur i JTpud 0tTL
194UTM pun spudeisqeuspruedhd----- i 0P66°66 = 34BISZ 1QOOOT- = XeWST

GOT UOA T 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA €T 91195 664" vd/pd-Hoad/suey/awoy/ :133eq



(319p‘dyefz‘aplz yer‘ye’eoT‘e1dT‘ydet ' @T)WIYdS 1182
J3WA/(OPG O % Xewez - unode) 4 dails + Mz = e
uayy (Sr==p[1) IT
(3unodu)1eo0)lp = junode
9s19
4TpuUd
(319p‘Jyelz‘aplz et ‘ye’1est erdr ‘ydet ‘1)wryds 11ed
9s19
(319p‘dyefz‘aplz yer‘ye’eoT‘e1dT‘ydet’eT)WIYds 1182
uayy (Gr==p[T) JT
Mz = e ((((p==yder-ao" g==ydet) pue’ z==powt)
9 "Jo* z=/powt)-‘pue* GT==p[T) 4T
usyl ((z=>yder-pue: z==MST) 40" [==MST) 4T

3 =T
uayy (py==ydet-do: g==ydetr-do* GI==p[T) 4T
19plz = aplz ozt
(s19ydy sap gleydassne pun wT Jn3Jap) yundirez-3ac: " i
QT = junodu {pT = xewl
7 = MST (g==3noT-pue’ z=>ydeT) 4T !T = MST
de = 3z (z=>ydet'pue’ GI==p[T-pue’ z==powt) 4T
(®)3e014p = ¥z 00T

utwy =
(4nyJa sap 93jundiTeaziayrtdad pun -19ydy 9TIMOS i
................ usuoTiTSsoduswwey pun -udpTwedAd) 94T91yYydsidneq "T-----j

*19pUSMUBA UaTa1ydsidney uspusblol Taup Jap i
SUTS JNU PJTM nejuwwedBoud wapal ur :Bunyaswuy i

00€ 03 ob (g==e1dT) JT
00z 03 of (G==ydet) it
oppua
(anot‘pdot
¥ ‘ZIST'URJIT UTIT'e1dT UOST 0T NT ‘ST powt‘ydet)sqges 11ed
jdoqusiiagel vt
(Xewz ‘utwz ‘quoX T ‘de1s ‘XeweT ‘  STMP ‘ ZTMP ‘ QTMP ‘ QWO TMP ‘ TMP
9 ‘119p‘ayelz raplz e 1edT uT 1T ydeT eqT plT YdT TYT ‘UoST
9 ‘e1dT’QJT SI9AT POWT ‘NT)Z193T} 118D
(edotT‘ZTIST ATUNT
® ‘dydnu‘dasturiT‘EldTUosT'nT‘plT‘yYder) 19311 1182
G‘9'XT=nT Op
us1T92193TL----- i

4TpUd
(01)3s012
oppua
oppua
oppud ! (p‘1=T‘(11‘%‘[‘T)cJed) (x‘0OT)peaa !
oppua ! (4‘0Qr)pedd !

oppud ! (x‘OT)pedd !
(.3 gdosAuT, =911} ‘@T=3TUn)uado

usyl (g==e1dT'10" £==pOWT 40" T=/QJT'J0* 7==0T) 4T
(snasl) Z8dOSA Sne sspedn '€ awoukylod Ssie Jarsweseduyeg----- i

06

GE6

0€6

GZ6

06

S16

016

506

006

568

068

(0

op

JTpuUd
1)@s012
oppua
oppua
pua

(€'1=T'(u‘w’'[‘1)T4ed) ‘AWWNPT (x‘OT)pPe3M
(w'u)dl‘1=[ op
(x‘0T)peaa
(u)xeuwy ‘T=w op
((u)yxewy‘1=L*([‘u)dl) (x'0T)pead4

(u)xew) (x‘0T)pesd

4

‘(x0T)pedd

‘I=u op

(x'0T)pead
(13" 1dosAuT,=a71T4‘QT=3Tun)uado

usyl (T==pout) 4T 07

(Snaaly) UOTSJDAZINY-J/8dOSA JOp Jolsweded J4d]1e USSDUTT

4TpUs
(((€2)4Adx(2Z2)4Ad) /(zodxzqd+Add«Aqd+xDd4xqd) )sodep = (pz)dAd
(((£2)4Adx(1Z)4Ad) /(zodxzed+AddAed+xddxed) )sodep = (gz)JAd
(((z2)4Adx(1Z)4Ad) /(zqdxzed+AqdAed+xqdxed) )sodep = (,z)4Ad
(zz)4Ad/(gz)4Ad = (97)44d
(12)4Ad/(€2)4Ad = (57)4Ad
(12)4Ad/(zz)4Ad = (vz)4Ad
(z2od4zod + Add4Add + x2dyxdd)iubsp = (g£z)4Ad
(zqdxzqd + Agd4«Aqd + xqdyxqd)iubsp = (zz)J4Ad
(zedyxzed + AedyAed + xedyxed)iubsp = (1z)J4Ad
9s19
(92)4Ad- = (97)4Ad (z==%3T) 4T :xqd/Aqd = (9z)JAd
Aed/Aqd = (gz)J4Ad
xed/xqd = (yz)4Ad
usyy (z=>Uo0SsT) IT
19YUTM ‘©SSTullaeydanusbuse ‘usbuaeq
$Tpus
3Tpus
zqd = (g)z ‘Agqd = (8)z ixqd = (/1)z
zed = (9)z ‘Aed = (g)z ixed = (¥)z
0z = (g)z  ‘'ez = (2)z ‘0z = (1)Z
uayy (G==U0ST) JT
X3LI4 Jan) 931J49M119pOK
»eyp « zpd = (6)4Ad
»eyp « Apd = (g)JAd
»eyp « xpd = (£)J4Ad
Pae/ops 0 x (Bge + qqe) = IYeyp
(zpd4zpd + ApdyApd + xpdyxpd)iabsp = pge
(zqd4zqd + Aqd4Aqd + xqdyxqd)iabsp = qqe

(zedyxzed + AedyAed + xedyxed)iubsp = eqe

Agd 4 xed - Aed 4 xqd = zpd

zed 4 xqd - zqd 4 xed = Apd

zqd 4 Aed - zed 4 Aqd = xpd

*1Y921s 1ydauxuas qd pun ed jne Jap ‘pd saolydp\ sautd bunbnoazug
(6T LT=T'(T)4Ad) (,(€'2Td€’,, :Z ,,), 9)d3TIM

(9T ‘vT=T'(T)JAd) (., (€ zr4€’,, A )., 9)93TIm

(ET'TT=T'(T)JAd) (,(€"CTIE X ,,),"9)91TIM

(6T)4Ad = zdod !(8T)J4Ad =
(LT)4Ad -

Nma (/T)4Ad = zed
(8T)4Ad = (6T)4Ad

usyl (y=<uosT) IT
Bunuydedaag ‘wip-¢ Jnz d9z1sesnz

Ji
Ji

G88

088

S8

0.8

§98

098

GG8

068

14

0v8

GE8

0€8

GOT UOA 9T 93118S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA GT 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



T + (Z)unut = (7)wnut

4TpUd
ovT 03 ob
QUONTMP = TMp :Z = pout

uayl (T==powT pue- T==qWONT) 4T

uayy (((st=/plt-a0*(g1==p(T
¥ puergIMp=>(9¢)JAX pue’ [==14T)) pue’ z==MsT)
9 *40° (((z=>ydet-pue-QI==qUONT‘pue* Z==pouT)
§ Jo* GT=/p[T'40°TMP=>(9¢€)JAX)
3 ‘pue- ((z=>yder-puer 7==MST)"J0’ [==MST))) 4T

Tttt (g 'y '€ = uoST) usjendad bBunbButpagidney: ottt

JTpUD
T = 14T (ZTMP=>(9€)JAX) 4T 0T = 14T
uayy (Gr==plr-pue: [==msT'pue-(y==ydetr-J4o* c==ydetr)) 4T

EJE)

JTpuUd
oppu®
JTpus
JTpud
PP‘T44D TIID ZITP THTP
R ‘(T)24 4yelzoplz YT U0y (9G‘NT)a3TIM
9s19
[ R SECRESBERY AR { Bl FR1Y
9 ‘(T)a4‘dyelz‘aplz YT u0¥ (9SG NT)dITIM
usayl (z==RT pue’ €==33T) 4T
9519
JTpuUs
(9€)JAX ' Z4ID T4 TJTP THTIP
8 ‘(T)ad dyelz aplz YT U0y (GG NT)aITIM
9s19
PP 4D €IID ZITP THTP
9 ‘(T)a4‘dyelz‘op[z YT U0y (9SG NT)d3TIM
Uayl (Z==XMIT pue’ €==33T) JT3S1d
Pp‘ZJJ2  TIID ZJTP THTP
R ‘(T)a4‘ayelz‘oplz YT U0y (9G‘NT)a1TIM
usayy (T==3T pue’ €==33T) 4T
uayy (£=/pouwt) IT
G'9'XT=nT oOp
SPp = PP (Z==XAT 40" 7==43T) 4T
up = pp
(uox ‘yT)3suoy 11e2
nding 31eijnsay

T =0T
T + (Z)unut = (7)wnut
JTpUS
7 = BT (TMp=>(pJJd)sqep’ pue  TMp=>(gJ41a)sqep) 4T
T = et
usyl (£==%3T) 4T
$TpuUS

OvT 03 0B QUWONTMp = TMp :Z = pout
usyy (T==powTpue‘ T[==qUOXT) JT
usyl ((OT==quoxT‘pue’ z==pow'pue: GT==p[T)- 40"
3 (TMp=>(pJJd)sqep pue’ TMp=>(EJ1d)sgep pue’ ¢==3¥3T) Jo"
9 GI=/pLT- 40" (TMp=>(ZJJd)sqep pue’ IMp=>(TJ43)sqep)) 4T

oo * ottt '(Z ‘T = uostT) uajianud bunbutpaqgidney: vttt

$TpUd

(OT'QT pJ49)ZNpad 118D ‘ZLLTP + Z4TP = pddo

(QT‘OT'EJ449)ZNpad 1182 ‘TLLTP + TITP = €4Jd
usyl (g==x3T) 4T

0901

G601

0G0T

SOt

ovoT

GEO0T

0€0T

G0t

0201

S10T

0T0T

S00T

(OT‘@TZJJ3)ZNpad 1182 ‘Z44TP - Z4TP = 7JJ®
(OT‘QTTJJ8)ZNpad 1182 (T44TP - TITP = TJJd
usyl (z=>uosT) IT
(OT*@T Z4TP)ZNPad 1182 (/)34 - (T)3d = Z4Tp
(OT*OT T4TP)ZNPad 1182 f(p)ad - (T)ad = TJIp

0z = pddo
Pz = €449
0T = T

1ndinQg ‘usj4d9nJd UDUOTITSOd JOP UOTIRIDJIJOY """ i

(eXTRTNIT‘plT UoST ‘e1dT)Ssod a4 112
9 (€=/pOWT 40" 7=<QJT) 4T
(N34 QJT)04SURIY 118D (7=<QJT) 4T
(UOST)033JeY 11BD (€=/POWT*J0* 7=<QJT) JT
sod-4 uoA BunwwT}SSg pun UOT1eWJIOLSURI]-UDLRUTPIOOY " " """ i

TpUd
oppua
(TT)S9d = (Z-Tx£)dd (p=>T"pue- £==pouwT) IT
(9)sed = (TT+0E)dd  :(€)sad = (TT+/Z)dd
() sad (TT+67)94  :(7)sad = (TT+97)ad
(G)sed = (TT+8z)ad f(T)Sad = (TT+Gz)ad
005 01 0B (QT=/JT) IT
(S9J ‘BWTI‘UT‘XT'T‘AL)edoSA ]1ed
T«9 = TT IXewwr'T=T op
¥ = XewwT (z==0T) JT '€ = xewwT
usyy (g==powT- 4o T=/QJT"J0" 7==0T) }T
(Z8d0OSA Ydeu soapedg '€ awouhk1od ‘BunydTo19 9ydsda1day) € SJueTJep” """

4Tpus
oppua
oppua :([)nys = ([+1T)aJ ‘g'1=[ op
(NYJd “UJdT ‘U ‘N “o04d XT ‘pw‘T‘SsaanT‘aplz)zdosa 11ed
(T-T)x€ = TT ‘€'I=T op
usyi (z==pouwT) JIT OVL
(UOTSJDSAL1O0A ‘D/VL8dOSA) T DIUBTJBA" """

4TpUS
oppu@ ‘nsaJd = (T)aJd ‘(nsaJd‘ney‘t)rdosA 11ed ‘6‘I=T op
usyy (T==powt) JT
(,SN®3W, SNe UOTSIBAZINY ‘QL8dOSA) T SIUBTJep* " *- i

T+ (T)wnut = (T)unut

JTpUS
oppus !6pTd 4 (T)X = (T)X ‘9‘p=T op
oppus !(T)ex = (T)X {/‘I=T op
oppus !(T)Mm = (T)M ‘g‘I=T op
oppus ! (T)QMT = (T)MT ‘p‘T=T op

uayy (G==UOST) 4T

1Twi/(epfz - aplz) = ney

uadi/(epfz - aplz) = aury

(e)IuTupT = YT

(319p‘dyelz‘aplz et ye‘ieot‘e1dr‘ydet ' T)wryds 11ed (@T==p[T) IT

3TpUd
$TpUS
3TpUd
(319p‘dyelz’aplz et ye‘1eoT e1dT ‘ydet T)wiyds 11ed
(PG 0 % xewez - junode) 4 doaiys + 1oplz = oplz
9s19

0001

S66

066

G86

086

SL6

0.6

§G96

096

GG6

066

Sv76

GOT UOA 8T 931T9S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA /T 93T9S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



(Z'NT)9TUTY 1182 (7==0T'pue’g==pouT-pue’[==dT 'pue’ 9==¢IST) 4T 0811 usyy (z==e1dT) 4T

(1'NT)STUTY 1182 (0=/TIST) 4T usyy (z=>ydet) 41as1® 0TIt
4TpUd 4TpUd
(Z'nT)aTUTY 1182 (9€)4AX pp* (' T=T" (T+0€)4AX) ‘duUUOS
(9€)JAX (BT )IAX (LT)IAX (GT)IAX ($T)JAX 9 ‘ewx’Tdpb4(G)X‘y1ap‘oplz(55z NT)a3TIM
9 (TT)IAX (TT)IAX (L (0% . '8°224'9 649 XT), ‘NT)BITIM GLIT as1a
(6£=T"(T)4AX) * ((9)4Ax)sqep’ (€)13* ((G)4Ax)sqep’ (Z) 12 (9€)4AX pp* (' T=T" (T+0€)4AX) ‘BUUOS GITT
8 (()4AX)sqep (1) T3 (€'T=T (T)4AX) ($S‘NT)a3TIM 9 ‘ewx‘Tdpb«(S)X y1ap oplz(5Lz nT)a3TIM
oppus !, -, = (T)T3 (0Z>(T+€)JAX) 4T ¢, , = (T)I3 ‘€'I=T op uayy (z==e1dt) 4t
(6'T=T'(T)a4) (LG'NT)dITIM uayy (p==ydet-uo* ¢==yder) 4T
(z'nT)aTUT] 1182 0LTT G'9‘XT=NT op
uayl (P==ZIST'pue’ Z==0T'pue’ ¢=/powT pue’ [==1T) JT 4TpUd 01T
G‘9'XT=nT op (0T‘QT‘BUU0S)zZnpaJ 11e2
1ndinQ JoJd3ITOM """ PP O8T + dUUOS = duuOS (AP O<(PPTd4xdUUOS)S0OP4IXP) LT
1dpby (4Xp/aAp)ueiep- = duuos
JTpus G911 (z'€)du-(ze)dAx = ahp 1 (T'€)da-(T€)IAX = uxp
JTpUd 6-P'T % (G€)IAX = ewx GOTT
Ui (STYT'(9¢)4AX)wwesbolsty 11€d ui 9s19
JTpud Tdpby ((T€)4AX/((€°€)da- (£€)J4AX) )uelep- = duuos
JTPUd L-P'T % (G€)J4AX = euwx
JTpUd 0911 uayy (r==e1drt) it
oppua (0T“T(5)X)znpad 11ed 00TT
4TpUd 0P ¥Z % 313P = Y19p
JTpUD (uox “T)3suoy 11ed
(9€)4AX pp* (7' T=T" (T+0€) 4AX) uayy (£==1n0T) 4T
9 ‘Z/XeweT-3unodu’ (Ge)JAX ap Lz )T NP(59€‘NT)dITIM GGTT uayy (z==powt-do* GI=/plt
9s19 ® "J0* (GT==p[T'pue’ (z=>ydet 40" ZTIMp=>(9¢)JAX))) JT G601
(9€)JAX pp’ (¥ T=T" (T+0€)J4AX) 9s19
9 ‘z/xeweT-3unodu’ (Ge)JAXDplz NI )P (¥BENT)SITIM oppud
usayy (z==e1dt) It JTpUd
as1@ 0STT 4TpuUd
(9€)4AX pp* (ve)dAX " dwd’ (Z€)4AX " (T€)1AX (9€)AX pp* (v T=T" (T+0€)4AX) 060T
9 ‘7/XeweT-3unodu’ (Ge)JAX Bap Lz YT YP(L9€ ' NT)SITIM R ‘ZHTPTHIP (T)3d‘dayelz 3T uoy (59 NT)a3TIM
uayl (£==U0ST) JT13S1® 9s19
3TpUd (9€)4AX pp’ (7 T=T" (T+0€)JAX)
(9€)AX pp’ (v T=T" (T+0€)J4AX) SYTT R ZITPTHTIP ()34 ‘dyelz 3T uoy (58 NT)d3TIM
8 (E)MT O’ (GE)IAX DPLZNT NP (99€ ‘NT)BITIM usyl (z==e1dt) 4t G801
9519 as19
(9€)JAX PP’ (¥ T=T" (T+0€)J4AX) (9€)AX pp’ (vE)JAX ‘dwa’ (zg)4AX ' (T€)JAX
R (E)MTON(GE)IAX BP[ZHT NP (98E NT)BITIM 8 ‘ZITPTHTP' (T)34‘dyelz 3T uox(£9'NT)d3TIM
usayy (z==e1dt) it orTT usyl (€==U0ST) }TS)d
usyi (G==UOST) 4T JTpus 080T
G'9'XT=nT op (9€)4AX pp* (7' T=T" (T+0€) 44AX)
<<<, =P (OPT 0=>(9€)JAX pue: ¢-p-1=>42) 4T R (E)MT O Z4TP THTP 4yelzZ YT U0 (G9T NT)3ITIM
c W4, =P (PG 0=>(9€)JAX pue z-p-z=>42) 4T as18
o4 =P (0PST0=>(9¢€)JAX pue 7-prz<iz) IT GETT (9€)AX PP’ (¥ T=T" (T+0€)J4AX)
. W =P (0PST0<(9€)JAX pue” 7-p'7=>4Z) 4T 8 (E)MT O Z4TP TSTP UyelZ ‘YT U0 (¥8T NT)BITIM GLOT
((erdt)ayiz/((e1dr)ayrz-(ge)44x))sqep = 4z uayy (z==e1dt) it
C=p uayy (G==UoST) JT
NP <-- ZUBYTJTUBTS Jnz Bunianad i G'9‘XT=nT op
as1e 0€TT (uo¥ ‘yT)3suoy 11ed
oppus usyi (T==MST) 4T 0L0T
$TpUD inding 1e11nsay i
JTpuUd oppud ! (unsT+pf£)JAX = (UNST‘QPT)IJ0 ‘H‘T=unsT op
(9€)4AX‘pp (v ' 1=T" (T+0€)4AX) ‘Suuos Sp = pp (Z==X9T) T
9 ‘ewx Tdpby (G)X‘J4yelz YT uox(95z‘NT)a3TIM GZIT up = pp ‘1T = 2T
as1@ (Z'A'M'B'X' L ITIU ITIW DN ‘MT UDIT G901
(9€)4AX pp” (7 T=T" (T+0€)44AX) ‘BuuosS R CTWpwod‘(gg)du’ (zg)da’ (T1€)dd ‘XT‘%2T ‘uosT)soduos 11ed
R ‘ewx‘Tdpby (G)x‘dyelz ‘YT ‘uoy(9/z NT)9ITIM uoTlTsodusuuos i

GOT UOA @Z 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA BT 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



T+ (T)wnut = (T)wnut

4TpUd
oppua 6pTd x (T)X = (T)X !9‘t=T op G6ZIT
oppud (T)ex = (T)X !/‘T=T op
oppua :(T)eM = (T)M ‘c‘T=T op
oppus :(T)EMT = (T)MT !y '[=T op

1Twy/(eplz - aplz) = nex gz 0621
(319p‘dyefz‘aplz yer’ye’1edT e1dT‘ydet ‘T)WIyds 1183 0FC
0G5z 03 ob !aplz = (T)xX
oppua
0z = (T)AK 'pz = (T)xX
G'T=T op 68z1
oppud !9z = (T)3sSd3} :QT'TI=T op
OP'T = ZXpP ‘OP'T = IXPP
0T = nu T = Xput ‘T = 3
0T = be14T ‘T = snpouwt
0T = UT3IT {@T = UNJITIT 0ZC 08z1
LJUTWATY,, Jong wawEmLmQHLmHm.....m

JTpud
0Pz 0 = da3sz igpT o = 3d0eyz
(usbunupaonziawwey a)11e Joan) jJ4aTwIldo) i gLzt
9s19

Op'T = do1sz !pps e = 3deyz
uayy (r==e1dT) JT
2°0 /1°0 :uJdwwey TP Jant pun Q'T /G 0 :USPTWedAd Jani d3J4dM i
-pJepuels ‘uaysb usJ01J9A UBUOTIL)]D1SUOY (°"n*s) Bunudsydany wraq i 0.1
1SU0S 1T9M ‘ualysem ssodb nz ydtu ,do9isz, pun ,3de4Z, :1HDISHOA i
0z = 9€X QT = }Jeisaut
(1) = dod fppe 0 = 34p
utwaplz = aplz poc
(yong ualTemMz wWT (¢) OZ 91199eLl pun ,udldueld pun i 69zI
uapTwedAd, UT TG 91199el ‘Bunupaouedswwey pun -uspTwedAd Jany i
...... sod4 uoA BUNUSTWTIUTK pun IMundiTdz JBTSJL) 94T91Ydsidneq "z-----j

- - 94TIYISIANBY "7 -----moomoomommoeoooees i 09zt
i
00y 031 ob
...... (usuoTitsodJawwey pun -uspTwedAd) airo1ydsidney "1 JOp dpuj-----j
T4
(Twp‘woa*A'x‘ (y‘g)dd ‘X1 pdoT 0T ‘plT UOST
9 ‘e1dT‘ydetr’sJaAT‘powt)oy1dyde 11ed (g=/e1dT) 4T
ZLE pun T/€ ,uoTido 31Jeis 3dInb, STMOS i
‘pT "MzQ €T UOT1L1191SUOY Jan) uyeqdnydal Jap uotitsodiaydy: "= -
06¢1
00T 03 ob (xews=>¥) 4T
T+ =3 06T
bunadsyoanipaepueis
JTpus 144}
4Tpus
0zT 03 ob
as1@
3Tpus
0ZT 03 ob ‘xewer = xew[ !z = MST over

06T 03 0B (@T==14T pue’ GT==p[T) IT
usyy (T==MsT) 4T
@T = 1unodu
usayy (xewl<junodu) JT
T 4 1UNOdU = 1unodu
uayy (y==ydetr-do* g¢==yder) it
JTpus
OTMp = TMP T = pouwt
usyl (z==powt-pue- T==qWONT) 4T
bungabun-1aydy Jany Bunadsyoany i

JTpuUs
(N3 “4JdT ‘U ‘N “o94d XT pw’saonT‘oplzeplz Tup‘zIsT
R ‘ge1T1‘1y‘Ixoyr‘dwa‘ueyderdissprup‘pp‘dad‘3a0‘ A X wWod
9 ‘sodTuosT‘3T‘plT’erdT’JyTp)oserd 11ed
usyy (e=/gIsST 40"
9 (z==0T'pue’ p==gIST'pue’ z=>yder-'pue: [==fOWT)) 4T
eZT9 UT USIBUTPJOOY ,dYydSTJeiaue)d, 93J9TWJI0)SUBI) DTMOS i
‘Y/8d0OSA 49N} JNU S24931Z3}d)] ‘PUO|-9pJ] SWIISASIyundiamyds sap i
pun uni}daN YdT1SSOT1YJOSUTD UdIdUB1d JD1)1e ud3euTpJdooy :indinQ: - *j

oppua
4TpUd
(1'nT)9TUTY 1182
(Ge)IAX(, (0 €14, W Jo3dey 21edS ), §
9NT)SITIM (y==UOST 40" (QT=>p[T pue: T=<p[T-pue: ¢==u0sT)) IT
4TpUd
(e1d‘SJ9ATNT)S1udwWa)d 1182
oppua
(9)sd4 = (TT+0E)dd  !(€)Sd4 = (TT+/7)3d
(P)sed = (TT+67)ad  :(Z7)sdad = (TT+97)ad
(G)sdd = (TT+87)8d !(T)Sd4 = (TT+57)ad
005 03 0B (@T=/4T) JT !(S9J'SWTI'UT'XT'T‘A1)gdoSA 11ed
T«9 = TT 8°G=T op
9s19
4TPUd
(L)% (, (97214 ‘v tLX 1 1) . '9)33Tdm 2§
(GE)IAX (9 p=T Tdpb4 (T)X) (. (0" €T+ B
R ‘9TZT4E ., W 19X ‘GX ‘pX 1Bue 4a1n3 ), ‘NT)dITIM

oppua :(QT‘T‘(T)X)znpaJd 11e2 :9‘y=T op
1P (e T=T (T)x) (. (.,shep ,, ‘€64 ®

R ‘9rZTIE’,, 13-19p fEX ‘TX ‘IX "1Suedl ), ‘NT)d3TIM
uayl (G==uosT) JT

Tdpbs3e’ 1dpbsTe’ Tdphyoe
R (,(9°Z14€*,, :(neyx ‘T ‘ebswo) ‘ued ‘Bue ,,),‘NnT)o3TIM
R (I=/QJT"pue’ ¢=/pout) }T

(7'T=T'(Tx9+0€)3J)

R (. (9°CT4p' .. (eW/3/A/W) Td uoTldytdad ), ‘NT)ITIM
(7'T=T'(Tx9+62)3d)
R (. (9°Ct4p‘. . :(eW/3/A/W) T UOTIBUTIOUT ,,), ‘NT)dITIM
JTpus
(7'T=T' (Tx9+87)3d)
8 (,(9°2T4v' .. :(BeW/3/A/W) Spou BuTpusdse ), NT)a}TIM
9Ss19°
(zG)ad ' (op)od  (ve)ad(, (9T .. --- o
8 ‘97 zT42'.. :(BW/3/A/W) dpou BuTpusdse ), ‘NT)a}TIM

uayl (£==SJOAT) IT
uayl (g=/pout) It
usyy (p==¢IST'pue’ 7==0T'pue’ [==DT) }T

SECT

0ECT

Ta4s

Craas

S1¢T

0TcT

S0cCT

00¢T

S6TT

06TT

G811

GOT UOA ZZ 93TdS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA TZ 93T9S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



T = UNJ3T4T (Z=>UT1T) IT

0T = UNJITJT (G==UOST) IT

oppus !, , = (T)edy} (Z‘'1=T op

OT = 3ITSUBJLT (E=<UT1T) IJT

T + (0)wnut = (Q)wnut

(Me)IuTupT = YT
(319p‘ayefz‘splz et ye‘1esr’erdr yder ‘T)wtyds 11ed
0PZO'0 = P4p (£08-=/@dOT pue’ T<(@)WNUT'pue’ 7z==UT1T) 4T
aplz = doisaplz

O = ADT ‘T = dzT

0PGS0 = 94p ‘OP'S = PIp

utwaplz = aplz

(30B4Z40P" 0T + OP'T) = zS

0PTO"0 = do3isz

OPSZO'0 = 3284z (OP TZ=<TIMp) 4T

(0P 0Z/(TMP-0P"TZ) + OP'T) x OPSZO 0 = 3I2e4Z

(ssodb nz yoTu) 84T91Yydsidney 'z ur 9Im ,dd31sz, pun ,31delz,

*SNUDA PUN JNXJ3y UOA 93TSued] Jap Bunwwtisag STMOS
‘sdely pun 3apJ3 ‘Snudp ‘Un)Jdy ‘DuuoS uon wnTbAzAs
--(UBUOT1B1191SUONJIRAUTT UOA 3YdNS) a4Ta1ydsidney *¢

0TE

00€

00 03 ob
..................... (undyTadz J9T9J44) 9)T91Yydsidneq "z Jap 9pu3l

0zz 03 ob (xewdplz=>op(z) }T
(9€)4AX = 9gx

dun(z + aplz = aplz

d91sz + 10e)Z4(9€)J4AX = dun(z
Bunadsyoanipaepuels

Ui (STYT‘(9€)4Ax)uwesbolsTy 118
oppua
4TpUd
4Tpus
(9€)4AX pp’ (¥ T=T" (T+0€)JAX)
9 ‘(e)mT o ‘dyelzaplz et uoy(goy ‘NT)a3TIM
9s19®
(9€)4AX pp* (¢ T=T" (T+0€)4AX)
8 ‘(€)MT O ‘uyelz‘aplz et uoy(L0y‘NT)S1TIM
usyy (r==e1d1) JT
9s19
4Tpus
(9€)4AX pp’ (£/T=T" (T+0€)JAX)
9 ‘ewx‘Tdpb(G)X 3119p ayelz NeT uoy (90 ‘NT)a3TIM
9s1o
(9€)4AX pp* (€ T=T" (T+0€)4AX)
9 ‘ewx‘Tdpb«(G)x‘319p‘dyelz yeT uoy(Sov‘NT)a1TIM
usyiy (r==e1d1) JT
uayl (£==1n0T) 4T
G‘9'XT=nT op
(0T'T(5)x)znpad 11ed
L-P'T % (GE)JAX = ewx (T==e1dT) 4T
6-P°T x (G€)4Ax = euwx
SP = PP (Z==ANDT 40" 7==X3T) IT

06¢

SIvL

OTVL

SOvt

00vT

S6€ET

06€ET

G8El

08€T

GLET

OLET

Go€T

09¢€T

up = pp

(ZA'MD'X 1 ITIU ITIW D ‘MTUD1T‘ TWP ‘wdJ
R (e'€)da’(z'g)du’ (T€)daXT HIT U0ST)soduos 11ed
(uox ‘seT)3suoy 11ed
(313p‘ayelz’aplz et ye’1eoT’e1dr ‘ydet ' T)wiyds 11ed
1nding pun uoTitsodusauuos

T + (Z)wnut = (Z)wnut
067 03 ob (qUONTMp=<(9¢)JAX) 4T
totororororosoros s st (G o= UOST) U34anud bunbutpaqgidney

aplz = Jonaplz
4Tpus
067 03 ob ‘wt19pfz = dplz
uayy (ePT-e=>(4onaplz-aplz)sqep) it
}119e4 WNWTUT 9PTJISYJOA SUT SOIPUD UTWITS SSEP ‘IJIPUTYJDA

T = }Jdeysadt

Otz 03 ob (T==9%) JT !(XpPUT)xx = aplz
(XTXpUT‘uUT3T 3591 ZXPP‘ IXPP

§ ‘Bey1iT‘nu‘dals‘dos‘AA‘xx 9y ‘ydeTSnpowT ‘powWT)UTWITS 11€d

Z = SNPOWT (94p>ZXPP 40 94p>TXPP) IT

T = SNpowT T = UnJ1T4T

LJUTW3ITS, 3ITW sod-4 Su91Ys4 USATIR]DJ SOP DBUNISTWIUT

Z = pouwt (T==quo)T) JT
067 03 0B (QT==UNJIT4T pue’IMp<(9g)JAX) 4T
ud4anJd UTWITS UOA jnainy wnz HBunbutpag

0T = 1Jeisadt
4Tpus
4TIpud
aplz = wryaplz
as1e
06¢ 03 ob
uayl (9ex<(9€)JAX) 4t
uayl (T==1Je31S3UT) 4T
T = powT (0P 0T<(9€)4AX) IT
powT ‘TMp‘ (9€)JAX 3aeysauT’aplz (,(€T€°64Z ®
9 ‘€T'L°8T4',, = powr’'TMp’(9€)JAx‘3uelsaut’aplz ), 9)d3TdM
*16T91S Jysw 1YdTU Jd1Yd4 JDATIR1DJ STQ ‘udysoyda abuey os aplz

(9€)4Ax = (XpuT)AA (G==UOST) 4T

(exT 2T yaT ‘plT Uost‘e1dT)sod1ad 112
(uost)oxiJey 11ed

sod-4 UOA BunwwT}sSag pun UOTIRPWJIOLSUBI]-UDLIRUTPJIOO)Y

4TpUs
oppu?
oppus :([)mya = ([+1T)d4 ‘¢'1=[ op
(NYJ “UddT ‘U ‘N “o94d XT pw‘T‘SsaanT‘aplz)zdosa 11ed
(T-T)x€ = TT ‘€'I=T op
usyy (z==pout) JT
(UOTSJBAL10A “D/VL8dOSA) T d3ueTdep

4TpUS

oppua ‘nsaJ = (T)aJ {(nsaJ‘ner‘t)TdosA 11ed {H‘I=T op
usyl (T==pouwT) IT
(,SN93|, SNe UOTSJUDAZUNY ‘d/8d0OSA) T D3Iuetdep

GGET

0GET

SYET

OvET

GEET

T i egel

GCET

OCET
o
Ji
i

STET

0TET

SOET

GOT UOA $Z 93TdS

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA €¢ 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



-T1dT1¥9 9Tp Jany (WSTP) S11BAJISIUTISNUTM SOP WNWTUT Sep Ssep i oppus ! (QT‘OT‘(T)Ip)ZNpas 118> ‘9‘T=T op SIPT

‘ysT16s0w s 3sT (Bel T) 933TJYdSITOZ Jop punabyny :Bunyuswuy i (0T)2d4-(£)3d = (9)4p :(OT)34-(¥)3d = (S)4P
(€ ‘T = powr) @ = QuOMT Janj 3sdijerzads * * (£)34-(v)3d = (¥)4P  (OT)34-(T)34 = (€)4p
(L)34-(T)2d = (2)4p  (¥)24-(T)3d = (T)4p
4Tpud 0€sT 0T = OMT
0€€ 03 ob ((G==d)'pue* T[==daST)"J0* [==3Y) JT 0T = o1 0LvT
JTpuUd uajanJdd USUOT]ITSOd JBP UOTIRIDIJIOY" """ i
3Tpud
(Xput)xx = aplz 1TpUS
(XT'XpPUT‘UTIT 3593 'ZXpp‘TXpp‘be1st GTST oppus
9 ‘nu‘pyp‘das’AA xx ‘9 ‘ydeT snpowT ‘powT)uTwiT 11ed (TT)S34 = (Z-Tx€)dd (p=>T) T SoPT
Z = SNPOWT (34p>ZXPP*40°34p>TXpp) 4T (9)sd4 = (TT+0E)dd  !(€)SdJ = (TT+/7)dd
T = snpowt (v)sdd = (TT+67)9d  1(Z)Sd4 = (TT+97)ad
(T)9xzp 1=dod (£=<ddST'pue’ [==poWT pue’ T[==qUOMT) 4T (G)sad = (TT+87)dd (T)SdJ = (TT+GZ)ad
(1) = doa 0TSt 00G 031 ob (@T=/J4T) IT
9s19 (S9J ‘BWTI‘UT‘XT‘T‘AL)edoSA ]1ed 09v1
efx = 9plz ‘zlx = (7)xx Tx9 = TT !§'I=T op
(3 'XT'QS NU‘Z-p T'9-pP°T usayl (€==pouwt) 4T
R ‘CARZARTAR €lx‘Z[x T[X)2T4BUTd 11BD (Z8d0OSA Yyoeu sapedn '€ awouhklod ‘BunydTa19 9ydsJa1day) € SIURTIBA" """ "
Z = Xput {(XpuT)AA = ZAK {(XxpuT)xx = z[X GTGIT
uayy (r==dssT) IT JTpUS SSPT
uay} (7==3TSURJIT 40" [==3TSUBIIT) 4T oppud
4TpUd oppud
(XpuT)Xx = 9p[z :(XT‘XpUT‘UTIT 391 ZXpp‘TXpp‘be1sT (0)d4 = ([+1T)%4 (Z=>UT1T) 4T
% ‘nu‘dels’(T)a AR xx ‘s ‘ydet T powt)utwity 11€2 01ST (Oyma = ([+1T)24
uayl (@T==31TSUBJIT pue’ £=<UTIT) 4T g't=[ op 0svT
OP'T = dd1s ‘T = UnNJITIT (NYJ“4JdT ‘U ‘N ‘o0uad ‘XTpw’T SaanT‘aplz)zdosa 11ed
uayy (G==UO0ST) IT (T-T)x€ = TT ()T (21T (T)1T=T op
(*3ayonswnuTuTly i uayl (z==powt) 4T OGE
193N9pag pun uOTINUN4 SJdpue SUTS JITY 3ey ,U0ST, ‘3SSTdY seq) i GOST (UOTSUBAL10A ‘D/VLBAOSA) T SIUBTJBA """
G = UOST Jany ,UTW3ITY, 3ITW WITP SIDMUTMIWESDY SIP BUNISTWTUTK * * 9448
4TpuUd
4TPUD 4TpUd
0Gc 031 ob oppud ‘(T)JAX = (T))d ‘6‘T=T op
qQUONTMP = TMp 00ST (uost)oiJey 11ed
Z = pOWT T = UNJITYT usyi (Z=>UT1T) 4T ovvT
uayl (E=<UT)T"pue’ T==pOWT-pue’ T==qUOMT) 4T oppu® {nsaJ = (T)aJ !{(nsaJa‘neyl‘T)TdosA 112 !ZI1‘T=T op
T = quwo)T Jany bunudsyodany * * j uayy (T==powt) JT
0/€ 03 0B (T=/UNJIT4T°pue TMP<WTP) 4T (4SNO3NW, SN UOTSUSAZINY ‘AL8dOSA) T SIUBTJIBA™“* "'
T .Cwu_.wjl_a mc:mCHUwQu.QDMI.....m SevT
T + (T)wnut = (T)wnut 1241
OppudWHTPOp Lz ayTp dols ‘UNIITIT POWT(, (L €TH L QT4 T 94 T"G4R 1i 1Twi/(epfz - aplz) = ney
RTIZ' . = wyTp'opl w]-97°3p IT4T POWT, ), ‘NT)dITIM (G Q'XT=NT Op 1i uadl/(epfz - aplz) = awry OVE
(0T QT 44TP)ZNPaJ 118D }i (319p‘dyelz‘oplz ‘et ye’1eor ‘e1dT ‘ydet ' T)wryds 11ed
(T)34-(L)24 = 441p i 06vI (xput)xx = aplz oee
(3i <--) onapsny-3isal * ove 03 ob 0EVT
wytTp = (Xput)AA (G==u0ST) IT JTpUd
$Tpud aplz = (T)xx
4TpUd oppud
(1das)sqep = wytp 340 0z = (T)AK
(1das‘yd‘z‘3TsuedyT)edss 11ed 0z = (T)xx 448
Usyl (7Z==31TSUeJIT 40" T==1TSURJIT) JT G'1=T op
as1a oppud !9z = (T)3Sd3} ‘T 'TI=T op
(7)4p = WITP (Z==3TSURJLT) 4T 0T = UT3T ‘IXpPP = TXPP
(Z)4p = WITp (T==3TSURILT) 4T 08v1T Pip = TXpp
uayy (T==dasT) IT 0T = nu T = Xput (craas
(((9)4p)sqep’ ((S)4p)saep’ ((¥)4p)saep T =9) ‘0T = beyyt
8 ‘((€)4p)saep’ ((z)4p)saep’ ((T)4p)sqep)IxXewp = WTp (y==UT1T) 4T uayl (G==UOST) 4T 0ZE
(((¥)4p)sgep’ ((Z)4p)sqep’ ((T)4p)sgep)Ixewp = WiTp (€==UT1T) 4T W3T46UTY, pun ,33uexss, ‘,UTWiT4, JON4 J3jdwedediders: e i

GOT UOA 97 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA GZ 91T9S 664" vd/pd-Hoad/suey/awoy/ :133eq



SJT'das’ (9‘e=T'(T)wawz) ‘' (9)epT’ (G y=T‘dp‘(T)epT)
® ‘(€)epT owp’ (L)ep wawr s1 uoy(8SS‘NT)IITIM

usyy (vy-p T>((9)wowz)sqep) 4Tas1d
(£'T=T(T)wswz)

usyl (z=>dasT) 4T 0591 9 ‘WAWT'(Z)ed3 (T)ed3’, ‘U0 (9GH NT)dITIM
as19 ((g)wawz)sqgep = (g)wawz 06ST
1TpUd uay: (y-p I>((G)wawz)sqep) 4t
T - (Q)unut = (Z)wnut (9==NT'pue-QT==13T) 4T G'9'XT=NT op
4TpUD usyl (€=<UT1T) 4T
SIT'(Z)PS‘(T)ps‘edrs‘edas GvoT T = OMT
¥ ‘(g)ued‘gais‘gu1s‘1s das zdis zdas T + (Z)unut = (Z)wnUT (Z==J43Jnu-Jo* 7=>UT1T) JT G8sT

