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Nomenclature

CPpitch Calibration pitch coefficient

CPstatic Calibration static pressure coefficient

CPtotal Calibration total pressure coefficient

CPyaw Calibration yaw coefficient

P Pressure

P (Ple f t +Pright +Pbottom+Ptop)/4 for five hole probes.

Patm Atmospheric pressure

Pbottom Pressure from “lower” hole on three or five hole probe
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Pcentre Pressure from “centre” hole on three or five hole probe

Ple f t Pressure from “left” hole on three or five hole probe

Pright Pressure from “right” hole on three or five hole probe

Pstatic Static pressure

Ptop Pressure from “top” hole on three or five hole probe

Ptotal Total pressure

α Yaw angle

αmid Midspan yaw angle

αp Primary flow angle

β Pitch angle
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1 Introduction

This document describes some programs written to process data from pressure
measurements and turn them into flow variables. These programs take the output
of a logging file and a calibration file and produce yaw and pitch angles and total
and static pressure.

For these programs to be useful you have to have a five hole probe calibra-
tion and logging system. These programs are completely re-written versions of
programs written by the author for processing data from the so-called “Durham
Cascade” a popular turbomachinery test case.

1.1 Source Code

All the code described in this manual is written in a programming language called
“Python”. To quote theWebsite1 Python is:-

Python is a high-level general-purpose programming language that can
be applied to many different classes of problems.

The author chose the Python programming language as it is easy to learn
and carries out most of the low level programming details for the user. A useful
Tutorial2 is available on the web, which can also be purchased as abook.3

All the source code described in this manual is available under the GNU Gen-
eral Public License which allows the reader to copy, modify and redistributethe
code under certain conditions. See theGNU website4 for more details on the GPL.

1.2 General Principles

The method used for pressure probe measurements in the programs is that of
Treaster and Yocum(1979) who describe the use of five hole probes and pressure
coefficients. More details of how to carry out the measurements can be found in
Ingram(2003). The following is a short introduction to five hole probe measure-
ment techniques, readers who are interested in the operation of the programs should
skip ahead to the next section.

This document does not describe the details of the Durham Cascade measure-
ment system however it is worth noting that the programs are designed for differ-
ential pressure measurements taken relative to the upstream total pressure - which
affects how the flow variables are extracted from the data. For a different set-
up modifications would have to be made to the programs. (See Figure1 for a
schematic)

1http://www.python.org
2http://docs.python.org/tut/tut.html
3http://www.network-theory.co.uk/docs/pytut/
4http://www.gnu.org/licenses/gpl.html
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Figure 1: Schematic of Measuring System

The probes used in the Durham Cascade are conventional three and five hole
pressure probes. The principle of multi-hole pressure probes is straightforward, in
general holes aligned with the flow will read a higher pressure than those that are
not. (See Figure2) With a five holed probe the top and bottom holes will give an
indication of pitch angle and the left and right holes an indication of yaw. Theexact
difference in pressure between two holes depends very much on the individual
probe geometry and in general there is no analytical solution to obtain this pressure
difference. Therefore in practice the differences have to measured before the probe
is used in tests and the information stored in what is normally called a “calibration
map”. As well as obtaining yaw and pitch angles a five hole probe can also measure
static and total pressure leading to a very complete description of the flow field. The
three hole probes could only obtain yaw angles, total pressure and static pressure. If
there are large pitch angles present in the flow the probe may not produceaccurate
readings.

1.2.1 Probe Calibration

In order to produce a calibration map the probe has to be rotated in pitch and yaw
through all the expected flow angles to be encountered in the traverse. The response
of the probe is measured, recorded and used later to recover the flow variables from
the cascade tests.

For three hole probes±42◦ in yaw was used with increments of two degrees.
For five hole probes±36◦ in yaw and pith with increments of two degrees were
typically used. Thus for a three hole probe a calibration consisted of fortythree
points but for a five hole probe a calibration consisted of 1369 points.
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Figure 2: Operation of Multi-tube probe.

The transducers used have a range of±200 Pa for the centre hole and 0-2000
Pa for each of the outer holes. A 0-500 Pa transducer is used to measurethe up-
stream dynamic pressure. Two additional transducers of 0-500 Pa and0-2000 Pa
are used as extra measurements on the centre hole as when the boundary layer is
measured the±200 Pa transducer has insufficient range. The best ranged trans-
ducer is selected during processing in thecalib program. Clearly some alterations
would be needed to the source code if a different set of transducers were used.

