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Preface

Know Your Apple Device

This user guide describes the features and operation of the Verituner App for Apple i0S
devices—iPhone, iPad, and iPod touch—running Apple’s iOS operating system. The App
runs identically on the iPhone and iPod touch and runs on the iPad in (2x) zoomed view.
Each of these Apple devices will run the Verituner very well. Verituner files are very
small and use only a small amount of the device’s storage space. If and when you plan to
use or purchase one of these devices, some things you might want to consider are:

e Will the device be used as primarily a dedicated Verituner, or also as a phone
and/or for use with other apps?

e If an older device, can it run the current operation system (i0S)? As the Verituner
app continues to develop, a new update might require a version of the iOS that
cannot be installed on the device. It’s a consideration of “future-proofing” the de-
vice to some extent.

e Screen size, portability, readability, battery runtime, and cost are other obvious
considerations.

e Through the Verituner Forum you can ask questions and learn from the experience
of other Verituner users.

e Ifyou are deciding on a new device, the MacRumors Buyer’s Guide is a helpful
resource for timing your purchase.

buyersguide.macrumors.com

In using the Verituner App, Veritune Inc. assumes you are a piano technician and/or you
have at least basic piano tuning skills and that you are familiar piano tuning terminology.
It is also assumed that you are familiar with the operation of your Apple device. For
device-specific issues—hardware and operating system—contact Apple or your dealer.
Documentation can be downloaded from Apple’s website:

iPhone support.apple.com/manuals/iphone
iPad support.apple.com/manuals/ipad

iPod touch support.apple.com/manuals/ipodtouch

Preface 4



A Note to Aural Tuners

A special note to those who have little or no experience using an Electronic Tuning
Device (ETD): Be patient! Working with any ETD, including the Verituner, requires the
use of hand-to-eye coordination while tuning, which is quite different from the hand-to-
ear coordination that you are accustomed to. In addition, with an ETD you will be sound-
ing the strings of only one note at a time instead of two notes, and during tuning the
frequent aural checks you rely on in aural tuning are best done infrequently with the
Verituner. This will most certainly require an adjustment period. Most first-time ETD
users report that they actually tune slower—at first. After an adjustment period, we ex-
pect you’ll be saving time and getting excellent results with greater ease.
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Chapter 1
Getting Started

Purchasing and Installation

An iTunes account is needed. Purchasing, installing, and updating the Verituner
App are done through the App Store app that is installed on Apple iOS devices. &

System Requirements: For the latest information on hardware and operating system
requirements go to
www.veritune.com

Battery

Become aware of your device’s battery runtime. For extended periods of use, have an AC
charger to use while tuning and/or a car charger while driving. An external battery pack is
an especially handy option. Apple offers tips on optimizing battery performance:

www.apple.com/batteries/maximizing-performance/

Push the Home button to exit the app when you have finished using it or won’t be using it
for more than a short while. It will reduce battery drain and memory usage. For shorter
breaks, press the On/Off Sleep/Wake button to lock the app and keep it running; upon
waking the app you will be where you left off. With the iPhone, answering a call will exit
the app.

Tuning Preliminaries

The information in this chapter will be clearer as you perform the tuning procedures that
follow in Chapter 2. First, familiarize yourself with this overview of the Verituner’s
tuning interface and functions, and then refer back to it as needed.

Entering Numeric Values

Some screens call for entering values in fields' without the virtual keyboard. Entering or
changing a value in a field is done with the Verituner’s numeric controls + 1 -

' A field is a small rectangular area that is empty or contains information— text or a value — which
can be filled in or manipulated, e.g., entering a file name changing the current value.

Chapter 1 W Getting Started 6



Tap the increment number (the number between + - ) to cycle through the available
increments: 1 .1 .01. Tap + or — to change the value in the field by the increment
amount with each tap. This is the method for entering values in the Calibration procedure
(described below), in the Standard Tuning Setup when setting a non-standard pitch., in
creating custom temperaments, etc.

Startup

The Startup screen appears when the Verituner App is opened. It offers three options for
starting a tuning: (1) Start a new tuning (for which a new tuning file will be created), (2)
Load a saved tuning file of a previously tuned piano, and (3) Resume tuning with the
last tuning file that was open.

f/ Verituner®

professional piano tuning technology

Start anew tuning ... 2
Load a saved tuning ...
Resume tuning: Steinway M

Verituner® version 4.4.8 © 2014 Veritune, Inc. All Rights Reserved.

The Swipe

A swipe is a short brush of your fingertip across the device’s screen. This simple gesture
is widely used in iOS device apps to turn pages in e-books, magazines and the like, to
scroll a webpage or list, etc. In the Verituner app the swipe is used to scroll, to reveal the
hidden menus, and to change a note name or octave on the tuning screens. If the swipe is
new to you, here’s a tip: make a light, short sweep on the center area of the screen, end-
ing by lifting your finger off the screen. A little practice and it will be second nature.

NOTE: if you are seeing the green swipe left/right instructions, swiping has no effect
until you tap to dismiss the instructions.

Chapter 1 W Getting Started 7
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Revealing Hidden Menus

There are two menus that are hidden from view but readily accessible. The Menu is on
the right, and Settings is on the left. A horizontal swipe with your fingertip across the
center area of the screen (e.g. in the spinner circle in the tuning screen) brings them into
view. Only the Menu (on the right) is available at the Startup screen. To see it, swipe
your finger across the screen from right to left as if you were dragging it from hiding into
view on the screen.

/ Verituner ® Standard

tyl
professional piano tuning technolog Style

Temperament

Start anew tuning ...
Measured

Load a saved tuning ...
Spectrum

Resume tuning: Steinway M
Verituner
Verituner® version 4.4.8 © 2014 Veritune, Inc. All Rights Reserved.
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When available, a swipe from left to right to brings Settings into view on the left. To hide
a menu, tap on the screen. Only one menu can be open at a time.

Steinway M
Coarse
Overpull F 1
Alter N D‘

ReCalc ((( I )))
Inharm A:0.00

Average 0.0
Settings Equal

[ — .

Calibration

When you first install the Verituner App, the accuracy of your iOS device’s A440 pitch
will typically be well within 1.0 cent, which is suitable for most piano tuning. To increase
the accuracy even more precisely, a calibration can be done using a laboratory-grade
frequency source.” Swipe out the right menu; tap Verituner; and then tap Show Calibra-
tion Function.

2 For more on calibration, see Robert Scott’s informative article, “Calibration of Pitch References”
in the August 2001 Piano Technicians Journal.

Chapter 1 M Getting Started 9
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1. In the Calibrate screen, use a laboratory-grade frequency source to sound A440
while you use the numeric controls — 1 + to stop or slow the spinner as much as
possible. Calibration can be set to a precision of hundredths of a cent.

2. Tap Save. You might also want to write down and save the value for future refer-
ence in case recalibration is necessary.

NOTE: the signal activity indicator at the lower left corner gives a relative measure of
the strength of the audio signal.

Tuning Options

Initially, the default tuning settings for a new standard tuning are A4=0.00¢ (440 Hz), a
stretch style designed for “average” pianos, and equal temperament. Each of these tuning
options—pitch, tuning style, and temperament—can be changed for a tuning in the
Standard Tuning Settings screen, which is accessed on the left menu. (In general, use the
“Clean” style for spinets and very small grands, and use the “Average” style for most
other pianos.) These settings are displayed on the tuning screen at the lower right.

The Spinner

The tuning screens indicate pitch deviation (sharpness and flatness) by

= the rotation of the spinner blades (and by a large flat or sharp symbol that ap-
pears in the ring when the blades rotate too fast to be read distinctly);

= the position of speedometer-like needle on the ring marked in cents

Chapter 1 W Getting Started 10



= the number in the spinner hub is the number in cents from the current pitch
(marked on the ring by the straight white line) to the target pitch (marked by the
triangle marker V).

= In Fine Tuning, a large b or # appears in the ring when pitch deviation is be-
yond the range of the spinner to indicate the deviation accurately.

In Fine Tuning, the goal is to stop or slow the spinner as much as possible, and/or get the
needle and the number in the hub as close to zero as possible. When using overpull, the
slash marks the initial measurement of the pitch, and the triangular marker on the ring is
the target with which to align the needle. If there are pronounced variations in the pitch,
from attack through decay, tune the string so the spinner blades are slowest, or the zero
target is closest, just following the attack.

Spinner Preferences can be edited. See Chapter 7, page 47, for details.

Coarse Steinway M
28% G 3
Start:
-32.0 «I »
Overpull: (( T ))
+9.0 A: 0.00
Average 0.0
‘\ Equal
Co— -

The Coarse Tuning Screen
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The Fine Tuning Screen

Pitch Correction and Overpull

The Verituner’s Standard Tuning function consists of two modes: Coarse tuning and Fine
tuning. Go from one to the other by tapping Coarse or Fine on the tuning screen or on
the left menu. Coarse tuning is used for correcting pitch—raising or lowering—in prepa-
ration for fine tuning. Overpull targets can be calculated with the pre-defined or user-
specified overpull percentages. The percentage currently in use is displayed on the left
side of the screen in Coarse tuning and can be shown in Fine tuning by showing the menu
on the left and tapping Overpull. The initial percent is 0% (for no overpull). Tap on the
percentage number to cycle through the percentages for wound, plainwire, and the treble
strings, which begins around F5.

The default percentages are merely suggestions, perhaps a starting point. Use the defaults
if they work well for you or experiment to determine the values—and where they are
used—that give you the best results. If you want to switch to another set of percentages
while tuning, touch & hold the percentage number on the tuning screen to open the Over-
pull Preferences screen. Tap the name of the desired set, and tap Select on the popup. Tap
Cancel to return to the tuning screen. Overpull percentages can be changed at any time in.
See Edit Overpull Preferences in Chapter 7, page 45, for details.

Overpull Markers When an overpull percentage is being used, two white markers
appear on the ring. The straight line indicates the starting pitch, and the triangular marker
v marks the overpulled tuning target. Occasionally, the start marker is obviously set
incorrectly. When this happens, erase the markers for the current note by tapping on the
spinner hub. To erase markers for all notes, touch & hold the hub.

Chapter 1 W Getting Started 12



Zoom

In Coarse Tuning, tapping Zoom on the left menu changes the scale (the range) of the
cents gauge. Successive taps of Zoom cycles between the Medium (—65¢ to +35¢), Wide
(—=130¢ to +70¢), and Narrow (—32.5¢ to +17.5¢) scales.

AutoNote

The Verituner’s AutoNote feature identifies the pitch it hears and displays the note and
octave (at the upper right) within the limits of the current response setting. You choose
how you want AutoNote to respond. The choices differ in their combination of direction
(up, down), distance (random or step), and/or sensitivity (medium, high, low.) Tap the
AutoNote icon (located under note/octave) to cycle between Random/Medium, up/down
by half or whole step, and AutoNote Off. Touch & hold the AutoNote icon to open the
list of all seven AutoNote response choices.

Use movement by up or down by step for the most consistently accurate response while
tuning. NOTE: If AutoNote does not respond well for the notes at the extreme ends of the
keyboard, turn AutoNote off and switch notes manually.

M Random movement, medium sensitivity

KM Movement up or down by step

Changing the Note and Octave Manually

In addition to AutoNote, note and octave changes can be made manually:

1:@4

Tap the note name or the octave number you want to change, which encircles it to show it
is selected; then, swipe the screen up or down. Tap the circled note or octave to remove
the circle. When moving from B to C, and vice versa, the octave also changes.