8 ‘(9°€)GPT (S p=T'dp’ (T €)GPT) ‘Z43S‘CI3sS uayy (((, .=/(z)edyrdo*, ,=/(1)ed3)
R (eE)SpTi(c)gqowp (L €)Gep S U0 (TL9 NT)DITIM 9 'pue’ Z==J}JNU)°J0* T==J43Jnu) 4T
3 (I==11T) 4T JTpUd
SIT'(Z)ps’(T)ps‘(G)ued‘guys’ (c)ued’guys 091 pzE 01 ob ‘7 = pouwt
9 ‘(T)ued‘1s‘das‘(9‘G)gpT (G v=T'dp‘(T‘S)GpPT) usyl (z=>UT\T'pue’ [==poOWT’pue’ T==qUOMT) 4T 08ST
9 (Z'e'T=1"243s (91)SPT (G 'v=T'dp (T“1)GPT)) usyi ((, ,=/43°puer z=>uiiT)
9 ‘(e'e)GpT (€)gowp’ (L €)Gep s3I U0y (199 NT)dITIM 9 °J0" (Z==1TSURJIT'pue’ €=<UT1T)) JT
8 (Z==313T) 4T anding pun 3Tsued] 3Tw sTubreuy - v v
SAT'(2)ps‘(T)Ps‘ (S T=T'(T)ued) GE9T JTpUd
R ‘1s‘das’ (S T=1(9 1)GPT (S 'p=T dp‘ (T 1)GPT)) 41 = (3Tsuedit)edy GLST
9 ‘(€'€)GPT (€)Gowp’ (L €)Gep S U0 (659 NT)SITIM (wnut‘pdoT
9 (£==33T) 4T R1S‘pS‘ued XT SUT ST UTIT 1S9 PP ‘ZXPP  TXpp‘pUW NJ ‘dyelz
EISE] R ‘gowp‘gep‘gpT‘aplz‘das‘13T ‘Tdas Ul ‘ATUNT‘1€DT dSST
suT‘1s‘das‘zais‘zaas Q€91 R ‘Su9AT‘ydeT‘uT)T‘e1dT‘powT ‘qWONT‘ITSURILIT)ITSURIY ]1BD
9 (9'€)GPT (S v=T'dp' (T €)GPT) ‘43S T3S usyl (7==1TSUeJ]T JO" [==1TSUBJ]T) JT 0LST
9 ‘(e'e)GpT (€)gowp’ (L €)Gep’SI Uy (T ‘NT)SITIM (wawT “sjeT ‘wawz ‘wyTp‘ (€)4P*(2) 4P  (T)4P*2119P

R (T==13T) T
SIT1s‘das‘ (9/G)GpT (G =T dp (T‘G)GPT)

§ ‘dyelz‘oplz)owsw 11€2 (Z=>UT1T J40°QT==31TSUBIIT) JT

USY} (G==UOST'pue’ T==UeJ1T) 4T

9 ‘('€ T=1'243s(9°1)SPT (G v=T'dp’(T‘1)SPT)) GZot1 (Z ‘T = powT TdQ JNU) SITSUBI] SBP UBYANId * * * |
R (£'€)GPT (€)Gowp’ (£ €)GeP S UOY(TOY ‘NT)dITIM (uoX ‘3T)3suoy 11ed G9ST
8 (7==313T) 41 4TpUd
SIT 1S das’ (G T=1'(9 1)SPT (S v=T'dp‘(T'1)SPT)) oppud
9 ‘(€'€)GPT (g)goup’ (L €)Gep s uoy (657 ‘NT)a3TIM (€)wnut (,(, ABAzAs =, ‘ZIT),‘NT)@3TIM
9 (£==13T) 4T 0791 G'9'XT=nT op
uayy (g==dasT) IT T + (€)wnut = (g)wnut 09ST
9s19 UaY} (E=<UT1T'pue’ G=/UOST'pue’ @==AdT'pue’ [==1T) 4T
SJT'das’ (9‘e=T'(T)wawz) ‘' (9)epT’ (G y=T‘dp‘(T)epT) T =0T
® ‘(€)epT owp’ (L)ep wawr s1 uoy(8Sh‘NT)aITIM T + (Z)wnut = (Z)WNuT (T==J3JNU-pue’@T==1TSULIIT) 4T
uayy (z=>dast) IT GT91T uayy (((z=>utt
uayy (((0OPS ¥8YeLEG=<(T)wawz N "J0'QUOYTMP=>WJTP) *pue* [==qUONT) 40" [=/qUONT) JT GGST
® "J0* QPG GOETERT->(T)wawz) *pue* py==dasT) JTpUd

0ze 03 ob
0PS 0xAsy + oplz = aplz
uayi (((oP 0LT<((¥)4p)Sgep pue: z==1TSUBIIT) JO"
9 (0P 0LT<((Z)4P)sqep-pue’ [==1TSueJlT)) pue’ z=<dasT) T Q9¢ 0SST
*uaqoyaq abedjqy-1T 9pusablo) TP ydJnp pPJTIM Seq "uUdpJdM 1dU i
-yd9J4aq usauoTunluoy 949qo yoou Jnu IHundiTdz USSSTMIO WAUTS i
(oplz)1 e319p 118 (Z==ATUNT) 4T ge uspJanm (y'g‘z d9ST) uOTIeJeddS1SYUTM Jop BunJSTWTUTK Tog i
(ut1T)ed3=s1 (,A,=/(UT)T)eudr pUue" |J,=/(UT\1T)EJ]) JT GO9T *UOTINUN[UOY USJIdIUN JNZ USJSQO J3p UOA bBunuds syjejususgabay - -
. . = S} 'p6E 03 0B ((OP EEOLTI=<Jyelz JTpud GYST

§ *40° (PG ZZT99GT->(T)wdwz *pue’ ¢=>dasT)) 4T
(dzT‘1edT dasT powt ‘uT)T
9 ‘(T)wdwz‘0T‘NT)d1T9ZTMZ 118D (£=>dZT) 4T 0191
G'9'XT=nT Op
uayl (UTWZT=<(E)epT) 4T
(owp ‘ep‘ept‘ied1‘aplz)ayepapl 11e2

9 *10* QP 0EOET-=>Jyelz) pue’ cpg-==pdoT) 4T 0Lg 01 ob
9518 09E 03 0B (QTMP=>WLTP) 4T
oppus USY3 (E=<UT1T"pue’QT==qUONT) 4T
JTpUd 009T "9pJNM UDILTJYDISJADIUN (OTIMP) 9119MydS aydT1busnidsun i
(L'1=T"(T)wowz) 9TP Q0 ‘1J9nJdeb PUSSSITIYISUR PUN JUSTWTUTW 11EAIDIUTIINUTM i OvST
R ‘woWT’(7)ed1’(T)eJd’, |, ‘UoN(SGh NT)aTIM sep uuep ‘1Ysoyts pedy T Wn JOANZ (TMP) 9118MYDS STP PJTM ley i
9519 -s9(Q ‘'uaysb USJ0)1JBA STUDBTSJF Sep apJanm ‘pJTM UD11TJIYdSJagan i

(£'1=T'(T)wswz)
R ‘wawT’(Zz)ed1’(T)edd’, ‘U0 (LSP NT)ITIM S6ST
((9)wswz)sqep = (9)wawz

J3PaTM UOYDS ydeuep pun JoAep UdIundiTSz USP UB STS SSEp ‘pJIM i
U9311TJydsJdaiun ddeuy oS (QTIMP) 9119MYdS TP S1184 "PJTIM 1ydTad i
-J9 udIquUNd1Taz TOMZz UdYISTMZ neuab uslaueld Jop usabuseq uajey i Ges1

GOT UOA 87 91135 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA /T 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



JTPUS (QTMP = TMP !T = POWT :UdY} (Z==POWT pue’ [==qUOXNT) 4T
oppua
4TpUd
(JedT+1‘nT)aTUT) 1182
4TpuUd

(e1d‘SJ9AT‘NT)SIUBWDLD ]1ed
oppus I (T)wawz = (T)a4 !8L'TE=T Op
as19
(7T=T" (Tx9+0E)wawz)

9 (. (9°CT4v’ ., (ewW/3/A/W)  Td uoTidyTdad ), ‘NT)SITIM

(v'1=T' (T49+67)wawz)
R (. (9°Ztdv*. . (eW/3/A/W) T UOTIBUTIDUT ,,),‘NT)dITJIM
JTpUd

(7'T=T' (Tx9+87)wawz)

8 (. (9°ZT4v* ., i(eW/3/A/W) Spou bButpusdse ), ‘NT)d3TIM
ESE]

(zG)wawz '’ (pp)wawz ‘ (pg)wawz (, (9 T4,  --- 8

8 ‘9'ZT42'.. :(BW/3/A/W) Spou BuTpuddse ), NT)IITIM

usyl (€==SJOAT) JT
uayy (z=>utiT) 4T
4TpUd
oppud
(TT+,27)wawz

(9)sa4 = (TT+pE)wawz :(g)sad
()sed = (TT+6z)wawz 1 (z)sad = (TT+97)wsuwz
(§)sad = (TT+gz)wawz !(T)Sad = (TT+GZ)wswz
00G 03 0B (@T=/4T) JT !(SaJ‘dWTI‘UT'XT'T‘A1)gdosA 11D
T49 = TT !XBWWT UuTwwI=T op
uayl (XewwT=>UTWWT) JT
8 = XeuwwT (€=<UT1T) 4T {py = Xewwt
G = UTWWT (€==poWT) 4T ‘T = UTWWT
(Z‘NT)STUT] 11Bd (Z==0T pue* ¢==powT-pue’ T==dT) JT
JTpuUs
(Z*nT)aTUTY 1182 ‘(ZZ‘0Z=T'(T)wawz) (LS'NT)91TJM
(6T'TT=T'(T)wdwz) (LG'NT)d3T4M ! (JedT+Z‘NT)dTUT] 112
usyl (e=/pout) JT
uayl ([==O0MT' pue* 7==0T
R "pue” ((g=<uT)T°pue’ T==0T) J0" ((UTWZT=<(£)epT
9 ‘pue- ((p=/33T°pue’ ¢=<dasT)'J40* 7z=>dasT))
R “pue*(, ,=/(z)edyrdo°, ,=/(T)edl) pue 7z=>UT\T))) IT
G‘9’XTI=nT op
1ndinQ JoJ91ToM

OT = UNJITJT ‘JTpud

1=16e14T (UTMp=>((v)4p)sqep) 4T ‘@T=T6e14T ‘16e14T = Zheyyr
uayl (Op’'TzZ=>UTMp"pue’ £=<uT|T) JT
1Tozuayday Jap bunzasanyuap Jnz bunuadsitaz Jany bBunbutpag

JTpuUs
oze 03 ob
08¢ 03 06 (Z=>UT1T'40° 7<}TSUBUIT J0*QT==3TSUBIIT) 4T
T+1TSURJ]T=1TSURIIT (E=<UT)T'pue’ [==dT'pue-’ G==UOST) IT
03plz = aplz (@T=/3TSURJIT) IT
usyl (E=<UT)T'pue’ G==UOST'pue’ T==URJ]T) JT
punisnid-1Tsued)] Jany bunadsyoany
JTpus
JTpus
(wawT “yjet
R ‘wawz ‘wyTP (€)IP‘(2) 4P (T)4p 3113p Uyelz’aplz)owsw 11ed

06€

08¢

0LE

OLLT

S9/1

09/LT

IYA

0SLT

SYLT

OvLT

GELT

0ELT

LT

0¢LT

STLT

oppua

$TPUD

wiTp’ (€°T=T'(T)4p) ‘313p‘4yelz‘ap(z
9 YT'(z)ed1‘(T)ed1’, |, ‘U0 (SSH‘NT)ITIM

EISE)

WwyTp’ (€°T=T'(T)4p) ‘}19p‘dyelz‘aplz
9 ‘NT(Z)ed3 (T)edd’, ‘U0 (/Sy‘NT)a3TIM

uayy (v-p-1>((€)4p)sgep) JTes)d

WiTP* (€°T=T"(T)4p) ‘119p dyelz‘op(z
R NT(z)eda’(T)edd’, , ‘Uuo¥(9Sp‘NT)a1TIM

uayy (v7-p-1>((z)4p)sqep) 4t

G'9'XT=NT op

nding ‘(g = powt

9519

*g-z) bunisnid-iTsued] auyo sTubTaUm *

i (x'x)pesd

oplz = @aplz (Z=>UT1T°40°QT==1TSURIIT) JT
4Tpud
4Tpus
3Tpus
3Tpud
T - (Z)wnut = (Z)wnut QT = OMT !QT = OT
9s19
oppua
4Tpus
T + (y)wnut = (y)wnut (,d,==S31"40",),==S1) 4T
T + (€)wnut = (g)wnut (,A,==S1"J0" W,==S]) 4T
uayiy (9==nT°pue’ z=>dasST) 4T
4Tpus
3Tpus
T - (ZQ)wnut = (Z)wnuT (9==NT°pue-pT==11T) 4T
JTpud

SIT'(Z)PS‘(T)PS‘gdrs‘edys

R ‘(¢g)ued‘guals‘curs‘ys‘das‘gais‘gdas

8 ‘(9'€)GPT (S 'v=T'dp’ (T €)GPT) ‘T43S ‘IS

R (€'€)GPT (€)SowWp’ (L €)GeP ST UON(T/L NT)BITIM
R (I==131T) IT

SIT'(Z)Ps‘(T)ps‘(g)ued gars’ (g)uedcais

R ‘(T)ued’1s‘deas‘(9'G)GpPT (G p=T‘dp‘(T‘G)SPT)

R (2 T=1"243S (9 1) GPT (S p=T dp‘ (T“1)SPT))

9 ‘(€'€)GPT' (£)Gowp‘ (L €)GeP SI UON(T9L NT)dITIM
¥ (7==131T) IT

S4T'(Z)ps‘(T)PsS‘(G'T=T'(T)ued)

® ‘1sdes (G T=1'(9'1)SPT (S v=T'dp‘(T1)SPT))

® (£'€)GPT (€)SowWp’ (L €)GeP ST UOY (S NT)BITIM
R (£==11T) 4T
CALC]

m‘_..m_am.awm_NLu.m.N‘_Hm

9 ‘(9'€)SPT' (S v=T'dp’ (T €)GPT) ‘Z43S 43S

9 ‘(€'€)GPT' (£)Gowp‘ (L €)GeP ST UON(T/G NT)dITIM
9 (T==131T) IT

SJ4T‘15'des‘ (9°G)GPT (S p=T dp‘ (T‘G)GPT)

R (2 T=1"243S (9 1) GPT (S p=T dp‘ (T“1)SPT))

® (£'€)GPT (€)SowWp’ (L €)GeP ST UON(T9G NT)BITIM
R (7==11T) 4T

SJT 1S das’ (G'T=1"(9 1) SPT (S 'P=T‘dp‘ (T 1)SPT))

9 (£'€)GPT (£)Gowp’ (£ €)GeP ST UOY (GG NT)DITIM
9 (£==13T) IT
uayy (g==dssT) IT

9S19

OTLT

SOLT

00LT

S691

0691

G891

0891

SL91

0491

G991

0991

G691

GOT UOA Q€ 931TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

SOT UOA 6C 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



d weaboad pua

(8"¥TJXG9/CR T G4 T LIE€ T LI € L4'T L3 T 84"G VT4 XT)IeUWIOY
(8"¥T4 XG0/ T "G4 T LIE€'T 94 V"84T L3 T 84 G VT4 'XT)2eUWIOS
S19YTJdad-JnyJa|| ‘Mzq s)1aydy-JnyJday sap bHungabun Jop uT ayons
*T yong Janj) 19pUSMUDA SpJUnM SITI(

*6 pun  usuotidp-1J4e3S119uUydS STIP 49N} [%]4 UOA BUNUSTWTIUTY
*Mzq BunWWT}SgeUT®4 JNZ 1YezZURUD]191S UDJIDSS304H JduTa agebsny

(91'z'842 'y 8eT T 84 '8RT ' XE

9 Te'XT'T'/3'0TeZ' (ZTTIR)Z ¥T OTRZ XTSI GR 9 ¥4 TR e XT)Iewio)
(9T'Z2°842 Xy 7 848078488 "8 ‘XE'TR'XT T L4

R ((ZT'1e)Z YT OTR) 7  (ZT Te)Z ' PT XTSI Ge 9 4 TR Ze’XT)Iewlo)
(9T2°842'Xy 7" 845 XE

R Te'XTT /4 (CT TR 2T T PT)G XTI GT'GR 9 ¥} ‘Te‘ZRe‘XT)3RWlo0)
(912842 %X 8eT T 84 ‘8RT XE

R ‘Te'XTT /4 0TRZ (2T 1) YT OTIRZ 9T GR 0 4 ‘TR Ze‘XT)1ewlo)
(912842 Xy C'84'807 848 "84 ' XETRXT T L4

R ‘((zT'1R)Z'PTOTR)Z (2T Te)Z PT'9T Ge D ¥4 ‘TR ZR ' XT)JeWl04
(9T°2°842'XV 7" 845 XE

9 TR'XT'T L4 (2T'TR/ZI TR 'PT)G 9T GR/Q 14 ‘TR R XT)}ewI0)

(€T'Te'T'/40TRZ (2T TR)Z PT'QTRZ ST GR‘Q ¥4 TR 7R XT)3euwloy
(€T'1R‘T" L4

R ‘((ZT'1R)Z'PT OTR)Z (CT IR) ' PT GT 'GR O ¥4 ‘TR ‘ZR‘XT)3RWIO0})

(€T'TR‘T L4 ((ZT'TR)Z'PT)G ST GR Q"4 ‘TR ZR'XT)3RWIO)

(PT'T L4°€° 847 (TT'TR)Z'PT'GT GR'Q G} ‘LT TR ZR'X])IRUWIO}
(pT'1R T L4

R ‘(8e'XZ)7 (2T 1IR)Z 'vT 8e'XZ '8R XTI ‘9T GR Q" ¥4 ‘TR ZR XT)IRWI04
(pT1R T L4

R ‘((zT'1e)Z'PTOTR)Z  (ZT'TR)Z ET ‘9T GR Q" #4 ‘TR ZR XT) JRWIO04

(PT/TR T 23 ((ZT'TR)Z'¥T) V' (CT'TR)Z ET 9T GR 0 14 ‘TR ZR‘XT)3eWlo)

(GT'T°/4°€°84p (TT'TR)Z'ET QT GR'Q G} LT TR TR XT)3RUWIO}

(€°0T4'1°94'€°8JE € TT4 G G4 LT TRE ‘TR XT)3RUWIOY

(€°84'€°0T4'1°94'€°842 € TT4 G G4 LT TRE ‘TR XT)3RUWIOY

(€°84G°€"TT4 G GT4 LT TRE TR XT)IRWIOY

(€°94'202°94°2° L4284 VT €T € TT4 G GT4 LT R XT)3RUWIO}

(€942 94 'T°L42'T°84 PT'ET € TT4 G G4 LT ¢ XT)3eUWIOY

(€°£3'Te'XT T L3T'T'84 V"6 €63 €783 € TTJ LT 7R XT)3eUWIO}

(€°£3'Ce'XT 'T"£3T'T"84 V"6 €63 €783 € TTJ LT 7R XT)3BUWIO}

(€°/3'C0'2°94"C L4E€' VT CT O CT4 € €14 8T €L XT)3RUWIO}

(€°/3'C0'2° G4 T L4E€'XT 9T O CT4 € €14 8T €L XT)3RUWIO}

(€7£4'20'1°G4 /R T LJT'XT'9T 0 CT4 € €14 8T €0 ‘XT)3RUWIOL

(€°/3'Ce'T°94 T L4E€ VT 2T O CT4 € €14 8T €L XT)3RUWIOY

(€°/34'C0'T"G4 T L4E€'XT 9T Q" CT4 € €14 8T €L XT)3RUWIOY

(€7£3'T0'C"94"C LI€'C 84 € L4 84 € 0TS LT TR'XT)IRUIOY

(€7£4'20'C" 93 T LIE€ T LI € L3 'T L4 17 L3S T4 XT)IeUWIO4

(€442 T L3V T L4'€° L3284 € 0TS LT CR'XT)IRUWIOY

(€°£4'C0'T 94 T LIE T LI € L3'T L4 T 14'G P14 XT)IeUWIO4

(€°£3'70'T°94 T L4E€ VT ET €842 € 0TS LT 7R XT)3RUWIO}

(€°£3'C0'T"94 T L4E€ VT ET € 842 € 0TS LT 7R XT)3RUWIO}

(€°£3'70'2°G4'C L4€'€"84E°E€70T4 LT CR XT)IRWIOS

(€£4'Te'T1°G4 /R T £IT '€ 8IE € 0TS LT TR 'XT)IRWIOY

(€°£34'C2'T"G4 T L4E'E€"84E°E€ 0TS LT CR'XT)IRWIOS

((9°63¥"83 ¥"64) € XT)1RUWIOL

(ze'€ 84v'€'64 € 114 G GT4 LT TR 'XT)1RUWIO4

(1°94°€'841 €84 €014 G P14 LT 70 XT)IeUWIOY

(9°63€°(9°£4°TR)E'9"64E XT)IRWIOY

doas

.......................................... swwedboadidney sap spuj

TLL

9L

6SL

T.9

199

6599
TLS

19S

866G

Ly

9%

G881

0881

G/81

0481

6981

0981

G681

0681

Sv81

081

GE8T

0€8T

9NUT3U0d
oppu?
(nT)@s5012
ui JTpud
ui (%‘NT)91TJM {(T'NT)STUTY 11BD ‘OpPpUd
Ui (02 T=L"(0Z+T+[)STYT) (, ((ETOT'XE)Z), ‘NT)DITIM
Ui v‘0=T op
Ui (T'NT)dTUTY 118D
Ui 1 1%G0°0 40 sdd1s uT (%G 03 @)sodd , ®
Ui 9 ‘., suotietAdp jo Aousnbaug, (,(€€e'pZR'XL),NT)IITIM
ui Usy} (€=<UOST'pue’Z=>powT’pue-z=>e1dT) JT

(PdOT‘ZTST 23S ‘UTWT ‘unoyT‘wnuTr‘nT‘sodr‘plT‘UoST
9 ‘dosT’ydeT‘utT)T‘powt‘e1dT)a)1Tazpus 11ed
G'9'XT=nT op
(29S‘UTWT‘UnOYT‘QqTZ‘eTZ)aWTIW0d ]]ed
(91z)swry ndd> 1182
us9)T9ZpUuz

4TpUs
J19S 9AeS 11ed
JTpuUS
0T 03 ob
'0000E- = uTwz
¢ = Unt
usyy (T==uT1T) IT
uayiy (€08-==pdoT) }T
417Z-49SUT, UOA uJaydTads pun €pg- uotidp 129 HBunuadsyoany

0000E = Xewz

oppus ! (JedT+[‘NT)aTUT] 1182 (7=/0T) 4T ‘G’'Q’XT=NT op

00§

yi
yi
Yi
Yi
Yi
yi
yi
Yi

......... (3TSued] ‘uoTie))l@1suoyJdeaut]) a4Ta1ydsidney ‘g Jap apul

3Tpus
oppua
(dzT1e2T‘deST‘pPoOWT‘UTIT* (T)WAWZ ‘0T ‘NT)91T9ZTIMZ ]]BD
G‘9’'XT=nT op
uayl (e==(z)wnuT-pue* z=>uT\T) JT
(0=(Z)wnuT ITW 1Sd]-3TSued] Jany jdoxjuallaqgel) bunzusebu3
0TE 03 ob (xewsplz=>dp[z) }T
OT = AT
3Tpus
JTIpud
doys + aplz = aplz
9519
1de3s + oplz = aplz
JowA4pp6 0 = 1d93s (T==2T) JT
doisz + 1oejz4wiTp = 1d93s
usyl ((ZSxUTMp<(W4Tp)sgep-pue’ G=/U0ST) J0* G==UOST) JT
dayseplz = aplz
9s19
0T = 1be14T ‘Bunudsy + aplz = aplz
usyy (((((€==0%"J40°QT==9Y) pue-QT==UNJITJT pue" G==U0ST)"Jo"
9 (0T==16e14T pue’ [==gbe14T)) pue Qp-TZ=>UTMp) J0* Z=>UT]IT) 4T
bunuadsyitoz Jouassa04b ua31buTpag

681

0281

S181

0181

S08T

0081

S6LT

06L1

G8LT

08L1

SLLT

GOT UOA Zg 91T9S

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA T€ 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



oppus 5007 oppua

AEU.Eou~wL._”vmew 1182 AEU.Eou.wgﬂvmwsw 1182 u._” = oJdT SvoT
3TXd (@==X0T'pue’ ¢=>e1dT'pue’ [=<eldT) 4T 3TXd (£08-==d0T 40" 666==d0T 40" Gge==doT"Jo" Tg¢==dOT
e1dT (XO0T=3B3SOT 4 'x)pead 9 "Jo* pge==doT"J0" (z/e=>dOT pue’ (/£=<dOT) 40" T9¢==d0T
(,0u,=20ueApe’ (R R *40° p9c==doT* 40" [Ge==doT 40" PGE==dOT*J0"* Qcc==doT
9.0 ¢ (€)ruty ‘(2)queyd ‘(1) J4Ad  -1193suo) ), ‘AT)93ITIM 0002 § "Jo* gze==dor-do’ @Te==d0T'J0’ PPE==d0T 40" (6Z==0d0T
op 0T § "Jo* pgz==dor-Jo’ @/z==d0T"J0" (97==d0T 40" (Gz==dOT ov6T
usuoTirsoduaiaueld * " i Ry *J40° Ppz==doT 40" @Qcz==doT* 40" @zZ==dOoT 40" (Tz==dOT
Trrrreresesessessssess s 00RARd JOP 9QROUTD19ZUTT JONY SSNUBRT T Tt R *J40" pPZ==doT'J40" (7pT=>doT pue: PpT=<doT) 40" (8T==doT
9 ‘Jo* @/T==doT
uaniau G661 v€ Jdssne ge-/T ‘qel ‘z yong '¢ i
(30T ‘T 'dOT‘YBT 43JNU‘ETMP ‘ZTMP ' QUONTMP ‘ TMP ‘TOpP [z ‘He’xewz ‘uTwz ® "40* (615=>doT pue* /1G=<doT) GEBT
9 ‘plTQUT TYT‘uoST dols‘xewet ‘ydeT e)T‘1edT ATUNT ‘daST ued]yT ® "40* (z16=>doT'pue’ @1G=<doT) 40" (ZpG=>doT pue’ PPG=<doT)
9 ‘SJOAT'AL'OT'QUONT‘HOWT‘pOWT ‘UT)T e1dT)a1T43InduT 118D § *Jo (zZ6y=>doT pue’ @ey=<doT) 40" (18y=>doT pue* @Egy=<doT)
L1 wiedut, sne Joilsaweded Jap UISIUTI * - § 40" (T/p=>doT pue* @/y=<doT) 40" (T9y=>doT pue* P9y=<doT)
0661 8 rJ0° pGy==doT
3TPUd ® "Jo* (Zyp=>doT'pue’ @yy=<doT) 40" (zey=>doT pue’ QTy=<doT) 0€6T
.}°Z-J9suT, T9leq J9p bunbnezu3z | 69 = doT (£08-==dOT) IT § 40" (zOy=>doT pue PQp=<doT) 40" (7ZE=>doT pue* ppc=<doT)
89 = doT (G==pT-pue’ ge==e1T) IT 16-6€ "qel ‘,usidueld pun usptwedhd, "I i
PT + 99 = doT (I=>pT'pue’ ge==e1T) IT 9 "Jo* (G[=>doT'pue’ (@=<doT)) 4T
".031dyde, ‘e's z/g€ ‘1,€=0dOT 199 | PT + €9 = doT (/E£==B1T) 4T G861 (g ‘usuoTidp anaN, J93un jdoquwwesboid wi ‘e*s ‘udaydang i
pPT + 19 = dOoT (9¢==e1T) IT udjuueusab usqo uaptag sne us)1agel Jany usuotidg susbuoqusp i GZ6T
PT + 65 = doT (Ge==e3T) 4T
B1T + Gz = doT (ge=>e1T pue’ QE=<€1T) 4T JTPUS fudnidd H=3N0T (04UT 11Bd ‘udyl (TTT==dOT) 4T
dot (67==e1T) IT JTpua 10T 03 06 (4 ‘AT)33TJM !udyr (p==dOT) 4T
e1T + 97 = dOoT (87==e3T"J0" /7==B1T) 4T 0861 odot=doT :oppud
dot (9z==e1T) IT (wp‘wod‘24T)Sswd 11ed 0Z6T
doT (Gz==e1T) 4T 3ITXd (0==XOT) JT
B1T + 87 = dOT (y7==e3T'J0" £7==B1T) 4T 0dOT (XOT=31B1SOT 'y "y )pead
0S = doT (zz==eiT) 4T . ¢ (suotido xoo0q 40 GT'°Q), (0) suotido paireisp,
e1T + gz = doT ([z==e3}T°J0" (7==e1T) 4T GL6T 9, (ITT) 04UT,(,0uU,=dduUBApPR’, (9ZR‘XE QTR XE'0OTR XB), ‘AT)DITIM
PT + Gy = doT (6T==B3T) JT op GI6T
B1T + 97 = dOoT (8[==e3T"J0" /T==B1T) 4T op
(43 waedut, TO1EQ JON4 JB3BWRJRd) Z Yong i (0L'1=T",-.)
8. (ST) 1S93-1WAL. ‘. (0T) paztwtutw 4,‘,(g)  uotiayde Jeau,
PT + ¥9 = doT (/=<pT'pue’ [G==e}T) IT 0L61 9. (pT) "1d v ‘ABAzAs,‘,(6) 880€ ‘sAep G'T,‘,(¥) 880€ ‘shep G'T,
PT + 0t = doT (Z=>pT'pue’ [G==e1T) IT ', (1) *1d € ‘ABAzAs,*,(8) 88@E ‘TT "3sSuod,’,(g) 88OE ‘TI ‘3suod, 0161
PT + L€ = dOT (I=<pT'pue’ @G==e1T) IT . (21) 41 SnusA, ‘L (L) ‘nbs sua1dayl, ‘, () "yde e ‘JusW AT,
T = doT (p==pT-pue’ @G==e1T) IT 9, (1T)  *43 Aundusy, ‘,(9) *d4ad 1e ‘usp gg, ‘. (T) "yde e ‘Jusl Q€.
PT + 8z = dOT (T=<pI‘pue’ Gy==e3T) JT R (oL'T=T",-,)
¢ = doT (@==pTI-pue’ Gp==e31T) IT GO96T R ‘,ABAzAs ‘sytTsuedy,’, d 1eaJ9 ‘suaaqueyd,‘,ez19 Lo SpTwedAd,
PT + 9¢ = doT (8y==B3T) JT 9 (. (TBOL‘XS B GO6T
PT + p€ = dOT (/y==B1T"J0" Op==B1T) 4T R ‘(/81@'(X9'61R)Z'X9)G/TeOL XS/9TR XL ‘TR X6 9TR X./) , ‘AT)83TIM
7 = doT (Gp==e3T) 3T SNUBW-14e1S11dUYdS * *
PT«E + €2 = dOT (yy==e31T) 4T
PT + 1€ = dOT (E£y==e31T) 4T 0961 (. (Co-0)ET'X6T) , “AT)OITIM
JTpud (.(,,ST0Z dunc ‘td wedbodd,, ‘XQE), ‘AT)d3TIM 0061
PT + Tz = dOoT (8=<pT) 4T (. (. NOILY13440D AYVLANYId., ‘X0E), ‘AT)@3TIM
€ = doT (/==pT) 4T (. (C-00)€ N xom\\\v_.>ﬁvaﬂhs
PT + zz = doT (9=>pT) T op'o = ‘0 = 94T ‘g = oT
uayl (zp==e1T1°40* Tp==e1T) 4T GG6T T =ue LHH u = eydr !9 = A1
PT + 61 = doT (Ov==€3T) 4T "1TUT- m;a i /0/eaT eiep G68T
PT + 9T = doT (6E==€31T) 4T wod :: (9g)J4e@3rdedeyd
(,3 wiedut, Ta1eQ J3N) Jd1dweded) T ydng i (z-0‘y-e) uotTstoauad ayqnop 3TOT1dWT
..................................... jJeiswwedboad pun uaiepindur-----
0T/(pT-doT) = eyt {(@r‘doT)pow = pt 0S6T (3n0T'QdOT ‘ST U34NU‘ETMP ‘ZTMP QWO TMP‘ TMP‘Tap[z ‘ye’xewz‘uTwz
uayy (Gr<dot 4o’ >doT) 4T 9 ‘plT'QUT TYT U0ST doys ‘xeweT ‘ydeT ‘e)T‘1eOT ATUNT ‘daST ‘URILT 0681
uoT1dp usuagababuta Jap Buniuasamsny * * R ‘SUSAT'AYL‘OT‘QUONT‘poWT‘powr‘ut)T‘e1dT)erepindut autinoaqns

GOT UOA € 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA €€ 91195 664" vd/pd-Hoad/suey/awoy/ :133eq



0 = &)1
9610JUBYTOY JOSITP UT JaWWeNUdS)ad pun -uduutbTus0Yy ‘-SBTUD0Y
Nz (W) Jn3JaW pun (A) SNUSA ‘(3) 9pJ3 udisueld Jap Bunupaonz

JTpus
oppua
(wp‘wod‘aJT)Sawa 11ed
1TX® (E==XOT'pue* (z==ATUNT 40" T==ATUNT)) JT
ATUNT (XOT=3B1SOT 'y ‘y)pead
(,ou,=2doueppe’ ( §

9., + (2) 1n ‘(1) LL /3ac wa3isAs awrtl ), ‘AT)33ITIM
op
usayy (g=<dasT pue* z=>UT|T'pue’ [==UBJ}T) JT
T = ATUNT
SWT] 1BSJSOATUN "MZQ BWT] 1PTJISSJUD]
oppud
(wp‘wod ‘eJT)Sawa 11ed
1TX3 (Q==XOT'pue- (7==1e2T"J0" [==1edT)) 4T
12T (XOT=3B31SOT 'y ’,)pead
(,0u,=20ueApR’ (B
., (g) *BaJ9/nc ‘(1) ‘bBo49 Aquo Jepusied ), ‘AT)93TIM
op
0 = 180t

Jepuajed uetdobaug Ajuo
JO J9pualed JO 9OTOYD JTIRWOINy :Jepudied uetdobasg/ueting

JTpus
oppua
(wp‘wod‘sJuT)Saws 11e2
1TX® (p==X0T'pue’ {=>dasT'pue’ T=<dasST) JT
doST (XOT=1B1SOT‘y‘x)pead
(,0u,=2dueApR’ (B

R.,, : (¥) so1bue uotitsod pue saseyd ]
8 /..(€) saseyd ‘(z) issdeau ‘(1) '71'nba 23ieq ,.),'AT)d3TIMm
op
uayl (gz=>utT)T"pue’ T==UEJ]1T) IT
T = dast
U193UTMSUOTITSOd 3}TW jeuotido ‘uaseyd J4ap Bunuydoausg Jspo
uoTlededas Joajewtutw ‘sSbuse X9 J49ydTa1b Taq Bunyianud-iTsued]
JTpUD
T = OT (Z==UeJ1iT) 4T
oppua
(Wp‘wod‘@4T)SaWe 11€2
1TX® (@==XOT'pue’ (Z==UBJIT'JO [==URI1T)) 4T
UBJIT (XOT=1R1SOT'4'y)pedd
(,0u,=20ueApe’ (8
., ¢ (7)) ou ‘(1) seh 3tsuesy Aueisuerd yosydy ), ‘AT)93TIm

op
Uy} (€=<UT)1T'pue-T==qUONT pue-g==e1dT) 4T
(*2ST buTuaab ydoou Jnu bBunganud-iTSued|
J9p udsse1bam younp 1T93JOASITINOTPUTMYISDYH J3p SUTINOY-/8dOSA
Jap bunuaTtwrido yoeu ep ‘1besyabge aysw IYSTU pJTM uoTidQp 9S9TQ)
UOTSJDA110A-dOSA T9Q udjandd dUUOS JOA 3ITSUBJIISNUDA PuNn -JnyJal

$TpUS
T = SU9AT (Z==A1) 4T
oppua

0c1¢

ST1C

0TT¢

S0TC

00T¢

S60C

060¢

§80¢

080¢

SL0C

0.L0¢

(wp‘wod“aJT)SaW™ )2
1TX3 (@==XOT- pue" (7==A1"J0" T==A1)) 3T
A1 (XOT=3B3SOT 'y ‘y)pedd
(,ou,=2doueApe’ (R
wa3sAs ), ‘AT)o1Tdm
op
uayy ((z=>e1dT-pue’ [==QUWONT'pue* [==pOWT) 40" [=/POWT) IT
€ = SJU9AT ‘T = A
('z => e1dt "mzq
uoT1dQ SUT®Y <= snas nz "mqy =buTusb :9EEZC 'n S3ITSued] Tag)
L8d0OSA UOA UOTSJIIA

9., (2) 0000ZC ‘(1) yoods jo 129

1TpUS
T = yOWT Z = pout
usyl (y==pouwT) IT
T = POWT (Z==pouwT) IT
T = QWONT (T==pouT) 4T
0 = pout
("3ST T = QWOMT S11B} ‘119SYJSM powT ep ‘34ysntabuTd pJTm youT)
L.POWT, SJaldweded Sop uJdapuay
oppua
(wWp‘wod‘SJ4T)Sawa 11ed
4TpUd
4TPUD
1TX9 (@==XOT'pue’ 7z=>pouwT-pue- T=<pouT) 4T
POWT (XOT=1B1SOT 'y ’y)pead
(,ou,=20uenApe’ (,, + (Z)'A 3doOys,, ®
9 ‘.. “(T)'A 11N} UOTSUDA-/8dOSA . .) . AT)33TIM
9519
1TX® (Q==XOT'pue ¢=>powT'pue- T=<pouT) 4T
POWT (XOT=1B1SOT 'y ‘x)pead

(,ou,=2dueApe’ (,, : (g)1dey,, ®
8 ‘0. ‘(Z)°A 3doYs ‘(T) TQWOd  £8dOSA . .) . ‘AT)SITIM
usyl (E€=<uT\T) IT
as1@

1TX3 (Q==XOT'pue’ p=>powT’pue: [=<powT) 4T
POWT (XOT=3B3SOT 'y ‘)pead
(,0u,=20ueApe’ (8
8., ¢ () uoTsu4an 114 ‘(€) "nba ‘yday 8
8 /..'(2) UOTSJ3A 3Joys ‘(1) 'Tquod [8d0OSA ), ‘AT)®3TaM
uayy (e=/e1dt) It
op
0 = quoxT
(€)"1d3X ‘(2)"AL10A ‘(T) AZJInY [8dOSA : UJDIUT
(¥) "A110A ‘(€) 1dd) ‘(Z) Azdny ‘(1) Tquwoy [8dOSA : 9qebur3
*('n*s) ,powt, SJa3dweded sap bunuspudy auTd JaTY 1H610}4d S3
d1uUeTJBA-3TJ03YL ‘dOSA

JTpuUs
oppu?
(wp‘wod‘a4T)Sawe 1]1ed
1TX® (P==X0T'pue- p=>UT1T-pue’ T=<uT]T) JT
UT1T (XOT=1B1SOT'x‘x)pead
(,ou,=20uenpe’ ( §

R, ¢ (¥)70d-% ‘(g€)r02-¢ ‘(Z)"USA ‘(T)'48W "JL ..),‘AT)®3IT4M
op

uayy (g==e1dt1) 4T

v = UT1T

91TSueJd| ‘U0T1e]]191SU0YJeauT]

§S90¢

090¢

§G0OC

060¢

Sv0C

0v0c

GE0C

0€0¢

§20c

020¢

S10¢

010C

GOT UOA 9g€ 91T8S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA GE 91T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



3Tpud
oppud ovee
(wp‘wod‘aJ4T)Saws 11ed
1TX® (@==XO0T'pue- ¢=>TYT'pue’ T=<TYT) IT
TYT (XOT=3B1SOT 4 ‘x)pead
JTpud
(,0u,=a9duenpe’, (R GETT
R, = (€) 1sam ‘(z) °1ppTw ‘(T) 3ses 1nem . .), ‘AT)erTam
as1e
(,ou,=aduenpe’ ( §
'pJo0d-z ), ‘AT)93TIM
uayy (T==e1dT1) 4T 0gCe
op
uayy (p=<uostT-pue: ¢=/e1dr) 4t
0 = Tyt
91YundJuamydS- Jdp "MzQ UdYDdde)4pundn-udpTwedAhd Jap abejusysoq -