The calibration data is made non-dimensional by using the following variables:

CPyaw=
Ple f t −Pright

Pcentre−P
(1)

CPpitch =
Pbottom−Ptop

Pcentre−P
(2)

CPtotal =
Pcentre−Ptotal

Pcentre−P
(3)

CPstatic=
P−Pstatic

Pcentre−P
(4)

where
P = (Ple f t +Pright +Pbottom+Ptop)/4 (5)

for five hole probes. For three hole probesCPpitch does not exist and

P = (Ple f t +Pright)/2 (6)

Once a complete probe calibration has been obtained a test in the cascade may
be conducted.
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1.2.2 Recovery of Flow Variables.

In order to take measurements a data logging run is carried out where the probe is
placed in a flow of interest and readings taken at a number of points. An automated
system such as that found in the author’s thesis (Ingram(2003)) can involve over a
thousand points in each measurement.

The experimenter is then left with two data files, a file with measurements
about the probe calibration and a file with measurements in the flow situation of
interest. The programs to carry this out are the subject of this manual.

7



Program Manual Author: Grant Ingram

2 How to use the Programs

This section describes how to use the programs to manipulate a set of data from
raw pressure format into pitch averaged form.

For this example we have a set of raw data from our calibration test which is
in the filecalib.pa. We also have a set of raw data from the test which contains the
pressure measurements around the geometry of interest this file is calleddata.pa.
How to obtain these files is not covered here - you need some sort of test rig. The
first step is to produce a calibration file usingcoeff.

The first step is to ensure that a modern version of the Python interpreted lan-
guage is installed on your system. Most modern Unix and GNU/Linux systems
will have a version installed by default and a Microsoft Windows version isalso
available. SeeThe Python Download Site5 site for more details.

The programs found here are all command line versions, the following shows
what you need to type:

$ python coeff.py --data=calib

This isn’t very descriptive so you can run the program with the verboseoption:

$ python coeff.py --data=calib --verbose
coeff 1.0 Copyright (C) 2005 Grant Ingram.

This program comes with ABSOLUTELY NO WARRANTY; for details
use option --license. This is free software, and you are
welcome to redistribute it under certain conditions.

Reading data from calib.pa
Writing data to calib.cal
Probe Code: 5.0
Dynamic Correction: 1.01645142716
n_pitch_points: 37.0
n_yaw_points: 37.0
n_points: 1369.0

The end result is the same in both cases. A file calledcalib.calcontaining the
calibration for the data in question. The next step is to run the calibration data and
the pressure measurements through thecalib program.

Theflowscript does most of the real work.
Running it is straight forward:-

$ python flow.py -d data -c calib -o results

Again a more verbose option is available, if the command line options are
unclear, online help is available!

5http://www.python.org/download/
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$ python flow.py --help
usage: flow.py [options] arg

options:
--version show program’s version number and exit
-h, --help show this help message and exit
-dDATANAME, --data=DATANAME

sets measurement filename root to dataname
-cCALIBNAME, --calib=CALIBNAME

sets calibration filename root to calibname
-oOUTNAME, --output=OUTNAME

sets output filename root to outname
-v, --verbose outputs lots of information
-q, --quiet operates silently (default)
-l, --license prints out copyright information

There is an additional program which only works on Unix systems which plots
out calibration maps this is calledplotcoeffand requires the Biggles plotting soft-
ware to function. Seethe Biggles website6 for more details.

6http://biggles.sourceforge.net/
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3 Thecoeff program

This program is extremely simple, it reads the selected file in and calculates a
series of pressure coefficients for a five hole probe and then writes thedata out.
coeff accepts “GNU” style command line options.

Input files required:-

• Calibration data, default:calib.pa

Output files produced:-

• Data output, default:calib.cal

3.1 Operation of Program and notes on design.

The program operates in a very straightforward manner:-

• the data files are opened

• data is read in and a correction factor to account for different total pressure
values measured by the multi-holed probe and the reference pitot-static probe
is applied. This is get around the fact that the calibration jet in the authors
facility is quite small.