Chapter 1 W Getting Started 13

Inharmonicity

All measuring for inharmonicity is done automatically in the background as you tune. It
is important to follow the recommended tuning sequence the first time you tune a piano
with the Verituner so the gathered data to can be used to optimal advantage in calculating
tuning targets.

The inharmonicity icon ((I0)) serves three functions:

= The animated “sound waves” indicate that inharmonicity is being measured. If
there are no waves, inharmonicity reading is turned off.

= The amount the icon is filled indicates the amount of inharmonicity information
that has been collected for the note.

» Touch & hold the (L) icon and a list of options that pertain to inharmonicity
appears:

@ Inharm On/Off turns inharmonicity measuring off or on. So does tapping In-
ham on the left menu, and simply tapping ) toggles inharmonicity off/on.

@ Remeasure clears inharmonicity data for the current note. Upon remeasuring
the note’s inharmonicity the Verituner recalculates its tuning targets. (TIP: if
you encounter a note that is apparently not being measured sufficiently, try
moving your device’s position; try another string, move to another note and
then return to the stubborn note, and/or Remeasure again.)

@ Recalculate all tuning targets using the current inharmonicity data and the se-
lected style. (ReCalc on the left menu in Fine tuning does the same thing.)
NOTE: Recalculation of a tuning file cannot take place if the file for the se-
lected Style is missing in the directory.

@ Clear All Inharm clears inharmonicity data for all notes

@ Cancel closes the list with no changes.

The lock icon at the lower left indicates whether the tuning targets for the current note are

locked 8 or open ‘\ to additional calculations. Recalculation of targets is continuous
in Coarse tuning; targets are therefore not locked and are subject to revision as new
inharmonicity data is gathered. After initially being unlocked, targets in Fine tuning are
locked so the targets for notes you have already tuned do not move. The brief [©5
appearance of the calculator icon next to the lock indicates that calculation of M
targets is taking place. ReCalc on the left menu recalculates all targets in Fine tuning.

Chapter 1  Getting Started 14



In Fine Tuning, the targets for the measured partials are listed in a column on the left side
of the display. The digits on the left are the partial numbers, and the values on the right
are the calculated targets expressed in cents. Which partials are being read varies in
different sections of the piano.

Steinway M

F 1

12 +14.68
P 11+1036 KD
p 10 +6.42
p 9 +285 ( I )
s 034 (L)
p 7 816 A:0.00
} 6 560 Average 0.0
‘\ Equal

The small right-pointing triangles P> at the left indicate the presence or absence of each
partial in the sound. A dark arrow indicates a strong partial, a gray arrow indicates a
weaker partial, and the absence of an arrow indicates little or no presence of that partial.
These arrows flicker on and off as you sound the note, typically showing a strong pres-
ence of all the partials when you first sound the note and the higher partials dropping off
as the sound decays.

See Appendix C, page 59, for a more detailed discussion of inharmonicity.

Files & Folders

Tuning files are saved automatically and continuously as you tune. Tuning, temperament,
and style files are stored and managed in directories, organized in folders. When starting
a new tuning file, you select a folder in the directory where you want the file to be saved.
The default location is the Temporary folder. If you anticipate using the saved file in the
future, select another folder in which to save it.

Renaming Files & Folders There are 15 folders in the Standard tuning directory and six
in the Measured tuning directory that can be renamed to suit your preferences for organi-
zation. To rename a folder, swipe to open the menu on the right and tap the desired
directory (Standard or Measured) to open it; tap a folder name and then tap Rename.

Chapter 1 W Getting Started 15

NOTE: Folders can only be renamed when the directory has been accessed via the right
menu.

To rename a file, swipe right and tap the name of the directory containing the file, or tap
the magnifying glass icon to search for the file. Tap the file name and tap Save As. Tap
the File field and change the name. If you want, select a different folder for the file. Tap
Done. This file is a copy. You are given a choice to keep or delete the original file.

Searching for Files To search for a file, tap the magnifying glass at the upper right corner
of a directory. Enter what you’re searching for in the Search field. All folders in the
directory will be searched, and all files containing your search text (alphanumeric charac-
ters, symbols, and spaces) will be listed. When you see the file you want on the list, tap
the file name for the options to Select or Load the file, Save As (to save a copy of the file
and/or select a different folder to save it in), or Cancel.

For more on files and file management—importing, exporting, and backing up files—see
Appendix B, page 50.

Directories

The Verituner has four file directories:

= Standard — Most, if not all, of your tunings will be Standard Tunings and are
saved in this directory.

= Style — The built-in tuning styles and custom style files are saved here.

* Temperament — The pre-installed temperaments and custom unequal tempera-
ments are stored in this directory. (See Chapter 4, Temperament Files, page 35.)

* Measured — Files generated by measuring a tuning (such as in the PTG tuning ex-
am) are stored in the Measured directory.

Chapter 1 W Getting Started 16
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Load a saved tuning ...
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Resume tuning: Steinway M
Verituner
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To access the file directories, swipe (from right to left) to show the menu on the right.
Tap the desired directory. Tap (i) at the right to open a folder. Tap + to start a new tun-
ing. Tap a file and a list of options appears:

e Delete — Confirm by again tapping Delete or Cancel

e Save As — Follow the on-screen prompts to select a destination folder and name
the file. Upon tapping Done, you are given the option to delete the original file.

e Load opens the selected file. You are asked: (1) If the file was saved with a non-
standard pitch setting, do you want to use that pitch? If you tap No, A440 is
used. (2) Do you want the tuning targets recalculated? If No, the file opens with
Inharm turned off. If Yes, Inharm is turned on. (3) If the targets of any notes
have been altered, Keep Alterations? (Alter is covered in Appendix C, p. 66.)

e Cancel

? Help Tips

When available, tap the green question mark ? to access how-to tips on using various
functions and commands, e.g. how to change the overpull percentage or preferences, or
change the AutoNote setting. For example, tap ? and a translucent overlay of additional
questions marks appears superimposed on graphic elements on the tuning screen. Tap the
overpull question mark and the blue overpull percent is encircled, and you're told how to
cycle through the preset percentage values and how to change the preset percentage
values in the overpull preferences. Tap on the screen to hide the overlay. The functions
are then available by tapping or touching & holding the blue percent value.

Chapter 1 M Getting Started 17 Chapter 1
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Chapter 2
Standard Tuning Procedures

This chapter presents step-by-step procedures for tuning with a new tuning file and tun-
ing a piano with a saved tuning file.

Aural Checks

The Verituner is designed to listen to a single note at a time. It filters out and ignores
other notes while measuring inharmonicity. During tuning, playing one note at a time is
recommended.

Aural checks are important—please do listen to your tuning! But because of how the
Verituner works, playing an interval when first tuning a note can potentially cause some
problems. Therefore, it is recommended that aural checks be delayed until a note has
been tuned or, better yet, a substantial section or the entire piano has been tuned.

Tuning Unisons

Tuning unisons as you go is recommended. Although you can tune each string of a note

individually to the Verituner, if you have the skill, tune unisons aurally for greater speed.

However, tuning strings individually to the Verituner may be advantageous in tuning a
note with a challenging false beat. You might also find single string tuning helpful in the
top octave, but let your ear be the final judge.
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Tuning with a New Standard Tuning File

This procedure is used to tune a piano when you do not already have a previously saved
tuning file for it; i.e. you will create a new custom tuning file for tuning the piano.

1. Turn on your device and tap the Verituner icon to start the app.

2. At the startup screen, tap Start.

f/ Verituner®

professional piano tuning technology

Start anew tuning ... 2
Load a saved tuning ...

Resume  tuning: Steinway M

Verituner® version 4.4.8 © 2014 Veritune, Inc. All Rights Reserved.

3. In the Standard Tuning Settings/Setup screen, set the tuning options you want for
this tuning.

Cancel Standard Tuning Setup Done
Folder Temporary File Temporary007

Pitch 0.00 Style Average

Hertz  440.00 Stretch 0.0

Temperament Equal

Save As

Reset - 1 + Defaults

Chapter 2 W Standard Tuning Procedures 20



Chapter 2

. Folder Unless you select a different folder for the file, it will be saved in

the Temporary folder, where only the 15 most recent temporary files are
stored. To select another folder, tap the folder field; tap the name of the
folder, and then tap Select.

. File To change the temporary file name, tap the File field; delete the tempo-

rary name; enter a new name, and tap the return key on the keyboard.

. Pitch To change the pitch from the standard A440 (0.00¢), tap either the

Pitch field to enter a deviation in cents, or tap the Hertz field to change the
frequency. Use the numeric controls at the bottom of the screen to enter the
desired value. A change in the cents field is automatically updated in the
Hertz field and vice versa.

. Style To change the tuning style, tap the Style field; tap (i) at the right of

the folder name to open it; tap on the name of the style, and then tap Select.

Regarding the three Built-in styles, the Average style has a moderate de-
gree of stretch and is probably the best choice for most tunings. The
conservative Clean style has the least stretch and may be best for spinets
and very small grands. The Expanded style gives the greatest amount of
stretch. Use it on concert grands when wider octaves are desired.

Because all notes are affected when a style is changed, it is best to choose a
tuning Style and/or Stretch Adjust (see the next paragraph)—before you
begin tuning. If you do make a change after a tuning is underway, the notes
you have already tuned (i.e., locked notes in Fine Tuning) will not be af-
fected, but the notes that have not yet been tuned will use the new style’s
parameters calculated against what you have already tuned. Alternatively,
you can Recalculate the entire tuning, but this would require retuning, be-
cause all notes will be affected.

Stretch If you want to adjust a built-in style’s stretch — to expand or con-
tract the overall amount of stretch — enter a stretch “value” (from

—2.0 to +2.0). Use the numeric controls at the bottom of the screen to set the
desired value. This function has no effect for custom styles.

. Temperament To select another temperament, tap the Temperament field,

tap the InfoCircle (i) by the folder name to open a folder; tap the file name
and tap Select. (NOTE: tapping the InfoCircle (i) by a file name shows the

Standard Tuning Procedures 21

offsets for that temperament.)

When you change the temperament, all tuning targets are recalculated im-
mediately for the current tuning file. Be aware that if you change the
temperament after a fine tuning is underway, many of the notes you have al-
ready tuned may be invalid unless you retune them.

Setting Defaults for New Standard Tunings The Verituner’s default settings
for Pitch, Style, and Temperament can be changed if you prefer. Open a tuning
file, and then open the Settings screen from the left menu. Choose the Pitch,
Style, and Temperament settings you want as defaults, and then tap on Save As
Defaults at the lower right. Tap Yes to confirm the change. Your default set-
tings will now be in effect for every new tuning.

4. When you have finished with the Tuning Setup, tap Done, which takes you to the
Coarse tuning screen, or tap Cancel to cancel the new tuning. (To make changes
to these settings from the tuning screen, open Settings on the left menu.)

5. Check the pitch level of the piano to determine whether pitch raising or lower-
ing is needed. Follow this procedure:

a. Play A4. Mute the left and center strings of A4 and play the note’s right
string while you check its pitch. If the string is off by 50¢ or more, tune it

close to O¢ and continue to play it until the (XD is as full as possible. ’

b. Play A3 and check its pitch. Then, play several additional notes in various
sections of the piano and check their pitch. If needed, tap Zoom on the left
menu to change the gauge of the spinner ring.

NOTE: If the pitch is off by more than 50¢ and AutoNote is not consistently
displaying the notes you are actually playing, turn AutoNote off and change
notes manually.