9., ¢ (g) doa ‘(z) W-2 ‘(1) ®seq

qzee
JTpuUd
UOST (g==ZUOST) 4T
UOST (Z==ZUOST) 4T
oppua
(wp‘wod‘auT)Saws 11ed 0z2e
1TX3 (O==XOT'pue- (((£==guoST 40" 7==guosT) pue’ z==e1dT)
9 *40°(€=>ZUOST'pue’ [=<guosT‘pue: [==e1dT))) IT
ZUOST (XOT=1B31SOT 'y ‘)pead
JTpUd
(,ou,=aduenpe’, ( ® G12z
S('wTp-994y3) uns ), ‘AT)93TIM
9s19
(,0u,=20ueApR’ ( ”
9., + (€) x3aLrd/ae ‘(z) 31s/ae ‘(1) ac ung ), ‘AT)93TIM
uayy ([==e1dt) it 012z
op
uayy (£==U0ST) IT
G = UoST (G==ydet) 4T
1BUOTSUBWTIP-E J43p0 -z bunuydausag ‘uoTiTsodusuuos oTad4 * ° |

S
14

9., ¢ (€) xaLr4 ‘(7) 31S

S0¢e
JTpUs
oppua
(Wp‘wod‘a4T)sawd 1]1ed
1TX® (@==XO0T"pue- (((Z==u0ST"J40" T==UOST) pue" ¢==pouTt)
R 40’ (£=>UOST pue’ T=<UOST'pue" 7=>pouT))) 4T 00¢¢
4Tpud
€ = UOST (Z=>pouT) JT
EI3E)
UOST (XOT=3B1SOT'y‘x)pead
4Tpud S61C
(,ou,=aduenpe’ ( §
40 ynos ‘sod uns ), ‘AT)93TIM
9s19
(,0u,=20ueApE’ (N
.0 1 (€) 9844 “(2)439ud (1) "MAW sod uns ), ‘AT)33TIM 061¢
usyi (z=>pout) IT
uayy (z=>ydet'pue* [==e1dT) IT
op
uayy (e=/e1dt) It
T = uost G81¢C
uoTitsodusuuos *

.o b ()48 (1) AW

3Tpus
3Tpus
T = OT (Z==pouT) 4T 081¢
oppua
(wp‘wod“aUT)SawWs 112
1IXd (Q==XO0T'pue-pz<dails) IT
da1s (XOT=1B1SOT'y‘y)pead
(,ou,=adueApe’ (,, : (1ead ‘sanoy) yiptm dois ,,),‘AT)93T4m S/1T
op
oppua
(wp‘wod‘aJT)Saws 112
1TX® (@==XO0T'pue- pOEOZ=>XeweT-pue’ Q<xeweT) JT
XeweT (XOT=1B1SOT’y’y)pead 0L1C

(,ou,=2duenpe’ (,, abessed Aunouap Jad sdois ‘AT)931TaM
op
uayy (p==yder-to- g==ydet) T
oppua
(Wp‘wod‘aJT)Sawad 112 G917
3Tpus
3TX3 (@==X0T'pue’ (z==yder-Jo* T==yder)) 4T

ydet (X0T=3e3SOT'x’x)pead
(,ou,=20uenpe’ (§
abessed ), ‘AT)93TIM 0912
?s19
1TX3 (p==x0T'pue’ p=>yder-pue: T[=<ydet) 4T
ydeT (X0T=1E1SOT'y’4)pead
(,ou,=20uenpe’ ( §
Rt () (€) (2) (1) - GSTC

9., ¢ (g) uoryayrdad ‘(T) uotriayde

8 /,,"4ad /'yde jo eause -uad /-yde obessed ,,),‘AT)93Tam
Usyl (T==pOWT'pue’ E==QWOXT'pue’ 7=>pOWT) JTS1d
31TX3 (p==XO0T'pue- (G==yder-Jo* z==yder'Jo* [==yder)) 4T
ydeT (X0T=3e31SOT'y’y)pead
(,ou,=9duenpe’ ( § 06T
R,, + (g) @44 ‘(z) "49d ‘(1) ryde obessed ,,),‘AT)93IT4M
usyl (O==powT'pue’ T==qWONT pue" 7=>powT) j}TI3s1d

3TX3 (@==X0T'pue* ¢=>yder'pue’ T[=<yder) 4T
ydet (XOT=3B31SOT'y‘y)pead
(,ou,=sdueApe’ ( ® SY1C
R (8 () (€) (2) (1) L8
R /,.,9944 ‘uad/ yde jo esause -uad/-yde abesseqd ,,),‘AT)o1Tdm
uayy (O==powT- pue’ E==qWONT'pue" 7=>powT) IT

op
usyiy (e=/e1d1) It ov1e
0p° vz = dais
O = Xewet
T = yder
uv_csaw..an J3Tod]) Jop0 19yTdad "Mzq ._.wr_a< E:\E..n wuv_c:Q#.ﬂwN o
GETT
3TpUd
oppud
(wp‘wod‘aJT)Sawe 11ed
1TX® (@==XOT'pue- 9=>Be)T'pue’ T=<ejT) JT
BYT (XOT=3B3}SOT '’ y)pead 0€1Z
(,ou,=20uenpe’ ( §
R0t (9) F-A-W (S) A-F-W “(P) 3-W-A N
R /00 (€) W-3-A “(2) A-W-T ‘(1) W-A-3 sisueld ), ‘AT)93Tdm
op
uayy (€=/powt-pue z==e1dT) 4T qT1e

GOT UOA 8E 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq

GOT UOA [E 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



uayy (Z=>UOST) 4T
op
oppua
1TX3 (p==9JT) IT
(24T powT‘wp ‘T TIMp‘Z)3d0ydd 118

4TpUd
3TpUd
A_oc.nmucmzum.;__ H N
9 ‘.. [%] UTW3ITY 3Jeis ‘3doys doSA ‘sod-4 “xe ), ‘AT)93TIm
9Ss19
A_oc_uwucm>_om.;__ H N
9 ‘.. [%] (1e84) "JdA 140YS JOSA sod-4 ‘xeW ,,),‘AT)83TIM
uayy ((T==quoXT'pue’ G==ydeT)'J4o* G=/ydeT) }T
9s19°
(,0ou,=20uenpe’ (,, : N
R ‘., (1ead) 1J40ys doSA "bBbuoy 129 9duessyol ), ‘AT)93T4M
0P 0T = Wp (£=/pOWT) T
uay} (Z=>Uo0ST) IT
op
9s19
oppua
IIX® (0==94T) 4T
(24T pouT‘wp ‘T TIMp‘Z)3d8ydd 118
JTpuUd
(,ou,=20ueApe’ (,, : ,, ®
R ‘.. [%] (1ea4) -duad suotyayde 1e sod-4 "xel ,,),‘AT)93TIM
9s19
(,ou,=20ueApe’ (,, + ,, N
R ‘,.(1e94) yidae3z ‘snusp ‘HBuoy 129 dduessa10l ), ‘AT)93ITIM
OP' 0T = Wp (£=/POWT) 4T
uayy (z=>U0ST) IT
op
uayy (G=/ydet-pue: p==qUONT) 4T
uayy ((((p==ydet-uao* ¢==ydet) pue: z==pout)
§ *Jo* z=/powt)-pue’ GT==plT-pue- ¢=/e1dr) 4T
0P66°66 = WP @Z = QUONTMP
0z = €IMp
0z = ZIMp
0z = TMp
J91ys4 JBATIRYSJ *MZQ 11BAJDIUTISNUIM
JTpus
oppua
1TX® (0==94T) 4T
(4T powt‘wp ‘e 1aplz’1)329ydd 112
(,0ou,=adueape’ (,, : (1esd) 3ar L) fAT)e3TAM
op
uayy (e==pf1) I1
0z = 19p(z
T = 0T (@z=/dd3s pue’ g¢==e1dT) IT
G = UOST (pz==d931S) JIT
JTpus
JTpuUs
oppua
(Wp‘wod ‘2J4T)SawWe 11e2
1IX® (P==XO0T'pue’pz=<dols) JT
do1s (XOT=1B1SOT‘y‘x)pead
(,ou,=20uenpe’ (8
9., (1894) (0 yodeas--utw) [sday] yiptm dois ), ‘AT)93TIm

09¢€¢

GGeC

0G€e¢

Svee

ovee

GEee

0€ee

T4 Y4

0cee

S1ecC

0T€C

S0€C

R

(,ou,=aduenpe’ (,,

(.ou,=aduenape’, (,,

(,ou,=adueape’, (,,

(0) 3ar

(0) 3ac

¢ (g)ruap

op
usayl (O==quoMT-pue’ £=<uT\T) IT
0z = dais
uayy (g==e1dt1) 4T
4TpuUs
JTpud
oppu?d
1TX® (p==94T) JIT
JTpus
T =91
(Wp‘wod‘aJT)sawd 1]ed
uayl (p==oJT'pue-Xewz=<uTwz) }T
(94T ‘powT‘wp‘T‘xewz‘T)ydaydd 7112
1(1ead) Jeak 1TIun L) fAT)e3TAM
op
oppu?d
1TX® (p==94T) JIT
(SJT‘powT‘wp ‘T uUtwWz‘T)3o9ydd 11Bd
1(1ead) Jeak  wouy L) fAT)e3TAm
op
9519
oppuad

IIX® (0==94T) 4T
(94T ‘powt‘wp’z e T)yd23ysd 1€
f(1ead) ¥ ) tAT)erTam
op
uayy (e=/e1dt-pue z=>yder-pue: 7==powt) 3T
uayy (Gr==plT) I1

0Z = xewz
0Z = UTWZ
0z = e
JTpUD
oppua

(wp‘wod ‘aJT)Sawe 11ed
1TX® (@==X0T'pue’ GI=>p[T-pue’ g=<p(T) IT
PLT (X0T=1E1SOT'‘4)pead
4TpUd
(,ou,=20uenpe’ ( §

‘(GT) sdedk  ‘(pT'°'1) "1183suo0) ), ‘AT)d3T4M
9519
(,ou,=20uenpe’ ( ®
“(ST) "ON-Y ‘(¥T''T) "1193suod ,,),‘AT)93TIm
uayy (z=>ydetr-pue: z==powt) 4T
op
usyi (G=/ydeT-pue p==quoT'pue* ¢=/e1dT) 4T
ST = plr
3ac uoAn bunuydsdag "mzq agebuy
JTpud
oppua

(wp‘wod ‘aJT)Sawe 11ed

1TX® (@==XOT'pue’ G=>QJT°pue’ T=<QJT) 4T

QJT (XOT=1B1SOT 'y ‘y)pedd
(,ou,=20uenpe’ (8§

“(p-z)"dOW  (T)°129  "p4oo) ), ‘AT)93Tm
op
usyl (T==UOST'pue’ z=>powr'pue’ g¢=/e1dT) 4T
T =0qJT

uyeqsnuap Japo -JnyJd “‘YTIdT1YNI duagapundy

00€C

S6¢C

06¢C

§8¢c

08¢c

SLee

0L¢C

§9¢¢

09¢c

§Gee

0G¢c

Svee

GOT UOA QF 931TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA GE 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



1TX® (Q==XOT'pue’ (y==31N0T*J0* 7==1NOT'J0" T==1N0T)) 4T uayyl (T==UeJ}T‘pue’

INOT (XOT=1B1SOT 4 ‘y)pead 9 €=/pOWT’pue’ G==UOST'pue’ ¢=<uT|T'pue’ ¢==e1dT) JT
(,ou,=20ueApPR’ (,, * ,, ® T = J43Jnu
9 ‘. (¥) ¥TX® ‘(Z) 91T4 + ‘uow ‘(T) Jo3TUOW ), ‘AT)93ITIM SL¥T JTSUBJL 3TW JNU UOTINUNLUONISISTA JDPO -JDTBIQ * * |
8s1@ SIve
1IX® (O==XOT'pue’ p=>3}N0T'pue’ T=<}noT) JT 3Tpud
INOT (XOT=3B1SOT 'y ‘x)peadd J4TpUd
(,ou,=20ueApPE’ (,, : ,, ® oppud
‘i (p) 3TX® ‘(€) 1eTdads ‘(z) @114 ‘(T)UOW ), ‘AT)93TIM 0LvT 1TX® (O==9JT) 3T
usyy (G==uost-pue‘ z=>e1dT'pue’ 7=>pout) jJT (9JT'powT‘wp ‘T qWoNTMP‘Z)3d3ydd 1182 0Tve
op (,ou,=20ueApR’ (,, ¢ ,, 8
1oeJabaqebsny * * 9 ‘,.(189d4) "A 11Ny dOSA ‘. " W) fAT)eRTAM
op
JTpUd S9ve oppu?
4Tpud 1TX® (O==9JT) JT sove
oppua (34T powT‘wp ‘T TMp‘Z)3d9ydd 118
(wp‘wod ‘auT)Sawe 11e2 (,ou,=20uenpe’ (,, + ,, R
1TX® (@==X0T- pue’ (7==0T 40" 7=/0T)) JT ® ‘,.(1€34) ‘A 3J0ys dOSA ‘Sbues ueynbue 103 ), ‘AT)9ITIM
OT (XOT=31B1SOT'4‘x)pead 09t¥¢C op
(,ou,=20ueApPR’ (,, ! ,, ® as1@ 0012
9 ‘,.(2) papusixa ‘(1) 1ewsou anding ), “AT)93Tdm oppua
op ITX® (0==94T) 4T
uayy (g=/ydetr-puer Q=={OWT) 4T (84T pouT‘wp’T IMP’ viuw;ua 1182
T = 0T (G==ydetr) 4T iz = OT [ 24 (,ou,=a2duerpe’ (,, + ,, R
uayy (==0T) 4T 9 ‘,.(189d)  9pn3TbuO) 3dT193 4O bues ‘Buy ,.),‘AT)S3TIM G6ET
agebsny * * op
usyl (e==quoxT) JIT
JTpUd uayl (e=<uT)T'pue ¢==e1dT) }T
oppud 0sve 4Tpud
4Tpus 3Tpus 06€¢
ITX® {7491 (pI==p[T 40" gl==p[T 40" (TT=>p[T pue’ 9=<p[T)) 4T oppud
NEXS 1TX3® (Q==94T) JT
CIE] (94T ‘poUWT‘Wp‘T ETMP’ viuw;ua 1182
(wp‘wod ‘aJ4T)Sawe 11e2 Shhe (,ou,=20uenpe’ ( ]
JTpus § ‘,,[%] 49d/uot19yde puoksq jutud N N , _>ﬂvaﬁgs G8€T
1TXS (P==XOT pue’ g=>}3T'pue-’ [=<3T) IT op
N9T (XOT=1B1SOT ) ‘x)pead oppu3
(,ou,=20ueApPR’ (,, : ,, ® ITX® (0==9JT) 4T
9 ‘.. (€) S/N “(2) S ‘(1) N "3dT128 wody M3TIA ), ‘AT)93TIM ovve (4T pouwTt‘wp‘T‘ZIMP’ viuwsua 11e2
as1@ (,ou,=a0uenpE‘ ( 08€T
1TX® (Q==XO0T'pue" z=>}aT'pue* Hleva 3T R ‘,,[%] BuTluTJ4d 3INOYITM JDPTSUOD N N .
39T (X0T=3e3SoT’ Tk ‘x)pead
(,ou,=20uenpe’ (,, : .8 uayl (p==yder-do- ¢==ydeT) JT
‘., (2) yanos ‘(1) yrJdoN OT1dT129 WOJ) MITA __v_.>ﬂvwaﬂhs GEYT JTpUd
usayy (p==pl1- 40" (Z=>ydeT'pue* z==pouwt)) JT oppud SLET
usyy ((e==plt-40* GT==p[T) pue’ z=>UOST) JT 1TX® (O==9JT) 3T
op (94T ‘powT‘wp ‘T quoTMp‘Z)3daydd 11ed
uayy (e=/e1dt) It JTpUd
= 9T [0} 44 4Tpud
usuyequaiaueld 9Tp jne BunydTINOIIg * * (,0u,=adueApE‘, A oot R 0LEZ
9 ‘.. [%] obues 1euTy ‘340Ys dOSA " " \) . *AT)93Tm
JTIpUd as1@
oppua (,ou,=aduenpe’ ( . R
(wp‘wod‘aJT)Ssws 1182 T4 44 R ‘.. [%] (1ead) "Js8A 11n4 dOSA " ) AT)eTAM
ITX® (Q==XOT'pue’ (Z==J43J4NU°J0" T==d3dNnu)) 3T usy1 ((T==quoxT‘pue‘ ¢==yder)-o* ¢=/yder) 3T G9€T
J3JNU (XOT=3B1SOT ‘4’ x)pead as1@
(,ou,=20ueApPR’ (,, * ,, ® (,ou,=2dueApe’ (,, : ,, ®
‘.. (2) satsuesy Auo ‘(1) suoriounfuod 11y ), ‘AT)93ITIM R ‘L (1ead) 114 dOSA " " ) fAT)erTam
op 0Zre 0P 0T = wp (g=/powT) 4T

GOT UOA Zf 91T9S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA T 91195 664" vd/pd-Hoad/suey/awoy/ :133eq



(S)A(G)X“(P'E)XXd i UOTSUSWTP

auTinouaqgns pus G6ST (z-0‘y-e) uotstoaid ajgnop 3TOTdUT
( (/0 (0 f"2r94,  rxew) . 8 e LUTW3IT4, UT UudLYeZ JOPO UDTIZ-3INdUI UOA UBYISNBIJI\----- GEST
Q ‘,, 9bue) 001 Jaqunu <---- ,,/) .>vauﬂgs (€==0uT) JT (Xput‘A“x‘xxJ‘z[‘zT*snpowt)abueydd autinoaqns
wod(, (/9ce ®
R ‘., "3nduT 129440DUT <---- ,,/),‘AT)93ITAM (Z==94T) IT auTlnoaqns pus
(. (/.. 3ndut 1284400UT <---- /), ‘AT)3IT4M (T=>3JT) 4T 065C (Xput‘A‘x‘xa‘g‘1 1)abueysd 11ed (9==06T) 3T
At (Xput‘A‘x‘xa‘z 1 1)9bueysd 1182 (y==bT) 3T 0€ST
wod :: (9g)aa3rdeaeyd (XpUT‘A‘x‘x4‘c‘z*1)obueydd 11ed (G==b1 40" H==06T-40" 7==6T) IT
(z-0‘y-e) uotrstoadd ajqnop 3TOTIdWT (XpuT‘A‘x‘xa‘z'T‘1)obueydd 112 (G==bT"J0" ¢£==bT) JT
.................................................... obessaw Jodug----- (S)A(S)X“(P#*E€)Xd :: UOTSUDWTIP
(wp‘wod‘SUT)SaWS auTINoIgns G8ST (z-0‘y-e) uotstoaid ajgnop 3TOTdUT
I-AW 9 ‘A-T-W °S ‘F-W-A ¥ ‘W-I-A CE ‘AW-TF T ‘W-A-F T :bT Y414
auTinouqgns pud 1ualaue)d 1TW JBWWEUdS1d4 ‘N -uduuthTUs0Y ‘-SHTUDOY 9610 uUdYTIY
(Wp‘wod‘auT)SawWd 1182 (O=/94T) IT oo Bunupaonz-Jawwe)y-usiaueld Jap bunispuay-----
JTpUd (x4 ‘bT)SJaaqueyd autinouaqgns
€ = 9T (wp<d) 4T 'T = 2T (0P 0=>d) IT 0852
usyy (P==9JTI'pue z==T) JT3S1d autinougns pud 02ST
JTpuUs (eT)9s012
34TpUd 34TpUs
0 = 94T (£Z'T=T' %) aNT “(LZ'T=T'.%.,) (%'0T)°3Tdm
9s13 SLST (6S°T=T',-,) (x%'0T)93TIM
(7000 089 ZT => 3AC ‘000 0¥Z 6-) , = wod INOT'OT 33T U3dnu (, (ETH), ‘OT)9ITIM S16C
uayl ((OPT 000089ZT<d 40" QPT'0OOOFZ6->d) *pue’ g==u) JT3S1d E€TMP ZTMP ‘QUONTMPTMP (, (£°84¥), “OT)DITIM
("000 LIT => X => 000 €€I-) , = WO Toplz ye‘xewz ‘utwz (, (G GT4 G ETIE), ‘OT)OITIM
uayr ((epto- QGGNHHAQ 40" OPTO O00EET- VQV puer z==u) j}T9s13 PLT'QIT TYTUOST (, (YT ETE), ‘OT)dITIM
("000 0 => Jedk => QOO 0E-) , = WOd 0LST doys‘xeweT ‘ydeT e)T1@IT (, (S OTS 9T 'ETE), ‘OT)ITIM
uayiy Aﬁovﬂoeeo 0000€<d 40" QPTOEOOO" oooom >d) "pue’ T==U) 4T ATUNT‘d3STUBIITSIDAT AL (, (€TG), ‘0OT)33ITIM 0TS¢
9s13 QUONT ‘HOWT ‘powT ‘UTITe1dT (, (E£TG), ‘0T)93TIM
4TpUs Oppu® ! (x‘0T)ped4 IpE‘TI=T Op
0 =934T (,3°3TpauT, =911} ‘QT=3Tun)uado
9s13 G9S¢C usyl (z==MJT) JT3S1®
. (7000 ov6 L => 3ar 000 0€0 €-) , = wod 1NOT 0T 3T 41INU (% 0T)pead 50S¢
usay:r ((OPT 0000v6L<d* 40" OPT 0OOOEOE->d) pue: c==u) JTas1d €TMP ‘ZTMP QUONTMP‘ TMP (% ‘0T)pE3
(000 €9 => > => "000 €9-) , = wod Toplz ‘e ‘xewz ‘utwz (x‘OT)pead
uayy ((eptoe” ooomoAa 40" OPTOO 000E9- VQV puer z==u) }T9s13 PLT‘QUT TYT'UOST (x'OT)pead
('000 LT => Jedk => '@EO €1-) ., = WOd 095Z doys‘xeweT ‘ydeT‘eyT‘1e@dT (% '0OT)pead
usy3 ((OPTE00" 000LT<d 0" OPTEA0O" ooomH >d) *pue* T==u) 4T ATUNT 'd3ST‘UBJLITSIBAT AL (%'0T)pead 00S2
uayl (g=/pout) It QUONT ‘#OWT ‘PowWT ‘UTITe1dT (%‘0T)pead
¢ = 9dT JTpUd
usyy (e==aJT-pue 1==T) JT Oppud :(x‘OT)pEdJ IpZ‘T=T Op
T = 94T (0=/X0T) 4T 'd (XOT=1B1SOT'yx'x)pedJ ! = 3T GGSC (,3°31pauT, =314 T=3TuUn)uado
wod :: (9g)d@3deURYd 9519 S6¥Z

(z-0'y-e) uotstoadd ajqnop 3TOTIdWT
(*,40J4JD OU, SuedaW @ = SJT) SJT SP0D J0JJD i
an1eA pamolle wnwixew :wp ‘ud31dweded ndut :d i
(€) 3arc ‘(z) Jaqunu-y ‘(1) Jedk :u Bwt} i 0SSC
(Z) ©d5ueua1031 ‘(1) SWTIY XO9Yd + pedaJ :T Ssnpouw i
.............................. d Jo31sweded InduT Jo MO9yd pue peay-----j
(suT‘powt‘wp‘u‘d‘T)¥d9ydd BuTINOIQNS

oppud ! (x‘QT)pead (T+dOT«OT‘T=T Op
(,1 waedut,=91T}‘OT=3TUN)UddO
uayl (666=/doT) JT
usayl (T==MJT) 4T
(z-0'y-e) uotstaaud a1qnop 3TOTIdUT 06¥Z

*UdpJoM 1J9TITPS )19nuew 1 wJdeduT uuey 1°3ITPSUT UOA dI1TH 2ITW i
43 3TPAUT, UT uUdQTaJIYdS :g=MJT ‘,1 wdeduT, sne ussa) :I=MJT i
......................... }Je31s)119uydsS Toq uaiepindul JOp UDSSOUTI-----

autinoJaqns pu3 (274 (3NOT‘MUT‘dOT “HOT ‘UIJNU‘ETMP ‘ ZTMP ‘ QUONTMP ‘ TMP ‘ TOp [z ‘Me‘xewz‘utwz
JTpUd R ‘plTQIT’'TYT'UOST ‘do3s‘XeweT ydeT eNT‘1€IT ATUNT ‘dOST URILT S8¥e
ZT = Xput (z[==xput) JT % ‘SJOAT'A]'OT qUONT’HOWT‘POWT ‘UT1T e1dT)d1T4INdUT BuTINOJqns
JTPUS ‘uaniad {z[ = XpuTl ‘uayl (ZT==XpuT) IT

z=(z[)A (z[)A=(zT)K ‘(zT)A=z ‘z=(z[)X ‘(z[)X=(ZT)X {(2T)X=Z autinougns pus

uayi (z==snpouT) }TIas13 [l 474 oppus
oppud Ddu=(T‘zZ[)Xxd (T'Z[)XXd=(T‘ZT)XXd ! (T‘ZT)XXJd=2dJ (wp‘wod‘aJaT)Saws 11e2 081¢
7T=T op ‘usyi (T==SNPOWT) IT 4TpUd

GOT UOA pf 91T9S 664" vd/pd-boad/suey/awoy/ :193eq GOT UOA £ 91T9S 664" vd/pd-Hoad/suey/awoy/ :133eq



0P 006T - A =1
uayy (ep-0z6T=>A"pue* @p'PE6T<A) 4T3S]1d
OP" VLTEET/GH%2 +
¥ Pxx} x OPYZIELPP000°0 - €xx1 x OPBI9A8ITO O +
R Txx} x OPPSLTISZT'O - 3 x OPLELS O + OPZ9°L = 19P

P 098T - A =1
uayy (op'006T=>A"pue’ @p'98T1<A) 4T3sS1d®
Lxx} x OPS/8000000000 0 +
R Oxx} x OP669T000000°0 - Sxx3 * OPTLZIZIO000°0 +
R txx1 x OPIEVLEOOO 0 - Exx1 x OPITIIYO0 O +

8 Txx} x OPZI98900°0 + 3 x OPLYPZEE O - OPZL'ET = 18P
P 0081 - A =1
uayy (op'098T=>A"pue’ @p'O8I<A) 4T3s1d
0P 00OVLIT / Px%} - €xx} x OPICEETO00 0 +
¥ Txx} x OPS8T6S00°0 - 1 x OPEOIT'O + OPES 8 = 19P

op-e0LT - A =1
uayy (op-008T=>A"pue’ op'00LI<A) #T®S1®
OP 6ZTL / Ex%} +

R Txx} x OPZESTO'0 - 3 % OP8O86'0 - OP'OZI = 18P
OP'009T - A =1
uayy (op'00LI=>A*pue’ @p'OE9T<A) 4T3S1d
9xxN x OPELOZLSEBOO O + SxxN x OP8660S05S00°0 -
8 PxxN x OPEIPEOSB O - ExxN x OPTBLGIE 0O +
N Z#«kN x OPZLVEZ TL + N x OPTO 9SS - OPZ ¥/ST = 18P

0P 00T/ (0P 000T-A) =n

uayl (ep-009T=>A"pue gp-pOS<A) }TS1d
9xxN % OPTZSITEO600 0 + GxxN % OPZ6EIVLITZO 0 +
R PN % OPZSYS6LT 0 - Ex«N x OPESOTS6'S -
R Zx#N % OPTTESL EE + N x OPTY YIOT - OP9 €8SOT = 18P
0P 00T/A =n

uayy (op'00s=>A*pue* gp'00G-<A) 4T
(3ep‘A'plziyerse T/ /T T)wryds 1182

(z-0‘y-e) uotrstoaud @1gnop 3TOTIdWT

(G00Z ‘1-¥L73Q 404 suoTssaudxa 1etwouk1od ‘931TS gam 9sdT123 VSVN)
*(986T) uap1noH/uosuaydails pun (yPEZ) UOSUDYAD1S/UOSTJJO UOA
U19T3JY yoeu ‘,sasdr)1d3 Je10S JO uoue) WNTUUD)1TW OATH, SOp SIS
-eg jne 119)2TM1UD ‘Sna3| uear pun yeuads3y pad4 uoAa usbunydtal9
.................. SWT| 1PSJIATUN <-- BWT] 1BTJISD443] :bunuydaawn
(pfz)1 e31ep autinouqns

auTinouaqns pud
Zxx (0PSO + Me) % 8-P8S'T +
9 (0PSO + dB) x OP8SEI6ST G9E + OPLOS L¥SIGHZ = Aep
oapJ3 Jap buebydunpiaydy
JTpud
(Me)3uTuUpT = et
0PSO + Ye = e
¥ ((1==e1d1'pue’ g==yder)-Jo* g==yder'4o* [==ydeT) IT
JOWA/ (Jowd - Aep) = je
uayy (1==[) It

1TpUd
yee 4 JawA + Jawd = Aep
0PS° O - Mee = yee
8 ((r==e1dT'pue’ G==yder)-Jo* ¢==yder-do’ T==ydet) JT
ye = yee

uayy (o==[) It

(z-0‘y-e) uotrstoaud a1gnop 3TOTdWT
JowA‘uawd : Ajuo ‘aseq asn

uabe] UT JnyJdy SOp 3TDZinejwn = JawAk

Ji

0TLC

S0L¢

00L¢

§69¢

069¢

§89¢

089¢

§/9C

0£9¢

§99¢

099¢

det‘se <-- Aep 1 = [
Aep <-- e :9 = [
............................................. Aeq sTJawayd3j ueting

(Aep‘yet‘ye‘e1dt‘ydet’ [)Aepye autinouaqgns

auTinoJaqns pu’
JTpuUd

(Aep‘yet‘se‘e1dr‘ydet’1)Aepye 11ed

g+ (D - J4edk) x v = Aep
9s19

Aepte - Aep = 319p

(Aepte‘yet’(je)iutup‘erdr‘yder’g)Aepye 11ed
uayy (1=>T) 4T
(Aep‘set‘se‘erdr‘ydet‘1)Aepye 1182 (T==T) JT
d + v/(8 - Aep) = Jedk (1=>T) 4T
uaieq Jop bunuydaauwn

(€d wweabodd) i 0P9866°TTLF- =D ‘OP'0 = 4 ‘OP8YZ G9E = V
AH yong .mm EEmLDOg&v 91.Jd9M mmﬂgwcgo>
JTpuUd

0P 000 = J fOP'SYSISHZ = 9 'OPSTYT G9E = ¥
9s19°

("1 "uerinC) i OP ZILv-= D ‘OP°O = g 'OPST G9E = V¥

uayl (((0PL607S8L 78ST>JedA pue’ gp zI/y-=<4edk pue’ z==T)-Jo0"
% (0PS 091667z>Aep pue’ gp-p=<Aep-pue’ [=>T)) pue’ z==1B3T) 4T
"0°000ZC dy>0d3-pJiepueis STp 321N2Paq 0°OOOZ JYer °1ewrzsp
sep .ymmﬂwc seq "Jyn ¢t .LM:CMﬁ ‘T wap 1Iyexs yNywh cwcuwgamycw
‘0°000T J9p0 0°OOZT- "§°Z STM ‘Ud1YezsSaJye[ USJeq)Td} EOF YdInp
911V .:wmcsc:uwgmnmEswmo pun cwmc:ccuwgwm usaydsTwouodise cwaﬂg
-9YSTQ usp ue siydTu cuovwh uldapuse .wmmP m.o -/+ jne jyezsoad
-yer usjewtzop Jop Hﬂwxmﬂsm:wu 9TP JNU UJ3SSS(QJaA Ul1yez 3sS91(Q
AN cu:mv 91J49M 9NN

(*1ey "Jo0baun) |

(Aep‘yet‘ye‘e1dr‘yder’o)Aepye 112 (0==T) 4T

(z-0'y-e) uotstoauad a1qnop 3TOT1dWT

Metr ‘de ‘Aep <-- uesk iz =1

119p ‘dedk ‘der ‘e <-- Aep I =T

119p ‘Jedk ‘Aep <-- ye 9 =T

*,Jeak, Jspo ,Aep, ‘(sbuebyounpiaydy ssp Jswwny) e, IST indur
-(19ydy Wt JnyJsl) JesA pue Aeq sTtJawsayd3y uering
(319p‘4eah‘Aep‘yet‘ye‘1edT‘e1dr‘yder‘T)wtyds autinoaqns

auTinoJgns pua

oppua
(T)uoxl = uoy (de>ge-do-do>Te) 4T
,<-, = uoy (9A>ge-uorak>1e) AT
((op"T-(T)uoxe)-oxe)sqep = ze
((T)uoxe-oxe)sqep = 1e

PTT=T op
oye ‘ppo e = do
uoy ‘pp o1 = 9K
8
€ T /U0yl eiep
(PT)uoxI‘uoy :: (z)ae93dedeyd

(z-0‘y-e) uoTstoauad ayqnop 3TOT1dWT

uoye : Ajuo ‘aseq asn

obe] @88 :,<-, Jony ‘abe] €G :*1su0y Jany (-/+) zZuedayoiydnsg
....... uoy <-- $T STQ T "31Suoyudiaueld Jap BunuusyJ3j aydsSTiewolny
(uoX “¥T)3Suoy @utinoaqns

(MT)3e014p =

§G69¢

069¢

Sv9¢

0v9¢

GE9C

0€9¢

§G29¢

029¢

S19¢

0T9¢

S09¢

009¢

GOT UOA 9 91T8S

664" yd/pd-boad/suey/aswoy/ :191eQ

SOT UOA Gf 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



T = out
usyl (€r==0uWT) JT
T + OWT = owT {((T)ep)Iutps = (L)ep
oppua
b-op-1+(T)ep = (1)ep (8-p 1=>(b-(L)ep)sqep) it
(3)3e0714p=b
ze'0e=y op
usyl ((z==owt-pue-g-p-1=>(QP-0c-(L)ep)sqep) 40" ((IT==0WT"J0"
R 6==0WT 40" Q9==0WT"JO"{==0WT) "pue-g8-p-T1=>(OP TE-(L)ep)sqgep)
R .LO.AANHHHOEﬂ.LO.OHHHOEﬂ.Lo.wHHOEﬂ.LO.NHHOEﬂ.Lo.mHHOEﬂ.LO.
R €==0WT"J0"T==0WT) "pue-g-p 1=>(Op zEe-(L)ep)sqep)) IT
4Tpud
((T)ep)yutps = (L)ep
OP°T + (T)ep = (1)ep
vz - (v)epT = (v)ept
usyi (yz=<(v)ept) IT
oppua
4TpUd
T + (I-T)ept = (I-T)ept
09 - (T)ept = (T)ept
uayy (09=<(T)ept) 3T
1-'G'0=T op
(00:GF: €T NZ pITM E9:pY:ET 3TOZJYn :19TdsTag)
funiy1o1saeq J49p Janiya4J40y abTbanLbuUTIDY

yyuow ((z)ep)autupt = owt
Spu0odas j ((9)ep)iutupT = (9)ept
S9INUTW i (OT-P T+0OPS 0-(S)ep)IUTUPT = (G)ept
sJanoy j ((v)ep)iutupT = (v)ept
Jeak ((€)ep)iutupt = (g)ept
Kep i ((1)ep)autps = (/)ep

00" 09x(((5)ep)IuTps - (s)ep) = (9)ep
00°09x((3SP)3uTpPs - 1sp) = (S)ep
(3sp)autps = (v)ep
00" 7Zx1S = 1sp
((1)ep)autps - (T)ep = 13is
4TpUD
JTpus
(€)ep
9s19°
OP"ST/Y - D = (€)ep
usyy (z==W'40° T==W) IT
9s19
0P 9TLy - 2 = (€)ep
uayy (Z<W) 4t
((Z)ep)3uTupt = W
4TpUD
JTpus
(z)ep
9s19
OP°€T - 3 = (2)ep
uayy (ep°GT==3°40° QP yI==3) 4T
9s19
OP°'T - 3 = (2)ep
uayy (ep y1>3) 4T
6-P'G + 4 + (3x0PTOO9°0E)IUIPS - 4 - 4 = (T)ep
(0PTOO9 0E/(Q - 4))3utps = 3
(D % OPSZ G9E)IUTPS = @
(0PSZ G9€/(OPT 22T - 9))3IUIps = )

0P 6666666666666

0P " 666

0€8¢

T4 14

08¢

S18¢

018¢

508¢

008¢

S6.LC

06L¢

681¢C

08L¢

SLLT

OP'¥ZST + V¥V = 4@
JTpUd
(0pSZ- 0xeydie)iutps - eydie + gp'T +Z = ¥
(SZ°$259€/(0PSZ 912981 - Z))IuTps = eydie
9s1°
Z=V
uayy (z==1BdT°pue’ QP T9T66TZ>Z PUe’ Qp'0=<Z) IT
Z - 0ps'o + plz =4
(ops'0 + plz)iuips = 7

/.29@ ,‘,"AON ,*, 320 ,‘, des ,*, bny IS
§ ‘,aung ,‘, Aey ,‘,rady ‘., caep ,‘,"Qg94 ,‘,cuer ,/ieuow ejep
owp‘(zT)ieuow :: (g)Jairodedeyd
(L)ep‘(L)epT :: UOTSUSWIP

(Z-0'H-v) uoTstaaud a1qnop 3TOTIdWT

L OM9S 19 ‘UTW G ‘pPIS ¥ ‘dyer g ‘"uol iz ‘Bel-zap :T
1S9ZTIpUT

*1116 @ > 3AC J49Nn4 yodne Juapualey apTaq Jani 1zid[ 4 ssep oS
‘1491zT4TPOWw HTHON BUTIS6 Spanm snwyiTJobly J9q :bBunyJawuy

"(€9 *S) VSN ‘GEZEZ PTUTBJTA ‘puowysTy ‘GZOSE X0g°0°d ‘'dUl
‘119g-uuew11T™M ‘1661 :3ybtdAdo) ‘,SwyiTJobly 1edTWOU0J}SY,

1SN23| UBSL UOA Ydng wap she snwylTJob)y Waura jne 149Tseq sJ
‘wnyepJapuaiey Uurd ut Aeq ueting uoA Bunuydsdwp Janz wwedbodd
............................ (11) 31T®ZJ4yn pun wnieq uon Bunuydauag
(owp‘ep‘ept‘1edT‘plz)aiepap[ aurinoaqns

beljut

2uT}inoJaqns pus

OP° 00798/ (OP"ST - OP 0878YOTY/Zxx (0P 8¥1Z8EC-PL2)) - plz = plz
€/ 'S 'Z86T ‘IYd24pdo@ ‘13PTdY ‘96 ‘10A ‘wd3ISAS Aueisuerd pue
ung ‘uosuaydalS "Y'4 ‘UOSTJJIOK *A°] IJDTITZ ZudJ3}dYy opusb
-104 WNJUBPSTM JBp ‘€/ 'S ‘,SITSueJ], ‘SNa3| ueal :ATIRUJIDIY

0P 00%98/13p - plz = plz
JTpUd
CxxN x OP°CE + OP'0C- = 18P
0P 00T/(0P 0Z8T - A) =n
9s19

uspunyas ut (19p) 1-v113Q i

(A - 0P"0STZ) % OP8ZIS'O -
8 Zxx (0P 00T/ (0P 0Z8T-K)) x 0P ZE + 0P 0Z- = 18P
uayy (op'0STZ=>A"pue* gp'050Z<A) 413S1d
Zxx1 x OP68SSO0 0 + 3 x OPLITZE O + OPZ6°79 = 18P
oP 000z - A =1
uayy (0P’ 0SeZ=>A"pue* Qp-5EOZ<A) 4T3S1d
Gxx} *x OP66SELEZOO00 O +
8 Pxx} x OPYIBTS9000°0 + Exx} x OPSLTLTIO0°0 +
8 Zxx} x OPYLE09O'0 - 3 x OPSYEE O + OP98 €9 = 19p
0P 000z - A =1
uayl (op'se0ez=>A'pue* gp‘986T<A) }4T3S1d
OP'8TL/Sx%} - 0P 09Z/Tx+1 - 3 x OPL9O'T + OPSY Gy = 18p
OP'GL6T - A =1
uayy (0p'986T=>A"pue* QP 196T<A) 4T3S1d
OP " LVST/S+} + OP EET/Txx1 - 3 % OPLOV O + OPLO 6T = 18P
OP 0S6T - A =1
uayy (P’ T96T=>A"pue’ Qp TIv6T<A) 4T3S1d
€xx} x OPIE6OZOO' 0 +
¥ Zxx} x OPOOTILO'0 - I x OPE6YY8 0 + OPOZ'TIZ = 18P
0P 0Z6T - A =1
uayy (op'Ty6T=>A"pue* gp'0z6TI<A) 4T3S1d
T4x3 x OPL6TO00° 0 - Exx3 x OPY96T900°0 +
¥ Zxx} x OP6EGB6SO0 - 3 x OP6LIV6Y T + OP6L Z- = 19P

0LLC

§9/¢

09.¢

SGL¢C

06.L¢

SvLe

ovLe

SELC

0€LL

SeLe

0cLe

S1/L¢

GOT UOA 8 91TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA [t 93T0S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