• each pitch and yaw point is cycled through and the calibration coefficients
are calculated

• data is then written to file

The best ranged transducer on the centre hole is selected for use at each data
point, i.e. if the range of the±200Pa transducer is exceeded the 0-500Pa transducer
will be used instead. This again is a feature from the specific hardware arrange-
ments in the authors cascade.
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4 Theflow program

This program is more complex it does the bulk of the work in recovering flow
variables.flow accepts “GNU” style command line options.

Input files required:-

• Calibration data, default:calib.cal

• Measurement data, default:press.pa

Output files produced:-

• Data output, default:flow.t5c

4.1 Operation of Program and notes on design.

The program operates in the following manner, for more detailed information con-
sult the source code of the program! This is intended as a general guide as to what
it does. Some of the algorithms are then described in more detail.

• command line arguments are processed

• the calibration file data is read in

• the measurement data is read in to memory

• the flow variables are calculated

– Each measured valued in the file is stepped through

– calibration coefficients are calculated for each value

– Pitch and Yaw angles are calculated from the data

– Using these pitch and yaw angles, total and static pressure are calcu-
lated from the data

• the output is written to file

Note that this program relies on calibration data being presented in a systematic
manner, with pitch angle held constant and yaw angle then varied. Without this
arrangement of data the program will fail! i.e. the calib.cal file should be in the
following order:-

Pitch Yaw ...
-30 -30 ...
-30 -20 ...
-30 -10 ...
-30 0 ...
-30 10 ...

11
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Figure 3: Five Hole Probe Calibration Map (Probe 5HA)

-30 20 ...
-30 30 ...
-20 -30 ...
-20 -20 ...
-20 -10 ...
-20 0 ...
-20 10 ...
-20 20 ...
-20 30 ...
... ... ...

The best ranged transducer on the centre hole is selected for use at each data
point, i.e. if the range of the±200Pa transducer is exceeded the 0-500Pa transducer
will be used instead. This again is a feature from the specific hardware arrange-
ments in the authors cascade.

4.1.1 Pitch and Yaw Angle Recovery

A five hole calibration map is illustrated in Figures3. The “vertical” lines in Figure
3 are lines of constant pitch angle and the “horizontal” lines are for constant yaw.
Note how the map becomes “stretched” at the edges asPcentre≈ P.

Data can be extracted as follows:CPyaw andCPpitch can be calculated from the
pressure data directly. The point will lie in a “box” formed by the lines of constant
yaw and pitch angle on the calibration map. This box is found by the program and
the value of yaw and pitch angle estimated by linear interpolation.

To calculate the yaw and pitch angle for each measurement point the following
procedure is used:-

• each “box” in the calibration map is found

• a “Fence Crossing” test is conducted to determine whether the point is in the
box

12
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Point B

Point A

y

x

Figure 4: “Fence crossing” algorithm for box-test.

• when the box the measurement point is in is found a linear interpolation is
conducted to determine pitch and yaw values

The “Fence Crossing” Test In order to determine whether a point is inside a
box or not the “fence crossing” algorithm is used. A line is drawn from thepoint
in question to infinity and the number of times this line intersects with the vertices
of the box is calculated. If the line intersects with the vertices an odd number of
times then the point lies within the box, an even number of intersections indicates
that the point lies outside the box. This is illustrated in Figure4 where point A is
outside the box (two crossings) and point B is inside the box (one crossing).

Interpolation for Pitch and Yaw The following is used to calculate the pitch
and yaw angle from the data. Figure5 which shows the arrangement of an irregular
“box” around a measurement point. Consider a quantityγ such that:-

γ0 = γ1 = γI (7)

γ3 = γ2 = γJ (8)

and also note that:-
yI = yJ = ym (9)

If γ ≡ β andx≡CPpitch andy≡CPyaw then this situation is identical to that of
finding the pitch angle in our calibration map. The notation used here is the same
as that used in the program.

Interpolation is linear:-

γM = γI +

(

xm−xI

xJ −XI

)

(γJ − γI ) (10)
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Figure 5: Labelling for “semi-bilinear” interpolation.

wherexI andxJ are found as follows:-

xI = x0 +

(

yM −y0

y1−y0

)

(x1−x0) (11)

xJ = x3 +

(

ym−y3

y2−y3

)

(x2−x3) (12)

If we make an appropriate substitution of variables we can obtainα from the
same logic. This routine is called “semibilinear” in the code as it’s not quite bilinear
interpolation - there is probably a formal name for this or a better way of doingthis
but I haven’t yet been able to find it!