6. Decide how you want to proceed. Choose the best procedure for the situation:

= Two passes—coarse tuning followed by fine tuning. If the piano requires a
coarse tuning to raise or lower pitch, go to step 7.

? Why the right string? It is assumed it is the last string you would normally tune for this note.
When the note is tuned in a later step, overpull will be correctly calculated since it will be based on
the deviation of the center or left string, which was not moved.

Chapter 2 W Standard Tuning Procedures 22



= One pass, fine tuning. If the pitch is close enough for fine tuning, tap Fine
and skip to step 8.

= One pass, fine tuning with a small pitch raise or lower.
If the pitch is close enough for a single pass but you want overpull to com-
pensate for anticipated settling, switch to Fine tuning and skip to step 9.

Coarse Tuning
7. Raise or lower the pitch in one or more passes.

As you tune, monitor the note name and octave. Be alert to any discrepancies be-
tween the note you are playing and the note the Verituner indicates it is hearing.
a. Erase All Markers by touching & holding the hub.

b. Set AutoNote. Set the Verituner to the lowest note in the tenor section.
Then, for the best response, set AutoNote to move by step.

c. Set the overpull percentage for the lowest tenor note by tapping the number
0%. As you tune, change overpull percentage at the recommended points.
(If you are doing a large raise pitch with more than one coarse tuning, con-
sider little or no overpull for the first pass.)

d. Coarse Tuning Sequence2

The Verituner must have inharmonicity information from A4 and A3 before
beginning this sequence. (See step 5.)

1. Tune each string of the lowest tenor note.

2. From there, tune upward by half steps, tuning unisons as you go, until
you have tuned C8. (Inharmonicity is measured as you tune.)

3. Tune from the top of the bass section down to A0, tuning unisons as
you go.

? Other tuning sequences can be used. The sequences for new tunings are designed to work with the
Verituner’s three built-in styles—Average, Clean, and Expanded. They may or may not work well
with custom styles.
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e. Switch to Fine tuning by Coarse at the upper left or by selecting Fine on
the left menu.

f. Proceed to step 8.

Fine Tuning
8. Fine tune the piano. (Inharmonicity is measured as you tune.)

a. Set AutoNote Set the Verituner to A4. Then, for the best response, set
AutoNote to move up or down by step KM .

b. Fine Tuning Sequence
1. Tune each string of A4.
2. Manually set the tuner to A3, and tune each string of A3.

3. Tune A#3 and continue tuning upward by half steps, tuning unisons as
you go, until you have tuned C8.

4. Set the pitch to G#3 and tune each of its strings.

5. Tune downward by half steps, tuning unisons as you go, until you
have tuned AO.

6. Set AutoNote to random movement <M .

7. Check the completed tuning and touch it up if needed. If desired, use
the Remeasure to unlock an individual note, erase and re-measure its
inharmonicity, and recalculate its targets.

NOTE: If and when you want to alter the Verituner’s calculated target for a note,

the Alter function enables you to tune the note aurally and store the altered target
in the tuning file. Alter is covered in Appendix C, page 66.
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Fine Tuning with Overpull

9. Fine tune all or a portion of the piano with a small pitch correction.

Chapter 2

a. Set AutoNote Set the Verituner to the lowest note in the tenor section.

Then, for the best response, set AutoNote to move up or down by step KM .

. Set the Overpull Percentage On the left menu, tap Overpull. Tap the

overpull 0% number to select the percentage for the lowest tenor note. If for
some portion(s) of the piano overpull is not needed, hide it by tapping
Partials on the left menu.

. Fine Tuning Sequence with Overpull

The Verituner must have inharmonicity information for A4 and A3 before
beginning this sequence. (See step 5.)

1. Begin with the lowest tenor note and tune upward by half steps to C8,
tuning unisons as you go. (Inharmonicity is measured as you tune.)
Change the overpull percentage at the recommended points as you
tune.

2. Tune from the top of the bass section down to A0, tuning unisons as
you go.

3. If it is not already hidden, hide overpull by tapping Partials on the left
menu.

4. Set AutoNote to random movement <D .
5. Check the completed tuning and touch it up if needed. If desired, use

the Remeasure to unlock an individual note, erase and remeasure its
inharmonicity, and recalculate its targets.
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Tuning with a Saved Standard Tuning File

This procedure is used to tune a piano using a previously created tuning file.

1. At the startup screen, tap Load.

2. Tap the InfoCircle (i) next to the folder you want to open; tap the filename;
and tap Load.

a. Ifa deviation from standard pitch was in effect when the file was last used,

you’ll be asked Use Saved Pitch?. If you tap No, A=440 will be reset (dis-
played as A:0.00).

b. When asked Recalculate Tuning?, tap Yes if you are going to retune the

piano. Tap No if you are only checking or touching up a recent tuning. By
default, Inharm measuring will be on if you tap Yes; off if you tap No.

3. Check the tuning Settings. Change the current settings for Pitch, Style, and/or
Temperament, if you want.

4. Check the pitch level of the piano. Check the pitch of selected notes to deter-
mine whether pitch raising or lowering is needed. If the pitch is off by more than
50¢ and AutoNote is not consistently displaying the notes you are actually play-
ing, turn AutoNote off and change notes manually.

5. Decide how you want to proceed. Choose the best procedure for the situation:

Chapter 2

= Two passes, coarse tuning followed by fine tuning. If the piano requires a
coarse tuning to correct pitch, go to step 6.

= One pass, fine tuning. If the pitch is close enough, switch to Fine tuning and
skip to step 7.

= One pass, fine tuning with a small pitch raise or lower.
If the pitch is close enough for a single pass but you want overpull to com-
pensate for anticipated settling, switch to Fine tuning and skip to step 8.
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Coarse Tuning Fine Tuning

6. Raise or lower the pitch in one or more coarse passes. 7. Fine tune the piano.
As you tune, monitor the note name and pitch deviation. Be alert to any discrep- a. Set AutoNote Set the Verituner to A4. Then, for the best response, set Au-
ancies between the note you are playing and the note the Verituner indicates it is toNote to move up or down by step KM .
hearing.

b. Fine Tuning Sequence
a. Erase All Markers by touching & holding the hub.
1. Begin with the lowest tenor note and tune upward by half steps to C8,
b. Set AutoNote. Set the Verituner to the lowest note in the tenor section. tuning unisons as you go.
Then, for the best response, set AutoNote to move by step KM .
2. Tune from the top of the bass section down to A0, tuning unisons as

C. Set the overpull percentage for the lowest tenor note. As you tune, change you go.
overpull percentage at the recommended points. (If you need to raise pitch
with more than one coarse tuning, consider little or no overpull for the first 3. Set AutoNote to random movement <D .
pass.)

4. Check the completed tuning and touch it up if needed. If desired, use
d. Coarse Tuning Sequence2 the Remeasure command to unlock an individual note, erase and
remeasure its inharmonicity, and recalculate its targets.
1. Begin with the lowest tenor note and tune upward by half steps to C8,

tuning unisons as you go. NOTE: If and when you want to alter the Verituner’s calculated target for a note,
the Alter function enables you to tune the note aurally and store the altered target
2. Tune from the top of the bass section down to A0, tuning unisons as in the tuning file. Alter is covered in Appendix C, page 66.
you go.

e. Switch to Fine tuning and proceed to step 7.
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Fine Tuning with Overpull
8. Fine tune all or a portion of the piano with a small pitch correction.

a. Set AutoNote Set Verituner to the lowest note in the tenor section. Then,
for the best response, set AutoNote to move up or down by step KM .

b. Set the Overpull Percentage On the left menu, tap Overpull. Tap the
overpull 0% number to select the percentage for the lowest tenor note. If for
some portion(s) of the piano overpull is not needed, either set the percent-
age to 0%, or hide overpull by tapping Partials on the left menu.

c. Fine Tuning Sequence with Overpull
1. Begin with the lowest tenor note and tune upward by half steps to C8,
tuning unisons as you go. Change the overpull percentage at the rec-

ommended points as you tune.

2. Tune from the top of the bass section down to A0, tuning unisons as
you go.

3. Ifit is not already hidden, hide overpull by tapping Partials on the left
menu.

4. Set AutoNote to random movement <P .
5. Check the completed tuning and touch it up if needed. If desired, use

the Remeasure to unlock an individual note, erase and remeasure its
inharmonicity, and recalculate its targets.
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Chapter 3
Custom Styles

The Verituner’s Custom Styles feature gives you precise control of how a tuning is calcu-
lated. Styles determine the details of a tuning’s stretch by setting the partials and beat
rates used in the tuning calculations. Selecting an installed style for a tuning file is done
in the Settings screen of a tuning file (swipe from the left), not in the Style Directory. The
selected style will be loaded and saved as a setting for the tuning file, and it will be in
effect the next time you load the file. If a previously selected custom style file is no
longer in the Custom style folder, you will be alerted upon opening the tuning file.

When you create a custom style, you specify the type and degree of interval stretch
throughout the range of the piano. This is done by setting the stretch points, intervals, the
desired beat rates, and weighting.

Getting Started

One approach is to enter the parameters of a style created by someone else. Another
approach to create a style is to copy and modify an installed style file. To do this, tap
Style on the right menu, tap the InfoCircle (i) to open the folder (Built-in or Custom), and
tap the style’s name. Tap Save As; rename the file, and tap Done to save it in the Custom
folder. In the Custom folder, tap to load the style you want to modify. See the section
Designing and Editing a Style below for details.

Alternatively, to start with a generic template file, open the Style Directory, tap (i) to

open the Custom folder, and on the next screen tap + . A new file is saved in the Custom
folder, and a screen opens showing a list of the default notes and their parameters:
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Cancel Style001 Done

A0

6:3 0.33 100% @
A3-4

4:2 0.33 100% @
C8

4:1 0.00 100% @

Note the following:

e All custom files are automatically saved in the Custom folder.

e To save a file with a different name or delete it, tap its name in the Custom folder.

Designing and Editing a Style

A style consists of a set of stretch points that specify the desired stretch at various points
in the scale. If you started a new template style, the file will have only the three required
starting stretch points—AO0, A3-A4, & C8—to which you will add others. These default
stretch points cannot be deleted, but you are free to change their parameters. A style is
customized by adding and specifying stretch points, by customizing parameters, and/or
by deleting stretch points other than the required ones.

To add a new stretch point, tap the existing stretch point (i.e. the note/octave name) that
will be just below the one you want to add (C8 excepted) and tap New Note. A new
note—not necessarily the one you want—with default parameters is added to the list
above the stretch point (note/octave) you tapped. Tap the InfoCircle (i) at the right to go
to the edit stretch points screen where you can change the note, interval, beats, and
weight.
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< Style002 Stretch Points
Add << < A5 > >>
Interval Beats Weight
Point 1: 2:1 0.00 100%

Change the stretch point’s parameters as follows:

= Note defines the position of the stretch point in the scale. Tap the controls beside
the note name << < > >> to change the note by half-steps or octaves.

= Interval defines what type of interval is being tuned, listed by its size and coinci-
dent partials:

Single Octave (2:1,4:2, 6:3, 8:4, 10:5, 12:6)
Double Octave (4:1, 8:2)

Triple Octave 8:1)

Twelfth (3:1,6:2,9:3)

To change the interval, tap to select the desired interval, and then tap the Change
key. Successive taps cycle through the available intervals. (Not all intervals are
available in all parts of the scale.)