EISE)
oppua

usz = az

I+TT = 1T

4Tpus 19z 03 06 Iz = 3 ‘usyl (XewiI<IT) JT
11x3 (sdo>(9z-uaz)sqep) JT
JTpuUs
(9Z)UTSpPx3 + Wz = uaz
(bunydTa19 BYydsJda1day) usdyetdanjundxiqd 7
9s19
((92)s00px3 - OP'T)/(9Z - (9Z)UTSpPsx3 + WZ) + 9z = udZ
(9poy1aly 91S112uUyds) uosydey-uUOIMIN UOA UBJIYBLIDA "T
uayl (T==yisuw) It
op
uayy (e>yisw) it
(€°°T = yisw) 1yemsny Jnz UuspOYyldy SATIEJDIT TaJQ § T = yiauw

USUOT1EJDIT J3p 1YeZ1RWTXEl | 00T = XewlT

wz = 9z
BpTd4(/)S0d = wz
(€)sad = 3

0 =TT

(usz :31e11nsay) HBunyoTa19 uaydsia1day Jap HunssoT

09€N + (8)sad = (8)sa4 (0P 0>(8)sad) IT
(§)sad - (9)sed = (g8)sad
09€N + (L)sdJ = (L)sa4 (0P 0>(L)sad) IT
(9)sad - (T)sed = (L)sad
oppu?d
oppua
nsaJd = ([)sad
(T'0‘nsad)znpad 1182 (G=<[*u0* 1==[) 4t
(T-T)#x2WTIx (1Y [‘T)gded + nsaa = nsau

7'T=T op
Op'0 = nsaJ
9'1=[ op
€1-p'T = sdd
0 =9 ‘0P O9E = Q9EN
ANvawL 11 UOTSusuwIp

(z-0‘y-e) uotrstoaud @1gnop 3TOTIdWT
cded : Ajuo ‘oulse asn
1dpb‘bptd : Ajuo ‘sseq asn

(sbuseq *3dT1¥® :TT ‘®nu :pT ‘3 :6 ‘ebawo :g
‘Wi ‘Td 9 ‘ebowQ :Gg ‘T iy ‘© :f ‘e g ‘7 i1 SOJ UOA Xdpul)
*BbunydoTo1H usaydsua1day Jop ITw (2b6use] 91eyTIdIND) ST ewouy
uaJdyem Jap bunuydadag ‘ayd0dj Jap YTIAT1MI Pun P EEOZL 49N}
................ (snas| yoeu) z84OSA Sne 191Ta19bge ‘9i1usawali-uyeg
(saJ ‘auTy ‘@) ‘XT ‘Y ‘1)edosA autinouaqgns

autinoaqgns pud

oppua
JJST(, (ZT',, = JJOT :X/8dOSA UI ,,),'NT)9ITJIM (0=/JJST) 4T

G'9‘XT=nT op

(€'T=T*(T)Md) (,(OT"PT4E ., = 4 ‘@ ‘T .. ),'9)91TJm

(9'v=T'(T)4) (. (OT'PTIE",, = ZAAA'XA . ),"9)21TJM

(€'T=T'(T)4) (,(OT'PTIE*,, = Z ‘A ‘X ,,/),'9)91Tm

(MY ()4’ (2)4*(T)4)0q 196Ny 11€2
(01)@5012 (T==(ApoqT)pw) iT
(pu’a4dT ‘4N ‘294d ApoqT ‘SUBAT ‘Bp[Z)X/8dOSA 1182

Ji

Jj

056¢

Sv6c

0v6c

SE6C

0€6¢

§¢6C

0¢6¢

ST6¢

0T6¢

§506¢C

006¢

§68¢

JTpUd
((ApoQT)®1T40=21T4 0T=3TuUn)uUado (£==SJBAT) IT
((ApoQT)e1T4e=a1T4 9T=3TuUn)uado (T==SJ3AT) IT
uayy (T==(ApoqT)pw) 4t
/.d3u*2/8dOSA,
‘,ean-)/8d0SA, ‘1S D/L8d0SA, ‘ ,dn[*3/8d0OSA, ‘, Jew’I/8d0OSA,
,4e9°)/8d0SA, ‘ \USA*D/L8dOSA, ‘ ,J3W" I/8dOSA, /91140 eiep
/.qua " y¥/8dOSA, ‘ ,dau " ¥/8dOSA,
‘,ean-y/8d0SA. ‘1S V/.8dOSA, ‘. dnly/8dOSA, ‘. Jew’y/8d0OSA,
‘,4e9°Y/8dOSA. ‘ \USA"Y/L8dOSA, ‘43U Y/8dOSA /91T4e eiep
(8)91T42°(6)d1T4E :: (TT)J330B4RYD
(6:0)pw’ (€)N34‘(9)d4 :: UOTSUSWIP
(z-0‘y-e) uotstoauad a@yqnop 3TOT1dWT
AL S ~m HYd ~4 H n3Jd UOA wa:Hv
............. (UBUOTSJIBAY10A-D/VL8dOSA) SUTIN0JIANS-4OSA JBp fnagny
(NY4“ad9T‘a‘ny“20u4d XTI ‘pw‘Apoqr‘SJanT ‘oplz)zdosa autinouqgns

I I I I

auT1NoJIQNS pud
Tdpb4nsad = nsad (zI=/1"pue’ 6=/1°pue: 9=/1°pue’ €=/1) IT
(T‘T'nsaJ)znpaJ 1182 (ET==1"40" [==1"J0" p==]1"J0" [==]) 4T
8-P T % NSdJ4 = nsaJ
oppua

(T-[)%xNBI4QWNS + NSdJ = NsaJ

oppua

(ney,(1'f'te)Tded + (1'[‘T'Z)T4Rd)SO00D
9 % (1'[‘TT)T4ed + @uns = guns

(f*1)dl1t=T op

0z = Quns
(1)xewy‘1=[ op
0z = nsaJ
(z-0‘y-e) uotstoauad a@y1qnop 3TOT1dWT
TJ4ed : Ajuo ‘odise asn ‘d[‘xew)‘ez‘Tdpb : Ajuo ‘Sseq asn
----(UOTSJDAZUNY-AL8dOSA) UD1euTpJ0oOy ud1exTidI¥e J9p bunuydauag
(nsaJ ‘ney‘1)TdosA autinouaqgns

autinougns pud

(((op L' (OPS TOOOOOOOL + QCZ)IUTP)poWP)IUTUPT)AepM = pm
/.Repanjes  ‘ Aepti4 " Aepsanyl

§ ‘, Aepsaupam ,‘,Aepsan] ,“, Kepuoyp . *, Kepunsg . /Aepm eiep

pm‘(9:9)Aepm :: (QT)dJ@31de4RYD

(z-o‘y-e)uorstoaud ajqnop 3TOT1dWT

....................................... sabejuaydom sap bunuydauag

(pm‘arz)Aepyosm autinoaqns

uoT1dun} pud
T - JUTpPS = UTpPS (0P 0=/(0P T'X)powp-pue’ QP E>X) 4T

(X)3uTp = 3uTpS

X i (8)1ea4

® > 3QC 404 UOTITUTLDP JO UTRWOp 3y} puedxa 01 JdpJO UT

.21epapl, aurinougns ayl uT suoTiduny-Joba1uT swos Hutdeydau
.................................................... uotlouny deais
(X)3uTps uoT3duny uorstdaad I)1qnop

[uTinoJqgns pus
(owT)jeuow = owp
4TpUS
4TpUd
((€)ep)auTupt = (€)ept
OP"T + (€)ep = (g)ep

068¢

G88¢

088¢

SL8¢

048¢

§98¢

098¢

§G8¢C

068¢

8¢

0v8¢

GE8C

GOT UOA QS 931TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

SOT UOA 6¥ 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



oppua ! ([)as = ([jwaa fgz'1=[ op
T = 43T

0T = N1 ‘Pz = 23u4d

uabay1sa) Jolaweded 9491TaM

JTpUD

uJniad

0 =131
usyl ((T==powT’pue’ T==qUWOXT) J0* QP50 T+ZXewg<deq) 4T
(*39Uyd24aq UdpJdM 23NUNdITOZ JuUdNY JOPO TaJP ‘UTI <= SITS
-ueJd] UaYDSTJIIUDz096 Sop uoTiededss o)ewTuTwW pun apuj ‘uutbag)
U1SYUTMSUOTITSOd 3TW/3uyo udseyditsued] iy /€ NANOILO

JTpus

09 031 ob !uaniaa (g=<uUT)T"J40", ,==J1) JT
uayy (z=>dast) IT
JTpud

das- = das (0P 0>(T-dTxE)d4) IT

1oeimudeq = das
9s)9

1oeimueq = das
uayy (r==dasT) JT
*ydT1paNs ,SnuTw, TG ‘YdT1PJ490U WNIIUDZUBUUOS Sep
sep 1aue)d Jap 1Jatssed ,snyd, 19g ‘uspunyasusabog
UT 18ueld pun auuos "Mz (dos) uotiededas ‘uTl

oppus ‘deq‘gzxewq‘Txewq’‘Tutwqg‘zutwg‘dT‘, = deq‘zxewq’‘Txewq,
9 ‘., ‘TuTWQ‘zuTWq‘dT, (, (S 84S ET QTR 'GTR), ‘NT)I1TIM (G Q'XT=NT Op
4TpUS

(£)dy = 43 (dg=>deq) 4t

(8)dy = 41 (gq+dg=>deq) 4t
usyi (z=>UT\T'pue’ z=>dasT) JT
(G)d3 = 43 (€=<uT1T'pue-inog=>deq-pue*zxewqg<deq) 4T
(dTxz)d3 = 43 (gxewg=>deq-pue-zutwg<deq) 3T
(1-dT42)d3} = 43 (gutwg=>deq) JT

(9)d3 = 43 {EPTIO TxgXewq = 3noq

0P8 TxgXewq = gxewq (T==powT-pue- T==qWOT) 4T
JTpus

utwdas = deq
9s)?

(eq)sgep = deq
(((34p)S00px(dT«E)3U-(6)34)/(34P)UTSP«(dTxE)DI)URIEPLUTP = eq
BPpTdy((8)od-(T-dTxE)34) = d4p
((dT)4403346pTdy (dT)TZ)S0OP = UTp

uayy (r==dasT) JT

uoTiededss o1ewWTuUTwW *n abuseq "3dT1¥2 dYdTa16 :z /T NINOILMO

mn+an+m = xeuq uan+m = TXeuwq

€q-dg-e = gutwq ‘dg-e = TuTWq
((((dTx€)a4-(6)34)«3aV)/(dT)ey)uTsep = dq
((((dTx€)34-(6)34) x(6)34)/(dTxE)dUxEY)UTSED = €q
(((6)2443V)/04)uTSep e
((Zxx((dM)UTSPx33) -0p " T)14bSp4Iy)/dey = €y

ecy/ (dey«dey-ecyeey)1absp = 29

oppua ! ([)pTsi/([)uhksy = ([)ad001 fz‘'1=[ op
A.mczNuwmcumn< 9UTS Jnu 1ST COHHMLmawm UslewtTuTw Jap
punuydsdag Jnz 44023, J4031¥EIININDIJ0Y Spusablol J43Q)
L-P'T = sdd !Tdpb4«Op’009E = 10B4M

(Tv)a4 = (2)Tz f(G€)ad = (1)71Z

G90€

090€

GG0OE

050¢€

SvoE

(14023

GE0E

0€0¢€

G0E

0c0¢

ST0E

0T0¢€

BpTd x (((OPLYLOS O + 1) % OP9OESTO O)UTSP
¥ x OPEEOIS8 0 - OPZYO8SHY €7) = am
9yood3 Jap YT3AT14I J49p 943TYDS = M :UUBWIITM *d 19XY
usdy/(eplz-splz) = 1
uaiueisuoy =bHTUTT]
"3TuT-94d j/0P°0/34TYS /0P 0/bue’/op 0/eq /0P 0/WI1q  /0/4PT elep
/000000 A A W, /Y edep
1s‘(8)d3 43 (1)4930ea0Yd
(g)gowp‘owp :: (G)J@ioedeyd
(0T) 3593 (Z)NA (Z2)AX* (G) AR (G)XX :: UOTSUSWTP
(7:)WNUT‘ (6:0)pW’ (ZT)M4‘ (£)NY4 ' (9)d :: UOTSUSWTP
(G)ued‘(£‘G)Gep’(L'S)GPT (/)ep‘(L)epT :: UOTSUSWTIP

(8/)wsd’(7)44031*(Z)ps'(Z)Tz :: UOTSUBWTP
(z-0‘y-e) uotstoauad @1gnop 3TOT1dWT
aseq asn

SNUBA = g ‘“dnJdp = T :(dT) x9pul
*JBgIYDOTS IYDTU YdT)1JoOnleu )14 WOSSTP UT 3IST 9gIaydsudiaueld
9TQ ' (usbunuydauag-AbAzAS Toq Jnu 1dpudmian) 1baesiaq ,sniped
-UBUUOS U3JBqUTIBYDS SIP JU9Z0Jd T BMID S)1e Jysw IJYdTU (puedudiy
-aue)ld pun -uduuoS) U3QTIaYIS ,UdJeQIYDTS, JOP puelsSqy 31S9IYDTP
Jap ssep pun 1)1yajdan ddeuy auuos STp 3dueld J9p Ssep ‘191
-napaqg ,-, USYDTIzZShuTIly Seqg °"SNUd\ SIP Jany ,A, pun ,A, USY31S
foreuy *3uTaYdSJd eJIUdZ/1)19T1Jed 1TSued] Jop BpJ3J JIp lhe om
-pusbuT ssep ‘,2,/,W, Pun SUNMUS SOP ITSUBI] *JIUdZ (JdYDSTJ}
-uazoab) ,), ‘,do1ewJdou, 131Inapaq ,W, ‘udseyd usneusab ITp J4dpo
uoT}eJdedas 91PWTUTW STP ‘SNUDA *MZQ JANMJ3 pun dpJ3j Taq abuse]
91e)T3dT 132 9919S9Tp 1euoTido puTs aundliTaz udlduydaJdaq 9TI(d
................. SNU3d\ "MzQg JNXYJ3y UOA d1TSued] Jap bunianadaagan
(wnut‘@doT 1S PS‘ULd‘XT SOUT ST UTIT 1S3 ‘PP ZXPP ‘ TXPP‘pw ‘4
Ry ‘ayelz‘gowp‘gep‘Ggpr‘oplz‘das 33T uUTwWdas ‘U3 ‘ATUNT ‘1€OT
R ‘dosT‘SudAT‘deT‘uT T ‘e1dT‘powT‘quoNT‘dT)1ITSURI] BuTIhodqns

auT}inouaqns pus
09€N - (TT)SdJ = (TT)S®J (09EN<(TT)Sd) 4T
(9)sdd + (0T)S®4 = (TT)Sdd
09€N + (0T)S®J = (OT)S8J (0P 0>(OT)Sdd) 4T
Tdpb« ((OPS OxUBZ)URLD «
9 ((3 - 0P'1)/(3 + 0p'T))1dbsp)uerep x gp 'z = (OT)Sad
9Tlewouy usJayem Jdoap mc:ccuwgwm

09€n + (6)s3d = (6)s34 (0P 0>(6)S34) 4T

Tdpbyusz = (p)Sad
uaniad
oppua
 (,(/21', .= 9 ‘(uotienbs sua1day),, ®
L] ___ :MQOm>: UT Joddo <---- __\v_.zﬂvwwﬂgs

G‘9'XT=nT op
USUOT1BUd1T 919TA Nz

(*3sq1as ,314bury, sy1e 31bTIL0USQ | o€ 03 ob
1T9zuUayday Jabtusm ydT13nhap BunydTa19 | JIpUD
aydsJalday oTp ep ‘,21ueyas, Jaganuabab 79Z = uaz

1T93J0AITOZ USUTSY JITY 3ey ,3T40UTY,) | 0Z 03 06 (7==9Y) 4T
0T 03 ob (T==9%) 4T
(9 ‘XT‘XewlT TIT‘OPT 0‘Sda‘gazy 1924 ‘7oz 19Z)a1uULHaS 118D
79Z - (79Z)UTSpx3 + wz = gaz}
wz = zaz
T =29
(BunBTO1SUDIURYDS 1OPUBMUDA) UDJIYRLIDAUDIURYDS €

0€

0T

S00€

000€

§S66¢

066¢

G86¢

086¢

SL6C

0.6¢C

§96¢

096¢

§G6¢C

GOT UOA 7S 91T19S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA TG 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



4TpUd
MTYs + oplz = zlx
TXewq = wi1q G = JpT
usyl (G==J3T) 4T
AI jundiyeiuoy
JTpud
141yYs + aplz = zlx
TUTWg = WI1q ¥ = JPT
uayy (p==J31T) 4T
IIT undiyeiuoy
4Tpud
1TYs - oplz = zlx
TUTWg = WT1q ‘¢ = JPT
G = 43T (Z==33T) 4T
usayl (E€==43T) 4T
II undiyeiuoy
JTpus
MTYs - oplz = zlx
TXewq = wi1q ‘T = JpT
uayy (z==J1T) 4T
I Pjundixyeiuoy
T + 43T = 43T
T =29 ‘0 =STIT
1TSued] uaqg1as wr bHBunuydaaag usaisydseu Jnz HBunlTaJ49GJIOA

JTpus

0G 03 ob

9 = J3T (T==33T) JT
uayy (T==J43T) JT

JTpud
JTpus
(NMm)3absp & OPLT 0 = 34TYS (z==dT) 4T
(NM)3absp w OPSTT 0 = MTYS (T==dT) JT
Z-p'T = nM (Z-p'T>NM) 3T
Zxx ((T)pS/das)-pp T = nm
*169149A 91191S11NN 9Tp ue ayeu 3sydoTibaow ,d31UeydS,
*mzq ,3T4BuTd, J9n) Iqundiuaelrs spuablol Jo1aeds Jap pAImM
(usbe] -uetin[ ut) ,34Tys, BUNGITYISUSA UBYDITITOZ J3p ITW
4TpuUs
T + (y)wnut = (y)wnut
(£)dy = 43 ((z)ps>(das)sqep) 3t
(8)dy = 43
uayl (dosd>(das)sqep) 4T
((dTx€)34-(6)34) /3084My (FY/ (dT)RY+(6)D4/(dTxE)DUxEL) = dOsD
S1TSUBJ] Ud1eJ1UdZ S3ap BunuydTazuuay
30BIM 4 ((TEJ4IV)/(dT)eY)uTSep = (Z)ps
10e4M 5 (((6)o4x3V)/0H)utsep = (T)ps
uayy (Z=>uT1T-pue ¢=<dasT) 4T
SNUA/JINXJD|y pun DUUOS UOA (JDIDWETPTWSS) UdTpey

(bue‘ya‘splz‘dr)a1bue sod 112 (p==doST) IT
(uotjeJedas 9)BWTUTW) S19UTMSUOTITSOd Sap bBunuydadag

(319p‘dyelz’aplz‘yer‘ye’jeor‘e1dr ‘ydet ' T)wryds 11ed
(owp‘ep‘ept‘1edT‘3plx)a3epapl 112

(3p[x)1 ©319p 1182 (Z==ATUNT) IT

Zix = aplz fzlx = 1plx

0€

G8IE

08T¢

SL1E

0LTE

GITE

091¢€

GGTE

0GTE

1483

ovie

GETE

0ETE

das- = das (0P 0>(T-dTxE)dd) 4T
1oeim,Tdas = das
4TpUd
(dTxz)d1=41
T + (€)wnut = (g)wnut
usayl (gxewq=>T1Edas-pue-zutwg<tedas) 4T
JTPU® ‘uaniad {p = 13T ‘udyl (zxewq<tpedss) IT
1=13T (gxewq=>TQdas:pue-[xewq<rpdas) 4T
Z=313T (IXewq=>TQU3S'pue’TUTW]<TIQEUdS) 4T
€=13T (TUTWQ=>TQEU3S'pue*zuTwg<IEdas) 4t
JTPUd {€=11T !(T-dTxz)d1=J1 ‘uayl (ZuTwg=>TEA3S) 4T
S}TSuUeJ] (USPUDLTDJLS) SOp IV

0T 03 ob (T==9Y) JT
JIpud !pT 03 06 {1 = XIT
uayy (p==xaT'pue’ p==daST'pue’ p==9%) IT
(XpuT) XX = Z[X
(XT‘XpPUT‘UT3IT 1S91‘ZXPP‘ IXPP
Q ‘Be14T‘nu‘dars‘Ada’‘AA xx ey ‘deT 7z ‘pPOWT)UTWITS ]11e€2
L-P'T = AdS (pp 0€>TEAdS) JT !9-p'T = Add
19das = (Xput)AA
(Tedas‘yJ‘z‘dr)edas 11ed
funwwtisaqualouy apul

4Tpud

c0 = 1S (0P O>((TAX-(2)X) /((T)NA-(2)%K)) 4T ./, = 1S
uayl (z==nu) 4t
JTpUd

(T-dT4€)24 = (nu)¥A fzlx = (nu)x
uayl (z==nu-‘do* T==nu) JT
uajouy Japusabralsge 'mzq -ine :bunwwrlsag
0z 03 ob (T==X3T) 4T
4Tpud

(NYJ ‘wnuT ‘3da‘TEJ ‘19p‘UJdT

R ‘Ya‘a‘nyovddXTpwdr‘saanT ‘19p-z[x)J1zdosAa 11ed

as1e

(nsaJ4‘wnut‘3da‘TEd “19p‘1TWI/(19p-0p[2Z-2[X) ‘Y4 ‘dT)431dOSA 1)@

usyi (T==pout) 4T
1T9Z4Ne13YdT] Jop BunbBTIYDTSYI9NIag 1TW Bunuydauag-/8d0OSA

JTpUd !6-prz=1dd {8s1® !pyI-pre=1dd ‘usyj ([==poWT) 4T
SNUSA | 0P 00¥98/0P 0ST = 19p (z==dT) JT

AM{IBW i 0P 00798/0P 0ZE = 19p (T1==dT) 4T

[9be]] 1J49M1Je1S JD3JDTWTIdO “S9IYDT] SOp 1TDZIne 949111TW
oppus 9z = ([)3say ‘pT‘T=[ op

0 = X3T 0 = UT3IT fz[x = (T)xx

IXPP = ZXpp ‘T = IXPP (Z=>UT1T) 4T

O = NU !OP'T + P4p = TXpP
0 = be1dT iz-p'g = days
T = XpUuT ‘T =9 ‘¢ = JpT

usyl (T==J1T) 4T
1T9Zz4Ne11YdTT] ITW UoTieJdeddS 1ewTUTW ‘SITSueJ] SIp 9I1TW

oplz = zlx
oppua
oppu?
(1'[)gep
0= ('f)gptT
L'T=X op
G'1=[ op

(<)
N
Il

0¢

0T

STARS

CraR3

ST1E

0T1E

SOTE

00TE

S60€

060€

G80€

080€

SLOE

0.L0€

GOT UOA S 91T3S 664" vd/pd-boad/suey/awoy/ :193eq

GOT UOA €G 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



|uT}noJqns pus

(T‘0‘bue)znpas 11e2

0P 08T + bue = Bue (op'0>(BpTdibue)sodpyk) It

1dpby (A/X-)uerep = bue

(edp} x (29ps)sodp + (29pp)uTsp) x %z = A

(edp)UeLP4(29PS) S0P « ((D9PP)UTSP«(D3PS)URIP - OP'T) « dZ- = X
(e4p} & (29PS)UTSP + OP'T)/0PZI08 ¥92907 = %z

(OPS OxBIP)URIP x (BJP)URLIP 4 (DIPS)UTSP = eJpd

BpTd x ((z)08bd-(7+dT4E)0364) = d3pp

Bptd & ((1)036u-(T+dT4£)0964) = edp

bptd % (7)09bua = daps

* (uspunyasuabog ut A pun X uU331BUTPJOOY ,dYdSTSa3IJey,) GI'S
‘,S}Tsued], :Snad| uesr yone aYsts *,STq €,°19 ‘9€°S ‘,d1e43U39
9TWOUO0J1Sy, :uolueqg aJ4puy ydeu SIIYUTIMSUOTLITSOd Sap Bunuydsuag

oppud
oppua ! ([)myd = ([+TT)036u !c‘T=[ op
(NYJ* (€+TT)0864 * (Z+TT) 0364 ‘ (T+TT)0264) 0% 136Ny 11€2
T«€ = TT {2'0=T op
(SNUSA\ pun JnYJdp ‘dUU0S UOA USUOTITSOd)
Ud1eUTpPJ00Y dydSsTJaeyds ut bBunuydadwn

(0964 “ (£)XX‘ (Z)XX*(T)XX)31e1SURd]l 11ED

oppua
OP°0 = (T)09bu {(T)09bu = (T+£)09bu
(T+£)09b4 = (T+9)09bu ! (T+9)09bu- = (T)xX
€'1=T op

*SNUDA *MZQ JNnYJa|
pun 3uuUO0S JaNn) UDIBUTPJOOY anau 3qThus seq ‘9pJd3 Jnz duuos
Jap uoA sBunadsanualeuTpaoody USYISTJIUSZOTIdY SOP UOTIB SUeRI ]

(0abu‘pp p‘op 0‘sdea-‘T)3ewiod 1ed

BpTd « (((OPLVLOS O + 1) % OPIOESTO O)UTSP
9 % OPEEO9S8 0 - OPZYO8SYY €7) = sdad
uady/(eplz-plx) = 1
€02°S ‘79 OVITW ‘¥86T ‘uUsbHUTILID0D S31J4BMUIDLS- ATUn ‘,0T3dT1DD
3y} 40 A1TnNbT1QO0 Syl JO UOTILTJEA By} UQ, :UUBWIITM *Q 13XV
£(9yY20d3) MTIATINI JOp S43TYDS JBP 1SHUTM WN SSYDdY-X WN UOTIRIOY

"YydSTJIIUDz096 Nz -0T1dY UOTILWIOSSURIIUDIRUTPIOOY :€-T 933TJIYDS
*UD13ITJYDS t UT 1610J48 S19YUTMSUOTLITSOd Sap Bunuydauag a1q

oppud :(T)3d = (T)03bs !6'T=T op

(€)XX*(€)Md* (6)0964 ' (ZT)N4 i UOTSUSWIP

(z-0‘y-e) uotrstoaad a1gnop 3TOTIdWT

uad1‘gplz‘tdpb‘bptd : Ajuo ‘sSseq asn

QUUOS JdP JOA UDldUR)d SOP 19UTMSUOTITSOd : Bue
(yostdaeyds uuep ‘BTIHUTMIYIDL) SNUSA pun JnYJal

‘3UUO0S UOA UDIRUTPJIOO0Y dYISTJIUDZ03H 9148TWJIO)Sued] : (6" "T)0abu

ayosod3 Jaual ut ¥T12dT1%3 USbab asyoeps3 bHuny191S sdas
(D£8d0SA) ®pJ43 pun SNUSA “UN3J3W UOA

UD31BUTPJOOY DYISTJIIUSZOTdY SBTIHUTMIYDDL @ (6 T)M

9pJ3 Jop jne SaIYDTT SOp 1junyuy Jap jundiraz : plx

SNUd/ JBNj 7 ‘dn)Jd Jany T : dt

*3uuos Jap buniydTasbunbamag sdequisayds *16A — (2qTOYdSuaUUOS
jne asyoy-A) jodpiaous)swwIiy wnz BuniydTy STP 4ne Bnzag ut SITS
-ued] sap 1qunditoz usbIgLaT1aQ Jani udldue)d SOP 19UTMSUOTITSOJ
(bue‘ya ‘plx‘dT)®1bue sod autinoaqns

0o¢ce

S6¢CE

06¢¢E

G8¢CE

08¢e

G/LCE

0Lce

§9¢CE

09¢e

§GcCe

0G¢e

[uTinoJqns pus
1Tpus
((9xe)/qe)sodep = 1Qdas
(Zxx(€)P + Zax(T)P4 + Zax(T)P4)3dbsp = q
(Zsx (6D + Tax (8)N4 + Tux(L)Md)1dbsp = e
(E)Pdx ()34 - (Z)PAx ()M - (T)PIx(L)M4- = qe
oppud ! ([+9)3d - ([+(T-dT)xE)dd = ([)pa tg'1=[ op
sTsAjeuedol)a) - 23iuetdep 7
9s19
((1T0S024(dTxE)34-(6)3d)
® /(T0S024TES0D-0P T)1Ibspy(dT4c)ad)uerep = tpdss
(BPTdy((£)34-(Z-dTxE)Dd))sS00p
9 x (BpTd«(8)34)s0dp « (BpTd«(T-dTIxE)d4)S00p
9 + (BpTd«(8)34)UTSp x (BPTAx(T-dTxE)DI)UTSP = TESOD
(91UeTJBALSD]) STJIBWO08H BYITLWN3LJ - dJURTJIEA T
uayl (I==AT) 4T
(€)pJ4‘(2T)¥d :: UOTSUBWIP
(z-0'y-e) uotrstoaid ajqnop 3TOT1dWT
94 ‘6pTd : Ajuo ‘Sseq asn
SNUBA = ¢ ‘“dnud = T :dT Xapul

(Tpdas ‘¥4 ‘AT‘dT)edas autTinouqns
QuT1noJgNS pud

(saJT‘pdoT‘sT‘aplz‘dT)aTJ49S1 11B2
R ((Z==powT-pue’ T==quOXT) J0* (==qWO3T) 4T Q9

.......... SNUBA-BUUOS *MZQ JNYJ3|-duuoS uoTiededsas Jap Bunuydsdag-----

9TJ9s]Tsued] Jop Bunuydsdag: """

oppua ! ([)wad = ([)a4 !gz'1=[ op
0€ 03 06 (y=>J41T) 4T
bue = (4p1)ued
owp = (J4pT)Souwp
oppus :(3)ep = (3‘J4pT)Gep :(¥M)epT = (Y‘JPT)GPT :/°'T=Y Op 0G
Bunudsyoany

(bue‘yu‘zlx‘dt)a1bue sod 11ed (T=/43T°pue” H==doST) T
(pueJudUUOS We 13ue)ld) S1UTMSUOTITSOd Sap bunuydadag -

(owp‘ep‘ept‘1edT‘1plx)aiepapl 112
(3p[x)1 e319p 1182 (Z==ATUNT) IT
19p + zfx = 3p[x
09 03 0ob (z==9Y) 4T
0y 03 0B (G==9%'J40* [==9Y) JT
(MXT'Gz'STT e-p-1'sdo' AR ZAR TAR €[x2Ix T[x)3T4buTd 118D
wr19-10das = zAA
(Tedas‘yJ‘z‘dr)edas 11ed
*1z19SJ49 ,1T4BUTJ, 94D]119UYDS SEM1D Sep ydJnp IpJnm ,d1ueydas,
3Tpus
(NYJ ‘wnUT “3da‘TEL “19p‘UUBT ‘NI ‘UM

R ‘D9ud‘xT‘pwdr‘saant‘zlx)drgdosa 11ed
9s19

(nsaJ‘wnut‘ida‘ted‘19p‘ney‘yd ‘dr)aitdosa 11ed
usyl (T==pout) JT
(Z=powT) UOTSJOAL1OA IL8dOSA ‘(T=POWT) UOTSJUSAZINY AL8JOSA

1Twy/(eplz - zlx) = ney oy
JTpUd {/-p'z=1dd !8S1® !ZI-p’'TI=1dd fudyl (T[==PpOWT) 4T
AI STQ I ud1T9z1yeiuoy Jap bunuydsdag

1443

ovee

GECE

0€cCe

Geee

ocee

S1ce

0TcCe

S0cCE

00cCe

S6TE

06TE

GOT UOA 99 91T18S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA GG 91TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



*(49b93uUT) Xaput Apoq Apoqt
*0POZC 2T3dT129 pue xoutnbs jed>TWeuAp
S9TITD019A pue suoTiTsod dTJluadAdeq
S91RUTPJ00D Jeynbueldad
"3/8d0SA G
*931ep 9yl JOo DT1dI1d9 pue Xxouinbs jedTweuAp
S9T}TD019A pue SuoT3Tsod DTJIUDI0T)9Y
$9]1eUTpJ00d 1edTJayds
*AL8dOSA ¥
*91ep 9yl Jo OT1dT)1D9 pue xoutnba edTweuAp
S9T]ITD019A pue SuoTiTsod DTJIUDDI0T)dY
S91eUTPJ00D Jeynbueldad
"DL8d0SA ‘€
*POOZC 2T1dT129 pue xoutnbs 1edTWRUAp
S9T]}TD019A pue SuoT3Tsod DTJIUDDI0T)9Y
$91eUTPJ00D 1edTJayds
"d/8d0SA T
*000ZC 2T3dT109 pue xoutnba jed>TweuAp
S9T]}TD019A pue SuoT3}Tsod DTJIUDI0T)dY
S91eUTPJ00D Jeynbueldad
"VL8dOSA T
*POOZC 2T1dT129 pue xoutnbs jedTWEUAp
$91eUTpJ00d 2T1dT)19
*(U0T3N10S 1BTITUT) £8dOSA :0
*(49693UT) X9PUT UOTSJIIA SJOAT
*gQl SWT} 1edTweuAp : 91EIS dUWT}
*(uotstoaud a1qnop 1ead) aiep uernl [pa
: andut

*Apogq e 01 pue AJ0dyl /8dOSA 40 UOTSJDA B 01 Spuodsaddod 391TL 9yl
"91T4 € U0 US11TJM UOTIN0S /8dOSA UT SWT} JO UOTINITISQNS

: 309[qo

2066499d - Sopn1TbuOT Sap neadng : 2dUdUD)dY

*9UTIN0J4QNS-/840SA 1euThTJO0 9yl 031 sbuolaq 1xa1 BuTmol10) Byl

‘wJoy

92JN0S 93J4 9yl pue pJepuels G UeJ1Jo4 Yl 0} PaIJDAUOD ST
9p0d Byl ‘SU0WJBYLINg *I/8dOSA PUB Y/8dOSA SUOTSISA A10dyl 8yl
40 3sn 8yl J04 AjUO PIYIBYD USIQ SBY DUTINOJ X/8dOSA MdU Byl

“uXL8d0SA. SE paweusJ pue pspusixs sT ,/8d0SA. SUTI

-noJqgns 1eutbhTJOo Byl ‘snyl *OE 03} @Z J03dey e Ag swry HBurindwod
9yl S9onpaJd STY} ‘(3S91-IWAL) S9seyd 3Tsued} ayil 4O uoTiend)ed
9Yl J04 *UOTSJUDA-/8dOSA 2u0 Jo siaueld 1)1e Butaanod ‘ssadde
wopued Joj ,zJded, Aedue 1RUOTSUSWIP-G 9yl O3UT paTdod aJe eiep
uTew a8yl -3aueld yoea Joj4 11eD ISJTJ 9yl 1e 3duo Ajuo pead ade
S91TJ-/8d0SA 2yl UT SdJaiaweded syl ‘uorieindwod Jjo AyTpTded Jol
nooued4 pue uoubelaug Aq pasodoud sy :(03131T19C 'H AQ) 3Javyodn

(pw‘da9T ‘4N ‘294dApoqT‘SISAT [PI)X/8dOSA SuTInoJqns

0cre

SIvE

0Tve

SOvE

0ove

S6EE

06¢€€

G8EE

08¢€€

GLEE

0LEE

autinouaqns pua
T = (ssJT)8sT

aplz = (saJt)ase
ST = SaJT
aplz = (dt‘st)dss
ST = XewstT

T + XewsT = ST
T - ST = XBWST (XeWST<ST'J40" QEOOT-==XewsT) JT

oppua
0z 03 ob (T==bey1yy-pue’si==[) 4t
JTpus
[ = xewsT (xewst<[) 4T
T = beryy
[ = saut

uayy ((e==([)ast a0 Qp-z=>q)-pue’ Qp OI=>X) IT
XewsT sT'[‘([)asT'q’'x‘e(, (STE'ET ®
8 ‘9'9T4'€°0T4€"63 ., = Xewst'sT'[“([)asT’q’'x‘®e,,), 9)93TIM
((dt)22-([)ase-aplz)sqep = q
((dT)224((e)3uTUp-B))Sqgep = X
(dt)20/((dt’[)u3s-0plz) = e
4TpUd
oppua
T = (Y)°sT
ST’ (T-dT42) [[=y op
uayl (Op-00T+(dT)2d<wt1z-3pf2z) 4T
(3J4e31sz'DgeT3) IXeup = Wiz
sT'(d1)Tl-s1=[ op
0 = beypyy
USWWTISDQ JBWWNUUSTJISS 9112NINY

JTpUa
4TpUd
oppua
JTpUs
3TX?
T = beyyst
[ =sT
uayy (splz<(dt‘l)ass) it
(d142) (L (T-dT42) [[=[ op
uayy (p==6e1)sT) 4T
uayons 3HundiToziJdels Jdany (ST) JOWWNUUSTISS

3Tpud
uinyaJd {666 = SaJT

usyl (Op’G9E+avLII<dplz-d0* pp-G9€-29€T1I>aplz) 4t
uayy (€08-=/0doT) IT
oplz = 3u4e3sz (OT-p 1>(0P66° 66-34€3SZ)sqep) 4T
(z-0‘y-e) uotstoauad @y1qnop 3TOT1dWT

xewsT‘Beryst([‘T[‘9ST 3Je]SZ
R ‘QV.T3‘D9ETI DD ‘9se‘uss Auo ‘ouyse asn
SNUBA = ¢ ‘dmyJddp = T :(dT) Xopul
("39uyd94aq 931ST] Jop uoA HTHuseygeun uJBWWNUUDTIIS UDJIDITIM 3]
-1e udpJam yoeueq ‘udpJam 1aupJdoabnz ualITSUeS] USBUIPUNYIO UIYSJD
uap STP ‘USWWTLSSQ NZ UJBWWNN STP "y p ‘udawwnuliels 33Ip wn ‘3ap
-USMJDA 1BWUTD JNU PJTM ,1°9TJISUT, UJBWWNUUSTJISS Jdp 31STT 91Q)
*,91TS oM 9sdT123 YSYN, JOp UdUSP UdYIaJdSIUd UJBWWNUUITIDS BT(
..................................... 9TJ9S-1TSued| Joap Bunwwrlsag
(sodt‘pdoT‘sT‘oplz‘dT)a9T49S] BuUTINOJQNS

0¢

Ji

09¢€€

GGEE

0GEE

1433

ovee

GEEE

0EeE

Geee

Cr433

G1ee

0TEE

SOEE

UOA G 91T3S

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA LG 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