4.1.2 Total and Static Pressure Recovery

Total and Static pressure recovery is much more straightforward as the grids are all
rectangular. The procedure is as follows:-

• Determine the coordinates of a box bounding the pitch and yaw values found

• Perform bilinear interpolation to determine values ofCPtotal andCPstatic

• CalculatePtotal andPstatic

Bilinear Interpolation Consider a regular grid of points with a measurement
point located inside them shown in Figure6. Consider a quantityγ which is dif-
ferent at each point this time. Then ifγ ≡ CPtotal andx ≡ β andy≡ α we have a
situation equivalent to findingCPtotal. This can be calculated as follows:-

γM = γI +

(

xm−xI

xJ −XI

)

(γJ − γI ) (13)

whereγI andγJ are found as follows:-
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Figure 6: Labelling for bilinear interpolation.

γI = γ0 +

(

yI −y0

y1−y0

)

(γ1− γ0) (14)

γJ = γ3 +

(

yJ −y3

y2−y3

)

(γ2− γ3) (15)

Total and static pressure can then be calculated directly:-

P = (Ple f t +Pright +Pbottom+Ptop)/4 (16)

Ptotal = Pcentre−CPtotal(Pcentre−P) (17)

Pstatic = P−CPstatic(Pcentre−P) (18)
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5 GNU Free Documentation License

Version 1.2, November 2002
Copyright c©2000,2001,2002 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

Preamble

The purpose of this License is to make a manual, textbook, or other functional
and useful document ”free” in the sense of freedom: to assure everyone the ef-
fective freedom to copy and redistribute it, with or without modifying it, either
commercially or noncommercially. Secondarily, this License preserves for the au-
thor and publisher a way to get credit for their work, while not being considered
responsible for modifications made by others.

This License is a kind of ”copyleft”, which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software,
because free software needs free documentation: a free program should come with
manuals providing the same freedoms that the software does. But this License is
not limited to software manuals; it can be used for any textual work, regardless of
subject matter or whether it is published as a printed book. We recommend this
License principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains
a notice placed by the copyright holder saying it can be distributed under the terms
of this License. Such a notice grants a world-wide, royalty-free license,unlimited
in duration, to use that work under the conditions stated herein. The”Document” ,
below, refers to any such manual or work. Any member of the public is a licensee,
and is addressed as”you” . You accept the license if you copy, modify or distribute
the work in a way requiring permission under copyright law.

A ”Modified Version” of the Document means any work containing the Doc-
ument or a portion of it, either copied verbatim, or with modifications and/or trans-
lated into another language.

A ”Secondary Section” is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or authors
of the Document to the Document’s overall subject (or to related matters) andcon-
tains nothing that could fall directly within that overall subject. (Thus, if the Doc-
ument is in part a textbook of mathematics, a Secondary Section may not explain
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any mathematics.) The relationship could be a matter of historical connection with
the subject or with related matters, or of legal, commercial, philosophical, ethical
or political position regarding them.

The”Invariant Sections” are certain Secondary Sections whose titles are des-
ignated, as being those of Invariant Sections, in the notice that says that the Docu-
ment is released under this License. If a section does not fit the above definition of
Secondary then it is not allowed to be designated as Invariant. The Document may
contain zero Invariant Sections. If the Document does not identify any Invariant
Sections then there are none.

The ”Cover Texts” are certain short passages of text that are listed, as Front-
Cover Texts or Back-Cover Texts, in the notice that says that the Document is
released under this License. A Front-Cover Text may be at most 5 words, and a
Back-Cover Text may be at most 25 words.

A ”Transparent” copy of the Document means a machine-readable copy, rep-
resented in a format whose specification is available to the general public, that is
suitable for revising the document straightforwardly with generic text editors or
(for images composed of pixels) generic paint programs or (for drawings) some
widely available drawing editor, and that is suitable for input to text formattersor
for automatic translation to a variety of formats suitable for input to text formatters.
A copy made in an otherwise Transparent file format whose markup, or absence
of markup, has been arranged to thwart or discourage subsequent modification by
readers is not Transparent. An image format is not Transparent if used for any
substantial amount of text. A copy that is not ”Transparent” is called”Opaque” .