Beats is the number of beats per second present in the interval. Positive numbers
indicate intervals that are wider than pure, and negative values indicate narrower
than pure. Tap + 1 - to change this parameter. Tap the number to change the in-
crement: 1 .1 .01

= Weight is a weighting percentage used to set up a compromise between multiple
stretch points on the same note. (If there is only one stretch point on a note, this
value is ignored.) Use + 1 - to change this parameter.
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Multiple Stretch Points

A single stretch point (represented by the note/octave name) can have up to three sets of
stretch parameters that specify how stretch is calculated for that note. To add a second or
third set of stretch parameters to the note, tap Add. NOTE: When the Point 1, Point 2, or
Point 3 field is selected, either Add or Delete will show at the left. Successive taps on a
Point field toggles between which shows— Add to add a new Point or Delete to delete
the selected Point. Multiple stretch parameters would be used to strike a compromise
between two intervals—for example, a single octave and a double octave, or a 4:2 and a
2:1 single octave.

Practice Tutorial
See Appendix F, page 120, for a hands-on practice entering a custom Style file.

Design Considerations

The Verituner will blend your stretch point parameters into all the notes between stretch
points. You can place stretch points on up to 15 notes. You must have a stretch point
assigned to the first and last notes in the scale (A0 & C8) because these define the end-
points. A stretch point is also required on the note pair A3 & A4, because this pair is used
to set the stretch of the Verituner’s temperament octave, A3 to A4.

In most cases you will also want to create at least one additional stretch point in the
middle of the bass (between A0 and A3) and in the middle of the treble (between A4 and
C8) in order to better control the octave stretch in these sections. You can define up to 15
stretch points.

Interval Availability

The chart on the next page summarizes the availability of various interval types across
the range of notes in the scale. A green square indicates that the interval is available in
the indicated range. DOWN and UP refer to the tuning direction. DOWN indicates that
the note is tuned downwards from the center of the piano, i.e. the tuning for that note is
calculated from a note referenced above towards the center. UP indicates the opposite —
notes are tuned upwards referenced from notes below closer to the center. The interval
size defines the particular note referenced. For example, setting an interval type of 6:2
(12™) on note F1, would tune F1 with reference to the note a 12™ above, C3.
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AO- D1- Al- D2- A2- D#3- | A3- | A#4- E5- | A#5- CH7-
CH#l | G#H1 |CH2 | G#H2 | D3 G#3 A4 D#5 A5 c7 c8
DOWN | Triple 8:1
Octave
Double | 8:2
Octave
4:1
12t 9:3
6:2
3:1
Single 12:6
Octave
10:5
8:4
6:3
4:2
2:1
up Single 2:1
Octave
4:2
12t 3:1
Double | 4:1
Octave
Triple | 8:1
Octave
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Chapter 4
Temperament Files

Specifying a temperament for a tuning file is done in the Settings screen of a tuning file
(tap Settings on the left menu), not by going to the Temperament directory via the right
menu. If you select an unequal temperament for a tuning file, it will be loaded and saved
as a setting in the tuning file, and it will be in effect the next time you load the file.

The Verituner’s default temperament is Equal. You can also tune with any of the over 90
unequal temperaments, historical and modern, that are stored in the Temperament direc-
tory. The Verituner enables you to design, store, and tune with custom unequal
temperaments, which can be added to the temperament directory. See Appendix D Une-
qual Temperaments (page 69) for guidance on selecting unequal temperaments.

Tap Temperament on the right Menu to open the directory. The pre-installed tempera-
ments are categorized in seven folders. There is also a Custom folder for temperaments
you add.

Cancel Temperaments

Custom [1 files] (D)
Equal Substitutes [7 files] (D)
Just Intonation [2 files] @
Modified Meantone [9 files] @
Quasi-Equal [13 files] @
Regular Meantone [9 files] @

To see the offsets (from equal temperament) of an unequal temperament, open a folder by

tapping the InfoCircle (i) next to the folder name, and then tap (i) next to the tempera-
ment name.
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< Well Temperaments ~ Coleman 11, 1999

A -1.00 C 3.00 D# 0.00 F# -2.00
A# 2.00 C# 0.00 E -3.00 G 2.00
B -4.00 D 0.00 F 4.00 G# 0.00

Major 3rds Range: 7.7-17.7

In equal temperament, all Major 3rds are 13.7 cents wide (precisely 13.6863¢). The
offsets screen shows the range of the widths of the Major 3rds in the temperament, which
gives an idea of how mild or strong the temperament is compared to equal temperament.
(This is covered in detail in Appendix D, page 96.)

Creating a Custom Temperament

To create a new temperament file from scratch, open the Custom folder and tap + . Use
the + 1 - to enter the offsets with a precision of up to a hundredth of a cent. When you
are finished, tap Done.

Note the following:

e All temperaments you add are stored in the Custom folder.

e To save a file with a different name or to delete it, tap its name in the Custom
folder.

If you’d like to practice entering a custom temperament, here is a useful, very mild well
temperament you can add to the Custom temperament folder.
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Coleman 10 (2001)

A —0.50
A# 1.00
B -2.00
C 1.50
C# 0.00
D 0.00
D# 0.00
E -1.50
F 2.00
F# —-1.00
G 1.00
G# 0.00

Another way to create a custom temperament is to copy an installed temperament file and
change its offsets. This approach would be efficient if you want to use an already-
installed temperament as a point of departure. To do this, tap Temperament on the right
Menu, tap (i) to open the folder, and tap the temperament’s name. On the popup, tap
Save As, rename the file if you want, and tap Done to save it in the Custom folder.
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Chapter 5
Measured Tuning

The Verituner’s Measured Tuning function is used to measure the pitches of an already-
tuned piano or other keyboard instrument and store the measurements. Typically the
tuning would have been done either aurally or, perhaps, with an ETD. An aural tuning
could, for example, be measured and stored, and the Measured tuning file could then be
used to replicate the tuning at a future time. Measured Tuning is also used to score the
Piano Technicians Guild tuning examination. (See Appendix E, page 112, for the proce-
dure for Scoring the PTG Tuning Exam with the Verituner.)

Unlike the Coarse and Fine Tuning functions, Measured Tuning does not measure inhar-
monicity and calculate tuning targets. Its primary function is measuring pitches and
storing their measurements. Since there is no calculated stretch or use of a tuning style,
Measured Tuning is not intended for tuning a piano until it has been tuned and all notes
have been measured and stored. Once the measurements have been stored, it can be
retuned by loading its Measured Tuning file from the Measured Tuning directory. Theo-
retically, an organ has no inharmonicity and, therefore, no stretch. Thus, Measured
Tuning could be used to tune an organ with all offsets at 0.00. Since harpsichords typi-
cally do have inharmonicity, albeit low, they should be tuned in Fine Tuning.

Unlike Standard tunings, in which the target of each note is based on multiple partials,
each note in a measured tuning is based on the measurement of a single partial. Each of
the 88 notes is preset to a default partial and zero offset. The default partials are:

A0 —-B3 Partial 4
C4-B4 Partial 2
C5-C8 Partial 1

The current partial and cents offset are displayed at the lower right corner of the screen,
e.g., 0.00. Tap Partial to cycle through the available partials to select the desired partial.
Successive taps cycle through the available partials for the note. For example, you might
want to change it if the default partial is weak or unstable.
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8. Check the tuning and make any necessary final adjustments.
Measured Temporary002 9. Measure and Store:
- + A 4 a. On the Measured tuning screen, set the note you want to measure.
1 b. Change the partial, if you want. Tap Partial at the lower right corner until
the partial number changes to what you want. When the partial is changed,
Reset -1.52 Partial blinks, indicating it has been changed.
Store CHANGED c. Ifnecessary, pause until there has been a second or two of musical silence
before beginning the next step.
Cancel -6.06 . .
Partial 1 d. Tap Measure and immediately ...
[ — - e. ...play the note at a moderately soft volume. In about a second, the offset

that was measured will be displayed— as the cents offset number—above

) ) the partial number. It blinks to indicate that it has not yet been stored.
All notes in a new Measured tuning are set at 0.00. When a note has been measured and

its offset stored, the display will indicate this with FIfelaas. If either the partial or the f. Ifnecessary, adjust the measurement manually. When the measurement
offset is changed from the stored setting, the screen will display CHANGED and the (expressed by the cents offset number) matches the pitch, the spinner will
partial and/or offset number will blink. have stopped or slowed as much as possible, and the needle and number in

the hub will be as close as possible to 0. If there are pronounced variations
in the pitch, from attack through decay, adjust the offset so the spinner is

NOTE: In Measured Tuning, AutoNote is off by default. Change the note & octave slowest, and the zero target is closest just following the attack.

manually, or if you prefer, turn on AutoNote.

To adjust the measurement, play the note (with a consistent, moderately soft
volume) as you use the + 1 — to tweak the offset for the slowest spinner

Procedure for Measuring and Storing a Tuning motion you can get. When the offset is changed, it will blink in the display.

1. Swipe out the right menu and tap Measured to open the Measured Directory. If you are re-measuring a previously stored note, the difference between the
. . stored offset and the new reading is displayed above the blinking offset:
2. Tap the InfoCircle (i) to open the folder you want the file saved in.
-1.52
3. At the upper right corner tap + to start a new tuning file. CHANGED
4. In the Measured Tuning Setup screen, name the file and change the pitch if you . .
want. (If later you want to change the file name, go to the file in the directory and 9. Tap the Store to store t.he offset z.md. partial. A.f ter .storlng, appears
tap its name.) and the offset and partial stop blinking. To exit with no change to the stored
) measurement, tap Cancel.
5. Tap Done.

10. Repeat step 9 until all notes are measured.
6. Before beginning measuring and storing, minimize ambient noise as best you

can 11. Confirm the measured tuning by playing each note in succession while checking

that the spinner is virtually stopped for each.
7. Strip mute the piano, or if you prefer, mute each individual note as you measure.

Chapter 5 M Measured Tuning 39 Chapter 5 W Measured Tuning 40



Notes

When playing a note, the difference between the target (the partial and offset)
and the pitch being played is displayed in the spinner hub.

In the Measure mode, a blinking offset number and/or partial indicates a change
in the Verituner’s offset measurement—a temporary setting until it is stored (by

tapping Store). If you move to another note before storing, the offset will be lost.

The spinner, needle, and the number in the hub all indicate how close the pitch
is to the offset—whether temporary or stored. Below the cents offset number, |
51(e]313s] or CHANGED indicates the current status.

Reset sets the offset to 0.00
To re-measure or tweak a note that already has a stored offset, repeat step 9.

If you have a single-partial tuning measured by another tuning device, it can be
transferred to the Verituner by keying in the partial number and offset for each
note. Use these steps in the above procedure:

Step 1
Step4—a,b,d, f, g
Step 5

Measuring an Interval

To measure the width of an interval in cents, follow this procedure. (An example using a
Major 3 is given in brackets.)

1

2
3.
4

Chapter 5

. Turn AutoNote off, if it is not already off.

. Set the Verituner to the lower note. [F3]

Tap Partial to set the lower coincident partial. [5]

. Measure and Store (steps 9 d-g in the Procedure for Measuring and Storing a

Tuning).

Without changing the note setting or the partial number,
play the upper note. [A3]

Read the width in the spinner hub. (A positive number indicates an expanded in-
terval; a negative number indicates a contracted interval.)
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Coincident Partials

Single Octaves 12:6, 10:5, 8:4, 6:3,4:2, 2:1

Double Octave 4:1,8.2
Fifths 6:4,3:2
Twelfth 3:1,6:2,9:3
Fourth 4:3

Major Third 5:4
Minor Third 6:5

Measuring a Tuning Fork

With Measured Tuning, the Verituner can be used as a reference to check the accuracy of
a tuning fork. (The Verituner’s accuracy is < .01¢.)

o » 0N
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On the right menu, tap Measured and start a new tuning file.