- i 0vse A3TOTJI3UDI9 9 i
X£8d0SA 03 1182 3s4T4 3e Ajuo 3aueyd yoes Joy ‘Butpess 914 i (pa4) (ebawo)utss(z/T)uts =d :9 i 08vE
........................................................... i (pd) (ebawo)sody(g/T)uts = b :g i
(pd) (Td)uTssd =y ¢ i
((0G-p-T+294d)@TbO1p- ‘0P €) TXRUP=Db (pd) (td)sodyd = ¥ :¢g i
0 = J443T (T=/(ApoqT)puw) JtT GESE (p4) spnitbuoy ueaw :g i
uaniad (z-p-1<dd4d-ao- gp-e>d94d) IT (ne) stxe Jolew-Twas :T i SLPE
oppud :(T-T)3x(T)3=(T)3 :G'Z=T op ! S9}eUTpJ00d DTIAT]1d 404 i
000T2/(00023-[P1)=(1)3 i
oppud {pp e=(T)d ‘9‘I=T op *(uoTstoaJd @1gnop 1eaJ) S3IINSaJ ayl 4o Aedde (9)4 i
JTpus 0€SE
oppua foppud {1- = (ApoqT‘T‘[)Z3T !G‘0p=[ op fg’1=T op 1 anding i 0LvE
0=09pT i
uayy (T==(Apoqr)pw) It *£8d0SA SuUTInOJqns 03 11ed 3SJTY i
€=JJ9T {0=Y 9y} 94049q pauado pue pauTjep a9 3Snw IT pue ‘Apoq e i
/0P"0SZS9€/000TE BlEp 413 pue A1oayi £8dOSA JO UOTSJSA € 03 SPuodsaJiod 31T4 dYlL i
/0P SYSTSHZ/00023 exep *(J49633uT) 91T4 Y3 JO XIpuUT 3TUN 1BITHOY n i S9vE
/0P 0xS‘OP T 0P 0/3 elep
/0P69/798S6/T/OES8TERT " 9/Tdp ejep ne 9601°0€ = 0€ aunidan i
/0P 1'0P960T "0 ‘OPT8TZ 61 OPLYSS 6 ne 181Z°61 = Qe snuedn i
% 'OP9ZOZ S 'OPLEZS T OP T OPEEZL 0'OPTLBE 0 OPTO 0/08 elep (1413 ne /4GG'6 = Qe uinies i
/.9W3, “ /ANNLDAN, “, SANVYN, *  NYNLYS, ne 9zpz's = oe Jaytdne i 09vE
R HILIANC, “ L SHYW, “ HLYYI, L SNNTA, ‘L AYNDYaW, ‘. NNS . /Apoq elep ne /€7S5°T = 0® sdeyy i
(6:0)pw’(6:0)02 (S:T-)3*(9)J4 i uUOTSUSWTP ne gEOO'T = 0e yitez i
(6:0)Apog‘oq :: (/)d4@3deBUBRYD ne €€z/°0 = oe SNuUaA i
(z-0‘y-e) uotrsTtoauad @1gnop 3TOTIdWT GTIGE ne 1/8€'0 = oe Aandusp i
ZAT'ZuT‘zat'zded @ Ajuo ‘ouise asn *Apog 9yy Jo sTxe Jolew-Twas ST Qe i GSPE
................................ i *S91qeTJdeA Jayio ayy Joy Aep/pd dadd - i
SUOT1EZT)1RT1TUT pue SUOT1eJR1D3(Q i *S92UR}STP 9yl Jo) Aep/ne pgeydaud - i
................................ i ! S9T1TD019A 9yl JOJ i
0TSE *S91qeTJeA Jaylo 3yl Joji pd dadd - i
...................................................................... i *S9DURISTP 9yl JOJ ne Qeydadd - i 0spE
i : suotiTsod 8yl Joy i
*J0J4Jd 9114 bButpess :yp i © ST UOTSTOaJd 3yl ‘Z-%%0T i
* (4938weaed da4d dn ¥d9Yyd) J0JJd UOTSTIRJd :¢ i pue pd usamiag uTl Aes sn 13] ‘@ 01 1enbs jou ST d8J4d JT i
"(xaput ApoqT dn 328yd) Joddd 9T} T i §0SE i
*(X3pUT SJSAT dn 3d3yd) J0J4J4d ¥1T4 T i 8-xx0T 0°2v = od aunydap i ShvE
*J10JJd ou :Q i 8-4xx0T 0°8 = od snuedq i
*(49691UT) X9puT J0JJDd JJ4aTt i 8-xx0T 0°0L = od uJanies i
i 8-%x0T 0°GE = od Jaytdng i
(Aep/ne) A312019A sniped :9 i 00S€ 8-xx0T 0°0T = od sJey i
(Aep/pd) A312019A 3pnitiey :g i 8-xx0T G'CZ = od yideg i evve
(Aep/pd) A312019A 8pnitbuoy :¢ i 8-xx0T G'C = od SNuap i
(ne) sntpeJ :g i 8-xx0T 9'0 = od Aanduay i
(p4) epnitiey :z i *£840SA UOT3N10S 93191dwod ayy jo @d i
(p4) @apnitbuoy :T i SebE uoTsTIaJd 9yl ST UOoTSTIaJd 3yl uayl @ = ST JaJd 4T i
! S91BUTPJ00D |edTJayds Joy i i GEpE
i *(uoTsTo9J4d a1gnop ead) uotsTodaJdd aATIR)ad Jaud i
(Aep/ne) z A312019A :9 i i
(Aep/ne) A A31d019A :G i J491uadAueq uoop-yidej :p i
(Aep/ne) x A112019A iy i 06¥E aunidsN :8 i
(ne) z uotytsod :¢ i snuedn :/ i 0gve
(ne) A uotitsod :g i uJnies :9 i
(ne) x uotaitsod :T i Jaatdnr :g i
! S91euTpJdood Jelnbueidsd Joi i sdey i
i S8vE yidea :¢ i
apn1t1buo) spou HuTpusdse :ebawo i snuap :g i gzve
UOT1BUT1DUT T i Aanods| T i
apn3thuoy uotidytaad ‘ud i (X£8d0OSA UT 243y pasn 3ou) uns :@ i

GOT UOA @9 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA 6S 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



"D X B SaNpoJddiolNd) Sop d3jusuodwodl-z JIp USYDITIZJOA SSaewabh
(3T1dT133 STp 4ne BunIYDTIYIT1g) 19e1TJe10d J9p U9119151S9d

Tdp+(3)4=(3)4 (0P 0>(%)4) IT
(Tdp‘ (X)) powp=(3)4
uianiad (0==Y) 4T

4Tpud GGOE JTpuUd
(6T)4AX = 22 1(8T)4AX = zq !(L1)4AX = ze oppua 0EOTe/(T)4=(T)J !9'v=T op G6SE
9s19 uayl (0=/AT) 4T
0z = 2> 1z = zq @z = ze JTpUd
usayl (£==U0ST) JT JTpus
(9T)4AX = Ao I(€T)4AX = x2 059€ @€ 03 ob T + OT = 0T
(GT)4AX = Ag 1 (Z1)4AX = xq 0 =3t 06S€
(y1)4AX = Ke  !(TT)4AX = xe usyy (e>dT) JT
(9)JdAX-(6)4AX = (BT)IAX 9s19
(€)4AX-(6)4AX = (8T)4AX {(€)4AX-(9)dAX = (LT)4AX € 03 ob T + 3T = 3T
(G)4AX-(8)J4AX = (9T)4AX {(7)4AX-(8)4AX = (GT)JAX Sv9g uayl (T-=/1X3U3T pue’ p=>1T) IT
(2)4AX-(G)dhx = (yT)4AX  1(§)dAX-(L)4AX = (€T)4AX (ApOQT ‘DT T+3T)Z3T = IXdUIT (¥=>3T) 4T 0G G8Ge
(T)AX-(L)Ax = (ZT)4AX  T(T)4AX-(7)4AX = (TT)4AX oppua oy
apuseisqeusprwedAd i NSxO%Byx (3T)I-NI4B4 AT (T-3T)I+(E+2T)d=(E+T) 2j
(pasn jou) 33ueyd jo A3TD019A | (n)utsp=ns Ji
(z-0‘y-e) uotrstdaud a1qnop 3TOTIAUT ov9€ Oy 03 0B (0==AT) 4T i
aseq asn (3T)3xN0%e + (OT)d = (OT)d 08G€
*YdTS uaydaddsius ,J4Ax, pun ,JAd, I3q 6Z - TZ Pun 6T - TT SOZTpUl i ((T)3%2 + g)sodp = nd
sod,4 ‘sod,4 ‘sod4 :9¢ i (T)1s2 + g =n
W :GE S-B}1dP pE  UOS-Z g€ U0S-A izE€  U0S-X ITE i 0G 03 ob (d>(e)sgep) it
4991 :0€ ,ewweb :pz  ,e33q :87 ,eydie :/g eb :9z i S€9€ (ApogqT‘oT‘3T U‘g)zded = O
b gz b :pz A -2 i€z w-29:ZZ w- AL i (ApogqT o131 Uu‘Z)Zded = ¢ GLSE
J499] :07 AZ-9Z 6l Wz-9Z :QT Wz-AzZ /T AA-9A 9T i (ApoqT‘dT‘1T‘U‘T)ZJed = €
wA-9A :GT WA-AK ipT AX-9X €T wx-9ax :g1 WX-AX T i uutT‘I=U O op
.JAX, UOA SBZTpPUT 8J93TOM *,MYST, 'Mzq 33T, 39e}TJIE10d Jdp pun i (Apoqr)eexd=d ((YxZ-G==dT'pue’ g=/%) 40" 9==)) 4T
juszodd ut (9€)J4Ax 'mzq sod4 3TENBTINEUsy Jop Bunwwrisag snedep i 0€£9€ (0S-P T+¥-P T4 ((T-3T)3)Sqepx3T+((3T)3)sqep)/(z-b)/op o1/294d=d
......... ‘uslaue)d 1TW uJddwwey/udpTwedAd UBUOTITSOd 43P YdTa1bJdp-----j 0G 03 0B (pP==uutT) JT 0/GE
(eXT 2T N3TplT UosT e1dT)sod a4 duTinodqgns (ApoqT‘dT‘31T)ZUT = UUT O¢
=X (y==AT"J0° 7==AT) JT
auTinougns pud =) (0==AT) JT
oppud Gz9€ (ApoQT)ZAT = AT
(BPTdx(T-T)u)UTSP«(T)ad =  (T)JAX 0 =13T ‘T =01 GoGE
(BPTds (4d-(Z-T)2d) JUTSPx(PPTdy (T-T)24)S00Px(T)ad = (T-T)4AX  eeeeooooosooooooooooooo
(BPTdx (Jdd-(Z-T)34))S00P4 (BPTAx(T-T)94)S00px(T)dd = (Z-T)JIAX S$91euTpJ00d Aueisueld Jo uoTieindwo) i
g€''e=sT op e
OP'Q = 44 (==UO0ST) JIT 029¢€
(v)94 = 44 (7==UOST) 4T 4Tpud 09S¢
(T)34 = 44 Z = (Apogr)pu 0z
(z-0‘y-e) uotstooaud @1gnop 3TOTIdWT OT 03 ob
oseq °sn oppu®
Jo91 0T 9z :6 9K 18 X L AZ :Q i GI9€ (€'T=T'(ApoqT‘dT‘3T‘U'T)zJed) (ZOOT'N1) pead
AR e AX { wz ¢ wA Z wx T "=L>X= UOA SOZTpUul i CCH.HHC op GGGE
o4 6 99 g8 ,97 L A 9 i 0T 03 0B (p==UuT) IT
Ag G AT wa g wg :¢ w T i .94, UOA S9ZTpul i JTpua
9SYdy-X Toq JNnMJoy ITW i O=JdJ49T
----(67"T)4AX <-- (6°°T)3J4 'USIRUTPJOOY BYdSTSdIJEY UT Bunypuemun----- i 019€ uaniad ((Apoqt)Apog=/0q) 4T
ACOWﬁvox#me auTinoJqgns {=449T 0G6S¢E
uidniad (SJ9AT=/AT) T
auTino.Jqns pus T=449T
(117024 ‘TT #1411 814 'X6L) Iewloy zeOT T=09pT
(LT'TT'XLTTT'XZT L@ Xy 'TT'X/T) 3ewdoy TOOT  SO9E usyl (0==09pT) 4T
....... i uut = (ApoqT‘OT‘3T)ZUT SvSE
siewdod i T = (ApoqT‘oT‘3T)Z3T
....... i AT = (ApoqT)zAT
UUT‘3T'OT'0Q‘AT (OZ=pua‘1pOT‘'N1) peas 01
uaniaui 009€ uayy (T==(Apoqr)pw) 4T
GOT UOA 79 91T3S 664 "vd/pd-boad/suey/awoy/ :193eq GOT UOA T9 91T9S 664" vd/pd-Hoad/suey/awoy/ :133eq



Pae/epS 0 x (dge + eqe) = 1xjeyp
(zpxzp + ApxAp + Xpxxp)1ibsp = pge
(zdxzq + AdxAq + XxQxxq)1ibsp = qge
(zeyxze + Aeghe + xeyxe)idbsp = eqe

Agxxe - Aeyxq = zp
zeyXq - zQsxe = Ap
zq«he - zeyAq = Xxp

zq = (z'€)a
Ag = (z2'2)a
Xq = (z'1)a
ze = (1'€)a
Re = (1'2)a
xe = (1'1)d

usyy (y==uosT) IT

*XTJ1e[-UD]USTZTSJO0Y JOp ud31eds STIp uuep

USPITQ USIOPYDA € ITQ (SOIYNPOJdIOINIA SOP 9J1TH 3ITW) UdIdU
-e1d 9TIpP 49N) SUTSQTIJIPJOINIA (USBTINUTMIDTYDS) sautd bBunbnazu3z
ruauoTiTsoduapTwedAd

9Ip 4ne sassTugabuj sop bBunbeuiuagan pun usuoriTsodualaueld
J9p "16zq swairsAssbunyoTa)n usuabowoyuT usJaeauT) SaUTd HunsaoT]

(218UTPJ00Y-Z pun -A ‘-Xx) Bunuydodag 91LUOTSUBWTIPTIIQ" " * ' " |

4Tpud
(((sT)4Ad/(ST)4AX) sqep+((yT)4Ad/ (1)4AX)sqep +

R((z1)4Ad/ (Z1)4AX)sqep+((TT)IAd/(TT)IAX)SARP) xOPSZ " 0xIV=(5E) JAX

(*219uydodab 1eUOTSUBWTIPTOMZ ‘DpTwedAd UIITJP
J9p YdT1pens ,vuuos, Joanj Jnu) Jolyejsqeirsssep v

2P T % (9€)4AX «

R (Zax ((Q)WIA-(ZE)IAX) + Zax ((T)WOU-(TE)IAX))3abSp = (¥€)IAX
co..ﬁu...ﬁwoacwccom 9TIp Jonl mc:Nmecqume._.r_wu_ ot

0z = (£€)4Ax

(2€)4AX - = (z€)4AX (Z==%3T) 4T

0P €/(€0SA + ZOSA + T0SA) = (z€)J4AX

0P €/(€0SX + ZOSX + TOSX) = (T€)JIAX

Wd % (pE)JIAd + (£1B)UTSP % Sewz 4 €4 - = €0SA

wd 4 (L£)J4Ad + (Z1B)UTSP % Sewz 4 zJd - = gosA
wd 4 (GE)JAd + (T1B)UTSP % Sewz 4 T4 - = TOSA
(8€)J4Ad + (£1B)S0DP 4 SBWZ 4 €4 - = €0SX
(9€)4Ad + (Z1B)S0OP % SBWZ 4 ZJd - = ZOSX
(pe)4Ad + (T1B)S0DP % Sewz 4 T4 = TOSX

op° M\AAMNVL>X\AMNVL>Q+ANNVL>X\ANNVL>Q+AHNVL>X\AHNVL>QV = sewz
(A2S4xADS + XIS4X2S)1dbsp = €4
(AgsxAQs + XQqsSxXxqs)idbsp = zJ
(Aesyhes + xesyxes)iabsp = T4

(x2s/Ads)ueiep + (xa/Ad)uerep - (€€)dAd 4 wd - = g€1e
(xgs/Ags)uerep + (xq/Aq)ueiep - (zg€)JAd 4 ws - = z71e
(xes/Aes)uejep + (xe/Ae)uerep - (T€)4Ad 4 wo - = T1e
OPS" % ((G)IAX+(8)4AX) = Ads
OPS" x ((¥)IAX+(L)4AX) = xS
0PS" % ((2)4Ax+(8)44Ax) = Ags
0PS" % ((T)4AX+(L)4AX) = Xgs
0PS" x ((2)J4AX+(5)4AX) = Aes
0PS" % ((T)4AX+(¥)4AX) = Xxes

usyy (e£=>uUo0ST) IJT

OP'T- = wd (Z==%9T) 4T

Op'T = we

(ruabuse aydTIPATYISIDIUN IYDT] USYI3J1S

uspuaydaudsius STp uagey ,Sewz, SJ0I}eiSqelsssel uswesuTawab sap
uabapm) *31ydeuaqab bBunydaq J4nz 911TW J49p UT pun 131ydTJabsne 19)

SLLE

0LLE

G9LE

09.L€

SGLE

0GLE

SvLE

ovLE

GELE

0€LE

SCLE

0cLE

-1eded uspJom spuselsgeuslaueld pun -udpTwedhd abTJas0ysbuUBWWESNZ
*2ua(aYT1dT133 TP UT uduoTiTsodusiaueld Jap uotiyalodd
(*pJ00y-A pun -x) ‘sodusuuog Jap Bunuydauag 91LUOTSUSWTPTIMZ

(000T)M (W) Z* (W)A* (W) 4 (QOT)MT (U)a’ (U)X i UOTSUSWTP

(€)wdd‘(w)eysh‘(u)ersx‘(c‘c)g :: UOTSUDWTP
(z-0'y-e) uotstoauad a)qnop 3TOT1dWT
aseq asn

s0d]19J UT 9TM JAX UOA S9ZTpul
...... (G€ - TE)JAX <-- gersssely pun uoTiTsodusuuoS uon Bunwwrisag

(ZA*MD'X* L U’W D) MT U91T ' TWP ‘WdJ

R ‘edz‘gdA‘gdx‘XT ‘)91 U0ST)Ssoduos autinoaqgns

auTlnoagns pus

(0PS " 0% (ZXP«TXP + TXPxIXP))341bsp « 0P 00T = (9€)JAX
(L2)4Ad-(L2)d4AX = ZXp

(v2)4Ad/ ((72)4Ad- (y2)4AX) = TXp

(((€2)4AX % (22)4AX)/(2242q + AdxAQ + XD4Xq))sodep = (67)4AX
(((€2)4AX % (TZ)4AX)/(Zzd2xze + AD4Ae + XDyxe))sodep = (87)JAX
(((22)4Ax & (17)4AX)/(z0xze + Kqxhe + XQgsxe))sodep = (L7)dAX
(22)4Ax/(€2)4Ax = (97)4AX

(12)4Ax/(€2)4AX = (G7)4AX

(12)4hx/(22)4Ax = (p2)dAx

(22422 + AD4AD + XD4XD)1dbsp = (£7)4AX

(2942 + Ad+Aq + XQxxq)3absp = (zz)4Ax

(zeyxze + AeghAe + xeyxe)iubsp = (17)JAX

*UdSTIUSPT uUdQTa1q 9SsTugabiy

U3YDT1IUSSOM STP ‘3ISSTOY Seq *93YundiTdz UQ]9SITP 3J3}9T1 sod,d
UOA BUNJSTWTUT|| TP J2Ce ‘91J3M SJ3pue Semld 119NIUSAD uuep ey
sod, 4 ‘apTwedAd-sdoay) -uadiay) pun apTwedAd-udJlay) -SOUTINAW
*g*Zz 9TM ‘udpusmudA JeedudyddJ1S SaJdapue UTd yone apTwedAd-sdoay)
-SOUTJDMA| "N 9pTWeJAd-uUdJdidy) -SOUTJNA UDYIDJLS JOp 131e1S YOTS
1ssoe) (Tad4 -sodusuuos) sod,q4 uon bBunuydauag Tag :bunyuawuy
(1BUOTSUBWTIP-E pun -z) Tod4 uoTiTsodusuuos ‘HunydTomqy SATIR19Y

3Tpus

uJaniau

(0P €/ (EXPXEXP + TXPxZXP + TXPxIXP))34Dbsp 4 0p 00T = (9¢£)4Ax
(92)4Ad/ ((92)4Adxs-(97)4AX) = €Xp

(Gz)4Ad/((S2)4Ad - (GZ)4AX) = ZXPp

(v2)4Ahd/ ((p2)dAd - (y2)4Ax) = TXp

OP'T- = S (Z==PBT pue’ £==)33T) 4T

Op'T =S

Xq/Rq = (92)4Ax :Re/Rq = (G7)4AX ixe/xq = (yz)4AX

usyl (Z=>UoST) JT
9SydepanspJoN jne uoTiTsodusuuos
(9€)JAX <-- [%] Bunydtamqy 194 Jap bunuydausg

$TpUS

4TpUd
T =BT (€==X9T) T
z 9T (€=/%9T) IT
uayl (((((9==B)T 40" g==eYT°J0" 7==e)T) pue-@z=<zd)
R 40 ((G==B)T'J0" p==e)T 40" T==B)T)'pue-pz>zd))

9 ‘pue’ z==e1dT)"J0’(@z=<zd'pue’ [==e1dT)) 4T

XJdyxAe-Aouxe = za

T = MYBT (£==43T) 4T

= 9T (€=/%9T) IT

T
uayy (p==pfr-d0* Gr==p[T) 3T

Ji
Ji

Ji
Ji

STLE

0TLE

S0LE

00LE

S69€

069¢€

G89¢€

089¢

SL9€

049€

G99¢€

099¢€

GOT UOA $9 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq

GOT UOA €9 91T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



G9‘XT=nT op GE8E

auT}nougns pud uayl (0=/491T) IT
(gr€1929‘d1*, ,)3ewuo} #GT 9sstuqgabuy Jop agebsny * -
(GT° €798 d1‘GTE) 3RWIOY €GT
(G €196 dT ' GTZ XG)3eWI0) ZGT 068¢€ oppud
uiniau ITX® (T=/9%) IT 0€8¢€
(MT‘MB'X‘JUu‘w’'ay)xa3T) 11€2
JTpus oppud
JTpuUd i (U'T=T(T)X) ()M ()M (P)MT' (E)MT(ZGT 'NT)SITIM (0=/493T) IT
((y)M)3absp = (pg)dAX di §88¢ G'9'XT=nT op
as1@ i (X3LI4 UOA 4nJyny) usuoTIeJdIT J43p dqebsny * * * * | Gz8e
2-P'T % (9€)J4AX « nb = (pg)IAX
OPS 0% (OP"T + Zxx(TWP/WOP)) % TWp = nb (Twp>wdp) 4t T + 3J4e1sT = 1Je3ist
wdp = nb oppua
(Zxx ((€)woa-(€€)aAX) + 088¢€ (T4 (D)4 + (V)M = ()M
R Tk ()W~ (ZE)IAX) + Zues ((T)WIA- (TE)IAX))FabSP = wop (f)z - (DA = (1)4 0z8€
usyl (py==uosT) JT 2 w'r=t op
uoTyTsodusuuos 9Tp Jany bunziseydsqedaiysd - * * 0Z = ()M
Txx(d)sqep djedpenbuarys4 1@ * ¢ ¢ i
€dz + (g€)Jhx = (€€)4AX G/8€
€dh + (ze)d4hx = (z€)IAX JTpUd G18¢
€dx + (1€)4Ax = (T€)JAX oppua !(T)A = (T)eish 'w'r=T op
(JoWWesuas194 JOp USIRUTPJOOXNSUOTITSOd °"Mzq SpTIwWedAd *€ i oppua ! (T)X = (T)eisx ‘u‘l=T op
J9p 9YoS0H dzueb JdpPO BYS0H /1) USIRUTPJOOY AP JNIYDJJOY" """ ** i uayl (e==31Je1sT) IT
uayl (p=<uoST) IT 0.8€ (A*(L)x)qeisew 11ed
(A (9)x‘ ()X’ (¥)x‘G)rewiod 11ed 018€
JTpus (A (€)x‘(Z)x'(1)Xx)3e1SURIY 11D
(L)X/3¥ = (5€)J4AX oppud ! (T)J4AX = (T)A ‘fw'T=T op
(€)A = (g€)4Ax op
(2)A = (ze)dAx G98¢ (T)A <-- UOT}IRWJIO4SURIIUDLIRUTPIOOY * * * |
(1)K = (1€)4Ax G08¢
(A*(L)x)qersew 11ed JTPUS {Oppud ! (4‘NT)9ITJIM {G'Q‘XT=NT Op ‘uayil (0=/491T) IT
(A (9)x"(S)X" (¥7)x'G)rewrod 11ed 0 =9 ‘0 = Heist
(A (€)x ' (2)x"(T)x)3e1SUBdY 118D usyl (G==UOST) 4T
oppud {pz = (T)A ‘w'r=T op 098¢ *19puamabue i
(auuog) sbunadsanualeuTpJIoOy SOp UOTL i (bunadsanualeuTpJo0y) UOTITSOdUSUUOS STP Jhe uoTIewlojsued) i 008€
-ewJojsued] yddnp (£)X'*(T)X Jo1sweded ud1wWWTISaq apedab uap i 9pUDJIDTIINSDI STP PJTM PudSSIOTIYISUY "1ydedqgab bHunydaqg Jnz sptw i
9J1TH 1Tw apuse1abusptwedAd wt uoTiTsodusauuos Jap bBunuydadag * * * -edAd-sdoay) Jop UT uddwwey Jap *Mzq udpTwedAd Jap bBunupuaouy Jap
1TW HunJdPUSLUISSD0JH pun UOTIRIO0Y ‘UOTIRISURI] UYdJNp PJTIM Ud]L i
JTpuUd GG8E -dueld J9p UOTIL1193SU0Y BTQ *XILI4 Swwedbodd-1T4 SSp 9Y1TH ITW i
oppua (@1eUTpPJa00Y-Zz pun -A ‘-x) Bunuydsusag 91RUOTSUSWIPTDIQ" """ i G6LE
(w't=1'(T)A) ‘W
9 (L (/€7 €146 (L TT L A " (1)) ‘NT)91TUM 3TpuUd
(L)X (9'p=T 1dpbx (T)X) ' (£'T=T‘(T)X) ‘U ((Zxx(8T)JAd + Zux(ST)IAd + Zxx(ZT)4Ad)
9 (W (EE€THL (0 TT ., " "T)X S31Nsad ), ‘NT)dITIM 08¢ R /(Zxx (8T)IAX + Zux (ST)IAX + Zux(TZT)4AX))2dbSp x IV = (GE)JAX
(w'T=T'(T)e1sk) ‘w Joyyejsqeysssel * ' Q6LE
9 (L (EE€T46 (L TT DA " 1) 'NT)9RTAM (6)4Ad x €x + (8T)J4Ad x X + (LT)J4Ad « TX = (€€)JAX
(L)e1sx' (9'p=T'Tdpb«(T)e1SX) ‘(£ T=T'(T)eISX) U (8)4Ad x €x + (ST)JAd x X + (P1)J4Ad « TX = (z€)JAX
9 (W (€ €T4L (L TT " T)X 3dels ), ‘NT)d3Tdm (L)4Ad « €x + (ZT1)4Ad « X + (TT)4Ad « TX = (1€)JAX
A*.J..Cwu.._”.hs 0T Gy8¢€ ez19 ut co..ﬂ.._”moacmccom Jop ualeutpJooy * * *
oppu® i (€)4AX % (€£°€)A - (2)4AX % (2'€)a - (T)4AX % (T'€)a - = €X G8LE
(zC1l=0([)m) (¥ST‘NT)OITIM 2 (E)4AX % (€2)A - (2)4AX % (2'2)a - (1)4AX % (T'2)a - = TX
T-t+1l=¢l ‘1+zl=1( 2 (€)4AX « (€'T)Q - (2)4AX % (2'T1)@ - (T)4AX % (T'T)Q - = IX
c.._nuﬂ op Ji A._u.hoov_.l_:v_.hw_\,_ .v * ADV.>CH = X 1Tw mc:mwoq J9p mc:ccuwgwm T
l+p=el ovse (@)343AuUT 1180
0T 03 ob (pz==(G)M) IT Q XTJ3el 43P UOTSJBAUT * * * | @8LE
(Zl' =0 ([+v)Mm) ‘X ($ST'NT)SITIM »esp « zp = (€‘€)a
u+u = zf »ep « Ap = (€°2)a
(PIM (€)M (P)MT' (€)MT‘DY (EGTNT)SITIM »eyp « Xp = (€°1)a

GOT UOA 99 81135 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA G9 91135 664" vd/pd-Hoad/suey/awoy/ :133eq



(6" T)4AX <-- (6" "T)J4AX “(6'"T)3d <-- (6'"T)ad i as19

.......... (wa3SAS-uyeqsnuap) walSAS-uyeqdnyda) SUT UOTIRWIOLSURIL]-----j JTpus
(N34 ‘gJT)04SUBLY BUTINOIQNS 010V JTpuUs
auo = (£'€)a 0S6€
auTinoJqns pud 10 = (z2'2)a
oppud {(T)e x sewz = (T)e ‘g‘I=T op s - = (1'2)a
(6)e :: uoTsuawip € sIxe j 1s = (2'1)a
(z-0‘y-e) uotrsTtoauad @1gnop 3TOTIdWT S0t 9s19
(6°"T)e <-- (6" "T)e USIOIY3A € i 12 = (£'€)a SY6E
............................................... bunuspusesqelsssep-----j s - = (1'€)a
(e‘sewz)qgelsew autinoJqns Quo = (z‘'2)a
7 stxe 1s = (€'T)a
auTinougns pud 0007 uayy (z==asyoet) 4T
oppud 0= (1'1)a 0v6€
ge+(z+T)e = (z+T)e !ze+(1+T)e = (I+T)e !Te+(T)e = (T)e 9s19
€'/'1=T op 10 = (€'6)a
(6)e :: uoTsuawip 1s - = (z'€)a
(z-0'y-e) uotstoaud ayqnop ITOTLAUWT G66€ 1s = (€'2)a
(6°"T)e <-- (6" "T)e UBJOIY3A € i 12 = (2'2)a GEBE
- --uslaueld € JoOpP USUOT]LTSOd J@p uoTlejsued]----- i T STXe | Quo = AH.HVQ
Am.mm.Nm~HmvwmﬂmcmLH auTinoJqgns uayl AHHmesumﬁv JT
oppua ‘oppua gz = ([‘T)Q '€'1=T op ‘g‘1=[ op
auTinoJqns pud 066€ usayy (£=>dsYdet) 4T
(6°£=C'([)e)*, :+ uyyaez , (,(8°€T4E'TIL), '9)dITIM i (TM)s0op = T2 !(TM)uTsp = TS 0€6¢€
(9'v=L"([)e)’, +  snuap , (,(8 ET4E°TTIR), ‘9)dITIM i Op'T = uo
(e't=L'(0)e) ", : Auandaaw , (, (8 €ET4ECIR), ‘9)9ITIM 2 op'0 = 02
oppua !(T)q = (T)e !6‘I=T op (€'€)a‘(6)q‘(6)e :: uoTsuswip
oppus G86€E AN-o.c-mv :Oﬂmﬂuwga o219gnop HﬂUﬂﬂaEH
oppud (19UTM UBYdSIdINT TP €M pun i GZ6E
oppua M .HB waCHBV 9sydy wmﬂnwﬂewn wn mc:sch G = 9syoet
O+0)ex(f'T)a + (T+1)q = (T+4)q (Zm ‘TM 13UTM) STuT1US1O0UY Wn Bunyauq 'y = asyoer i
1= op i
€'1=T op 086¢ (1 0 0 ) i
€'9'0=) op (@0 1TMmsSod TMmUuts- ) = (IM)zq ‘92 i 0z6¢€
oppud !9z = (T)q :6'T=T op (@ TMUTs M sod ) i
oppud f(gT=L(L'T)a) (, (8 €T4E), 9)ITIM €T = T op 2
ACOHHﬂmOQULu pun -snusp\ .-L:meZV uoTiewJojsued] Jop mc:;co:%m:< o AHB ﬂwaﬂBV Qsydy-z Jspo -A “-x wn UCJLQLD 1€-T = asyoet
GL6E (6"°T)e <-- (6" "T)e :9pJ43 STQ JNYIB JBNJ UIIOINBA € i
JTpUd -U0T3e)T1dTI 1N pun XTJ3ey-yaJq Jop Buny1e3sia3y----- i GI6E
s} = (£'¢€)a (e‘em‘gm M 9SYdeT)1eWI0J BUTINOIQNS
s x 12 - = (2'9)a
s « IS = (T1'€)a auTinoJgns pua
4TpUD 0L6€ oppua foppud :Tap«(T'[)q = ([‘T)e f¢’'1=[ op !¢'T=T op
€ x2S = (£2)a ((e'T)ax(e'T)e + (Z'T)ax(Z2‘'T)e + (T'T)aAx(T‘T)e)/0P T = T3P 016€
€0 % 29 x T2 + €S x IS - = AN.NVD cwgwﬂcoamcmgk pun 2l1ueuTWJIal19(q JOpP JJoaMUy3y * " |
€ x> x 1S - €5 x 12 - = (12)a (z'1)ex(1'2)e - (Z'2)ex(1'T)e = (£°€)q
€s x2S = (£'1)a (€'T)ex(1'2)e + (£72)ex(T'T)e - = (2°€)q
€5 x 2 x T2+ €2 x IS = (2'T)a G96€ (€'T)ex(z'2)e - (£12)ex(z'T)e = (1°€)q
G sTXe j €5 x 2 x IS - € x 12 = (1'T)d (Z'T)ex(1'c)e + (z'e)ex(1'T)e - = (£°2)q S06€
(EM)S0Op = €1 {(EM)UTSP = €S (e'T)ex(1'e)e - (€€)ex(T'T)e = (2'2)d
9519 (e'T)ex(z'e)e + (c'€)ex(z'T)e - = (1'2)q
s« 12 = (€'2)a (z'2)ex(1'e)e - (z'€)ex(1'0)e = (£°1)q
BUO + (72 - BUO) x Id % T2 - = (2‘2)a 096€ (€'2)ex(1'e)e + (€°€)ex(T'0)e - = (2'1)4
(22 - ®uo) 4 12 x Is = (1‘2)a (€'2)ex(z'e)e - (g'€)ex(z'0)e = (1°1)4 006€
Zs x 1S - = (£'1)a usJoyejoy dTq -
(22 - ®uo) 4 12 x Is = (2‘'1)a (€'€)a’(g'c)e :: uoTSUdWTP
v SIXe j QU0 + (Z2 - dU0) x IS % IS - = (1'1)a (z-0‘y-e) uotstoauad @y1gnop 3TOT1dWT
uayl (p==9sydet) JT GGHE 0 mmemmmmemeeeeaae---- (B)AUT <- B "y'p ‘e XTJIep-EXE JOP UOTSJIDAUT----- i
(gm)soop = gd :(gMm)utsp = gs (e)3J9AUT BuTinouqns G68¢€

GOT UOA 89 81T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA /9 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



€97 9Y0TL9 3ac :(J/vL8dOSA) ¥T "3Isuoy
GGZ €L6606S = 3AC :(JL8d0SA) (19ydy Jany yewTxew J)
¥92°€466065 = 3AC :(VL8dOSA) €T "3Isuoy <-- 3J4dTwrido ("J49W)J °g

(2£8d0OSA ‘¥T°M) " ‘OPTTTOS6T99Y 0 ‘OPYO90ESE T- ‘OPYZSL8LI 8T
(VL8dOSA ‘¥T1°M) ‘OPOYOT66C99Y "0 ‘OPZ6IYSE6 T- ‘OPYO66CLS 67C
(2£8d0OSA “€T°M) ‘OPYLYT8Y0L9Y 0 ‘0P6698VOY " 9- ‘OPLLOLETR 9¥
(V£8dOSA “E€1°M) ‘OPY8L806CL97 0 ‘OP69EEITY G- ‘OPTSLI6GT TLT
/wiayde ejep

Tv6Y1"1,06¥8C = 3AC  :TLE pun TLE udUOTIdQ
T8SE9°9Y0OTL9 3ac  :vyT "3Suoy
89€87°€/£66065 = 3AC €T "3ISUoy <-- (T°L) "19 3Tw Bunuyoauag ‘v

*(1£€ uotido) ayood3z Jop 3TIAIINI pun

(zL€ uoTido) ©°000ZC 3TW ,ZT UOTIL]1D3ISUOY-USIIBYDS, Jdny pun
ayocod3 J4ap 143 pun @'EOZC 48Ny S1TAMAL $T pun €T "3ISuOy Jany
s19ydy-Jn)Ja Sop J pun g ‘7 UDIRUTPJOOY 91e3TidI1Y¥d aydsTJaeyds

(€)wda’ (B)A (L)X (8T)wrdyde :: UOTSUBWTIP

(z-0‘y-e) uotrsToaud a1gnop 3TOTIdWT

aseq asn

‘uassednzue ,wyayde, uT ud3eUTPJO00¥13ydy ‘UOJISE DTIP PUTS ‘udJdp

-Ude SPM1d UDUOT1L)191SUO0Y JISITP UIYuUNndiTdz uUap ue YdTS 91110S

‘ww y "ed> T3 ,¢T UOTIE)191SUOY-UdIIeydS, Jap Toq ‘ww G pun wd QT

*ed T9q $T *Mzq €T "3SUOY Jan} USHST) USUOTSJS\ USPTSQ UBYISIMZ

apuselabuapTwedAd wr usbunydTamgesidQ 9TQ ‘uapJam 1dyaniabydunp

(€=SJ9AT) D£8dOSA Pun (T=SJOAT) V/8dOSA 3Tw uuey Bunuydaiag 31q

"ZLE pun TL€ ,uoTido }deis ¥OTnb, ITMOS ‘$T ‘€T *1193}suoy Jany

ezT9 Ut ,uoTiTsodiaydy-Jnydap, J49p bunuydadag
(Twp‘wod‘A'x‘gyp ‘X1 pdoT ‘0T ‘plT UOST

R ‘er1dr‘yder‘su9AT‘powT)oy1dyde autinouaqns

auT}inoJaqns pua

0P 09E + (T)Mfd = (T)Mfd (P 0>(T)NyJd) 4T
OP" 08T + (T)Md = (T)MY4 (0P 0>Td) 4T
(€4x€4 + eudyeU)IUbSP = (€)nYd

Tdpb4 (ed/gd)uerep = (z)nyd
Tdpb4 (T4 /z4)uerep = (T)nyd

(Zd%Td + TdxT4)3dbsp = e

(€)nNXdJ :: UOTSUSWTIP

(z-0‘y-e) uotrstoouad @1gnop 3TOTIdWT

1dpb : Kquo ‘sseq asn

(4 € ‘e1dyyx :z ‘tyd :T NYJd UOA XdpuTl)
.................... (€)nNyd " " (T)NYJ udlreuTpdooy1abny ut Bunuydaauwn
(NYd ‘ga‘za‘Td)0x196ny autinoigns

auTinouqns pus
oppua

oppua

(Oyma = ([+x)aa

¢‘t=[ op

(n3a “€AX ‘ZAX‘TAX)03196Nny 711BD

(€+))JAX = €Ax

(Z+)J4AX = ZAX

(T+)4AX = TAX

(T-T) €=
€'T=T op
oppus ‘(T)1Ax = (T)J4AX !6'T=T op
U91eUTpPJ00Y19bNYy UT UOTIewWJOfSuURIINIINY

OETY

Sy

Crany

SItv

0TIV

SOTY

00TV

S601

0601

G801

080%

SLOY

JTpUd
(3Ax‘1e-gR’ZR TR G)JRWIO0L 1D
(oe-1e‘TR‘0OR)Y XTJdlE| *
usyl (p==q41) IT
(oe-je‘te‘oe)y <-- D uoTiewJdojsued]
3TpuUd
(3Ax‘@z’pz‘TR-€R‘C)IRWIOL 1]BD
(oe-1e)zqQ xTJien -
(3Ax‘@z'0z‘ze 1) 3W3I04 11BD
(Te)XQ XTJ3en -
(3Ax‘0z‘pz TR €)3RWIOL 11BD
(oe)zqg XTJiep °
usyl (€==qJT) IT

(oe)z@ % (Te)XQ % (0e-3B)ZQ <-- g UOT}ewJdojsued]

JTpuUd
(3Ax‘@z'pz‘ce’c)3ewirod 113
4TpUd
je = ge

((1)3Ax/(2)3hx)uezep = je

usyl (G==qJT) IT

(3e)zQ XTd3ep

(3Ax‘0pz‘ze’Te v)3RWI04 11BD

(Te‘oe)y xTd3ep
usayy (G==QJT 40" 7==QUT) 4T
(iSYUT] Yydeu S3IYydaJ UOA UDZTJiel JOp 96 0judyTay)
(Te‘oe)y x (3e)zg <-- V uoTlewdJojsued]

oppua ! (T)JAXx = (T)3AX !6'T=T op
yydeg , (, (8 €T4€°CIR), ‘9)9ITIM
snusp  , (,(8'€ET4€°CIR), ‘9)93TIM
Aanodap , (, (8" €T4E°CTR), ‘9)OITIM
1e = ge
Te = ge ‘oe = e
Td-08+( (Zxx((0€)S00p4(TR)UTSP)-OP " T)34bsp/(oe)uTsp)utsep = 3e
3Tpud
((((roe)uTSP4AXJI)/(9)JAX)urLEpP)SqRp Te
BpTd«((¥)24 - (0v)ad) = noe
((G)IAX4 (G)IAX + (#)dAXx(¥)IAX)3absp = Axu
9s19
((((oe)utspx(1)44Ax)/(€)4AX)ueiep)Sqep = Te
usyl (y=>QJT pue’ 7=<qJT) 4T
(ev)o4*,  (ov)ed , (,(87€74'0TR), 9)931TIM
(v)ad’, (P)aa , (.(87€z4‘0TR), ‘9)9ITIM
Z1d - oe = oe (gzrd<oe) iT
Z1d + oe = oe (pz>o0e) LT
4TpuUd
BpTdi((T)34 - (0v)34) = oe
9s19
BpTds((T)ad - (pE)ad) = oe
usyl (y=>QJT pue’ 7=<qJT) 4T
0p'Z % Td = z1d

(g'1=0L'(9+0)ahx)*,
(g'1=0"(e+[)ahx) "
(g'1=L"([)ahx) "

(€)n)a‘(6)3AX :: UOTSUSWTIP
(z-0‘y-e) uotstoauad ayqnop 3TOT1dWT
aseq asn

*1Jayotadsab ,9seq, 1Npol WT PuTsS 1e ‘Te ‘oe 1ajutmagebuty a1Q
*sTugabJ3 9Q19SSep UJDJIT] ) pun g ‘y uduoTiewJdoisued] I1Iq

Ji
di

0L0Y

5901

0901

SGOY

0G0v

Svov

ovov

SeEov

0€0Y

Sov

0coY

S10v

GOT UOA QL 931TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA 69 91T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



$Tpud
oppua
$TpUd

dwa ‘TP (€ T=T*(T)MYd) ‘(£'T=T*(T)d) ‘(PT)L1d(TOT'NT)SITIM

ESE)

A48 4TPY (€ T=T ' (T)MY4) ‘(€'T=T'(T)4) * (PT)e1d(0OT ‘NT)31TIM

uayy ((6==pT-Jo° 9=>pT)-pue’ y=/pT) IT
G'9'XT=nT op
uayl} (0==¢IST) 4T
(00*449)znpad 112 (PT)}IITP-JTP = JJ3
(0°0°4TP)ZNPaJ 1182 (T)MYJd - (T)34 = 4Tp
(NYJ “UJdT U ‘N ‘094d XT puw’pT‘saant‘aplz)gzdosa 11e2
XewT ‘T=pT 0Z op
JTpus
oppud
Z1z'1t'zgz ‘19t (v 1= ([‘0)340) ‘ (0)uerd (ZOT'NT)8ITIM
G‘9'XT=nT op
JTpus
(Z1z'17T'cg9z 19121 dT‘ (£°0)340 (T '0)340) 03036 118D
9s)9
(z1z17T'29z 191 21dT (20)340- ‘(1T 0) 340) 03036 11€
uayy (T==e1dt) it
usyy (T==wdT-pue 9=/ZIST) 4T
JTpus
oppu?
(z‘nT)aTUT] 1182