Examples of suitable formats for Transparent copies include plain ASCII with-
out markup, Texinfo input format, LaTeX input format, SGML or XML using
a publicly available DTD, and standard-conforming simple HTML, PostScriptor
PDF designed for human modification. Examples of transparent image formats
include PNG, XCF and JPG. Opaque formats include proprietary formats that can
be read and edited only by proprietary word processors, SGML or XMLfor which
the DTD and/or processing tools are not generally available, and the machine-
generated HTML, PostScript or PDF produced by some word processors for output
purposes only.

The ”Title Page” means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title page
as such, ”Title Page” means the text near the most prominent appearance of the
work’s title, preceding the beginning of the body of the text.

A section”Entitled XYZ” means a named subunit of the Document whose title
either is precisely XYZ or contains XYZ in parentheses following text that trans-
lates XYZ in another language. (Here XYZ stands for a specific section name men-
tioned below, such as”Acknowledgements”, ”Dedications” , ”Endorsements”,
or ”History” .) To ”Preserve the Title” of such a section when you modify the
Document means that it remains a section ”Entitled XYZ” according to this defini-
tion.
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The Document may include Warranty Disclaimers next to the notice which
states that this License applies to the Document. These Warranty Disclaimers are
considered to be included by reference in this License, but only as regards dis-
claiming warranties: any other implication that these Warranty Disclaimers may
have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commer-
cially or noncommercially, provided that this License, the copyright notices,and
the license notice saying this License applies to the Document are reproduced in all
copies, and that you add no other conditions whatsoever to those of this License.
You may not use technical measures to obstruct or control the reading orfurther
copying of the copies you make or distribute. However, you may accept compen-
sation in exchange for copies. If you distribute a large enough number ofcopies
you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you
may publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document’s license
notice requires Cover Texts, you must enclose the copies in covers that carry,
clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover,
and Back-Cover Texts on the back cover. Both covers must also clearlyand legibly
identify you as the publisher of these copies. The front cover must present the full
title with all words of the title equally prominent and visible. You may add other
material on the covers in addition. Copying with changes limited to the covers, as
long as they preserve the title of the Document and satisfy these conditions, can be
treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you
should put the first ones listed (as many as fit reasonably) on the actual cover,
and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copyalong with
each Opaque copy, or state in or with each Opaque copy a computer-network lo-
cation from which the general network-using public has access to download using
public-standard network protocols a complete Transparent copy of the Document,
free of added material. If you use the latter option, you must take reasonably pru-
dent steps, when you begin distribution of Opaque copies in quantity, to ensure that
this Transparent copy will remain thus accessible at the stated location until at least
one year after the last time you distribute an Opaque copy (directly or through your
agents or retailers) of that edition to the public.
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It is requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance to
provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modified Ver-
sion under precisely this License, with the Modified Version filling the role of the
Document, thus licensing distribution and modification of the Modified Version
to whoever possesses a copy of it. In addition, you must do these things in the
Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of
the Document, and from those of previous versions (which should, if there
were any, be listed in the History section of the Document). You may use the
same title as a previous version if the original publisher of that version gives
permission.

B. List on the Title Page, as authors, one or more persons or entities respon-
sible for authorship of the modifications in the Modified Version, together
with at least five of the principal authors of the Document (all of its prin-
cipal authors, if it has fewer than five), unless they release you from this
requirement.

C. State on the Title page the name of the publisher of the Modified Version, as
the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent tothe
other copyright notices.

F. Include, immediately after the copyright notices, a license notice giving the
public permission to use the Modified Version under the terms of this Li-
cense, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required
Cover Texts given in the Document’s license notice.

H. Include an unaltered copy of this License.

I. Preserve the section Entitled ”History”, Preserve its Title, and add to it an
item stating at least the title, year, new authors, and publisher of the Modified
Version as given on the Title Page. If there is no section Entitled ”History”
in the Document, create one stating the title, year, authors, and publisher of
the Document as given on its Title Page, then add an item describing the
Modified Version as stated in the previous sentence.
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J. Preserve the network location, if any, given in the Document for publicac-
cess to a Transparent copy of the Document, and likewise the network loca-
tions given in the Document for previous versions it was based on. These
may be placed in the ”History” section. You may omit a network location
for a work that was published at least four years before the Documentitself,
or if the original publisher of the version it refers to gives permission.