Set note & octave to the pitch of the fork (e.g., A4).

Tap Partial to select Partial 1, and be sure that the offset reads 0.00.

Sound the fork, and hold it close to your device’s microphone. Hold the fork still.

Read the Verituner’s measurement of the pitch deviation in the spinner hub.
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Chapter 6
Spectrum Display

The Verituner’s Spectrum Display shows the harmonic content of a note rather than its
pitch. It displays in real time, i.e. what you are hearing is graphically represented instan-
taneously. The graphic representation consists of a set of vertical bars, one for each
partial: P1, P2, P3, etc. Spectrum Display displays the same partials that are measured
and used to calculate tuning targets.

0 0 0 0 0 0 O0 O Spectrum
K>

— —_— Freeze
Pl P2 P3 P4 P5 P6 P7 P8 Clear

These bars represent the relative strength of each partial—the longer the bar, the stronger

the partial. Because they are displayed in real time, they dance across the screen as the
note sounds and the tone fluctuates. By watching the sustain and decay of the notes, you

can see how quickly certain partials decay in comparison to others. The Spectrum display

is useful for voicing, or for otherwise correlating what you hear in a note against its
partial content.

NOTE: Ambient noise in the same range as the partials being measured will be included

in the display. This should be disregarded since it is not part of the piano tone.

Note & Octave can be manually selected or set by AutoNote as in Fine and Coarse tun-
ing. Tap the note or octave and swipe to change. Tap the AutoNote icon to choose
random, stepwise, or off; or tap & hold the AutoNote icon for more options. Peaks is
used to toggle Peak Mode on and off. When on, the peak amplitude (volume) of each
partial is remembered and displayed (with a black line across each bar) along with its
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real-time value in the column at the top of each bar. (See the illustration above.) When
the Peaks mode is active, Peaks has a blue background, as in the above graphic. The
memorized peaks can be reset by tapping Clear. This arms the peaks memory for another
note strike.

Freeze is used to freeze the spectrum display. Tap Freeze while a note is sounding (it
turns blue), and the display stops responding, and the peak bars remain frozen at exactly
that point. This allows for a close examination of the readings. The display will remain
frozen until Freeze is tapped again.

When Freeze is on, Clear is momentarily disabled.

To exit Spectrum Display, swipe to open the right menu and make another selection.
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There are four pre-installed overpull settings, each of which can be customized by chang-

Chapter 7 ing the overpull percentages, renaming the setting, and designating a setting as the
. . default. On the list, tap the name of an overpull setting to delete the setting or make it the
Verituner Optlons default. Tap the InfoCircle (i) next to the setting you want to change. In the Overpull
Settings screen you can change the percentages, rename the configuration, and make it
The Verituner menu is the location of a miscellany of items. On the right menu, tap the default (indicated by the checkmark).
Verituner to access the startup screen, the calibration screen, and to see a statement of
legal matters and the version number of the installed Verituner app. There options for Tap to open the Overpull Settings screen.

setting user preferences for Overpull and the Spinner.

< Overpull Preferences  Overpull Settings

Cancel Verituner Options
Show Startup Screen Factory Default Default
Show Calibration Function Wound: 10%
Edit Overpull Preferences

Plain: 28%
Edit Spinner Preferences
About Verituner Treble:  36%

Edit Overpull Preferences = Tap on the name field to edit the name.
Tap Edit Overpull Preferences to open the Overpull Preferences screen. = Use the sliders to change the overpull percentages.
= Tap the Default to make this the default setting.

C | Il Pref D . . .
ez Overpull Preferences one After making changes, tap Overpull Preferences to return to the list of settings. Any

Factory Default [v/] ©) changes you make to a setting are automatically saved.
Wound 10% Plain 28% Treble 36%

Medium & Large @

Wound 16% Plain 28% Treble 32% On the Overpull Preferences screen, you have the option to Add new settings... (up to a

Small Pianos @ total of five settings.) Exit Overpull Preferences by tapping Done.
Wound 12% Plain 24% Treble 28%

To switch to another setting of percentages while tuning, touch & hold the percentage

number on the tuning screen to open the Overpull Preferences screen. Tap the name of

the setting, and then tap Select.

Add new settings...
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It is recommended that you use one or more of the pre-configured settings while observ-
ing how well they are working with a number of pianos. On that basis, tweak the settings

until you get the best overall results you can.

Edit Spinner Preferences

Tap > to open the Spinner Preferences screen.

< Cancel Spinner Preferences

Coarse Tuning
Speed: 8.0 rpm/cent Max: 10 cents Config: Needle Only

Fine Tuning
Speed: 8.0 rpm/cent Max: 10 cents Config: Blades+Needle

Fine Tuning + Overpull
Speed: 8.0 rpm/cent Max: 10 cents Config: Blades+Needle

Measured Tuning
Speed: 8.0 rpm/cent Max: 10 cents Config: Blades+Needle

Smoothing: On

Frame Rate: Normal

Done

© 0

There are four pre-set spinner configurations. Each can be edited but not deleted. Tap the

InfoCircle (i) next to the configuration you want to edit.

< Spinner Preferences Fine Tuning

Configuration: ~ Blades+Needle

Speed: 8.0 rpm/cent

Maximum: 10 cents

Reset

Reset
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These options are available:

= Tap Configuration to cycle through the available configurations of blades and
needle. The image on the right illustrates each configuration.

= Use the slider to adjust the Speed the blades rotate (rpm=revolutions per minute)
for each cent of deviation; e.g., set at 8 rpm, if the pitch is 3 cents from target, the
spinner will revolve at the rate of 24 rpm.

= Use the slider to set the Maximum pitch deviation, beyond which a large sharp or
flat symbol appears inside the spinner ring; e.g., set at 10¢, the large b or # ap-

pears (replacing the blades & needle) when the pitch deviation is >10¢ from
target.

Guidelines for Setting Speed and Maximum When the note you are tuning is sharp or
flat, the spinner blades rotate at speeds in proportion to the amount the pitch is off from
the target. The proportion can be changed, which has the effect of changing the sensitivi-
ty of their response to the deviation. A higher speed setting, for example, will result in
higher sensitivity, i.e., its rotation will be relatively fast for small pitch deviations. How-
ever, its useful range will be narrower because it will more quickly pick up speed at
greater deviations, to the point that it is unclear which direction it is rotating. The point at
which the blades become too indistinct to be helpful—the point of “maximum” devia-
tion—would be the logical place to set the bor # to appear. A lower spinner setting
results in a lower sensitivity of response, i.e., slower rotation at small pitch deviations,
but a wider range in which the clear enough to be useful.

Smoothing On gives the spinner some inertia by averaging short-term changes in pitch,
such as caused by false beats. The resulting smoothing of the spinner is usually the pre-

ferred setting. Smoothing Off increases the short-term accuracy and responsiveness of

the spinner, but it also increases jumpiness.

Frame Rate Normal takes full advantage of the graphical performance capabilities of
i0S devices and is therefore recommended. If it appears that background apps are inter-
fering with the performance of the Verituner, try closing them. If the problem persists, try
the Slower frame rate setting. Apps running in the background is not recommended.
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Appendix A Appendix B
Verituner Support Importing and Exporting Verituner Files

Contacting Veritune The Verituner App autqmatica}lly saves tuning files and custom style and temperament
files. The capability of importing and exporting files between Verituner devices—iOS,

Email  support@veritune.com Netbook, Pocket PC, and a computer—enables you to

Voice 888.VERITUN (888.837.4886)
outside US: +1.773.793.6530 = Copy saved files to other devices
= Back up your files to a computer, and from there you can back up to external stor-

age devices, such as a flash drive, hard disk, and/or an online backup service.

User Community = Share Verituner files with other Verituner users.

http://www.veritune.com/community.html
Folder Names

As a matter of organization, it will be helpful to have a set of folders on the computer that

match the names of folders in the tuning directory in your Verituner device(s). For exam-
The Verituner Version ple, if you have a folder of tuning files for Schools in the Verituner, have a corresponding
Schools folder on the computer.

To register, tap (or click) the Register link.

The version number of the installed Verituner App is shown on the startup screen.

Move Files from a Netbook or Pocket PC to a Computer

The files you want to import into the Verituner App have to be stored on the computer
that will be used for importing.

The Latest Version of This User Guide

The latest version of the Verituner User Guide is available at the Veritune
website:

http://www.veritune.com = Verituner for Netbooks In importing and exporting files in Verituner for Net-

ks, fil in these 1 ions:
Click the Downloads link, and on the Downloads page, click the link for the guide you books, files are stored in these locations

want. It is in PDF format and opens in Adobe Reader or, on a Macintosh, in Preview. Standard Tuning Files: C drive > Verituner > vot > [multiple subfolders]

Measured Tuning Files: C drive > Verituner > vmt > [multiple subfolders]
Temperament Files: C drive > Verituner > vuo > Custom
Custom Style Files: C drive > Verituner > vus > Custom

Adobe Reader, can be download at

get.adobe.com/reader/
= Verituner Pocket If you are exporting files from a Pocket PC, add a new folder

in the desired location on the computer (or an external storage device attached to
the computer) and name it, e.g. Verituner Files 9-7-17. This will be the destination
folder for the files you are exporting from the Pocket PC. From there (on the com-
puter), they can be imported into the Verituner App. On the Pocket PC, use File
Explorer (on the Start menu) to find the desired files. [Tap just below the File Ex-
plorer header, at the top left to open the dropdown menu.]
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Standard Tuning Files: My Device > Program Files > Verituner > vot >
[multiple subfolders]

Measured Tuning Files: My Device > Program Files > Verituner > vmt >
[multiple subfolders]

Temperament Files: My Device > Program Files > Verituner > vuo > Custom

Custom Style Files: My Device > Program Files > Verituner > vus > Custom

Copy either the Verituner folder, or in that folder copy the vot folder, the Custom
folders of the of styles and temperaments. (Tap-hold the stylus or your finger nail
on the folder name; release when the pop-up menu appears. Tap Copy. Caution:
be careful that you do not inadvertently tap Cut or Delete!

With an SD card inserted in the Pocket PC, navigate in File Explorer to select the
SD Card. Tap-hold with the stylus or your nail in an open area of the screen (be-
low the last listed file or folder name) and then tap Paste to copy the Verituner
folder onto the SD Card. NOTE: The xbin folder, which is in the Verituner folder
cannot be exported into the Verituner App.

Remove the SD card and, depending on your computer, insert it in the SD card slot
of the computer or a card reader connected to a USB port. Copy/drag & drop the
copied folder(s) from the SD card into the destination folder on your computer.

The following are step-by-step procedures for importing and exporting files to and from
an Apple iOS device with the Verituner app installed and a Mac or PC with iTunes ver-
sion 12 or later installed. iTunes is pre-installed on Macintosh computers. iTunes for
Windows computers can be downloaded here: www.apple.com/itunes/download

Import Files into the Verituner App on an iOS Device

Once the files are on your computer (or an external storage device attached to the com-
puter), they can be imported into the Verituner App.

1. Open iTunes on the computer and position its window so that you can also see the
files you are going to import.

2. Connect your Verituner device to the computer, and swipe from the right to open
the desired directory—Standard, Style, Temperament, or Measured.

3. At the upper left of the iTunes window (above the sidebar), tap the small icon,
which represents your iOS device.
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At the top of the sidebar a larger icon of your device appears next to its name.
Under it there is a Settings list. (See the graphic in the next step.)