(woT)eplz‘(wdt)arep (, (S ¥14‘, .= 30C,, 8T XY), ‘NT)9ITIM

(z‘nT)aTUT] 11BD
G‘9‘XT=nT op
(wT)eplz = aplz
usyl (e=/2IST) IT 0T
¥ = XewdT (@=/¢IST) T 'T = XewdT
7 = Xewt (0=/CIST) 4T
6 = XBWT (T==SJOAT) JT ‘g = Xewr T = udT
(UOTSJDAY10A-L8dOSA i
anu) apTwedAd-sdoay) Jap Q1eYJIDUUT WaISAS WT pun dpusde)ab i
-uapTIWeJAd WT dUUOS pun unidaN STQ JNYJD|y UOA USUOTITSOd" """ "j

oppua
JTpUD
.3 @pn1Tbuol N 9pniTie] [wlap
9, [u]z [w]A [w]x Apog , (x'nT)o3TIM
(1'nT)9TUTY 1182
(.(,.,eZT9 UT SUoTITsod 1BTIS91D,, ‘X/LZ/), ‘NT)ITIM

9s19°
(z'nT)aTUTY 1182
. " ASp T-u7 [nvl4 g,
1 [nviz [nv14A [nvlx  re1d, (x‘nT)a3TIm

(T*NT)3TUTY 1182 !(4‘NT)93TM
usyy (0==¢IST) 4T
G‘9'XT=nT op

Jdoxyueniagel * v
/.---.,/3UuT] eiep
/. iSpTwedAd jo @iep,‘, :}1TSuedy jo 3iep,
g 1ABAzAs Jo @31ep,’, :sdaqueyd 1O d1ep,/aiep eiep
qelTy :: (6¥)4@312e4RYD

(2)11(6:0)1x01 (€2)4930€a0YD

14474

ovey

SEv

kY44

T444

0cey

Sicy

0Ty

(¢t44

00¢y

S6TY

06TV

(v)91ep :: (8T)Ja3dedeyd

(6:0)uerd :: (QT)4232B4RYD
dwa (,)a830e4RYD

autT1‘ (6:0)erd (g)49308e4RYD
ssp‘up‘pp (z)4930e48RYd

(v)eplz‘(y‘€)dd'(v'6:0)340 i UOTSUBWIP
(€)wda“ (6)A* (L)X (6:0)PW' (E)NH4“(9)4 " (6)44TP UoTSUSWTP
(z-0'y-e) uotstoauad @1gnop 3TOT1dWT
aseq asn
(91eUTpJOo0Y-Z) TYT pun
(*A110A T®Q ‘D/8dOSA 48P0 V/L8dOSA) SJOAT ‘(°AzZIny 43P0 -110A
£/8d0SA) powT ‘(usuoTiTsodJawwey J4dpo -*JdAd) e1dT :JeqUaTTJeA
Jalaweded apuabiol ydou Jnu puts 114 WISITP ul - (1erzads)
€ = 1n0T pun (J1) T = ATUNT 3TW ZT "1Suoy Jan) agebsnelerzads
1ydT)1Z398ESN7Z
*("A110A-£L8d0SA) T = POWT pun (X3LI4) G = UOST 3TW PT-T "3ISuoy
Janj apuse1an-ezry wr ,usuoritsoduslaueld, Jap bunuydsdag pun
............................... unldaN STQ JNXJ3y J4ON4 UDJRUTPJOOY
(NYJ “4JdT‘Ua ‘N ‘d04d ‘XT‘pw’saant‘aplz‘eplzTwp‘zIst
Ry ‘qe1T1‘131‘31xa1‘dwa‘ueyderd‘ssp‘up‘pp‘dd‘3a0‘A X ‘wou
9 ‘sodT‘uosT‘qT'plT‘e1dT‘44Tp)OMe1d BuTInoaqns

auT}inouqns pus
JTpus
oppu®
(T'NT)3TUTY 1182
AP (A (A (p)A ((2°64'TOTIT'TET4 B
LY ~__"ﬁEH S91euTpJood cOﬂﬂwsqm >L3Usz __v_~:ﬂVWHﬂL3
G'9'XT=nT op
S9sSTUQgabi] sap agebsny
Z-P'T % (9€)4AX x nb = up
OPS 0% (0P T + Zxx(TWP/WIP)) x TWp = nb (Twp>wdp) 4T
wdp = nb
(Zxx((€)wdd-(9)A) +
8 Zax ((2)WII-(G)A) + Zux ((T)WII-(¥)A))3absp = wop
(4p) uJ®18W UT J31yed
€yp + (9)A = (9)4
(A*(L)x)qeysew 11ed
(A (9)x* (G)x‘(¥)x'G)rewrod 11ed
(A (€)x’ (2)x‘(T)x)31e1SURIY 1BD
oppud ! (T)J4AX = (T)A :9'p=T op
opuse1abuspTwedAd <-- WNEJI]11dM :UOTIPWJIOJISURJIIUSLRUTPIOOY
ACOmﬂvoxwme 11e2
U2]1BUTpPJOOY 3YDSTSaldey ut m::ccquED
oppud ! (y-T+[)wydyde = (T)aJ4 :9'H=T op
€1 = [ (z/e==pdoT) 4T
9T = [ (1/€==0dOT) 4T
0T = [ (1=/sdenT pue’ pT==p[T) JT
L = [ (T==SJanT'pue* pT==p[T) JT
v = [ (1=/sJanT pue’ ¢l==p[T) 4T
T = [ (1==sJanT-pue’ ¢l==p[T) 4T
usayl ANHHOH.u:m. Huumﬂaﬂ.vcm. Hucamﬁ.vcm. G==UOST " pue" 7=>pout
9 ‘pue’ (z/e==pdoT"40" T/€==QdOT 40" pT==p[T-J0* €I==p[T)) 4T
/OP66EZY8L99°0 ‘OPSTTISSES €- 'OPSTEOSET VLT
N ‘0P90YZY8L997°0 ‘OP886LY69°E- ‘OPTLISY66'8ST
8 ‘OPYYZOS6299t°0 ‘OP6SZSISE T- ‘OPTE6Z89T 78T
z~oummeﬂmmN@@¢.e.oumomHQmm.H-~oqummmom.mqm
a
@

‘OPTY9E8YOLIY 0 ‘OPY8SLOOY 9- ‘OP8TIZSYEL 9V
‘OPETEBO6LLIY O ‘OPLL8GITY G- 'OPETLYSOZ 7Lz/w1dyde elep

S81v

08T

SLIY

0LTY

SOTY

091V

SGIY

0GTv

Sviv

oviv

SETY

GOT UOA Z/ 93TdS

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA T/ 93T9S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



auT}nouqgns pud
0P 09x (0P T‘1Z)pouwp = g1z
(7z)3uTpT = 17T

P+ 072 = 1z
(unybptd) /A = p

(WA ‘wn‘wgz)aexyoab 11ed
(09Z + dz)«0pS 0 = wgz
(1z) obuaeq aydstydeaboan

0P 09x(0P"T'gz)pouwp = zgz
(gz)autpT = 14T

gp + 09z = gz
(ex/x)sqep « egp = gp
(Zxx(OA-BA) + Zxx(@N-eN))1absp = ex

(OA‘ON‘pgz)Jexoab 11ed
(en‘en‘egz)aexoab 11ed
egp + 09z = egz

9N/X x 0P 09E = egdp

(gz) 931t194g aydstydeuaboan

JTpus
JoWweyusuuTBTusOoy JOp | OP9LZPET'TE = 012
puemisQ Jop 9SYde1d11TW i 0POOC6L6 6C = 08Z
9s19

(u93eutTpJooy-uapTwedhd) i
9pTWedAd-SOUTUNA JOp WNJIJUDZ i

OPEYZ8ZT IE = 012
0POESZL6 6T = 09Z
usayy (T==e1dt) JT
(rwey/"J4Ahd) sbunuadsanusaleutpaooy Sap UOTITSOd aydstydeuaboan
(((1Z-0p"#)34bsp + OP"OT)/1Z + OP'T) * (dgy+ecy)«T1d = an
Zxx ((deY+eey) /(dey-egy) ) x0p" € = 12
ruelnuewey eSeATUTJS ydeu Huejwnuasdr))3

167104 wy 80OOF = SN UOA 31191SuUy *910d J2gan Buejwnpa3l

(z-0‘y-e) uotrstoaad ajqnop 3TOTIdWT

dey‘ecy‘bprd‘1d : Ajuo ‘aseq asn

(u93NUTW pun peJg ut syTamal ‘ZIz‘T1T pun zgz'1gT)
........................ ua1eutpJooy uaydstydeabosab uap Bunuyodsuag
(z7z‘111'29z‘191‘e1dT A X) 05096 BuTinouaqns

auTinoJqns pua
(82 ‘L €14 X8G/0T VT4 L TT4 L €T X8Z/9°0TIC 9 TT4 €L XZ)IeWIO)
(€783 L €T4'X8G/0T VT4 L TT4 L €T X8Z/9°0TIC 9 TT4 €L XZ)IUWIOY
8 pun € usuoT1dQ-1JB31S119UYdS JBNS 1YBZURUD]191S SJ95S8049
(#"84°0T'v"64 8T C L4°T°64C 0TI T 64 0T XZ)IRUWIOL
(LeXT'v"64°9°0T4 V"84 '¥"64°9°0TIE ER'XT)IRUWIOL
(V'632°9°0T4 V"84 V" 649" 0T4E €L XT)IRUWIOL

uJniaua

oppu® (T‘NT)dTUT1 1182 ‘G‘9‘XT=nT op
JTpus
oppua
oppua
pp‘ (v T=L(L'T)340) ‘(T)uerd’ (T)3Ixa3
9 (., (22764 7 0TIE'0TR XS EZR), ‘NT)DITIM
G'9'XT=nT op
SSp = pp (6==T°J0" (g=>T'pue’ [=<T)) IT
up = pp
Xewt‘T=T op

TOT4i
00T4i

ot
10T
00T

1l 4

09¢Y

SGEY

0SEY

1494

ovey

SEEY

0EEY

T4 4

0ceYy

Siey

0TEY

oppu?
(v'1=0"(['0)340) (. (2°64'COTIZ'T 0T+ 9
R, ung,, ‘Xg‘,,S91eUTpPJ00d 1207 ,,),‘NT)3ITIM
(Z'nT)aTUT] 1182
qeiti(, (eve’‘xy’, ,ez19 ut ‘sod 1eTIS®18) ,,), ‘NT)3ITIM
(T'NT)aTUT) 1182
G'9'XT=nT Op
(e1d1)33 = (2)Ixe1
usyi (p==gIST'pue’ [==sodT) }T

SOEY

00EY

agebsny-stugabal aJ4a1ToM * |

OT 03 0ob (XewdT=>WIT) LT
T + WOT = wdT
uslaueld usaisydseu wnz Bunuadsyoany
oppua
JTpud
JTpud
oppua
1z'tit'zaz‘1gt' (v 1=L' ([‘pT)340) ‘ (pT)uUeLd (ZOT‘NT)dITIM
G'9'XT=nT op
4Tpus
(Z1z'17T'29z 19T '21dT  (£/PT)3I40‘ (T ‘PT)340)0%036 118
9s19
(Z1z'11T 29z 191 €1dT ' (Z'PT)340- ‘(T ‘PT)340)0%036 118
uayy (T==e1dT) JT
uayl (0=/ZIST) 4T
UsUOT3}TS0dud1dUR)d PUN -UBUUOS UIIJDTWJIOJSURIY
Jap (93T94g pun abuseq) usajeutpdooy aydstydeubosn
4TpUd
Z-P'T % (9€)J4AX x nb = ($'pT)3J0
OPS 0% (OP'T + Zsx (TWP/WIP)) x TWP = nb (Twp>wdp) 4T
wdp = nb
(Zsx ((€)Wd-(€'PT)I40) +
9 Zxx ((Z)Wdd-(Z'PT)I40) +
8 Zxx((T)Wdd-(T'PT)340))3dbsp = wop
9s19
(Zxx((€°T)du-(€°pT)3d0) +
R Zxx((2'T)dd-(2'PpT)3d0) +
R Zxx ((T'T)dd-(T'PT)340))1dbsp = (v 'pT)3Id0
uayl (p==ZIST'pue’ G==pT) }I3S1d
(Zxx((€'PT-p)du-(€'PpT)3d0) +
8 Zxx((2'PT-1)du-(2'pPT)3d0) +
8 Zxx ((TPT-)du-(T'PT)340))3dbsp = (¢‘pT)3do
uayy (O==¢IST'pue: €=>pT) 4T
L,usuotiTsodusiaueld, Jo9p 31TaxBTNeudn
oppus ! ([‘g)da + ([+e£)A = ([‘pT)3do fg'1=[ op
(A*(L)x)qeysew 11ed
(A*(9)x‘ (S)x ' (¥)X‘G)1ewlos 11ed
(A (€)x' (2)x*(1)x)3e1SUBIY 118D
oppua :([)ahx = ([)A 19'p=[ op
(uosT)oy3Jey 11ed
oppud ([)nyu = (e+[)ad tg'1=[ op
JTpuUs
oppua ([)nyd = ([)A fg'1=[ op
uayy (T==pT) 4T
uayy (r==sod1) JT
T = sodT (G==uoSsT-pue’ ((z==e1dT pue’ gIGy==)T)" Jo"
9 (T==e1d1-pue GIGH==XT) 40" (yT=>p[T-pue* 1=<p[T))) IT
("pJ00Y BYDSTSD]Je)) SpudeL]18n-BZTH WT ._cw:o..ﬂ.._”moacou.wcman___

S6cy

0¢

06¢t

S8¢v

i 08y

SLey

0LCy

S9cy

09¢v

SGey

GOT UOA / 91TdS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA €/ 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



uayy (T==J434nu) 4T
usyl (€=<uT\T) IT
9s19
,(3acr ‘sbueds uenbue ue uTyiTm 11E,
9 ‘, ‘sopnitbuoy *1d1129),(,(€€L'TZR'XYT), ‘@T)dITIM
usyy (G=/uosT) JT
uayy (1==dasT) 4T
ESE]
, (sJdaqueyd JO wa3}SAS 931BUTIPJ00D - SUOTITSod aJow),
R (. (87eXLT), ‘BT)33TIM (7==e1dT) IT
, (spTweJdAd o wa3}SAS 91eUTPJ00D - SUOTITSOd aJow),
R (. (87e'X/T), ‘RT)3TuM (T==e1dT) IT
uayy (0=/¢IsT'pue ¢=/e1dT) JI8S1d
 (PRZTWTUTW 4 ‘pa3dTJ3SaJ j0U dWTY),
9 (, (v€e’Xpz), ‘eT)e3TIm (G==ydetr) IT
,(uot1aytaad uesu Aundusp), (, (GZe‘X8Z), ‘eT)9ITIM
8 (((pr==p[l1 40" c1==p[T)-pue’ z==ydet)-Jo* p==ydetr) T
. (uot1ayde deau Aunduap), (., (£Ze‘X6Z), ‘€T)OITIM
8 (((v1==pl1-a0* ¢I==p[T) pue’ [==ydet) 4o’ ¢==ydeT) }T
(uoT19ytdad 3e Aunduadl), (, (€2e’'X6Z) . ‘BT)IITIM
8 (vi=/pl1-pue’ ¢i=/pl1-pue’ z==ydeT) i1
. (uoT13yde e Aundusi), (, (TZe‘XeE), ‘eT)a3TIM
8 (v1=/pl1pue* ¢1=/pl1-pue* T==ydeT) it
usayy (p==¢IST-pue’ ¢=/e1dT) 4T 0T
JTpUd
/SANIA 40 SLISNVYL, (, (LTB'XZE), ‘eT)dITIM (Z==UT1T) 4T
JAYNDYIAW 40 SLISNYYL, (, (6TB‘XTE), ‘BT)dITIM (T==UT1T) IT
 (ADAZAS) 3NIT V.
9 ‘. NI SLINVId, (. (STe‘TTe X8Z), ‘RT)d3TIM (£=<UT1T) IT
uayy (e==e1dt) JT
QINVYAd SAOIHD IHL 40 SYIGWVHD IHL HLIM 1N,
% ‘,3WNOITY NI SLANVI (x'eT)93TuM (Z==e1dT) 4T
\VZI9 40 SAIWVYAd FHL HLIM LNIWNOITY,
(x'eT)a3Tdm (T==e1dT) JT
JTpUd
0z 03 ob
880E€ AVW "ZZ ‘CT .NOILVTT3LSN,
8 ‘,0D-MOAVYHS. 9NIQ3IDFYd. (., (62V 0TV X9T), ‘eT)a3TIM
uayy (z,e==pdoT*J40" T/£==pdOT) 413513
0T 03 ob
+wSNOILVYTTILSNOD-MOAVHS, "0d4 HOYVAS, (. (VEV‘XPZ) , ‘BT)93TdM
uayy (0L£==pdOT) }T3S1®
9z 03 ob
/680€ '230 "€T ‘(ADAZAS).
® ‘. ANIT V NI SLANVId €. (., (€2V‘02V'X6T), ‘eT)33ITIM
usayy (19e==pdoT) }T®S1®
9z 03 ob
/680€ '23@ "8T ‘(NOILYYVAIS “NIW).
R ‘. LISNVYL SNN3A, (, (ZEV VIV X8T), ‘BT)33ITIM
usyi (09€==pdoT) JTaS1d
oz 03 ob
/880E€ AVW "8T ‘(NOILVYVAIS "NIW),
R ‘. LISNVYL AYNDYAW, (. (TEV'OTV'XLT), ‘BT)33ITIM
usayy (165e==pdoT) }TaS1®
0z 03 ob
880E€ AVW “LT ‘(ADAZAS).
R ‘, ANIT V NI SLINVId ¥, (. (2Zv‘'0ecy‘Xez), ‘eT)a3Tdm
uayy (pge==pdot) 4T
(x'eT)31TdM

9 ‘. NI SLanvid

08vYy

SLYY

0LvY

SovYy

09vYy

1144

1474

14744

ovvy

SEvY

0EvY

(z-0'y-e) uotrstoaid ajqnop 3TOT1dWT

........................................ 191T2J421un pun 18231T11dney
(@dOT‘ZTST‘ATUNT ‘U3anU‘daST‘UT T

% ‘eldr‘uost’er’plT‘yder)T193T3 Butinouqns

auTlnougns pus
(L€'T=T*(T)IX21T) (. ((/0LE'XG)LE///)  "9)OITIM

(eT)®s012

oppu® [ (T)IX9IT (x‘OT)pPESJd 1/£°T=T Op

Oppua ! (x‘OT)peas 1GOTTI=T Op

(.3 e3epdut, =911} ‘@T=3TUN)UadO

(L€)IX91T (0L)4930e4RYd

........ (.1 eiepdut, T91RQ J49p Sne) siybtuaAdo) usp Nz uOTIRWIOIUT
0JUT auTinouqns

autinougns pud

AT = waut

oppud !(T)aJ = (T)wswz :g/‘TE=T oOp

oppua ! (T)oJ = (T+QT)wswz !ZT'T=T op

12z = (/)wdwz

9zz = (9)wawz

Gzz = (G)wawz

vzz = (y)wswz

€2z = (g)wawz

22z = (7)wswz

12z = (T)wawz

(g/)wdwz :: UOTSUBWIP

(z-0‘y-e) uotstoauad ayqnop 3TOT1dWT

94 : Ajuo ‘aseq asn
........................................ usyJow Ja3laweded-stugabay
(WoWT ‘NT‘wowz‘/zz'9zz*Gzz yzz'€zz*7zz Tzz)owaw SuUTInOIqNS

auT}inouaqns pus
bprd « & = € (0=/T) 4T
ge x Iz = e

09€n - ge = qe ((op'o>epue’ T==[)
9 *Jo*(ppregI<qe‘pue’ p==[)) JT
(p9gn‘qe)poup = ge (@9gn<qe) JT
(e)sgep = qe
Tdpbie = e (0=/T) 4T
OP'T- = 1z (OP'0>e) 4T
OP'T = 1z
0P’ 09€ = Q9¢gEN
(z-0'y-e) uotstoauad a1qnop 3TOT1dWT
1dpb‘bp1d : Ajuo ‘aseq asn
peJy @9c" " '@ <--e 7=
pedy 8T " '@8T- <-- e g = [
ssewusabog /peJ9 9)ewizap :1/0 = T
.......... (pedog £z <-- pedy /8E€ "g°Z) e <-- B DBunusaTznpadajuIm
([‘T‘e)ZNpaJ autinouaqgns

autinougns pud
(Zxx(e€d/N) - QP T)3dbspydey = A

(Zxx(eEY/dEYx (BpTdsg)URIp) + OP'T)3dbsp/egy = n

(z-0‘y-e) uotTstoauad ayqnop 3TOT1dWT

dey‘egy‘bptd : Aquo ‘sseq asn

(*pJ00y 9YdSTSa1Jey) (A) auagadoirenbay Jnz pun (n) asydepd3 Jdnz
................ g 91ToJ4g usaydsTydeahoab Jop saIqund SSUTD puelsqy
(A‘n‘g)aexosb autinoaqns

[ *T447

Cra47

STy

o0Tvy

Sovy

0ovy

S6EY

06€EY

S8eY

08tv

SLEY

0LEY

GOT UOA 9/ 91T8S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA G/ 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



n_EOV_._HBUT_..BU.A._.mu._nvmu.XmEN.c._”EN.ou.xwu. Imwmﬂ. 40 u..EvQ..:.uw , = IX3} Amuume>._”v JT
9 (% ‘TS /00 'T94 " => 4 ddueddnoy ‘8 ., '0°000ZC pJepuels , = Zixd1 ([==SJOAT) 4T
9 ‘Ge‘z el ., 0% ,,'T°OT4’,,S4e2h ,, ‘GTe), ‘eT)d}TIM 0097 . ‘yodess "quod ‘D/8dOSA  ,=TIXD}(E==SJIAT pue’ [==qUONT) 4T
as]@ . 'yodess quod ‘Y/8dOSA ,=TIXD}(T==SJSAT pue’ [==qUOXT) 4T ovsh
o..nz_%Aﬂmu..:mu.meN_:..nEN~®u.xwu. , ~__c.uﬂu.m:_ow mgweawv_: , = TiXe1 AmHHUOE..: JT
9 ( (% . 'p84", =>4 ddueID|0} ) JfTJBA 1INY (S00Z) JL8d0SA =T3Xd} (E==SJSAT'pue’ 7==pOWT) 4T
9 ‘Ge‘z el ., 0% ,,‘T°0OT4 ., ,s4edk ,, ‘gTe), ‘eT)d3TIM JCUJBA 1INY (S00T) VL8dOSA =TIX®1 (T==SJSAT pue’ 7==pouwT) 4T
uayy (G=/ydetr-puer T=/QUONT) 4T S6SY ,(Snes|) *usA 340ys 4/8dOSA ., = TIX®1 (T==pOWT) 4T
9s19 /.Jepuaied *baug/ ingc  ‘,‘,Jepualed ‘bHaug Ajuo ‘,/GIxd31 ezep GEGY
QUOMTMP ‘TMp‘ (1BdT)ed ‘Xewz ‘utwz‘eixa} (,(,.bap ,, ® /o 'FAW O ACTEW L 3WEA LY WA
N ‘T 9+ /0 'TT94’ it a Jenbue ‘ ‘Ge‘ZrT4Y 03, R R0 AW-T LY CWRA-T LT . /€1x91 eiep
9 ‘77014, ,S4e9A |, ‘GTE), ‘BT)@3TIM (T==QUOXT) }T /. ueting,‘, ruobsua9, /@247, (22) ‘. (12) ,/ed ejep
OTMP’ (1BeDT)ed ‘Xewz ‘uTwz‘gixal 065V (2)g3xa1 (zz)49300R40YD
9 (.(.,.B9p , ‘p 84’ :obued uenbue L 'Ge‘zr et 0% 8 28 Chl (Gz)49308R40YD 0ESY
8 ‘77014, sJedh ,, ‘gTe), ‘BT)83TIM (T=/QUOMT) IT (9:0)€3%x31 (g8)4930840YD
uayy (z=>UOST) 4T [4YCRY (61)4930840YD
uayy (e=/e1dt) 41 T1X91 (Lz)4812e4RYD
uayr ((((y==ydet-ao- g==ydet) G8SY 031x31 (G1)4832R4RYD
3 ‘pue’ 7==powt)’Jo’ 7=/pouwt)-pue’ GI==p(T) 4T pm :: (0T)4932e4RYD [t4=4
4TpUd (z)182 i (L)493dB4RYD
,Bak) potdad ,= Q3IX91 {9s19 owp‘(z)ed :: (g)daideueyd
'S pue N "193 = @3IXd} (E==XIT'J0° £=<UOST) IT (£)ep'(/)epT :: uOTSUSWTP
/d yinos *193 = @IXd1 (Z==)3T) T 08SY (z-0'y-e) uorstoaud a1gnop 3TOTIAUT
J/d yraou 193 = IX81  (T==48T) 4T oo U91T8Z191TL 9J491TaM TaMzZ----- 0ZSY
usyi (e=/e1dt) 4t (Xewz ‘uTwz ' qWOT‘do3s ‘ XeweT ‘ €TMP‘ZTMP ' QTMP ‘ QUOMTMP ‘ TMP
PIX93 1 (BYT)EIXDIZIX23TIXd} (, (Gze‘ge’sre’/ze/), ‘RT)d3TIM 8 ‘319p‘dayelzraplzye’1edT uT T yder eyt plT %91 TYT‘UoST
JTpus 9 ‘e1dT’gJT SJIOAT POWT ‘eT)Z193T3 duTinoaqns
,Sdey 03 AUndJusp 'O JBIUT], = PIXd} (p==UT1T) 4T SLSY
,Yideg 03 toJsp ‘D JesuTl, = pIXd} (£==UT1T) 4T auTinoJqns pud SIGY
,S$1TSUBJ] SNUspA 11e . = PIX®} (Z==UT1T) 4T 4TpUd
,S1Tsuedy Aundusp 11e . = PIX8} (I==UT1T) 4T . (sJ4@3dedeyd gyT 1BWTUTW YIPTM SuT) JojTuow) < ,
EHE] g ‘gdotr‘ uotTido >, (,(/pe YT ge'XIT), ‘eT)d3TIM
,1TQJ0 Shud)\ ddUdJd4dd . = PIX9Y (G==QqJT) IT 0LSY 9s19
(D) 3TQdo Aundusy “4ad = pIXdY (p==Q4T) IT < ,‘edot’,uotido >, (,(ze'yI'ge’XyE), ‘eT)a1TIM 0TS
(g) 3Tq4o Aundusy “4ad = pIXdY (€==QUT) IT uayy (y=/dssT) 4T 0C
(V) 3TQ40o Aundusi “4ad = pIXdY (Z==Q4T) IT 4TpUd
4TpUd 4TpUd
4TpUd 147 4TpUd
XILT4 “3S8M QE 8844 ,UNS, = $IXS} (E£==TYT'pue’ G==UOST) IT . (1N SWT3 1esJaATUN ‘s3seyd 3TSueJ} DTJIUD036), SOSH
X314 “TPpTW g€ 8844 ,UNS, = $IXd} (Z==TYT'pue’ G==UOST) IT 9 (., (9¥e‘X8T), ‘eT)d3TaM
X3LI4 “3se3 g€ 8844 ,uns, = $IXd} (T==TYT'pue’ G==UOST) IT as1@
,37S ‘asem ‘QgE ‘esd) ,uns, ,= $IX9] (E==TYT'pue’ $==UO0ST) JT , (11 SWT} 1eTJd1soddal ‘saseyd 31TSuedl dTJIua2096),
375 TpTW ‘@E ‘8ddy ,ung, = pIXd} (Z==TYT'pue’ p==UOST) 4T 095t 9 (. (878XLT), 'BT)d3TIM
315 ‘ise3 ‘ge ‘eed4 ,unS, = $IXd3} (T==TYT'pue" $==UOST) IT uayl (T==ATUNT) 4T 00SY
uayy (z==e1d1) It 9s19
JTpuUs , (L1 “3ybT) 40 SWTIL 19ABJL INOYITM ‘uoTiededas wnwriuTw),
X3LI4 ‘do} Qg 8844 ,UNS, = $IXS} (E£==TYT'pue’ G==UOST) IT 8 (. (pSe'XpT), ‘eT)d3TIm
X3ALT4 ‘W=D ‘QE 8144 ,UNS, = $IXS} (Z==TYT'pue’ G==UOST) IT GGSP uayy (z==dssT) 4TaS1®
X3LI4 ‘9seq g€ 8844 ,unS, = $IXd} (T==TYT'pue’ G==UOST) IT 4TpUd 132%
375 ‘doy ‘ge e84y ,unsg, = pIXd} (E£==TYT'pue’ p==UOST) 4T JTpUd
31S ‘WS ‘aE ‘e8dy ,Uns, = $IXd} (Z==TYT'pue’ $==UOST) IT (L1 ‘3ouend 3tsuedi pun yide3 Joy sapnitb,
315 ‘eseq ‘ge ‘@844 ,UNS, = $IXd} (T==TYT'pue’ $==UOST) IT 3 ‘,uol "3dT1199 1enbd), (, (Tye‘8TE‘XIT), ‘BT)33T4M
uayy (T==e1dt) it 0SSt as1e
. @z ‘se4) ,uoT3iTsod uns,, = $IXd} (£==UOST) 3IT 4TpUd 06t
,"d U2443YD 4O yinos ,uns,, = pIxd} (Z==UOST) 4T .(3aC ‘s3atsuedy Aquo ‘pazTwrtuTw Jp sapnitbuol 3dT199,
,‘weys gns 4O Yinos ,uns,,= pixa1 (z==e1dI‘pue’ ¢==poutT) T R ‘., Jo abueu ueinbue), (,(zGe‘gIe‘Xg), ‘eT)d3TIM
,'d d@AW 40 yinos ,uns, , = pIXd1 (T==UOST) 4T 9519
usyy (T==qJT) 4T SYSy . (3arc ‘paztwrutw p sapnitbuoy -1dr1d9,
usyi (eg=/e1dt) 4t % ‘. 40 9bues ueinbue), (,(L€e‘QIR'XET), ‘@T)IITIM S8hv
GOT UOA 8/ 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA [/ 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



(. (.. [%]14 d Jp uns-z uns-A uns-x uns-y 6.0,, 8 0ZLY wweaboadaaiun sep jwwrtudagan usbunuydadaqswnieq 199
9 O T/W SX Jeak ¥ U0D L), fBT)BITIM e eeeee-ooooooon jdoyusiieqel----- 099¢%
uayy (G=/ydet) }T (3n0T‘@doTZTIST URIIT UTIT e1dT UOST
9s19° L .o..n~m..n.v_w._”.UOE..n_r_Qm..:meu. auTinoJqns
JTpUd
(,(..[%]4 d ung-z uns-A uns-x  /LOT/W X .. N SiLY autinoigns pud
R ‘., [sAeplip Jedk N uod ,,),‘er)elTam JTpus SS9
3s19 €Tmp (,(#'84 R
(. (.. [%s14 d 4p uns-z ung-A ung-x uns-y /,0,, ® 9 ‘,,= '49103 Aq ('4ad) uotridyde puohaq UTId ), ‘BT)IITIM
9 O T/W SX Jeak ¥ uod ,,),‘er)d3TIm ZTMp (L (P°84 R
uayy (G=/ydet) }T oTLY R ‘,,= 9duUeJ9101 Aq BuTIUTJId INOYITM JSPTSUO) ,,), ‘BT)OITIM
uayy (r==e1d1) JT uayy (Gr==p[1-pue-(y==yder-do* ¢==ydetr)) 4t 059t
9s19° JTpus
JTpud doissop pz‘xewet(,(,,(s)4noy , ‘€ /4‘, .= ypptm days ‘., W
(,(,.[%]14 d 4p uns-z ung-A  ung-x 3T ® Je,, 5 R ‘9T, ,= Joqunu do31s ‘(1eAJDIUT) ydoueas erdads ,,),‘ET)93TIM
R 9k Jac 3 u0d ), ‘eT)93TImM SOLY uayy (py==yder-uo- g==ydet) 4T
EE) TpUd 4514
(,(,.[%]4 d 4p uns-z uns-A uns-x 31T ® 97-,, 8 JTpUd
9wl AT-wT Jeak ¥ uod ,,),‘er)d3Tdm JTpUd
uayy (G=/ydetr) 4t uaniaui
uayy (e=/inot 4o’ p==yder-do* g==ydet) 3T 00LY pm‘(9‘e=T'(T)epT) ‘owp‘(L)ep’(y)1ed
uay} (G==UO0ST) 4T 9 (L (OTY (2T ) TET L f9TGe 9T hE R ov9Y
JTpUd 9 o= (1LY, et ) @3ep,, ‘XpZ), ‘BT)d3TIM
JTpud 9s19
G0 " " " " " *ou 8 uaniad
R W Jac 3~ ) 1), 'BT)93TdmM G691 pM‘(9‘e=T'(T)epT) ‘owp’(L)ep‘(¥)1ed
uayy (py==yder-dor g==ydet) 3T 9 (L (OTY . (2Tt ) TiET L 'STGR 9T hE B GE9Y
(.(..[%]4 d 4p uns-z ung-A ung-x ¥7-wl Al-,, R 9 ‘o= (LY., L8’ ) ®31ep,, 'XGZ), ‘eT)d}TIM
R, w Jeak 5 uod ,,),‘er)a3TIm uayy (0P’ v8veLEG=>Taplz pue’ gp-€819GET=<13p[2Z) 4T
uay3l (y==U0ST"J0* €==UOST) 4T Z = (z==1edT'pue* @p'19166Zz>Tdp[z pue’ op'p=<13p(z) 4T
9s19 0697 T =Y
JTpUd (pm‘1oplz)Aepyoom 11ed 09t
(.(..d 213p T19pP 97-wl  A7-uT wy o (owp‘ep‘ept‘1edT‘19plz)a3epapl 1182
9 ‘,dedk Jac ¥ U0d ,,),‘eT)d3TdM uayy (z=>ydet) }T
9Ss19 JTpus
(.(..[%14 Z13p T19P 97-wl  AT-w w R G89Y (1ed1)ed‘ayefz 1aplz‘gixal
9, Jedk Iac ¥ uod ,,),‘er)d3Tdm 9 (,(GeZ 64, = JedKk ‘', 'G'GT4',,= 3AC ., 'XOT'GTIR), ‘BT)dITIM [or4 14
uayy (g=/3dT"pue’ ¢=/pout) 3T as19
uayy (z=>UOST) IT (1eot)es‘uyefz roplzplr‘eixar(, (e’ 64, .= 483K ‘', ‘G'GI4 ®
9s1@ Q ‘,,=13ac ‘., ‘€T‘,,U0T1LY]1dISUOD ,, ‘GTe), ‘BT)dITIM
JTpUd 0897 uayy (pr=>pl1-pue: 1=<pl1) IT
JTpuUd (319p‘dyefz‘taplz et ‘ye’1edr erdr ‘ydet ‘1)wryds 11ed 0z9v
SI3(,(,,Ip ewj-wy o7-wy  Al-wl [sAeplip .. ® as19
9 ', deak Jac 3 L fzet,, 00 ), ‘BT)33TdM JTpUd
9Ss19° JTpuUa
S43(,(,, utwip ewj-wl O7-wy A7-wl [sAeplip .. ® SL9Y uaniau
9 ‘. deak aac p L. 'ze’,, 00 ), 'eT)d3TIM (122T)G1X21 ' Xewz ‘utwz ‘' 91xa} S19%
uayy} (G==U0ST) 4T 9 (,(2ze‘z 014’01 ,,‘C7°0T4", WO} (S4,, 'GTE'XG), ‘BT)dITIM
usyl (€=<uT)T) IT 95719
\ , = SJ] AMHHUOE._”.‘_O. G=/U0ST"J0" NHH:m(_u_...: JT e..:%i:mu..:muim&N_:..nEN.eu.xwu.
J1, = sdy 0L9% 9 (.(,.69p ., ‘v'84’, :ebues seynbue | ‘Xg‘Ge’Z OIS B
uayy (g==e1dt) IT 9 ‘..03 70T (sS4, "GTe), ‘BT)d3TJM (T=/QWONT) JT 019Y
JTpus QWOMTMP ‘TMp‘ (1edT)ed ‘xewz ‘utwz ‘ixa1 (,(,.bap ,, ®
(T'eT)9TUTY 1182 (€=/poWT pue’ 7==0T) 4T N ‘2°94°../..'T 94" itd JenBue ‘, ‘GefZiRT4 . .03 . N
(x'eT)23TIM R ‘7'0Td . (sS4, ,'GIe), ‘BT)93TIM (T==qUWONT) JT
uayy ('E=<UT\T) 4T G991 uayy (E=<UT1T) IT
SJ1 i (7)4930BUBYD 9s1® G099t
(z-0‘y-e) uotrstooauad a1gnop 3TOTIdWT JTpus
*31JTJaydsdaganuallage] 9Tp ,91T9ZUBYISIMZ,, JTpuUd
GOT UOA @8 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA 6/ 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



¥=dzT (0P 1916627=<ep[z) JT '¢=dzT (p=<dplz) 4T ‘z=dzT Usyl (e==T'pue’ ¢==SJdAT) JT

usyy (9==etT) JT ((Tx9+£7)24-0P"T) « (Tx9+97)a4 = pd
4Tpud 8'1=T op
(JedT+7‘eT)aTUT] 1182 GE8Y (z‘eT)aTuT) 11B2
(,(,,euwy ewg ew ), ‘et)arTam (. (.. [nv]-4ad *Jad *10UT spoutdse  *Jluaddd,, N S/ly
(.(.. o¥ EE| Ch Y 8 LR [nv] e "buoy ueaw ‘erd ), ‘eT)erTam
o Ad AT wy wg wl ), ‘er)d3TIm (6:0)erd (€)493de40Yd
uayy (e=/powt-pue 7==0T) JT (z-0'y-e) uotrstaaud a1qnop 3TOTIdWT
JTIpud 0E8Y 94 : Ajuo ‘sseq asn
(JedT+0T‘BT)9TUT] 11BD agebsnesTugabiy ua1J491TOMID JBp udWYRY WT i 0LLY
9S1® e uslaue)d Ja)11e d31uswaiauyeg Jap agebsny----- i
(JedT+T‘eT)aTUT] 112 (e1d‘SJ9AT‘ET)S3UBW1d BuTInoagns
usyy (z=/0T-pue’ g¢=/pout) JT
4TpUd 1414 auTinoJaqns pus
(. (.S "1d-s uns-s vd €d ‘Jeau R ,--- 3Tem aseald ---,‘,,3°Z-49SUT, 1T} dY} 40 UOTILIND|ED, S9LY
R',.2d 1d e [,]dss AL III 1saJeau ,,® % (. (6TEXTE/GER XET/), ‘@T)dITUM (£08-==0dOT) 4T
LR II I :swry  /93ep d/od ,,),‘eT)a3TIM 3Tpud
CIE] JTpua
(.(..s e[,]dss AL 111 }saJeau I..7% 0z8t (T'eT)aTUTY 1182
IR § I :swry /a1ep d/0d ,,),‘eT)a3TIM JTpUd 09Lt
uayy (g==dasT) JT9S)d (,(,,uoT1eTASp "13d wz-az ,, §
(,(,,s [.]dos ewy-wy a7-w] A7-w7  [sAeplap ] R, wz-nz wA -9k wA-AA wx - 9X WX-AX ,,),‘eT)93Tdm
y ¢, ,9UWIl 91ep M| d/od ,,),‘er)ertTdm (. (., 9z EYS 9X AZ . R
uayyl (z=>dost) IT SI8Y R, AR AX wz wA wx L)), ‘eT)elTdm
(4edT+7‘eT)9TUT] 1182 (Z==0T"pue’ 7=>UT\T) IT uayy (e=/e1dt) It SGLY
uayy (1==dzt) 41 (. (.. ewy eug ewj ), 'er)arT4m (g==e1dr) 4T
JTpUs (.(.. o¥ °d Ch AN R
JTpUd LA Ag AT wy wg Wl ,,), ‘er)d3TIm
(v (. [w] si91oweTpTwss,, ® 018t usyy (@==IST'pue’ ¢=/powT-pue’ 7==0T) 4T
9 ‘X1, [Bop] so1bue uotitsod,, ‘Xz6), ‘BT)SITIM JTpus 0SLY
8s1@ (oTeT)aTUT] 1182
(x'eT)23Tdm as19
uayy (p=/dast) 4T (T*eT)eaTuT] 1182
usyy (1==dzt) 4T 5081 usyy (g==pouwT) JT
T = ST (Z==ST) 4T 'd3ST = ST !Z = JedT (y==09ST) 4T ‘@ = Jedr usayl (€=<UT1T) 4T SvLy
(z-0'y-e) uotrstoaid ajgnop 3TOTIdUT (uapuaeilsqeuaptwedAd uap ITw yosTa1649A\ wnz 3Inding) i
*USUYDTIZUUDY JOPUIRY USJDPUR WNZ WAUTD UOA i JTpua
buebuagan usap atp ‘1banisbutrs usTOZUSYDISTMZ uoTIdQ-Japudley i JIpUd
J3p 1yem Jap uon HTBuseyge uspdam usbunWWTISSQITSURL] Tag i 008Y JTpUd
- - -uagebsneswnieq Taq 91TdZUBYISTMZ pun 14TJIydSJaganua)laqge]----- i JTpUd ovLy
(dzT‘1edT‘dosT‘powt‘uT)T‘oplz ‘0T ‘LT)91T9ZTMZ BUTINOIQNS JTIpud
oo " " " " " P oon
autinouqns pus R LN aac A~ ) 1) ‘BT)RITM
(LyTT=T',-.) ( (TBLYT'XT), ‘eT)33TdM (p==QT) IT S6LY 9513
(LyTT=T',=,) (,(TBLYT'XT), ‘BT)33TdM (£==QT) IT JTpus QELY
(6L°T=T*,-,) (,(IB6L XT), eT)dATIM (Z==QT) IT GO " M " M M uns-y  6.0T.. ®
(6£°T=T*,=,) (,(TE6L'XT), €T)dITIM (T==qT) 4T R /W X [ylap Jac ) 1), 'BT)93TIM
(z-0‘y-e) uorstoasd ajgnop 3TOT1dWT as1@
................................................ 1yosusbeem ‘BTUTT-----j 06LY (O O G " " M N M uns-y 0T, ®
(qT‘eT)eTUT] auTinoaqns S ‘L0/W SX [ulap ac ) 1) ‘BT)RITAM OELY
usyy (T==e1dT) 4T
auT}nouqgns pud uayl (£==3N0T) IT
oppud uayl (y==ydet-do- g¢==ydet) 4T
JTpUd S8LY JTpus
pd‘ (9 T=["([+T«9+¥7)a4)‘(T)e1d 4TpUd QLY
R ((S'0T+ 'S TT4+'G'64'G TT4 S OTICT G ETSERXT), ‘BT)IITIM 4Tpud
9s19 (. (., [%14 d uns-z uns-A uns-x  6.OT/W X R
pd‘ (9 c=["([+Tx9+pz)ad) ",  --- e =0 ([4T9+p7) Bd) 8 ‘.. [sheplap  Jeak ¥ uod ), ‘eT)a3TIm
9(T)e1d(, (S 0T+ G TT4 G 64 TTR G OT4Z G ET4 €R'XT), ‘BT)dITIM 08LY 9s19®