K. For any section Entitled ”Acknowledgements” or ”Dedications”, Preserve
the Title of the section, and preserve in the section all the substance and
tone of each of the contributor acknowledgements and/or dedications given
therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text
and in their titles. Section numbers or the equivalent are not considered part
of the section titles.

M. Delete any section Entitled ”Endorsements”. Such a section may not be
included in the Modified Version.

N. Do not retitle any existing section to be Entitled ”Endorsements” or to con-
flict in title with any Invariant Section.

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that
qualify as Secondary Sections and contain no material copied from the Document,
you may at your option designate some or all of these sections as invariant. To
do this, add their titles to the list of Invariant Sections in the Modified Version’s
license notice. These titles must be distinct from any other section titles.

You may add a section Entitled ”Endorsements”, provided it contains nothing
but endorsements of your Modified Version by various parties–for example, state-
ments of peer review or that the text has been approved by an organization as the
authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage
of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the
Modified Version. Only one passage of Front-Cover Text and one of Back-Cover
Text may be added by (or through arrangements made by) any one entity. If the
Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you
may not add another; but you may replace the old one, on explicit permissionfrom
the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modified Version.

5. COMBINING DOCUMENTS
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You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified versions,provided
that you include in the combination all of the Invariant Sections of all of the original
documents, unmodified, and list them all as Invariant Sections of your combined
work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are mul-
tiple Invariant Sections with the same name but different contents, make the title
of each such section unique by adding at the end of it, in parentheses, thename of
the original author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titles in the list of Invariant Sections in
the license notice of the combined work.

In the combination, you must combine any sections Entitled ”History” in the
various original documents, forming one section Entitled ”History”; likewise com-
bine any sections Entitled ”Acknowledgements”, and any sections Entitled ”Dedi-
cations”. You must delete all sections Entitled ”Endorsements”.

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License in
the various documents with a single copy that is included in the collection, pro-
vided that you follow the rules of this License for verbatim copying of eachof the
documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding
verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and inde-
pendent documents or works, in or on a volume of a storage or distribution medium,
is called an ”aggregate” if the copyright resulting from the compilation is not used
to limit the legal rights of the compilation’s users beyond what the individual works
permit. When the Document is included in an aggregate, this License does notap-
ply to the other works in the aggregate which are not themselves derivativeworks
of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of
the Document, then if the Document is less than one half of the entire aggregate,
the Document’s Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is in
electronic form. Otherwise they must appear on printed covers that bracket the
whole aggregate.
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8. TRANSLATION

Translation is considered a kind of modification, so you may distribute transla-
tions of the Document under the terms of section 4. Replacing Invariant Sections
with translations requires special permission from their copyright holders, but you
may include translations of some or all Invariant Sections in addition to the original
versions of these Invariant Sections. You may include a translation of this License,
and all the license notices in the Document, and any Warranty Disclaimers, pro-
vided that you also include the original English version of this License and the orig-
inal versions of those notices and disclaimers. In case of a disagreementbetween
the translation and the original version of this License or a notice or disclaimer, the
original version will prevail.

If a section in the Document is Entitled ”Acknowledgements”, ”Dedications”,
or ”History”, the requirement (section 4) to Preserve its Title (section 1) willtypi-
cally require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate
your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated solong
as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU
Free Documentation License from time to time. Such new versions will be similar
in spirit to the present version, but may differ in detail to address new problems or
concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the
Document specifies that a particular numbered version of this License ”orany later
version” applies to it, you have the option of following the terms and conditions
either of that specified version or of any later version that has been published (not
as a draft) by the Free Software Foundation. If the Document does not specify a
version number of this License, you may choose any version ever published (not
as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the
License in the document and put the following copyright and license noticesjust
after the title page:
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Copyright c©YEAR YOUR NAME. Permission is granted to copy,
distribute and/or modify this document under the terms of the GNU
Free Documentation License, Version 1.2 or any later version pub-
lished by the Free Software Foundation; with no Invariant Sections,
no Front-Cover Texts, and no Back-Cover Texts. A copy of the li-
cense is included in the section entitled ”GNU Free Documentation
License”.

If you have Invariant Sections, Front-Cover Texts and Back-CoverTexts, re-
place the ”with...Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-
Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination
of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recom-
mend releasing these examples in parallel under your choice of free software li-
cense, such as the GNU General Public License, to permit their use in freesoft-
ware.
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