[NOTE: If your version of iTunes is earlier than version 12, select your iOS de-
vice in the sidebar under DEVICES.]

. In the Settings list in the sidebar, click on Apps or File Sharing—whichever one

is on the list:

°e0e <« p » —_
<

2| David Bauguess's iPho... =
3= 72% @) 4
[ summary

—> EXTE

[If you are using iTunes version 11 or earlier, click Apps near the top, center of
the iTunes window.]

Sidebar Window Panes
Eee] David Bauguess's iPho... =
= Apps
= 100% =)+ &
Sort by Name u Q
[ summary Mileage Log... Home Scree

Remove

7\ Apps

J1 Music ﬂ Mobile Mu...
22 M Insta
B Movies )

At the right of the sidebar, there is a window with two sections or “window
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panes”. The pane on the left contains a list of Apps that are installed on the device
or which can be installed or removed. Beneath this list is the File Sharing Apps
list, where the Verituner app is. If you don’t see it, scroll down with the scroll bar
on the far right side of the iTunes window until it is in view.

File Sharing
The apps listed below can transfer documents between your iPhone and this computer.
Apps Verituner Documents
1Password
©)
SPL Meter
=
Verituner

5. Select the Verituner app. When you do, the pane on the right is labeled Verituner
Documents. It is empty. (If not, delete any items listed there.)

6. Now, from the computer (or external storage device), drag & drop the files you
want to import into the Verituner Documents pane in iTunes.

File Sharing

The apps listed below can transfer documents between your iPhone and this computer.

Apps Verituner Documents
1Password 601 CMU-Recital 5889404.vot

®

602 CMU-Robinson B 2650441.vot
603 CMU-BIlkBox INAG0124.vot
604 CMU-Recital 5942881.vot
605 CMU-130 5889949.vot

606 CMU-108 E5101723.vot

607 CMU-BIkBx 399938.vot

SPL Meter

A (¢

i

NOTE: When you import the files from the Verituner Documents pane, they will
all go into a single folder that you will select in the Verituner app’s directory (step
7). All the files you import as a group must all be of the file type that is recog-
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nized by the destination folder, e.g. only .vot files can go into a folder in a Tuning
directory; a .vus Style file cannot be imported into a Temperament directory fold-
er, which only accepts .vuo files. You cannot import a mix of file types as a group
into one folder.

. In the Verituner app, tap on the name of the folder (not the InfoCircle (1)) into

which you want the imported files placed.

Import Export Rename

Next, tap Import. If any of the files you are importing are already in the destina-
tion folder, you will be prompted to approve overwriting them or not (Yes or No).
If you tap Yes, the files are then copied from iTunes into the Verituner folder you
selected. If you tap No, only files that are not in the folder will be imported.

Tap Continue, if a confirmation of the import appears. The iTunes Verituner
Documents pane is then automatically emptied. (If not, delete the files from the
pane.) You might want to confirm that the import was successful.

8. Repeat steps 6 and 7 until all files have been imported.

With the Import complete, you may wish to back up your device in iTunes. To do so,
select Summary under Settings in the iTunes sidebar and click Back Up Now.
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Export Verituner App Files to Other Devices

As files in the Verituner i0OS App are added, deleted, or modified you can export all or
selected files from your Verituner device to your computer. From there they can be
imported by another iOS device or copied into other Verituner platforms. In addition to
the backup of the files on your computer, you may also want to back them up to other
storage devices, such as an external hard disk, flash drive and/or an offsite backup service
such as Dropbox.

Follow this procedure for exporting Verituner files from the app to your computer:

1. Open iTunes on the computer and position its window so that you can also see the
folder(s) where you are going store the files you export from the Verituner.

2. Connect your Verituner device to the computer.

3. At the upper left of the iTunes window (above the sidebar), tap the small icon,
which represents your iOS device.

o0 <« p »

< I Music 0 €&

Library \

At the top of the sidebar a larger icon of your device appears next to its name.
Under it there is a Settings list. (See the graphic in the next step.)

[NOTE: If your version of iTunes is earlier than version 12, select your iOS de-
vice in the sidebar under DEVICES.]

4. In the Settings list in the sidebar, click on Apps or File Sharing—whichever one
is on the list:

e0e <« p » —_
<

s David Bauguess's iPho... =

3

o 72% @) 4
Settings
[E summary

—> EXTE
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[If you are using iTunes version 11 or earlier, click Apps near the top, center of
the iTunes window.]

At the right of the sidebar, there is a window with two sections or “window
panes”.

Sidebar Window Panes
- David Bauguess’s iPho... £
e AppS / \
£ 100% @4

Settings Sort by Name E Q
[= Summary Mileage Log... Home Scree
10.2 MB Remove
7\ Apps ) susiness
J1 Music m Mobile Mu...
. 224.6 MB Install
E Movies Music

The pane on the left contains a list of Apps that are installed on the device or
which can be installed or removed. Beneath this list is the File Sharing Apps list,
where the Verituner app is. If you don’t see it, scroll down with the scroll bar on
the far right side of the iTunes window until it is in view.

File Sharing
The apps listed below can transfer documents between your iPhone and this computer.
Apps Verituner Documents
1Password
®

Q SPL Meter
l e

Verituner

. Select the Verituner app. When you do, the pane on the right is labeled Verituner

Documents. It is empty. (If not, delete any items listed there.)

. In the Verituner App on your device, swipe to reveal the right menu. Tap the de-

sired directory—Standard, Style, Temperament, or Measured—and then tap on
the name of the folder (not the InfoCircle (i)) containing the files you want to ex-
port to your computer.
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ments from your [iOS device]?” Clicking Delete only removes the files from the
Verituner Documents pane. It does not delete them from the computer or the i0S
device.

9. With the iTunes Verituner Documents pane empty, repeat steps 6-8 until all the
desired files have been exported.

Import Export Rename

Tap Export. All files in the folder you selected will be exported. At the notice of
the number of files exported, tap Continue.

7. In the iTunes Verituner Documents pane, select all the files or individual files,
and drag & drop them into the desired folder on the computer.

File Sharing
The apps listed below can transfer documents between your iPhone and this computer.
Apps Verituner Documents
@, 1Password 601 CMU-Recital 5889404.vot
602 CMU-Robinson B 2650441.vot

603 CMU-BIkBox INAG0124.vot
604 CMU-Recital 5942881.vot
605 CMU-130 5889949.vot
606 CMU-108 E5101723.vot
607 CMU-BIkBx 399938.vot

SPL Meter

i:&(

8. Now, having copied the files to your computer, select the files listed in the Veri-
tuner Documents pane in iTunes and delete them all to empty the pane.

NOTE: You will be warned: “Are you sure you want to delete the selected docu-
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Appendix C
Inharmonicity and Tuning Targets

The tuning procedures presented in Chapter 2 emphasize what to do. In this chapter we’ll
broaden the context to explain more about how the Verituner works and why things are
done the way they are. There are insights and specific recommendations that will help
you get the best results from the Verituner, especially when doing New tunings.

The following Verituner features are covered in this chapter:

= Inharmonicity Measuring
= Target List

= Recalculate / ReCalc

= Remeasure

Measuring Inharmonicity

One of the unique and powerful features of the Verituner is its ability to measure a pi-
ano’s inharmonicity', automatically and in the background, while you are tuning. By the
time you finish tuning the piano, the Verituner will have measured the partials of 76
notes—469 partials in all—to determine its inharmonicity. This wealth of data—all of
which is automatically stored in the tuner—is used to determine how much stretch is
required to “fit” the tuning to the piano’s inharmonicity. Tuning targets are calculated for
all 88 notes, using well-established principles used by aural tuners. The Verituner can
help you obtain superior tunings with greater ease and less fatigue.

Measuring partials to determine a piano’s inharmonicity is done in the Verituner’s Coarse
and Fine Tuning functions. Both screens display the inharmonicity icon (10, which has
animated “sound waves” when it is measuring successfully. The icon is “empty” at first,

! Inharmonicity is the discrepancy between the theoretical frequencies of partials and their actual
frequencies. With the exception of the first partial (the fundamental), the partials of piano tone are
sharper than their theoretical frequencies, which would be exact multiples of the fundamental. This
necessitates tuning octaves wider than theoretical in order to obtain an acceptable compromise of
these discrepancies. The first partial of A4 is tuned to 0 cents deviation, but all notes above it are
tuned increasingly sharper, and all notes below it are tuned increasingly flatter than what they
would be theoretically. The result is the piano’s stretch.
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but as you play the note several times, it begins to fill in from the bottom to the top (1),
indicating the amount of information it is getting. Inharmonicity readings are not taken on
C#7—-C8, though their first partials are measured (10). These notes are not read for inhar-
monicity because no notes higher than their first partials are tuned, so their inharmonicity
has no affect on the tuning. When tuning these notes, the icon does not appear in the
display.

When inharmonicity reading is turned on, “sound waves” (1LY are visible and animated.
If the waves are not visible, inharmonicity reading is off.

A4 First!

When you first tune a piano with the Verituner (a “New” tuning), it is essential that the
Verituner hears and measures A4 first. In the New tuning procedures outlined in Chapter
2, this is done in Coarse Tuning (step 6). Obtaining as good a reading as possible is more
important with A4 than with other pitches because this is the Verituner’s first inharmon-
icity information, and it is the basis for the initial calculation of the piano’s stretch. To
measure, simply mute two of the strings and play A4 several times as you watch for the
inharmonicity icon to fill.

Ideally, when the Verituner measures A4, the icon I should fill completely and do so
reasonably quickly. When this happens, it indicates that the note has a full set of strong,
clear partials and that a set of accurate and consistent readings was taken. If it does not
fill quickly, check that the non-speaking strings are properly muted, and then strike the
key a few more times to see if a better reading can be achieved. For strings with weak
partials or a false beat, the icon may fill up more slowly or may never fill completely. If
this is the case, try another string of A4.

At least some weak partials are normal in piano tone, and since readings are taken on
many notes, less inharmonicity information with some notes is quite acceptable. After
A4, the icon does not need to be so closely monitored to fill it for every note. A very
good tuning can be obtained with less than complete inharmonicity data, although some
users may find that obtaining maximum data could result in an even more refined tuning.

Tuning Targets and Recalculation

Tuning targets are the cents offsets from theoretical pitch that are the “ideal” frequencies
of each note of an individual piano. The Verituner uses the inharmonicity information it
gathers, and the style and temperament parameters, to calculate tuning targets for all 88
notes. They are compared with the note you are sounding to produce the motion of the
spinner and the needle’s position.
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Whenever the filling of the inharmonicity icon jumps substantially—indicating that
additional information has been obtained—the tuning targets for all untuned notes are
calculated using all of the information the Verituner currently has. In other words, as the
Verituner learns more about the piano’s inharmonicity, it updates and refines the stretch.
This recalculation, which takes only a second or two, is indicated by the brief appearance
C )| of the calculator icon at the lower left corner of the screen. As with measuring, it is
done automatically while you tune.

In Fine Tuning, the targets for the measured partials are listed in a column on the left side
of the display. The digits on the left are the partial numbers, and the values next to them
are the calculated targets expressed in cents.