GOT UOA 78 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA T8 91195 664" vd/pd-Hoad/suey/awoy/ :133eq



,UOTSJ3A 11N} D/8dOSA ‘QV 00OLT 01 J9 QOOET- SJ4eak syl Joy
9 ‘,pasn aq 01,‘,’("ON-S) SOTJdS B UT 3ITSUBJIY ISITJ Ydea jo,
® ‘, Aeq stJowsydy uetinc, (, (8GR QTR ‘X9/ZFe'TZR X6), ‘OT)OITIM
(,3°¢-49suT, =114 0T=3TUN)uado
(z-0‘y-e) uotrstoaud a1gnop 3TOTIdWT
J9s : Kjuo ‘ouise asn
*UYDT149pJ04dd IYDTU SSTaMUD)ewdou 3ST uotido
J49s9Tp bBunpusmiud) 9TQ ‘UDZISSJD ,3°DTJIISUT, To93eQ SPUDLYDS
*mzq 96TJBYJOA STP - ,3°9TJISUT, UT HBunuusuaqun ydJnp - ISITpP
uuey jyosusnmab syye4 "1bnazis ,1°g-49SUT, T91eQ dNdU ITP
PJTM ITWISTH "€08- UOTIAQ-3JB1IS11DUYIS JBp 3ITW SITP 3610449
‘110S USpJSM 1dUYDDJSQ NBU USTJISG-ITSURI] JIP UJBWWNN USP pun
(3ar) usbe] uayodsTuetin[ usp ITW ,1°STJISSUT, Ta1eQ STP UUSM
..................... ,1'9TJaSuUT, Taleq Jap sileyul sap bunuydsuag
4395 aAeS auTinouqns

auUTINOJUQNS pud

(T)STYT (0OT=>T) 4T *(OPS'O + OP OCxZZ)IUTUPT = T
(OT)STYT :: uOTSUAWTP

(z-0'y-e) uotstoaad a1gnop 3TOTdwWT

"U3PJOM 1JSTATINE UD]T9ZJRIUBWWOY-Yj 911 udssanw BunzinN Jnz

*(€ =< UOST ‘g => powT ‘z => e1dT) uJawwey J4apo udpTWelAd dJani
............ Aeddy uT® UT (zz) sod4 us1TeybTNRUSYH JBP UDJIDTIIOSUTT
yi (STYT‘zz)wweabolsTy SuTINOJQNS

T+ (T)STUT =

auTnougns pud
(/STR‘€94 TR ZT TR ET Qe XEY) 1RUIOL
(/STe‘E 94 TR ZT TR ET ge‘ 67R XpT)1eWI0)
(/STR‘€7 94 TR ZT TR ET GR X/ OTT GZ8  XT)1eWio)
(/STe‘€794'TR ZT TR ET Qe X/ ‘€T 7R GT 678 X )1 W0
(TT‘Gze’XT)31euloy
(L€eX9'QTT Gz XT)Ieulo)
JTpUD
JTpUS
691295 €91 UTWT €91/ UNOYT Z93.(50S ' ©T) D1 TIM
,"po1eaJd udaq sey ,3}°g-JasSuT, 91T+ 9yl,
9 (. (8€e'XTy), 'BT)91TIM (£08-==0d0T) 4T
EI3E)
691095 ‘€91 UTWT €33 UNOYT 7831 ‘$91 (170G ' BT)D1TIM
usy: (cpg-=/0doT pue’ O==Z[ST'pue’ T==s0dT) 4T

9s)?
JTpus
4TpuUd
G931 ‘29S €93 UTWT ‘€931 ‘dnoyT
§ ‘z91‘daqunuTt’: s9TbAzAs Jo uaquny , (£0G‘ET)dITIM
JTpus
(€)wnut = Jaqunut
(Z)wnuT*, :suoT1e)1335U0d P31d931aQ , (T0G eT)dITIM
as)?
(z)wnut = Jaqunut
uayy (G==U0ST) JT
9s19

G91 29SS ‘€91 ‘UTWT ‘€91 Junoyt
R ‘Zd3‘(Z)wnur’, :SUOTIL]19ISUOD Pa3d331aqd , (£0G RT)IITIM
uayy (e=/e1d1) It
EE)
G91/09S ‘€91 UTWT ‘€33 J4noyT‘galr’ (g)unut
R ./ “(v)wnut’, :siTsuedl bButzeub/ uius) ,(ZOGET)DITIM
(z)wnut”, : S}TSued} pa3d931aq , (TOG ET)dITIM

S0S

€0S
20§
T0S
00S

SG6v

0561

14414

ovey

SE6V

0€6Y

1414

0c6Y

Si6v

016V

S061

0061

(e)wnut‘, :sobessed *3oueyd pa31sal ,(TOG‘ET)DITIM
usyl (z=>uT\T) IT
193 (T)wnuT’, :suoTie1]121su0d paindwo) , (POG‘ET)dITIM
uayy ((((z=>ut11'40" p==yder-do* ¢==yder)
% ‘pue’ z==powT)‘Jo* 7=/powt)‘pue‘ ¢0g-=/doT-pue* GI==p[T) 4T
, (dpou bButpusdse sueaw ,/,) . = 191
9 (g=<dastT'pue’ z=>UT1T) 4T
4TpUd
,(0T3dT122 UO MATA "dsad ‘AjTaerod :d), = 193} (z==e1dr1) IT
,(Yanos 129 wod) MITA 4 ‘A3Tderod :d), = 19} (I[==e1dT) 4T
usyl (€==powT-Jo- (g=<U0ST-'pue’ ¢=/pouT)) JT

, (Jp UOT1RTIASpP 3dEexd ,>,), = P91

,fund Jo pus -- = Gd} !, i, = €3} :,dAUWTII-Nd), = ¢33}
' , = 19}

G931 (ST)493084RYd

o1 (6¢)49310e4RYD

€91 :: (T)J4o31d0ed4RYD

291 i (g)a932eURYD

193 :: (/£)J4931d0e4RYD

(#:@)WNUT :: UOTSUDWTP

(z-0‘y-e) uotrstoauad ayqnop 3TOT1dWT

1197-nd) J9p agebsny pun uaydTaz UOA

Bunase1yua3 ‘ssstubTau] Jsuspunyab jyezuy :bunssejuswwesnz

............................................ sinding sap ua1TaZpU]
(@dOT ‘ZTST‘J9S‘UTWT ‘unoyT‘wnut‘eT‘sodT‘plT‘UOST

R ‘dost‘ydeT‘uT)T‘powTt‘e1dT)D9]1T9ZPUD BUTINOJIQNS

[uTinoJqns pus
0P° 09 (WTZ-WZ) = 235
(WTZ)1UTUPT = UTWT ! (WZ)IUTP = WTZ

0P 09/(0P 009ExYTZ-12) = wz

Jnoyt {(OP 0E9E/IZ)IUTP = YTz

ez-qz = 3z

(z-0‘y-e) uotstoauad @1qnop 3TOT1dWT

(*11ed Jop 8€0Z 1O 6T We SIOTP IST - ITIZXTUN SSdewsb - d1geTJen

-1Udez-3Tq-Z€ JIUTD Tag "3INSJJONUT 2qebueltaz TP PJTM ‘IYdTalJd

wnWIXel Urds sjnejwweabold Sop pusdysem Jaa1ysez-ndd J9p S11ed)
[sss*ss:ww:yyy] [s] [s]

(3T9Z-NdD) 3T9zUBYDdY = BZ }Tdz3Je}S - (Z 3T3zd03S

--1T9zuayday Jap bBunwwrissag

(d8S‘UTWT‘UnoYyT ‘gz ‘eZ)aWTIW0d BuTIhoJdqgns

(yTz)uTUPT =

auTinoJgns pua

JTpuUs
v = dzT (9==eT) 4T
12918S pud
(,((,,-,.)62T",, ("1€D "BOJD) ----,,‘XT),‘eT)d3TIM! ({)ased
G019y (1180 tBaa9) ----,, 'XT), ‘BT)33TJMI(g)ased
(.(C-00)€s . (1o "Baug) ,,“(,,-,,)ZT'XT), ‘eT)d3Tam! (T)ased

(ST) @sed 32@18Ss
uayy (z==1edT-pue ¢==dzT-'pue’ QP 19166¢¢=<dp[Z) }1T8s1d
€ = dzT (9==eT) 4T

312919S pu?

(.(Cov-v)ezT’y . (7182 "1n[) ‘XT), ‘BT)93TJM ! (y)ased
(. (Cov-00)T9", . (182 "1nr) ‘XT), ‘BT)93TJM ! (g)ased
(. (Cov-v0)es’y (h1ed ang) (-0 )ETXT), ‘BT)93TIM [ (T)Osed

(ST) @sed 32913S
usyy (g==1edT'pue’ z==dzT'pue’ op‘p=<oplz) 1Tos1®
1TpUD

S68Y

0681

G881

088t

S8V

0.8V

G981

0981

SG8Y

068y

14514

ov8y

GOT UOA 18 91T9S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA €8 91T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



Op'Z =< edz | Q@p'g = edz

0E-P'T = T3

Op'0 = 9z

0 = ot

(€)P'(0T)2593 ' (G)A ()X (¥ E)Xd 1t UOTSUSWIP

(z-0‘y-e) uorstoasd ajgnop 3TOT1dWT

*S3TSueJ| SOp uoTlededss uajeWTUTW Jdp Bunuydadag ud11duUYdS Jnz
JUSTP J3 "3HST] JuUJDJIUD ITOM Nz IYDOTU YDT13TOZ TS UUSM ‘uuep
Jnu Bunsao7 9Tp Hunbomaquaiaueld J9p 11e4 USIDJMUOY WT ydopal
19pUT4 ‘U4d]119UYdS YdT13nap 3J3TOHJIDAUOY SnwylTJobly J49S9TQ
"(Zxxd + Txx(0-X))1abs 4 e = A wio4 J3p UBUOTINUNL JBYDST)0q
-J49dAy (wnwtuTp) 3INUnd1931TaYDS udp 13puTy wwedbouadaaiun seq
(ayonsjerzads) z = snpouwt

*19pusmIan uaTbAzAS T9Q ,IP, UOA BUNJISTWTUT|

Jnz -e'n pJdIm pun BTSSae1JU9ANZ Jdge 1J9THJDAUOY ‘119UydS sJap
-U0Sag IYdTU 3IST SNWYlTJOob)y-Yydns JasSaTQ "udpunyab uTWITS UOA
JNJJNyY US9110YJSPSTM YdJnp PJTIM WNWTUT SBQ "PJTIM UDIITJIYDS
-J23un (193) 1TaybBTneushyons STp STQ ‘UsWWeSNz Jayseu Jawwt
91)und STP UdI3NJ Tdge( "USZ13SJd NZ UISSTP YdJNp US1]B USUTSD
pun USpPUT4 NZ IYUNd USNBU USUTS Wn ‘231¥undz1anis € 1SPUBMIDA
S3 *UBYONG WaJSRUJD] JJY JBUTD Jjne 1JaTseq wwedbouadiaiun seq

1 = snpouwt

"€ J49p0 7 ‘T = Xpur ‘(Xpur)x = 1e1INSeY <--

...... UBUOTAINUNH JaJeq-'4JTIP 11eJ49gan 1YydTu Jage JabT191S WNWTUT|
(XTXPUT‘UTIT 1S9} ZXpp‘TXpp‘be1yT nu‘dals

R ‘T99‘A‘x‘9)‘deT‘snpowT ‘powT)uUTwiT SuUTINOIGNS

auTinoJqns pusa

oppua
31xa (sde>(glx-p[x)sqep) 4T
19p + zlx = px

(6P 00798%2) /IVxTES = 19p
(Zxx ()P4 + Tk (Z)Pd + Zax(T)P4)3dbsp = T€J
oppua
([+9)¥d - (L+1T)Yd = ([)p4
g'1=[ op
oppua
(4 = (+9)34
()M = (3+9)a4
€'T=3 op
(NYJ “4JdT‘a'ny‘20ud XT‘pw‘s ‘SUaAT‘€[x)zdosa 11ed
T + (T)wnut = (T)wnut
19p + glx = glx
op
oppud
()4 = O+TT)N
()M = (3+TT)8d
€'T=3 op

(NYJ “UJdT‘U'ny“o94d ‘XT‘pw’dT‘S4anT ‘z[x)zdosA 11ed

(T-dT)4€ = TT

(Pro)wnut’ (6:o)pw’ (€)N4“(9)4*(€)p4*(ZT)%4 :: uoTSUSWTP
(z-0‘y-e) uotrstoaud a1gnop 3TOTIdWT

Jy‘d‘ad : Kjuo ‘aseq asn

9pJ3 Jnz ,dT, 19Ue1d WOA ,19P, SOIYDTT Sap 1Tazjine]

pun ualaueld J9p udieutpJooy :inding ‘,z[X, unditez :indut
SNUBA = 7 “dmjddp = T :dT ‘4 =¢€ ‘g=7 ‘7 =T :N3YJ UOA X3pul

0L0§

G90G

090§

SG0S

0505

Sv0S

0r0s

GE0G

0€0s

§20S

0205

S91YDT] Sop 31Toz4neT Jap BunbTIYdTSHI9NJDg

....................... (UOTSJUBAY10A) BUTINOJANS-/8dOSA 43P Lndiny
(NYJ‘wnNUT‘sda‘TEd “19p“JJBT N ‘U ‘N ‘d34d‘XT

R ‘pw‘dT‘sd9AT‘z[X)a1gdoSA autinouaqgns

auTinoJaqns pu’
1TW3419p = 19p
oppua
1TX® (sde>(Tnei-gnei)sqep) JT
19p + nel = gney ! (1TWi«0P 00798x0)/IVxTIES = 19p
(Zxx (E)P + Zux(Z)PA + Zax(T)P4)IdbSp = TE4

oppua
(L+9)d - ([+TT)44 = ([)p4
€'1=[ op
oppua
([)aAx = (1)
6'/=[ op
(0)ox3J4ey 11ed
oppua
nsad = ([)au
(nsaJ ‘tney‘[)1dosAn 11ed
6'L=[ op
T + (T)wnuT = (T)wnut {19p + nei = [nel
op

oppus :([)d4Ax = ([)¥4 ‘z+3sT'3st=[ Op
(0)0¥3J4ey 11ed
oppua
nsaJd = ([)au
(nsadJ‘ney‘[)rdosa 1]1ed
z+3st'1st=[ op
(T-dT) %€ = TT !Z-dT4€ = 3ST
1S91YdT] S9p 1TI9zine] 1TW3}/19p = 19p
(7:0)wnuT’ (€)pd* (ZT)N4 UoTSUSWTP
(z-0‘y-e) uotstoauad a1qnop 3TOT1dWT
aseq asn
SNUAA = 7 ‘dmjJd = T :dT Xapul
(,432doSA, 9YaTS) 119TdS 9110y SUTS uaseydiTsued] Jap
funuyossaag T9g ITP ‘S9IYDTT Sap 1Tazineq Jap BunbBTIYDTSHIONJag
..... (£8d0SA UOTSJ9AZJINY) USIRUTPJOOY U1e)TIdTI1Y® Jap HBunuydauag
(nsaJ ‘wnutT‘sda‘Ted ‘19p‘ne1“yJd ‘dr)J3TdosA auTinodqns

9pJd3 <-- SNUBA/JINNJBW

auTinouqgns pud

(oT)®5012

(6L°T=T*,-,)(,(/TB6L), OT)OITIM

" Wi (Po=0 (2 [+GT)43s) ‘T(, (T'GT2 'S STI¥ ' ¥I) . ‘OT)3ITIM
ZIP'T = (¢'61)d48s

oppua

SNUSA ‘UBTJDS | (v 0=['(Z'[+T)48s) T(, (G GTIS'¥I), ‘OT)ITIM

G‘OT‘0T-=T op

(6£'T=T',-.)(,(186L), ‘OT)93TIM

(¢‘1=1‘,30C.) " .30C "ON-S., (, ((€8'XZT) ¥ pTIe), ‘OT)93TIM
(Snuap) . (, (LB'XSE), ‘OT)OITIM

(6£°T=T',-,)(,(T€6L), ‘OT)33TIM

oppua

ANMJBW ‘USTJDS i (Pe=[' (T [+T)49S)T(, (G ST4G'PI), ‘OT)OITIM
G'OST‘OST-=T op
(6£°T=T',-,)(.(126L), 0T)93ITIM
"ON-S, (. ((€e‘XZT)v‘vIe), ‘0T)3ITIM
(Aanoasp) , (, (68 °X¥E), ‘OT)93TIM

(v'T=T',30C,)".3ar

S10S

010S

S00S

0005

56617

0661

G861

086t

SL6V

0.6V

S961

0961

GOT UOA 98 91T19S

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA G8 91T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



|uT}noJqns pus

€ = xput
$TpUd

oppud 061G 0T 03 ob I(g)A = (€)A
9 (., (/zI1',.,=®f ',UTWITY, UT JOJJ® <---- ,,/),'NT)dITIM uayy (8-p 1>((S)X-(€)x)sqep) 4t 0ETS
G‘9'XT=NT op (T)X-(2)x+(€)X = (€)X
z =3 oppud
uaniat (POT=>NU) 4T (T+1)K = (T)A
(€'T=T'(T)X) ‘nu‘snpowt’ = €-Tx‘U‘w ,(, (L 8TIE'CZTZ 'TTL), 9)3ITIM 681§ z fem (T+1)x = (T)X
T + Nu = nu 66 Z'1=T op GzI1S
uayl AHuu>c0uﬂ.Lo.Aouummewﬁ.t:m.wNVN>U.v:m.wNVH>UVV JTOS)9
3TpUd T = Xput
€Xpp = (UT1T)31sa1 3TpUd
T = UTIT (OT<UT3IT) 4T ‘T + UTIT = UT3IT 081§ 0T 03 ob !(y)A = (1)K
uayy (z==snpouwt) 4T uay:r (g-p T>((¥)x-(1)X)sqep) 4t 0zIS
4TpUd (€)x-(2)x+(T)Xx = (T)X
uianiadq p = 9y oppua
oppud (€'T=T'(T)X)', = (€°°'T)Xx ., (.(/8'8T4E‘CTL), NT)IITIM (1-€)A = (1-9)A
ST 'ZXPP IXPP‘XpPUT‘Snpowt ‘powt‘nu (, (€18 €T4Z'ETE YT’ .= ,, B GLTS T Aem j (T-€)X = (T-¥)X
R, ,9T'ZXPIXP‘XPUT‘Spowt‘powr‘nu ,,), NT)93TJ4M {G‘Q‘XT=NT Op Z'1=T op STIS
uay} (T==9T 40" [33=>ZXPP°J0°T33=>TXpp) IT uayy (p==be141-pue-oz=<zAp’pue-az=<1Ap) IT
(T=9T) 94T91YdSS01pu3j Jne 3day) pun uaianad bunbutpaqgidney: - -j (T = SnpowtT) uaYydNg SadaeudajTsend " -j
4Tpud uayy (T==SNpouT) IT 07
oppud 0LIS 3TpUD
T = 9T (L-p'T>((T)3S93-EXpP)sqep) 4T JTpus fudnidd g = Y ‘udyl ([==SNpOWT) IT 0TIS
0T 'T=T op JTpus
usyl (z==snpouwt) 4T 0z 03 o6 T = Au0dT
((T)X-(€)x)sqep = €xpp uayy (T==gT'J40" T==[T) 4T
((2)x-(g)x)sqep = zxpp Go1S nu‘, ‘(xp)-4d-yortms <-- , (,(€T°€ze),'9)dTIM (T==TT) JT i
((1)x-(2)x)sqep = TXpp nu‘, ‘(Ap)-d4d-yo3tms <-- , (,(€T'€ze),'9)dITIM (T==¢T) 4T di  GOTS
4Tpud nu‘,= nu ‘ssSTOU "WNU <-- ,(x'Q)dITIM (@==ZT'pue’@==1T) IT 2j
(Xput‘A'x‘xaz'1'z)9bueyad 112 ((Z)X<(T)X) 4T T = ¢t (€-p 1<(2Ap)sqep+(TAp)sqgep) 4T !0 = T
(XxpuT‘A'x‘xa‘g’z z)abueyod 1182 ((€)X<(Z)X) 4T T = TIT (€-P T<TXPP+IXPP) IT ‘0 = IT
(XpUT‘A“X‘Xxd‘z*1‘Z)abueydd 1182 ((Z)X<(T)X) IT 091S uayl (9z>gAp-pue-az=<1Ap) IT
q = AXUCﬂVx "UOTSJ9AY110A- JNZ UOTSJDAZINY-/8d0SA 49P UOA i 0019
€ = Xput ((z)p<(€)p pue-(1)p<(€)p) 4T U911BYdSWN WIS 119NIUSAS 1YS1SIUd W1QoJd S8491z397 "wd)qoud i
7 = Xput AﬁmvuAANvU.vcm.AﬁvuAANwtv 3T -Ncmew>:o¥ pun AE:EﬂCﬂZ Eﬂv uayosney SaydSTJdawnu jJne usjandd * |
T = Xput t(9-(g)x)sqep = (€)p
(a-(z)x)sqep = (2)p GGIS (Q)A-(€)A = Zhp (T)A-(2)K = Thp
(a-(1)x)sqep = (1)p JTpuUd G606
(Z)X + (29+19)/(1ex2a+£RxTQ)x0PS 0 = q 66 03 0B !T = Xput
JTPUS ‘uaniad g = Y ‘udyl (ge9>(gg+1q)sgep) 4T days + (1)x = (T)X
Tex (Zxx(2)A-Zxx(€)A) = 29 oppua
€8x (Zxx (T)A-Zxx(2)A) = 19 051G (T-€)K = (1-9)A
(Z)x-(€)x = ge {(Z)Xx-(1)x = 1B (T-€)x = (T-¥)X 0606
(Z = snpowt) 3T4 wdYdsT10gJadAy 3TW BYaNg*** """ "j Z'1=T op
9s19 uayl AEﬂﬁscHV:cw JT
JTpUd 3TpUd
10919s pud Sh1g JTpUd
0 = be1yT {1 = xput 66 03 0B !T = Xxput G806
edz/((Z)Xx(0p T-edz)+(1)X) = (T)X uayy (p==nu) 4t
(T)°sed 7 = wryinu
T = Be1yr ‘e = xput uayy (z==powt-puer G==deT) T
edz/((z)Xx(0p T-edz)+(€)X) = (€)X ov1s 91J8M-A pun -X TaJp U91SJ® JIp Bunwwrissg' "'t
oppud T = wiinu 0806
(T-T42)K = (T+E)A {(T-Tx2)X = (T+€)X oppud (g‘T=T(T)A)’, = (€ "T)A (. (/21°8T4E€ CIL), ‘NT)3ITIM 2j
Z'1=T op (£'T=T(T)X) ", = (£ °T)x , (,(8°8T4£'TIL), NT)dITIM 2j
€ Aem (0)ased ZXPP TXPP ‘XpUT‘SNPOWT ‘powt‘nu(, (8 €T4Z ETE VT ® 2j
(be14T) @sed 32918s GETS R, = TXPP IXPP ‘XpUT‘Snpowt‘powt‘nu ), ‘NT)d3ITIM !G'Q'XT=nT Op i
uayy ([==bey141°40" (dz=<¢Ap‘pue-az>1Ap)) 41as1® 0 = AUODT QT GL0S
GOT UOA 88 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA /8 91TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



9 N ‘S319VIYVA 40 HIGWNN=N
9 W ‘SNOILINN4 40 HIGWNN=W
0=34

T3
N 3

JONIN03IS ONITTIVD i

(HJ9v3S WNWINIW TYNOISNIWIQ 3INO)TLIS
(V% (Q3SOdSNVYL)V 40 NOISYIANI)VLIVANI

(W37909d S3YYNOS LSV3AT WVANIT)OSITIT :SINILNOYENS A3TIVI i

SNOILONN4 3HL 40 INJIAYYD LOVX3 3IHL

40 i

SNOILONNS ANV S3T9VIYVA NIIMLIE NOILVTIOdYILNI SIYVNOS LSv3IT V ONISN i
W37904d SIYVYNOS LSV3IT HVANIINON IFHL S3IAT0S i
JINILNOYENS HNISIWINIW FUVNOSIHD i

(G86T NOISYIA)

L8YNIAOMW X31I4
>> ‘WJ04 92JN0S D344 pue

>> ‘uoTstoaJdd a1gnop ‘pJepueis G uedilod Jo4

>> paiepdn usaq @AeY XILI4 4O SauTinodgns ¢ oyl :aiepdn

auTlnouaqns pud
oppua

/), 'NT)9ITIM
G'9‘XT=nT op
7 = 9 ‘uaniaa (xewiT=>nu) 4T
4TpUd

uianiad 9 = 9y

oppus {Zx‘Ix‘nu’, = X 1X'nu,

9 (,(9'9T4Z €T'9TR), ‘NT)ITIM G Q'XTI=NT Op

usayy (z<nu-pue-da>(TX-zx)sqep) 4T

o (,(/zI',,= 9 *,91UBYdS, UT JOJJD <----

06X = ¢X

4TpuUd
................................. i A = 1A
.91Ue)3S, 01 JDAOYDITMS :G=3Y j X = IX

Jaqunu 9ATIebaU JO 1004 ip=dY |
049z AQ UOTSTATP :€=dY i
SUOT1BJD1T Auew 003 :z=d3Y |

uayr ((tA)sqep>(ghk)sqep) It
(TA-2A) 7 (TX-2X) xTh-TX = 0oX
4Tpud

(1euda@luT) Sund dUTINOJ :T=dY | 0T 01 0B ‘g = 9y
J0JJ4d ou 0= i uayy (gh==1A) i1
i JTpus
Isueaw 9, 9p0d JOJUD uaniaJ
9yl ,£dosA, pue ‘ UTWITS, i dols + IX = ¢zx
‘,3T4buTa, “,93UBydS, Ul | A = 1A
................................. i X = IX

uayy (T=>nu) 3T
T+ nhu=nu

oppus ‘zA‘TA‘ZX‘TX‘nu’ = zA'TA‘ZxX TX‘nu,
R (,(9°2142'9°9T4Z €T 9TR), ‘NT)BITIM G'Q’'XT=NT Op
T =9 (G=/3) It
(z-0‘y-e) uotrsTtoaud a1gnop 3TOTIdWT
*UOTINUNH UDJedUT] 9STaMJaBTpPusmMiou IYdTU ‘udJeqdatz
-u2J94)1p H6T191S JauTe (BunupdQ J4931SJ4d) 91191S11NN TP 1J319T)
9UTIN0Y JISOTP UBLNJLNY SD110YJdPSTM "udgababsne 1usm-gx Janau
S1e pJTIM STUQgaba3z seq *1lnaeydan (gA‘gx) pun (TA‘IX) yddnp
9TP ‘UOTINUNH UDJBBUT) JOP 9]1191S)11NN TP 14919T) wwedbodd seq
................................ 21ueyds Jap BunwwTisSaqual1d1S11NN
(9 ‘xT‘xew3lT‘nu‘dals‘da‘zA‘TA gx IX)931uULYdS BuTINoIQNS

YIWIIMHIS "M "9 NOA OCE "dN HNNEIFYHISIE WWVIO0dd i

<< i

0T

Jj
Jj

9

0TES

S0ES

00€S

S6¢S

06¢S

G8¢S

08¢S

GLCS

0L¢S

§9¢S

09¢S

§GCS

auTinoJqgns pua
oppua

N (,(/z1'.,= 9 ‘,314buTd, UT JOJJ® <---- /), ‘NT)dITIM
G‘9'XT=nT op
[
uJaniaJ (XewlTt=>nu) 4T
4Tpud
uaniad 9 = 9y
oppue ‘ys-gx‘ys-gx‘ys-Ix‘nu’,=,‘,€2IX ‘nu,

9 (L (0T YT4E'ET TR XL BR), ‘NT)SITIM (G'Q'XT=NT Op
uayy (de>(zx-gx)sqgeprdo-de>(IX-gXx)sqep) 4T
T4+NU = NU {YS+EX = €X [YS+XX = ZX ‘YS+IX = IX

4TpuUd
Zh = TA 10p'0 = TX fudyy (EP<Ip'pue-gp<ip) }I8S]1d
Zh = €A 19p O = €X ‘uayl (Zp<Ep'pueTp<ep) IT

(Xx-gx)sqep = €p :(XX)sgep = gp :(XX-Ix)sqep = Ip
XX = XX ((gxx)sqep<(xx)sqep) JT
(usbunsaL07 ) i NM - EX = ZXX ‘NM + QX = XX
(nm)1ubsp = nm
4TPUd 0T 03 0B !y = 3 uayl (EP'O>NM) 4T
0A%0K - Zxx(0A-TA) + 0Xx0X = NM
AXx (BX4EZ + OXx2Z + QXx12Z)- = pA
Axx (RA4EZ + JAx2Z + QAxT12Z) 0x
JTpuUd
uaniad g = 9 ‘ysS = ZX ‘YS+IX = IX
uayy (ede>(Ax)sqep) 4t
(BAxEX + QA4TX)/0PpS 0 = AX

EX-TX = DX ‘€A-TA = A 1€A4€A + E€X4EX = €2
€X = X fgh-€h = ghk  1zAxZA = ¢z
IX- = ex ({TA-zA = eh  TALTA + IXxIX = 12

oppus 1gA‘zATA‘ex‘gx‘Ix‘nu’, = €ZTA ‘€gIx ‘nu,
9 (,(9°0T49 €T 9TR), ‘NT)dITIM (G Q'XT=NT Op

US-€X = €X PO = X ‘yS-IX = IX
punadsan wnz (gzx) BungaTydSJdapn | X = Uys
J4TpUd

uianiaJd {J}Tpud
I€A = €A !Tex = €x !9s)a

zehk = €h izex = gx fuayl (TEX==TX) 4T

(9 ‘XT‘xewyt‘nu‘dals‘do‘zA‘TA‘ZX TX)21URHdS 11D

Zh = zeh 1gx = zex ‘1A = 1€k 1IX = TeX
soiyundiuels "¢ sop bunbnazug | usayl (z==nu) JT
4TpUd

uaniad () ‘XT‘XewlT‘nu‘days‘da‘zA‘TA‘ZX IX)91UBYdS 1182
usyy (G==9¥"Jo" T=>Nu) }T
0Z-p'T = 0dd T = 3 (G=/3Y) IT
(z-0‘y-e) uotstoauad ayqnop 3TOT1dWT
('3sq1ds ,3T46UTd, S|1B 3J9pJ044d ITIZ JysW YdT1INSP UOTIHUNY
-sbuebsny Jap Bunuydouag STP UUSM ‘110AUUTS Jnu 3ST ,3TIBUTJI,
UOA Z1BSUTJ J9(Q) 'UD3}1PYSQTSQ SUTINOY OSOTP 9PJINM ‘UdZ1TSI(
¥T18Ylsay 9SSTMab auta yone yosopal usabunydTo1H STP pun IIPTPUNJY
9Tp BQ "3ST DTUSBM Sem ‘%€ nz STQ WNn }T9zudYyddY STP YITS 3zJany
-J9A (T "Mzq p ‘g€=ddST ‘g=>UT1T) uauoT3dQ usp uon HTbuseyqy -uOT}
-Yun4 U9J4eqJdTZU3J44TP HTIDIS JBUTS 81193S11NN TP ,3T4BuTd, uOA
us4nJdjny $9110YJdapatm 1qTbus ,931uUeydS, T9Qq OIM ' (IJ9M-ZX Janau)
91191511NN 2uabalabisyosseu aTp ‘3inaerdan (gA‘ex) pun (gA‘zx)
“(TA'TX) yodnp STP ‘UOTIHUNLSTAUY STP JdNY 3J943T] dUTINOY S1IQ
............................................ funwwTlsaqual191S11NN
(9 ‘XT‘xew3T‘nu‘days‘do‘cA A TAeX‘Zx IX)1T4BUTJ4 BuTINOIQNS

0T

Ji

Ji
Ji

06¢S

Sves

oves

SECS

0€¢Cs

T44

02es

STZS

0T¢S

S0¢S

00¢S

S61S

GOT UOA 06 931TSS

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA 68 931Td3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



T-1II=1I (T+)) % (T+N+W)+SC = VL HLIM V XTYLVW :T+VC WOYd i
ZI‘'t = C o0a (2/((G+N)%N) ‘PT)OXVW+y = SC 'S XIYLVW T+SC WO i
9 0L 09 (0==2I) 4I SNOILYTIdd0D d0ddd ANV @ XIYLlVW :T+N+N+v WOYd i
I -M=1¢1 STvs (I)X Y04 LNIWIDNVHNI HOWH3 :I+N+v i
7+ M =1I (I)X 40 HOYY3 QUVANVLS :I+v i G9ES

T+ M =AM OI>M) 4T
L€ 0L 09 ((TI<I'ANY" 00 T==(Z)M)

M NI S3SS3dHav i
SWNS JILVYavNd 3IHL 40 S73aVT :1+p i
R "0 ((AM‘T+N)OXVW<I*ANY" 00 0==(Z)M)) 4I ¥ MI NI S3SS3dav i
LE OL 09 0¢vs N+ (T+)) 5 (T+N+W) +(Z/ ((S+N) «N) ‘Y1) XVW+y HLONIT M
0aan3a (T)MI = M HLIM M+¥ HLION3T :MI :Q73I4 ONIMYOM i O9€S
7 0L 09 ((TC)M>(¥)M) dI WOQ33Yd 40 S3IFY93A 40 HIGWNN : (¥)MI
(P+I)MI«W1 + SC = 1IC SNOILVNTVAI NOILONNd 40 HIGWNN : (€)MI

M'T =1 0da C>I (C)X ANV (I)X "ML39 NOILVIIHH0D "ouYuI=(Z/((T-C)«C)+I+N+N+i)M
T - 1 =M (9I8==(T«W1+SCIM) 4I SIvS SLINIWIINVHNI HOHdI=(I+N+¥)M
(ZHM)MI = 7 "0=(€)MI "3°I ‘YVANIT IY3IM SNOILVHILI N i GGES

0S 01 09 (00" 0=>(¥)M) 4I
LS 0L 09 (007 0=/(00"T-(2)M)x(Z)M 40" T>N"HO'N>W) 4I
ZS 01 09 (Z==3)) 4I

W1 - VO = €C 0TYS

1SV FHL 41 Q3LVINDTVI ATLI3HY0D 3V SHO"Yd JHL i
HOYV3IS WOANVY ‘€= i

HO4Vv3IS TYNOISNIWIA INO :¢= i

NOILVLIWIT 3ZIS d31S ‘1= i

W1 - (S)MI«W1 + SC = WC NOILJIQ3Yd WVANIT :0=(€)MI i 0SES
(T+M) W1 + SC = vC (€)MI NOILDIQ3NYd i
A =M 40 ONIM 3JHL A9 ALTYVINIT FHL SMOHS WVH90Hd 3IHL i
(T)MI = X ¢ "SNOILONNA WVINIT S3IWNSSY NOILVINDTVI d0dd3 JHL i
T =3] SOvS S37GVINVA JFHL 40 SHOWYI QUVANVLS=(I+py)M

0dan3 0 3IN ("T-(2)M)x(Z)M Y0 0 LT N ¥O N 17 W /=3 i GVES
SLQ°L = (I«WT+SCIM (P)MI' (€)MI 3dV SITAVIYVA IHL 40 ST3V1 IHL i

T-M+ 1= (p+1)MI ‘STTVYD AY0LVYVdIYd IFHL NI SITGVIMVA SSI1ISN :9=3M i
X'T =1 0a ((#)MI)X NO AN3Id3IA LON 0Q SNOILINN4 IHL :G=3) i
(T)MI =X 00vS Sd0Yd3 ONIANNOY :¥=3M i

T = (€)MI SNOILYNTVAI NOILONNd 40 d3GWNN WNWIXVW :€=3M i OVES

“(€)mI=(2)MI i

13S 1dNYY3INI d3SN TVWHON d0d4 “d3dONSI i

SI INIOd LIN3ddnd 3HL SHOYd3 LNOHLIM i

SINTVYA WAWINIW SNYNLIY ‘L1dNYYILNI H3SN :z=3) i
S40dydd LNOHLIM :0=3X  3d0D HOYd3I=3M i GEES

INIOd WNWINIW 3HL 1V SNOILJONNd4=d i

INIOd WNWINIW=X i

(I)4 3HL 40 WNS DILVHAYND WNWINIW=(¥)M i

H0LDV4 NOILVSITVWHONIY HOWd3I=(€)M i

00°00T = (T)M (00 T=>(T)M) 4I
(TIMIxZ = (Z)MI (0==(Z)MI) 4I
T+ N= (I)MI (N=>(T)MI) 4I
Z 0L 09 (0=/3)) 4I G6ES
T+N+W=HW
(Z/((S+N)*N) ‘PT)OXVIW + ¥ = SC
N+ N+ =ar
0S 0L 09 (0>(Z)MI) 41
*ytut-aud § /0/€C’'/0/¥C'/0/QC' /0/WC'/0/SC!/0/WT1'/0/C*/0/4W YLivVa 06£S