1-1.70
2-138
3-094
4 -0.01

5 +0.86
ts +2.39
7+3.25
8 +5.73

Which partials are being read varies in different sections of the piano. For example:
Note Played Partials Measured
A4 & A3 1,2,3,4,5,6,7,8

AS 1,2,3,4
A6 1,2
A7 1 (no inharmonicity is measured)
A2 2,3,4,5,6,7,8
Al 3,4,5,6,7,8,9,10
A0 6,7,8,9,10,11, 12

Theoretical pitch is what the frequency of a partial would be if there were no inharmonic-
ity, i.e. the frequency of a partial would be an exact multiple of the fundamental—with 0
cents offset. A4 is the only note that is tuned to exact theoretical pitch; i.e., partial 1 of
A4 is always set to 0.00 cents. The targets for all other notes are offset to fit the piano.

The offset, then, is the discrepancy or difference in pitch between the theoretical and the
tuning target for the partial as calculated by the Verituner. It is not the actual measure-
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ment of the partial. Targets are calculated based on the measured inharmonicity, stretch
choices (Style), temperament, and on the targets of other, previously calculated targets.

The Verituner does not set a single partial and offset. The spinner reacts dynamically to
the combined targets of multiple partials of the note you are tuning. The relative strength
and weakness of the partials also influence the motion of the spinner.” These and other
variables are used by the Verituner’s proprietary algorithm to determine the 0 point at
which the spinner stops.

While a note is sounding, you will see small right-pointing triangles P appear at the left
of the partial numbers: These arrows indicate the presence or absence of each partial in
the sound. A dark arrow indicates a strong partial, a gray arrow indicates a weaker partial,
and a missing arrow indicates little or no presence of a partial. These arrows flicker on
and off as you sound the note, typically showing a strong presence of all the partials
when you first sound the note and the higher partials dropping off as the sound decays.

Tuning Sequences

The recommended tuning sequences, given in Chapter 2, are designed to accomplish two
goals: (1) help the Verituner optimize its calculated stretch during a New tuning, and (2)
support a close-to-target outcome when raising or lowering pitch.

Because the Verituner accumulates inharmonicity information as you tune, a carefully
chosen tuning sequence can provide the Verituner with new information when it will be
most useful. Tuning order also has a determining effect of the outcome of pitch raising
and lowering due to the effects of tension changes in the piano. The best order for each
goal is not the same, so in some situations a compromise must be made.

The Verituner’s recommended sequences are based on these three principles:

= For optimizing stretch in a New tuning, the Verituner should first gather inhar-
monicity information from its temperament in this order: A4, then A3, and then
all of the notes in between, in stepwise order. The remaining notes should be
tuned and measured in a sequence outwards from the temperament.

= For supporting the outcome of pitch raising and lowering, begin tuning at one
end of a bridge, moving in half steps to the other end.

= For tuning stability, tune unisons as you go.

2 If you would like to see the relative strength of the partials on the targets list, tap Spectrum on the
right menu. As you play a note, the Verituner displays the relative strength of each partial in a bar
graph in real time. See Chapter 6 (page 40) for more information on the Spectrum Display.
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From these principles, the recommended sequences may be summarized as follows:

= For a New, one-pass fine tuning in which the present pitch is very close, fol-
low this sequence:
1. Tune each string of A4.
2. Tune each string of A3.

3. Tune A#3 and tune upward by half steps, tuning unisons as you go, until
you have tuned C8.

4. Tune G#3 and tune downward by half steps, tuning unisons as you go,
until you have tuned AQ.

NOTE: Since the pitch is very close, this sequence gives priority to optimizing
the stretch by tuning the entire temperament octave first.

VARIATIONS: Steps 3 and 4 can be reversed with one modification: tune G#4
down to AQ; then tune A#4 up to C8.

= For a New tuning in which pitch is raised or lowered, use this sequence for
the first pass of a Coarse tuning and for a one-pass fine tuning with overpull:
1. Play A4 until the inharmonicity icon is as full as possible.
2. Play A3 to at least partially fill the icon.

3. Tune each string of the lowest tenor note, i.e. the first note on the treble
bridge, regardless of whether it is wound or plainwire.

4. From there, tune upward by half steps, tuning unisons as you go, until
you have tuned C8.

5. Tune from the top of the bass section down to A0, tuning unisons as you
go.

NOTE: The Verituner initially gets inharmonicity information from only the
outside notes of its temperament (A4 & A3). By first playing A4 and A3, rather
than tuning them, overpull calculations will be correct when these notes are
tuned later in the sequence.

= For all Saved tunings—coarse and fine—and for the final pass of a two-pass
New tuning, this sequence is recommended:
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1. Begin with the lowest tenor note and tune upward by half steps to C8,
tuning unisons as you go.

2. Tune from the top of the bass section down to A0, tuning unisons as you
go.

NOTE: Since, in the course of an earlier tuning or pitch raise, the inharmonicity
of the entire piano has already been read, this sequence favors supporting the
outcome of pitch changes. For fine tuning where the pitch is very close, any se-
quence can be used.

VARIATIONS: Steps 1 & 2 can be reversed. Another sequence is to tune
A0 to C8.

IMPORTANT: These tuning sequences, with their goal of optimizing the stretch of New
tunings, work with the Verituner’s built-in styles: Average, Clean, & Expanded. They
may or may not be best for custom styles.

Locked Targets

Automatic recalculations are done continuously as new inharmonicity information is
gathered. In Coarse Tuning, a// targets are potentially recalculated, but in Fine Tuning,
only the targets of untuned notes are recalculated. This is so that if you want to check or
retune a previously tuned note, its target will not have moved. Targets that are changed
after a recalculation are updated on the target list.

As you tune a note in Fine Tuning, the Verituner measures the inharmonicity, recalcu-
lates (assuming it got sufficient new data), sets the targets for the partials of the note, and

then locks the targets. The lock symbols ‘\ s indicate the status of each note—
unlocked or locked. This process takes place in just a few seconds.

In some cases notes may not lock due to false beats, especially notes in the extreme bass
and treble. This is normal and will not affect the tuning calculations. You do not need to
wait for a note to lock before moving to the next note.

Remeasure

Occasionally, you may want to try to improve an individual note’s tuning. After more of
the inharmonicity of the piano has been discovered, the Verituner may be able to make a
slight adjustment to a note, resulting in a better fit with the rest, just as in aural tuning.
The Remeasure command unlocks an individual note (if it is locked) and clears and
remeasures its inharmonicity data, and then recalculates its targets. Remeasure inharmon-
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icity if you suspect you have inaccurate inharmonicity information—from ambient noise
while measuring, for example—and targets for the note are not right.

To retune a note, press Remeasure. The lock symbol changes to unlocked; the (10) is
emptied and then refilled as you play the note; and, the calculator appears briefly to
indicate that recalculation of the targets is taking place. The note can then be retuned to
the new targets. Only the current note is affected by Remeasure. If you are still not satis-
fied with the note’s tuning, tune it by ear and use Alter to save the altered targets (page
66).

ReCalc

In some cases, it is desirable to recalculate al/ of the tuning targets:

= You are retuning a piano using a Saved tuning file
= You are fine tuning the piano in more than one pass
= You are not satisfied with a section, or more, of the piano

= You want to retune the entire piano with a different Style or
+/- Stretch

The ReCalc command tells the Verituner to recalculate the tuning targets of all notes,
using all of the inharmonicity information that it has collected. In some cases a recalcula-
tion may result in an even smoother, more refined tuning. Recalculation is continually
functioning in Coarse tuning, hence it cannot be chosen manually. In Fine tuning ReCalc
is an option that is available on the left menu.

When you load a Saved tuning, you are asked, “Recalculate Tuning?”. Depending on
your response to the prompt, here’s what happens, in both Coarse and Fine Tuning:

Yes results in a recalculation of the tuning. When the file opens, inharmonicity is
on, and all tuning targets are unlocked.

No keeps the previous tuning targets and opens the file with inharmonicity turned
off and all tuning targets locked.

Select No in a situation in which you do not want any change to the current targets, i.e.,
you want to tune the piano to exactly the same pitches as before. If you load a Saved
tuning to check a very recent tuning or touch it up, you would probably not want the
targets you used to tune the piano to be changed. If you want to tune two or more pianos
exactly alike, you would not ReCalc the first tuning before tuning the other piano(s).
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In this situation, you would also want inharmonicity reading off while tuning the other
piano(s), so no automatic recalculations and revisions to targets are made. You can, of
course, ReCalc or turn on Inharm at any time.

Altering Calculated Targets

Alter, which is available in Fine Tuning, enables you to override the Verituner’s calculat-
ed tuning targets for a note. You simply adjust the pitch to your ear’s preference and then
store the note’s recalculated, altered targets. For example, if you want the temperament
octave (A3-A4) somewhat wider, you could use +/—Stretch, experimenting until you got
the result you wanted, or alternatively, you could aurally tune A3 downward until your
ear is satisfied with the width and then use Alter to store your modified tuning target.

@ +1.20 Fine Practice room 47
Clear E 3
+ KID
0.1
oy
- A: 0.00
Store Average 0.0
Equal
e "
The procedure for using the Alter command is:
1. Tune the note aurally to the pitch you want.
2. In Fine Tuning, tap Alter on the left menu. Clear, numeric controls + 1 - ,and

Store appear on the left side of the screen.

3. Play the note while pressing + and - to stop or slow the spinner as much as possi-
ble.

4. Press Store. An alteration is stored as an adjustment of the Verituner’s calculated
targets for the note. (The change in the note’s targets is in parallel, i.e., all of them
are altered in the same direction, the same distance.) An altered note is signified
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at the top left of the screen by an ear symbol and the adjusted value expressed in
cents.

5. At this point, you may want to aurally check that the desired pitch held during the
procedure.

Practice room 47

E 3

9 +1.20

8 +7.01

7 +4.94 KD

6 +2.91

5 +1.55

4 -018 ((( I )))

8 08 A:0.00

2 22 Average 0.0

‘\ Equal
|

To exit the alteration procedure with no change, tap Clear at any time before storing (step
4). To erase a stored alteration, thus restoring the Verituner’s calculated targets, select the
note to be changed; select Alter on the menu, and then tap Clear. Only the targets of the
note are changed by this procedure. If you Remeasure an altered note, the alteration is
cleared along with the note’s inharmonicity data. As you play the note to remeasure
inharmonicity, new targets are calculated without alteration.

During a tuning, the targets of any altered notes are used by the Verituner for all automat-
ic recalculations that determine the targets for the yet untuned notes. The rule regarding
locked notes in recalculations is the same for both unaltered and altered notes: The al-
ready locked notes are unaffected, but the yet untuned notes could be.

If there are any altered notes in the tuning, when you load a Saved file you will be
prompted to answer two questions: Recalculate Tuning? If you respond No, the altera-
tions are left untouched. If you answer Yes, you will be asked: Keep Alterations? If you
respond Yes, the recalculation will use the altered targets, and the newly calculated
targets for the altered note(s) will be adjusted by the stored amount. If you respond No,
the alterations will be permanently erased.
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Summary of Recalculation

In Coarse Tuning, no targets are locked, and as new inharmonicity information is ob-
tained, recalculation of all targets is automatic. In Fine Tuning, if Inharm is on, the
targets of tuned notes are locked, and automatic recalculation is done only on untuned
notes. The targets of altered notes are used in all recalculations. Inharm turns inharmon-
icity measuring on or off. When Inharm is off, no automatic recalculations are done.
Remeasure clears inharmonicity measurements for the current note; it unlocks and recal-
culates the current note with newly measured data. In Fine tuning, choosing ReCalc
unlocks and recalculates a// targets using the currently collected inharmonicity data.