/S.+0°£/919°/8-0"1/5d3 viva ¢ 0L 09 (T==3))4dI 0EES
(41°V) 3FONITYAINOI (MI‘PM I PX P4 'NW IN)XILI4 1TVD
‘pabueyd jou ST UOTIRIND1ED Byl 0S pue << j X (PIM (EIM (PIMI (E)MI (% “%)ILIUM TVYNOILAO
sJaqunu wopued d31edauab 01 pasn aJde Adyl 9OUTS ‘uoTsTIaJdd 91PUTS << (D) 4% (D A+ (P)M=(¥)M
1euthTJ0 8yl 11TIS SAeY JuSWS1L]S 3DUD1BATNDD 8yl UT YI pue vy << | G8EG N‘T=C 404 (C)Xa/(1)4a =((T-C)«W+I+VC)M
Wl :f (2)¥3I93ILNI € 0L 09 ("0==(2)M)4I GCES
v i (v)vay X INIOd 3JHL 1V S3INIVA NOILONNd=(I)d
9I9‘A‘N LS SdA* (N)X' (000T)M* (W)4*(N)3 (8)1vay W'T=I € 0Q
AW WT T (00TIMI ¢ (¥)¥3I9ILNI 0=(v)M
('6 = wpue / = u 4T ‘Sietddosdde ade << | Q8ES (T+(TIMI) % (T+HN+W) +(Z/ ((S+N) xN) ‘¥T) OXVIW+¥=VC
0OOT pue EOT SJdqunu dyjl) ‘840439 A131294401 ued X3ILI4 ybnoyile << j 0 = 3IM Ld3IDOX3 NOILIV ON 0 LT (Z)MI 4I 0CES
‘M014J9A0 X3PUT }JO 9SNEIDQ POSEIJIOUT B4 M pue MI 4O SIZIS << | (T)MIZ=(Z)MI 0 03 4I ‘SNOILYNTIVAI "L1ONN4 40 YIGWNN WNWIXVW=(Z)MI
MASCWCAC' VL EC 2C/TCC/CTTII'N'W 3N ¢ (¥)¥3IDILNI T+N = (T)MI N 37 4I ‘@3¥39W3IW3Id 39 0L SINIOd 40 YIGWNN=(T)MI
JNON LIDITdWI SNOILDONN4 JIHL 40 LINIIAVYO 1DVX3 W04 T
(MI‘MI“X‘4'NW IN)XILI4 INILNOYENS GQLES NOILV10dYIINI S3IHVNOS 1SVIT ¥0d 0 ‘NOILVWIX0HYddY 40 QOHLIW=(Z)M
...................................................................... i (T)MxZ SI 3IZIS d3ILS AIMOTIV WNWIXYW IFHL X3ILIH GIES
i A9 00T = (T)M T 37 41 ‘(I)3 40 SLINN NI 3ZIS d3ILS L1SHUId=(T)M
SAT3I4 ONIMYOM IHL i 0 3N (I)3 “S3T9VIYVA IHL ¥04 SITIVYNIIY HIOWVYIS I1N10Sav=(I)3
ONIONVHD LSNC HOYYIS YIHLONY NIHLIM HOYVIAS V SMOTTVY SIHL "HOYVIS IFHL i S319VIYVA JHL 40 SANTVA ONILYVLIS=(I)X
40 NOILVNNILNOD 3IHL ¥0d4 NOILVIWHOANI 11V NIVLINOD SQT13I4 ONIMYOM IHL i 0OLES N‘T=I T 0Q

GOT UOA Z6 91T9S

664" yd/pd-boad/suey/aswoy/ :191eQ

SOT UOA 16 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



N‘T = I 00 8¢
T€ 0L 09
0aaN3 ‘(v+I)M - (I+HWCIM = (I)X *N'T = I 0d
82 01 09 (00" 0==(Z)M) 4I
S319VIYYA MIN
0aan3
0aan3
(VCIMS = (TC)M
0aan3
W1+ 2C = 2C
(AxA) /(n-(C+2CIM) *(L-(I+ZC)M) + S =S
(W1+2C)M = A
MT =1 0a
(c+eC)M = n
00'0 =S
SC =¢r
T+ 1C=1C
I'‘T=7rC 00
(I+EC)M = 1
N‘T = I oa
ac = 1€ vz
a XTYLVW
GE 0L 09 ‘¥Z OL 09 (0==¥I) 4I
7S 0L 09 (0>YI) 4I
((SHNIM‘ (SIM (W-VCIM* (T+YC)M YT ‘N‘W)OSITIT 1IVI €¢
W3190dd SIYVYNOS LSVYIT HVIANIT
Z9 0L 09 (T=/3) 41
0aan3
0aan3
(VOIM«S = (TC)M
0aan3
W1 + 2C = ¢r
(AxN) /(- (I+2CIM) «(L- (C+N+ZCI)M) + S =S
(W1+2C)M = A
MT =1 04
(C+N+EC)M = L
00°0 =S
SC = 2r
T+ 1IC=1C
W'T = 0a
(I+EC)M = N
N‘T =1 oa
YL = IC 0¢
Y XTYLVW
€2 01 09
0aan3 :(I1)d = (I+IC)M ‘W'T = I o4
T-W-Vl=T1C
02 01 09 (00" 0==(Z)M) 4I
09 0L 09 (T=/3¥) 4I
0aan3
(VC)M«S = (I+EC)M
0aan3
W1+ IC = 1C
(Lxl) /(I+IC)M + S =S
(WI+1C)m = 1L
MT =1 0d
00°0 =S
SC = 1C
II‘'T =1 0a

Svas

orss

GEQS

0€9S

T4

0SS

SISS

0TSS

S0SS

005§

S6vS

06vS

N+NW=TI
SNOILONN4 ANV S3T9VIYVA JFHL 40 JFHINID
S/00°T = (V)M
0aan3a
(Lxl) /00°T +S =5
(T+WT1+SCOIM = L
MT =1 0d
00’0 = S ST
SWNS JILvYavNd 3IHL 40 SISYIANI 40 WNS
SNOILVNTVAT NOILONNd AHOLvVdVd3dd 40 AN3
00T 0L 09
(W) 3+ (TIM + (W)X = (dW)X
(W)X = (€)M
ST 0L 09 (T+N==4W) 4I ZT
0dan3
9S 01 09 ((S)SEvaxSd3I>((S)Sava- (C+TI)M«(TC)IM)Sava) 41
0dan3a
((I+20IM-(I)4) «((I+ZCIM-(I+CI)M) + S =S
W'T =1 oa
00’0 =S
(Z-C) *W1 + 2r = 2T
dW‘e = € oa
T +N=1I
ZT 0L 09 (Z=>d4W) 4I
((€)M)L1d0sa = (IC)Mm
dW + N+ ¢ =1C

S = (€)M
GS 0L 09 ((WT+SC)M%SdI+Sd3I>S) 4I
c=r
0aan3a
lxl + S =5
(I+z0)m - (I)d =1
W'T = I 0a
00'0 = S
N + SC = ¢C

(€)M = (T-dW)X
ZT 0L 09 (T==d4W) 4I
(E)MI = 4uW
SNOILVNTVAI NOILONN4 Ad0LlVdVd3dd
GT 0L 09 (T+N<(E)MI“¥0" 00 T==(Z)M) 4I
SNOILVYNTVAT NOILINNd AdOLVHYdIdd 40 AN ¥O SLINIIAVYO LOVX3
v 01 09 (T==N) 4I
€5 0L 09 ((Z)MI=<(€)MI) 4I
SNOILVYNTYAT NOILONNd 40 Y3GWNN WNWIXVW LS3L
(P)M = (T+IC)M

0aan3a
(I)d = (IC)m
T+ 1IC=1C
W'T =1 0a
0dan3
(I)x = (I0)m
T+ 1IC=T1C
N‘T = I 0a
(T-7) «W1 + SC = 1IC 9
Mod M3IN
W1 - (S)MI%W1 + SC = WC
1= (II)MI
0aan3a

(TI)MI = (T+II)MI

G819

08¥S

SLYS

0LYS

S9vS

09vS

SGPS

0SvS

1474

ovvs

SEVS

0EYS

GOT UOA 16 91T9S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA €6 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



((C+TCIM)TONS = V
N‘T = C 0a
(I+N+7)M = (TI+N+P)M
(T-TI) «W + VL = 2C
(T-I) «W + vC = 1C
67 0L 09 (I==1I) 4I
0aan3
LIX3 (I==YI) 4I
((TI+N+7)M)TONS = V¥
N‘I = TI 0a
N‘T = I 6v 00
0aan3 St
W+ IC = 1IC
0aan3
00°0 = (C+IC)M ‘W'I = € 0d
S 0L 09 (W<I) 4I
1I'C =1 Sv oa
T+N=T1I
YO = 1C
GT 0L 09 (0Q 0==(Z)Mm) 4I
9 XTYlVIW 340153y
S319VIYVA JHL 40 SYOHYI IHL 40 NOILY.LNDWOD
72 0L 09 ((((N=>(E)MI'aNV" 04 0==(€)M)
R 0T 00°T==(Z)M)"aNY" €==3)) 40" 0=/(€-3I)M)«IM) 4dI
00°0 = (€)M
0aaN3d ‘00°0 = (P+I)M ‘N‘T = I 00 2S
+ I =3I €S
+ = 3IN ¥S
+ 3 = 3IN SS
+ux
+
a

1}
L
N4
O
Tel

uxumxum
3000 Y04¥3
7S 0L 09
00T 0L 09 (0>(Z)MI "¥0* 00 0==(¥)M) 4I
0 = 3IM 05
HOYV3S 40 aNd
TL 0L 09
00T = (L)M
00°T = (9)M
(CCCSTIM-(PTIM) /((8T)M-(LT)IM)
9 - ((PTIM-(ETIM) /((LTIM-(9TIM)) /((ST)M-(ET)M))SEvVa)LH0SA = (S)M
¥/ 0L 09 (00°0=/(9)M) 4I
00°0 = (S)M
00°0 = (€)M
T+ =3I (0<) 41
00T 0L 09 (T==3)) 41

[4
T
T
T
T
4

NOILINI43

(8)m = (1)X
z = (P)MI
((8)M (S)M IM)TLI4 T1TVD
(7)m = (6)M
(T)X = (8)M
v = (9)M
(Z=aNINM‘ (Z)MI)INI = ¥I €V
0070 = (ZI)M
(1)3 = (TT)M
(T)3+(T)M = (OT)M
0 =3

€7 0L 09 (T<(€)MI) 4I Zv
X 379VI¥VA 3INO AINO

099§

G595

069§

S99

0r9s

GE9S

0€9S

G29%

0294

S19G

0194

00T 0oL 09
(8)M = (€)M
T =]

€5 0L 09 (z==3¥) 4I
Z = P (e==3)) 4I

0aaN3d ‘ (I+EC)M«(8)M + (I+WC)M = (I)X ‘N‘T = I 04 OF
((8)M (S)M*IM)TLI4 1TVD

(7)M = (6)M 6€

o 0L 09

(PIM = (LT)Mm
(WT+HNCIM = (9T)M
00°T = (YI)M
00°0 = (ET)M
00°0 = (ZI)M
00°0 = (IT)M
00570 = (8)M

¥l = (9)M

07 = ¥I

¥l = (S)M

€ =M1

0aaNa ‘ (I+WC)M - (I)X = (I+EC)M ‘N‘T =TI od
Z = (V)M

6€ 0L 09 (Z==(¥)MI) 4dI
€5 0L 09 ((Z)MI=<(€)MI) 4I
€7 0L 09 (T==N) 4I /€
HOYY3S TYNOISNIWIA 3NO
00T 0L 09
€ = (v)MI
0aan3
00°00T/(00T- (002" ((#=ANIM‘YI)LNI)SIVI)AOW)
R % (I)Ax(TIM + (I+WCIM = (I)X
((I+ECIM)TONS = V
N‘T = I 00 G€
NOILDIA3Yd WOANVY
00T 0L 09
0aaNa * (V+I)Mx(E)M + (I+WCIM = (I)X *N'T = I 0Q €€
V/(T)Mx00"Z = (€)M
T = (v)MI
NOILVLIWIT 3ZIS d3LS
€€ 0L 09 ((T)Mx03'7>V) 4I

00'T = (€)M

0= (v)MI

0S5 0L 09 (03°T>V) 4I
0aan3

((((1)3/(p+I)M)SEva)19NS V) IXVIWY = ¥
(I+HWCIM - (I)X = (v+I)M
N‘T = I 0a
03'0 =V 1€
JONI9E3ANOD 40 1S3l
0dan3
S - (I+e0)M = (I)X
0dan3a
(7+0)M«(TC)M + S = S
=2l (I=<C) 4I
¢I + 10 = 1C
N‘T = C oa
00’0 =S
Z/(I-IxI) + aC = 1IC
T =24

S09G

009G

S6GS

06SS

G869

085S

GLSS

0L4SS

G9SS

095G

GGSS

0569

GOT UOA 96 91T9S

664" yd/pd-boad/suey/aswoy/ :191eQ

GOT UOA G6 931TdS

G64"pd/pd-boad/suey/awoy/ :T191e(Q



i 0aan3a

AT3AILIALSTIY €X ANV X ‘IX LV S3INTVA NOILONNS :(TT ANV OT ‘6)M i 0aan3
€X > ZX > IX HLIM €X QGNY ZX ‘IX :(8 OGNV L ‘9)M i 08LS ((P+0)Mx (P+IIM) /(TCIM = (ICIM
S3IIIVYNIIV HOYY3AS (S ANV ¥)M i T+ 1IC=1C 0¢LS
3ZIS d3LS 1SYId (€)M i I‘T=7rCo0d
3INTVA NOILONN4 @3ITddNS ¥3ASN :(T)M i N‘T =1 od
X 40 INTVA LINIFHND :(TIM i ac = 1r
((€)I+£)M 1V SI 3INTYA NOILINNS WAWINIW IHL “Y3LINIOd WNWINIW :(€)I i GLLS 0dan3
SNOILVNTVAI NOILONNH 40 HIGWNN WAWIXVW :(Z)I i (I+N+7 )M (7+I)M = (I+N+7)M STLS
SNOILVNTVAI NOILONN4 40 ¥3IGWNN LINIFHND :(T)I i ((2/(I+IxI) +AC)M)LH0SA = (V+I)M
$S3TGVIYVA 473914 ONIMIOM i N‘T = I 0a
3DIOHD sy3asn = (T)M i ¥/ 0L 09 (0=/4I) 4I
ANV 24 = (0T)M ‘Td = (6)M ‘X = (LM ‘IX = (9)M ‘€ = (T)I ‘T =3 i 0OLLS (X (T+ac)M* (T+VCIM YI ‘N‘W)VLVANI 17¥D
* ONINIZ3A Y3L4Y IDNIN0IS ONITTYD 3IHL HILINI 2X 3IN IX HLIM ATIAIL i SNOILYT3dH0D d0ddd ANV Sd0Ydd QYVANVLS i OTLS
-33dS3Y¥ ZX ANV IX = X d04 NMONM 34V ¢4 ANV T4 SINTVA NOILONNd ¢ 41 i 0dan3
SAT13Id ONIMJOM FHL i (S)140Sa = (I+N+v)M
ONIONVHD 1SNC 3INOQ 39 NVD HOYVIS YIHLONY NIHLIM HOUWVIS V IHO43Y3IHL i 0dan3a
HOYV3S 3IHL 40 NOILVNNILNOD 3HL 404 NOILVWHOINI 711V NIVINOD A3IHL i G9LS (IC)M«(TCIM + S =S
AT3IAILI3dS3Y TT ANV € HLION3IT FHL IAVH M ANV I SATII4 ONIMIOM FHL i T +1IC=1C SOLS
TIVWS 001 J¥Y (S)M ONY (¥)M HLOE 3ISNVI3E "90dd ‘SHOYYI HNIANNOY € i W'T =7 oa
SNOILYNTVAI NOILONNd 40 d3GWNN WNWIXVW < i 00’0 =S
=3) ‘SYOYY3 ON 0=3¥ :300D "ouy3d = IM i N‘T = I 0a
(T)IA=4AN i 09.S vCe = 1IC 99
(Z)M=NIW4 i 9x(L1)9 40 SINIWITI TVNOOVIA i 00LS
(T)M=NIWX i 0dan3
T 0L 09 (T==3M)4I i 0aanN3d ‘(C)X = (W«C+IC)M ‘N'T = C 0Q
(MIA“IN)TLI4 1IVD i 0aan3
4'X"(T)IA ILTHYM TYNOILHO i QSLS S = (I)X
(T)M=X LV (X)4 3INTVYA NOILIONN4=(Z)M T i 0aan3 S699

ADVYNIIV HOYVIS IAILYIIY=(S)M
ADVYNIIV HOYVIS I1NT0Sav=(¥)M

(WC+TC)M(TI)M + S = S
=2 (I=<C) 4I

3ZIS d3LS 1SYId=(E)M i I+ 11 =11
X 40 INTIVA LYVLS=(T)M i 0SLS N‘T = C od
SNOILYNTVAI NOILONNH 40 HIGWNN WNWIXVW=(Z)I i 00’0 = S 0695
0=3M i T =4I
JIONIND3S ONITIVI i Z/(I-IxI) + aC = 1I
X 379VIYVA 3INO 40 (X)4 NOILONNH V 40 NOILVSIWINIW i N‘T = I oa
i QbLS W=-VCl+1=T1C
(G86T NOISYIA) YIWIIMHIS "M "D NOA 60€ “UN ONNGIFYHISIAE WWVHOO0Hd i W'T =1 00 29 G899
i Q 40 JSYIANIxV = O XTIHLVW
...................................................................... i v. 0L 09
L8YNIAOMW TLId i 0 0L 09 (6==¥I) 4I
...................................................................... i ovLS (X*(T+aC)M* (T+VC)M YT ‘N AM)VLVANI 11VD
0aan3a 0899
ANILNOY¥ENS an3 0aan3
T+ (€)MI = (€)MI (T==3)) 4I 00T (WTxT+SCIM/ (S- (WTIxT+20)M) L = (TC)IM
(WTHWCIM = (¥)M T +1IC=1C
00aN3 ‘ (I+N+WC)M = (I)d ‘W'T = I oa SELS MT =1 0d
0aand ‘ (I+WC)M = (I)X ‘N'T = I 0Q S/ W1 - I+SC=¢r SL9G
T - dW = (v)MI (I+E€CIM = S
z-rC=(e)MI N‘T =1 od
GL 0L 09 (0=/(9-) *(S-3%)) 4I Ve = 1IC
T-N-W= (V)M vL 0€LS ((vC)m)L40sSa = 1 09
4 ANV X 0L S3INTVA WNWILAO I401S3d i Q XTdlVW 40 3ISYIANI i 0L9G
0aanNd ‘ (E)Mx(v+I)M = (P+I)M ‘N‘T = I 0Q 99 0L 09
((T'T-N-W)OXVI/ (W/S%S- (WT+WC)M)SEva) LH0SA = (€)M 0aan3 6v
0aan3 ‘ (I+N+HAC)M + S =S 'W'T = I 0d 0aan3
00’0 =S 1L SCLS v = ([+z0)m
d0LIV4 NOILVSITVIWAONIY d0dd3 i (c+20)m = (C+IC0)M G996

GOT UOA 86 91T3S 664" vd/pd-boad/suey/awoy/ :1a3eq GOT UOA /6 91TIS 664" vd/pd-Hoad/suey/awoy/ :133eq



N‘T=C=>I (C'I)V=Y ‘Y XTYLVW YVINONVIYL :V
dI 40 SININOdWOI dI
1S4I4 3FHL A9 Q3LVOIANI V 40 SNWNT0D I
JHL 9NIY3IQISNOD Q3LNdWOD SI Vx(L)V 40
JSY3IANI FHL “YI SI V XIHLVW 40 MNVY 0<YI
N SI V XIHLVW 40 YNVY ‘HOHY3I ON 0=YI
0d3Z SI V XIYLVW 40 MNVY T-=dI
TLTNY N LT W :¢-=dI
3000 d0dd3 ‘I
(@3A0YLS3A) XTHLIVW LNdNI :V
0 < N=<MW ‘V XI4LVW 40 SMOY 40 YIFWNN ‘MW
V XTYLVW 40 SNWNT0D 40 d3GWNN :N

+S37dVIYYA 1Nd1no

+S3T79VIYVA LNdNI
" qdvMd04
1HOIVYLS SI NOILVLINAWOD ONINIVWIY IHL *SNOILVWYO4SNVHL ¥3IATOHISNOH
A9 d XTHLVW YVINONVIYL d3ddN NV 0L d3dNd3d SI V XIHLVW FHL

Vx (Q3SOdSNYYL)V XIYLVIW 1ONA0¥d JHL 40 NOISHIANI

(G86T NOISY3A) YIWIIMHOS "M "9 NOA OCE YN SNNAIFYHISIE WWYHO0dd

ANILNO¥EANS aN3
¥T 0L 09
T+ 3 =31091
T+ 3 =316GT

NYNL3IY

(AT+OTIM = (Z)M

(AI+2)M = (T)M
((€)A)INIAI = AI VI
0 =3I €1

NYNL3Y

0a'T + (T)A = (T)A 2T
€T 0L 09 (((C)Mxk(SIM)SAVA>(ZIM “¥0~ ((¥)M)Sava>(Z)M) dI
((c)m-(T)m)sava = (2)m
JONI9H3ANOD 40 1S3l
(CC8IM-(9)M) «(TIM) /((6IM-(TTIM) +(8)M+(9)M) %0aS" = (T)M
((8)m-(9)Mm)
R /(((8)M-(LIM) /((TTIM-(OTIM) -((£)M-(9)M) /((OTIM-(6)M)) = (T)M TT
WNWINIW 3HL 40 NOILISOd 3HL 40 NOILDIA3dd
¢l oL 09
((8)M+(9)M) x0as" = (T)M
IT 01 09 (04T 0<(T)M) 4I
((9)M-(8)M) /7 ((9)m-(LIM* (£L)M-(8)M)INIWA = (T)M OT
¢T 0L 09
((9)M-(8)M) x(E)Ax0Q"Z + (C)M = (T)M
NOILVLIIWIT 3ZIS d3lS
0T 0L 09 (00 0==(€)A) 4I
9T 0L 09 ((2)A=<(T)A) 4I
GT 0L 09 (((TT)M==(OT)M ANV " (OT)M==(6)M)
R "H0" (8)M==(L)M "¥0" (L)M==(9)M) 4I
S1S31 40dd3
N + [ =T
((E)A)INIAI = AI 6
(2)m = (C-0T)Mm
(T)m = (C-2)m 8
6 0L 09
00°0 = ()N ((AI+OT)M=>(Z)M) 4I

0065

S68G

0684

688G

088§

G/8G

08§

598§

098§

G689

068§

Sv89

((€)A)INIAI = AI
()M = (0T)M
()M = (L)M L
(OT)M = (C+OT)M
(LM = (C+L)M
8 0L 09 ((0T)M<(Z)M) 4dI
T=10C ((L)M>(T)M) 41
I-=°C9
6 0L 09
00°0 = ()N ((OT)M=<(Z)M) 4I
()M = (C+OT)M
(T)M = (C+L)M
(C+0T)M = (OT)M
(C+L)M = (L)M
L 0L 09 (00 0<((LIM-(T)M)x((T)M-(C+L)M)) 4I
(0T)Mm = (C-0T)M
(L)M = (C-L)M
((€)A)INIAI = C
9 0L 09 (00 0==(€)A) 4I §
4 ANV X 40 SINTVYA MIN JHL NI 140S
6 0L 09
00°'T = (E)A ((6)M>(TT)M ANY" (OT)M>(TT)M) 4I
00'T- = ()N ((TT)M>(6)M ANY" (OT)M>(6)M) 4dI
000 = (€)A
0aand v
()M = (TH)M
(THM = (M
M = (T)m
€+ M=)
()M = (T)M
(THIM = ()M
Ohm = (T)m
¥ 0L 09 ((T+H)M=>(M)M) 4I
(z'c)aow - £ =M

€T =7C ¥ 0a
()M = (TT)Mm
(T)M = (8)M

S 0L 09 (00" €<(T)A) 4TI €
ZT 0L 09
()M - (9)M = ()M
00°T- = (€)A
T 0L 09 ((6)M=>(Z)M) 4dI
(2)m = (0T)Mm
(T)M = (L)m
000 = (€)A

€ 0L 09 (00°Z<(T)A) 4I ¢
ZT 0L 09

(E)M+ (T)M = (T)M T
(M = (6)M
(T)M = (9)M
- = (€)A
T = (1A
T =3

Z 0L 09 (T==3)) 4I
(TTI)M ()N =t (8)TvY
MCAT‘IM :: (¥)Y¥I9ILINI
3NON L1IDITdWI
(M‘A“3XM)TLI4 INILNOYENS

0v8s

GE8S

0€8S

G28S

028s

S18S

018S

5089

008S

S6LS

06LS

G8LS

GOT UOA QOT 93T8S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA 66 931T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



0aan3a

0aan3a

S = (CI)a

0aan3a
A+ 11 =11
(M+11)a%(TI)a + S =S

¥I‘C = ) od

00’0 = S

I-C=1

XIYLVW 12NAd0Y¥d 3FHL 40 ISHYIANI
0dan3 91

A+ (I=T[(1I
0aan3a

(I‘I)v/S- = (I+CI)d

0aanNd ‘(C+CI)Ax(C'I)V + S =S D'TI = C 0a
00’0 =S
T -I=1

I=1I
Mz =100
A=1
9T 01 09 (T==)) 4dI
I*Mv/ea°'T = (M+CI)a

YI‘T =) 9T od

0=

I

0 NI d340lS ¥ XIYLlVW dVINONVIYL JFHL 40 3ISHYIANI
0Z 0L 09 (0==9I) 4I €1
d0071 Y¥3d7T0H3ISNOH 40 ANd

¢ 0L 09

0dan3

0aan3
4= (C'T)V
Y ((d)Sava«Sdi=>(d)sdva) 41
d-0=1d
M'I)vxl = d
(c'T)v =0
W1 =1 0a
S- = (C'MV
00°0 = L ((n/S)sdvaxSd3=>(L1)sdava) 4I
n/(s+(c'Mv) = 1
00°0 = S (dxSd3=>(S)sava) 41
0aan3
(d)sava +d = d
4+S=35
(C'I)Vx(9IS/(M'I)V) = d
W1 =1 0a
(s)sava = d
(C°AN)V«A = S
MIi‘l1=°¢
T+)=
€T 0L 09 (YI=<M)
9IS- = (MM
9IS + S =
NS =9
(A) Ld0sa/ea 't =

(<}
(=)
(<}

L}

0a
1
dI
v
n
IS
A

G109

0109

5009

0009

§66G

0665

686G

0865

GL6G

0L6S

G96G

0965

0aan3
N«N + A = A
S/(M'I)Y =n
W'Y =TI oa
000 = A
MMV =S
oaan3
)= (C'1I)V
(C'TI)V = (C'M)Y
('Y =2
¥I‘M = [ 00 8
(M)V 40 SINIWOVY4 NWNT0D YIMOT IHL 40 NOILVLOY
€ 0L 09
0aan3
J = (ITNI‘I)V
0aaN3 :(T+C‘I)V = (C'I)V *¥I‘X = C 0a
(M'I)V =D
W'T =1 0a
T = (T+YI)dA
0aanN3 ‘(T+C)dA = (C)dA *¥I‘X = C 0a
((M)dA) INIQI = 1
¥V XIYLYW 40 SNWNT0D JHL JLNWYId ANV dI YOLDIA NOILVLNWYAd IHL dn 13S
€T 0L 09 (YI<M) 4I
(Z=ANIM‘T)INI - ¥I = ¥I
8 0L 09 (007 0<)) 4I
0aan3 v
I=1I
((M'1)Vv)sava = 2
7 0L 09 (D=>((M'I)v)sdava) 41
W'Y =1I% oa
00'0 =D €
INIW3T3 LOAId
T+MX=MX¢C
0 =M
d007 Y3AT10HISNOH
0aaNd ‘I = (I)dA ‘¥I‘T =1 0d
6T 0L 09 (T>N"Y0'N>W) 4I
(Z=ANIM'N)INI = ¥I
*jTut-aJd § /0/TI Viva
/8-0°1/5d3 vLva
DA'NL'9ISSY'Dd‘SdT i (8)1vaY
(N)AA* (N£ST)Q* (N‘W)Y :: (8)1v3y
Axm_._.Hn_ .®>ogm wwmv Ummcmcu a JO 9zZ1S§
TWCCITI'I'N'W ¢ (#)Y¥3I9ILNI
I i (7)¥39ILNI
3INON LIDITdWI
(dA'Q‘VdI‘N‘W)VLVANI INILNOYENS

"0Y¥3Z W1dvX3 01 13S SI WNS
NIHL (((I)L)Sav 40 WNS) % Sd3 => (I)L 40 I ¥3IA0 WNS 4I
"S3NTVA 31N070S9VY 40 WNS 3HL HLIM WNS V 40
17NS39 FHL ONIWVdWOD d3.13313d SI V XIHLViW JHL 40 MNvd JHL
"1SYId 3IHL 40 SNOILVNIAWOD
dVANIT 34V HOIHM SNWNT0JD JHL 40 ST738VT IHL
NIVINOD SIN3INOdWOD 1SV IHL ‘Y 40 SNWNT0D
71Nn43SN 3HL 40 S1349V71 3FHL NIVLINOD SLININOdWOD
I 1SYI4 SLT ‘N HL9N3T 40 ¥0LDIA NOILVLINWYId :dI
Vs (L)V 40 3ISYIANI FHL 40 Ldvd HVINONVIYL ¥3ddn
JHL SNIVINOD LI “Z/((T+N)«N) HLON3T 40 HOLd3IA :d

§GG6S

0569

G765

0v6S

SE6S

0€6S

SZ6S

0265

ST6S

0165

S06S

GOT UOA ZOT 93T8S

664" yd/pd-boad/suey/aswoy/ :191eQ

SOT UOA TOT 93T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



0aan3a

(d)sava + d = d GET9
4+S=256
(C'I)V+9IS/(M'I)V = Y
W1 =1o0a
(s)sava = d
(C'N)V«A = S 0€19
N‘T="C od

8 0L 09 (N=<)) 4I
0T 0L 09 (W<7) 4I
T+X=1
MxA- =
9IS- = (M
N/ (MxA+(M)EG) = V1
9IS/ (M‘M)V
MMV + 9IS = n
(M)g ANy (M)V 40 LNIWOVHd NWNT0D ¥3IMOT JHL 40 NOILVLIOY i
0aan3a
2= (C'TNV
(c'TNv = (C' MV
(c'Mv =2
N‘Y = € oa
2= (17149
(t1)g = ()9
g =2
0aan3
M1V
(1'1)v
I)V =D
W'T =1 o0a
I (M) dA
() dA = (1)dA
((71)dA)INIOI = I
(Mg anvy )V JLNWY3d i
IT 0L 09 (00 0==n) 4I
oaaNna v
1 =11
1
=M
(S)140saxd = 9IS
(S/1) L =n
7 0L 09 ((S/1) xl=<n) 4I
0aan3
1

GZ19

0c19

S119

)
1)V
@

0119

S0T9

0019

C
1

S609

(I)axn + L
AN + S S
2/(C'1)V A
WM =1 o0d
00'0 = 1
00'0 =S
¥ 0L 09 (00" 0==)) 4I
0aan3 4
(c'T)Vv =2
I =21
Z 0L 09 ((D)sava=>((r‘1)v)sava) 41
WM =1¢2od
00’0 =2
N‘Y =7C ¥ od
00°0 =N
INIW3T3 LOAId i

0609

G809

0809

N‘T =X 0T od
d0071 NOILVLOH
0aan3a
£ =1(C)dA N'T = 0a
6T OL 09 (T>N"¥0'N>W) 4I
0 = ¥3I
"jtut-a4d § /0/1°/0/11°/0/21'/0P°0/91IS* /0P 0/M V1vd
/8-0°1/Sd3 vlva

(N)X“(N)dA* (W) (NN Y (8)1vay
MA‘N'LOIS'SY'D'd’SdI‘'VL13a‘D :: (8)1vay
T AN CAI'I'NW + ¢ (¥)¥393LNI

AT i (Z)¥39ILINI
INON LIDITdWI
(dA*X*9V 43I ‘N‘W)0S3TIT ANILNOY¥EANS
Cx (QIWHOANVYL) Gii - Tsxii (TVILINI)Gii
A8 NIAI9 ATLVWIXOHYddY SI CxxiiXxV-9ii 40 H0Yd3 440 ANNOY IHL
"d ANV V SONIAVS LNOHLIM 3T79ISSOdWI SI INIWIAOUAWI JAILVHYILI NV
‘NOISIDIdd 379N00 NI QIWY04Y¥Id FYV SNOILVYIdO JILIWHLIHY 11V :3LON
1NVANNA3Y
38 AVW ANV 0d3Z 34V X 40 SLININOdWOD ONINIVWIH
JHL ‘X 40 SLNINOdWOD 0Y3IZNON IFHL 40 S139v1 IHL
NIVINOD dI 40 SININOdWOD Y¥3I 1SYId 3IHL 0<d3I
T >N Y0 N > W 3SNV239 NOILDV ON ¢-=ddI
1NvaNna3d
39 AVIW ANV 0d3Z 34V X 40 SLININOAWOD 11V T-=d3I
d0dd3 ON 0=Y3I
300D d0Yd3 :¥3I
g LNdNI Q3IWH04SNVIL -4
WHON
NVY3@IToN3 3IHL 40 FYYNOS IHL SNIVLINOD (T°2)V
V LNdNI Q3Wd04SNVYL JHL SNIVINOD 1dVd Y¥3dddn JHL :V
WJON NV3IAITON3 JHL ONIDNA3Y NI FONVIHOAWI dIFHL
ONIQY0JOV d3d3Qd0 V XIWLVW 40 S3749V1 NWN10D IHL
SNIVINOD 1I ‘SLIN3INOdWOD N 40 ¥0L1D3A NOILVLNWY3d :dI
379V4NSNIWWOD LON
39 0L d3IWNSSY 3IdV X 40 SININOAWOD 3IHL 3ISnvdo3g
a3sn 1ON SI NIW=iiXii IHL "0d3Z Ol 13S 3IdV
S379VIYVA LNVANNGIY 3IHL “SITEVIYVA 40 "OLDIA X :SI1GVIHVA LNdLNo
(@3A09LS3A) SININOAWOD W 40 HOLD3IA :d
(@3A0YLS3A) XTYLYW NxW :V
X 40 SMOY ANV V 40 SNWNT0D 40 d34WNN *N
4 ANV V 40 SMOY 40 d39WNN ‘W:S3TEVIYVA LNdNI
(S96T) ‘9T1Z-90T 39vd ‘L "10A ‘MILVWIHLYIW IHISTHIWNN
‘dn709°9 40 QOHLIW IFHL A9 Q3LD3L3IA ¥V SITAVIYVA LNVANNGIY
SNOILVWHO4SNVdL d3AT0HISNOH A8 d3IATOS
(XINIW=iiX«V-9ii W319049d SIYVYNOS LSV3IT HVANIT

(G86T NOISYIA)  YIWIIMHIS "M "9 NOA OCE "N ONNEIFYHISI WWVHI0Hd

INILNOYENS aN3

YI (N==YI) 4I
T- = dI (0==4I) 4I 07
¢- =l 61

0C 01 09

(<)
Il

SG.09

0,09

G909

0909

G609

0609

1709

009

SGE09

0€09

G209

0209

GOT UOA HOT 93T8S

664 "yd/pd-boad/suey/awoy/ :191eQ

GOT UOA E€OT 93T3S

G64"pd/pd-boad/suey/awoy/ :T191e(Q



T6T9 :SSUT1 JO JBqUNN i
ANILNOY¥ENS aN3 0619
NYNL3Y T¢
(Z=GNIM'T)LNI - ¥3I = ¥3I o¢
(Z=GNIM‘T)INI - Y3I = ¥3I 61
300D d0oYd3 i
¢ 0L 09 G819
0aan3a
(T-1'T-1)Vv/S = (dI)X
((T-T)dA)LNICI = dI

0aan3a
(dI)X«(I‘T-1)V - S =5 0819
((I)dA)INIQI = dI
X1 =1 o0a
(I1-18 =5
C-2+X=1
M2 =r oa SLT9

TZ 0L 09 (T==M) 4I
"M/ g = (dI)X
((M)dA) INIQI = dI 9T
X 40 NOILVINdWOD i

0Z 01 09 (0==)) 4I 0419
0aan3a
0aan3
000 = (dI)X
((C)dA) INIQI = dI
N‘T = od G919
N‘T =1 od

WJON NV3IAITON3 3FHL 3ONA3¥ 1ON 04 HOIHM X 40 SLN3INOAWOD i
9T 01 09 (N==)) 4I
S=(1'2)v vT
0aanN3d ‘(I)g«(I)g + S =S ‘W1 =1 0a 0919
T 0L 09 (W==M) dI
T+X=1
00’0 =S ¢1
WYON NY3IAITON3 IHL 40 FHVYNOS i
(Z=GNIM‘M)IUT = ¥3I G619
T-X=X)TI
¢l oL 09
N =X
d007T NOILV1OY 40 ANT i
0aan3 ot 0GT9
0aanN3d ‘(M‘I)vxvl13a - (I)g = (I)g ‘W1 =I0a 8
0aan3
0aan3
4= (C'1)V
Y ((d)SavasSd3=>(y)sdava) 41 SY19
d-0=14
'I)vxl = d
(c'T)v =0
W1 =1 oa
S- = (C'MNV ov19
L ((n/S)savasSd3=>(1)savad) 41
n/(s+(C'Mv) =1
000 = S (dxSd3=>(S)sava) 4I

00°0

[<)
(=)
[<)

L}

GOT UOA GOT 931TdS 664" vd/pd-Hoad/suey/awoy/ :133eq



136



Use of P4 program

Concerning the copyrights of H. Jelitto, the executable P4 program with all of its
supplemental program, text, and data files, listed in Table 1 — except this manual
“p4-manual-06-2015.pdf”’ (licenced under “CC” BY-NC-SA 4.0; see beginning of this
manual) — can be used freely for private, scientific, and educational purposes, but
may not be used for any commercial purpose. In case of use for any publication
including any sort of presentation, appropriate quotation of the author(s) must be
given. For the other program parts (see below), it has to be checked whether per-
mission from the copyright owners is necessary. For any kind of commercial use, a
written permission from the author is required.

This program is distributed in the hope that it will be useful, but without any kind of
warranty!

Further Copyrights

The following statements concerning other authors
— without guaranty of completeness and correctness —
apply to any use of the P4 computer program, of the
previous P3 version, and of all associated files in Table 1.

Subroutine VSOP87 and associated data files (based on the theory “Variations
Séculaires des Orbites Planétaires,” VSOP87): P. Bretagnon and G. Francou,
Institut de mécanique céleste et de calcul des éphémérides (IMCCE), 77 Avenue
Denfert-Rochereau, F-75014 Paris, France.

Program package FITEX (consisting of four subroutines at the end of the source
code of P4): KIT, Karlsruhe Institute of Technology (before: FZK, Forschungszen-
trum Karlsruhe in der Helmholtz-Gemeinschaft), Institut fir Kernphysik, Postfach
3640, D-76021 Karlsruhe. FITEX was developed by G. W. Schweimer around 1972
and published by H. J. Gils: The Karlsruhe Code MODINA for Model Independent
Analysis of Elastic Scattering of Spinless Particles; KfK 3063 (1980) and
KfK 3063, 1. Supplement (1983) Kernforschungszentrum Karlsruhe (KfK), Zyklo-
tron Laboratorium. (See also Wissenschatftliche Berichte of the KIT-Campus Nord.)

Subroutine DELTA_T and numbered equations in “Universal Time” section
(conversion of terrestrial time TT to universal time UT): The subroutine is based on
polynomials up to 7" degree, created by Fred Espenak and Jean Meeus, and pub-
lished on the “NASA Eclipse Web Site”, Polynomial Expressions for Delta-T.

P4, P3 Programs and all remaining program parts, data files, text, and fig-
ures (according to Table 1, including the changes in the VSOP87-subroutine —
VSOP87X, VSOP87Y): Hans Jelitto, Ewaldsweg 12, D-20537 Hamburg, Germany.

Comment: Concerning the further copyrights, it seems that there is no problem for
the use if it is a nonprofit use and if appropriate quotation is given to the authors
and copyright owners, respectively. Nevertheless, the correct use and acceptance
of copyrights is solely the responsibility of the user.

Acknowledgement

The subroutine “JDEDATUM” (to transform the Julian Ephemeris Day into a
calendar date) was created on the basis of an algorithm from the very useful book
of Jean Meeus: “Astronomical Algorithms,” p. 63 ff. (1991) Willmann-Bell, Inc.,
P. O. Box 35025, Richmond, Virginia 23235, USA. Additionally, the book “Transits”
from J. Meeus (same publisher) was rather valuable for developing and testing the
transit computations. Special thanks go to Dipl. Ing. Manfred Geerken from TUHH
for valuable help concerning the used computer hardware and software.
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http://adsabs.harvard.edu/abs/1988A&A...202..309B
http://www.willbell.com/math/MC13.htm
http://www.willbell.com/
http://www.willbell.com/MATH/mc1.htm
http://www.pyramiden-jelitto.de/
http://eclipse.gsfc.nasa.gov/SEhelp/deltatpoly2004.html
http://opac.fzk.de:81/de/fzk_ber_frm.html
http://bibliothek.fzk.de/zb/kfk-berichte/KFK3063-SU1.pdf
http://bibliothek.fzk.de/zb/kfk-berichte/KFK3063.pdf
http://www.ikp.kit.edu/english/index.php
http://www.kit.edu/english/index.php
http://www.imcce.fr/langues/en/
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For more than 4500 years people have been fascinated by
the pyramids of Giza. Until today, a large number of scientific
questions concerning the pyramids could not be answered.
Now, there are very strong hints for a correlation between the
three great pyramids in Giza and the three inner planets of
our solar system: Mercury, Venus, and Earth. Furthermore,
the correlation exactly predicts the future date of a very sel-
dom astronomical event that includes five celestial bodies.

This booklet is a user manual for the P4 computer program
and it also describes the basis and the main aspects of the
planetary correlation.

During the last decades scientists have been searching with
high-tech methods for undetected chambers in the Cheops
Pyramid. One interesting aspect of the planetary correlation is
that it precisely defines a "Sun position" and a "Mars position"
inside the Cheops Pyramid. Are these two locations candi-
dates for a new (secret) chamber?