More about Measuring

When the Verituner measures for inharmonicity it measures ratios of partial frequencies.
It is, therefore, not necessary that a string be at pitch for an accurate measurement to be
obtained, although some users prefer to have it close before measuring. During a pitch
raise, the Verituner can still get a valid reading even though the pitch is changing as it is
being measured. Furthermore, the Verituner is constantly evaluating the quality of the
signal from each partial, and it only measures inharmonicity at those moments when the
partials are clear and consistent. During unison tuning when there are fast beats, readings
are not being taken.

As long as the Verituner’s inharmonicity reading function (Inharm) is on, it will continue
to take inharmonicity measurements even after a target is locked and during subsequent
tunings (if you chose to ReCalc when loading the file). If it gets a better reading, the
Verituner updates its information accordingly. If you opt to ReCalc when loading a Saved
tuning, the most recently gathered data will be used in the recalculation.

Without the need for any measuring step on your part, the Verituner gathers sufficient
information about the inharmonicity of the piano to extrapolate tuning targets and stretch
for a very good tuning the first time you tune the piano (a New tuning). In the process of
tuning A0 through C7, all of the collected inharmonicity information for the piano is
saved and can be used in future tunings of that piano. Armed with a much more complete
picture of the piano’s inharmonicity, in some cases the Verituner can calculate an even
more refined tuning. This is why doing a ReCalc before using a Saved tuning file is
normally recommended.
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Appendix D
Unequal Temperaments

The mechanics of working with temperament files —opening, managing, and creating—
are covered in Chapter 4, Temperament Files (page 35). This chapter provides a complete
listing of the Verituner’s over 90 built-in unequal temperaments, and it offers resources
and suggestions for getting started using alternative temperaments for tuning pianos,
fortepianos, harpsichords, and clavichords.

Why We Temper

Just intervals (also called pure) are completely in tune and do not produce beating. Ideal-
ly, keyboard tuning would result in all just intervals. Unfortunately, given the division of
the octave into 12 notes for keyboards, this is not possible. No stack of any type of just
intervals will add up to a just octave. Here are two examples: Stack three contiguous just
Major 3rds (C-E, E-G#, G#/Ab-C); the C-C octave is 41 cents short of being just! (This is
why all Major 3rds in equal temperament are widened by 13.7 cents.) Stack seven just
octaves and stack twelve just fifths, both beginning on the same note. The top note of the
last fifth is almost 23.5 cents higher than that of the octaves’ top note.

Because just intervals in a 12-note octave do not fit evenly within the octave, compro-
mises in tuning are necessary to reconcile unacceptable mismatches. Some or all of the
intervals (except the octave) must necessarily be altered from just, either by widening or
narrowing them. This process is called tempering, and the result is a femperament. One
might say that to temper is to purposely “mistune” intervals. Beating, which is so im-
portant in aural tuning, is produced by tempered intervals.

Various schemes for tempering have evolved over many centuries according to various
aesthetic goals and priorities, such as

= Obtain just fifths, at the expense of the Major 3rds (Pythagorean
Intonation temperaments)

= Obtain a large number of just and/or very consonant Major 3rds at the expense
of a few keys which are sacrificed as unusable (Meantone temperaments)
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= Create a temperament in which all keys can be used and in which there are con-
trasts in harmonic “color” resulting from tempering the Major 3rds to varying
degrees of consonance and dissonance (Well temperaments)

* Temper all intervals equally from just, resulting in a uniformity of harmony that
lacks the harmonic and key contrasts of unequal temperaments (Equal tempera-
ment)

A Growing Interest in Unequal Temperaments

For most piano tuners, equal temperament has been the only temperament they have ever
tuned or thought they would tune. Early music performers, however, have routinely used
historical temperaments for tuning harpsichords and other early keyboard instruments. In
recent years interest in the viability of using unequal temperaments as an alternative to
equal has been growing among piano tuners. Several factors have brought this about,
including:

= INFORMATION - increased knowledge, largely through the research and writ-
ings of Owen Jorgensen, RPT.

= AUTHENTICITY - a growing interest in historically-authentic
“period” performances in recent decades.

= ETDs — Electronic Tuning Devices enable tuners to tune any unequal tempera-
ment as easily as equal temperament.

= PROPONENTS - enthusiastic piano tuners who cite a number of advantages
for alternative temperaments.

This chapter is organized in four main sections:

= A list of the Verituner’s built-in temperaments (page 71)
= Selecting temperaments for historical authenticity (page 75)

= QGetting started using unequal temperaments as an alternative to equal tempera-
ment (page 94)

= Temperament resources (page 104)

= Offsets for entering into electronic tuning devices, enabling them to calculate
unequally tempered tunings. (page 105.)
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Unequal Temperaments List’

Select Historical Temperaments (sclected by Claudio Di Veroli)’

Pythagorean Intonation, circa 900—1500

One-quarter syntonic comma meantone, wolf G#Eb
(Standard or Pietro Aron, 1523), circa 1500-1670

One-quarter syntonic comma meantone, wolf C#-Ab
(wolf shifted counterclockwise), circa 1500-1670

One-quarter syntonic comma meantone, wolf D#-Bb
(wolf shifted clockwise), circa 1500-1670

Early French temperament, circa 1650-1710

Standard French: D’ Alembert-Rousseau, 3 pure Major thirds,
circa 1700-1810

Shifted Vallotti-Young (same as Vallotti-Young in the
Well folder), c. 17001810

Equal Substitutes

14™_century Pythagorean (Boulliau, 1373)

Augustus De Morgan unequal temperament of 1843
Anton Bemetzrieder Pythagorean temperament #2, 1808
Charles E. Moscow equal-beating temperament of 1895
H Grammateus Pythagorean of 1518 (Bemetzrieder #1)
Johann G. Neidhardt fifth temperament #3 of 1732
Neidhardt-Marpurg-De Morgan temperament of 1858

® The offsets for sixty temperaments in the Veriutner are from Tuning by Owen Jorgensen
(Michigan State University Press, 1991. Out of print). They are gratefully used with permission of
the author. Temperaments bearing their names are used with permission of designers Paul N.
Bailey RPT, Bill Bremmer RPT, Jim Coleman, Sr. RPT, Claudio Di Veroli, Ron Koval, George
Secor, and Robert Wendell. NOTE: Most temperament names in the Temperament Directory are
modified to fit in the display.

7 Claudio Di Veroli lives in Bray, Rep. Ireland, where he teaches harpsichord and interpretation of
early music in his Bray Baroque center http://www.braybaroque.ie. He is the author of the treatise
Unequal Temperaments (in a revised 3 edition, 2013), available on the author’s temperament
website http://temper.braybaroque.ie. The new edition includes “a full list of useful temperaments
for historically-informed performances of all Western music written from the Middle Ages to the
present.” Dr. Di Veroli designates the seven temperaments in this folder as “really necessary in
practice.” Dates are for their approximate period of intensive historical use. His offsets are
gratefully used with permission.
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Modified Meantone Temperaments

Modified equal-beating one-fifth syntonic comma
meantone temperament of 1797 (fifths ratio=1.49627972)
(Encyclopedia Britannica, 1797 edition)

17 ™-century irregular equal-beating meantone, corrected

17 ™-century irregular equal-beating meantone

Alexander Metcalf Fisher modified meantone of 1818

Jean-Le Rond D’ Alembert modified meantone of 1752

Standard French: Rameau version, 1726

Standard French: D’ Alembert-Rousseau, 2 pure Major
thirds, circa 1700-1810

Wendell Synchronous Modified Meantone/Well, 2003

William Hawkes modified meantone temperament of 1798

William Hawkes improved modified meantone of 1807

Just Intonations

Pythagorean-Just Intonation, c. 1450-1500
Standard Just Intonation, c. 1450-1500

Quasi-Equal Temperaments

A. Merrick, 1811
Alexander John Ellis in 1875 (Imitation Equal)
Alexander John Ellis in 1885 (New Equal Beating)
Ellis tuner number 5 (a Broadwood tuner)
Factory tuners of 1840
Howard Willet Pyle equal-beating, 1906
Jean Jousse quasi-equal temperament of 1832 (bearing plan #2)
Johann Christian Gottlieb Graupner equal-beating, 1819
Johann Nepomuk Hummel equal-beating, 1829,
(second bearing plan)
Mark Wicks equal-beating, 1887
Tuner’s Guide, Becket and Company bearing plan, 1840
Tuner’s Guide, John Marsh’s bearing plan, 1840
Viennese temperament (Hummel’s first bearing plan
tuned according to the rules of Viennese tuners in 1829)
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Regular Meantone

Christiaan Huygens (31 tones), 1661
Gioseffo Zarlino equal-beating (% syntonic), 1558
Gottfried Keller (% ditonic), 1707
John Marsh (%s syntonic), 1809
One-fifth syntonic comma meantone, wolf G#-Eb
(Homogeneous), Abraham Verheijen, c. 1600,
¢.1500-1670 [Listed by Jorgensen as John Holden
/s syntonic, 1770; 5ths=1.49627787]
One-quarter comma meantone (Pietro Aaron [Aron], 1523)
One-sixth comma meantone (G. Silbermann, Ramarin-Beer), 1714
Robert Smith (50 tones) “Equal Harmony” temperament, 1749
William Hawkes (/s mercator comma meantone), 1808

Well Temperaments

Almost Equal (Claudio Di Veroli, 1978)

Aron-Neidhardt’ (Neidhardt’s temperament #2 of 1732)

Bailey Equal Beating Well Temperament, 2003

Barnes-Bach (John Barnes, 1979)

Bremmer Equal Beating Victorian Temperament (EBVT III), 1992

Broadwood Best (Ellis tuner number 4), 1885

Broadwood Usual (Ellis tuner number 2), 1885

Coleman 11, 1999

Coleman 16, 2001

Jean-Le Rond D’ Alembert (English equal-beating well using
D’Alembert’s rules of 1752)

Early 18‘1‘-century well (equal-beating Vallotti)

George Frederick Handel (published in 1780)

Jorgensen’s Idealized Prinz® (Kirnberger I1I, Aron-Neidhardt) A=0

Jorgensen’s Idealized Prinz’ A= -3.42

Jean Jousse well temperament of 1832 (bearing plan #1)

Herbert Anton Kellner’s Wohltemperirt-Bach, 1978

Kirnberger equal-beating ('2 syntonic comma), 1771

Kirnberger 11I°, circa 1779 (published in 1808), based on Klop

Koval 1.3

Koval 1.7

Koval 2.1

Koval 2.9

Lehman-Bach, A=-2.93, 2005

Moore (Representative Victorian temperament), 1885

Peter Prelleur, 1731

John Preston equal-beating well temperament of 1785

John Preston theoretically correct temperament of 1785

Prinz equal-beating well temperament of 1808

Prinz theoretically correctg, 1808
(representative of Kirnberger III, Aron-Neidhardt)

Jean-Jacques Rousseau equal-beating, 1768

Jean-Jacques Rousseau theoretically correct, 1768

Secor #2 Well Temperament, 1975

Charles Earl Stanhope equal-beating (improved Kirnberger) 1806

C. E. Stanhope theoretically correct (improved Kirnberger), 1806

Tuner’s Guide well temperament number 1, 1840

Tuner’s Guide well temperament number 2, 1840

Tuner’s Guide well temperament number 3, 1840

Vallotti (Francesco Antonio Vallotti’s theoretically correct tem-
perament of 1781; DiVeroli gives its heyday as c. 1680—1810

Vallotti-Young, (transposed Vallotti tuned according to
Young’s rules of 1799)

Wendell Bold Synchronous Well, 2002

Wendell Natural Synchronous Well, 2002

Wendell Synchronous ET Equivalent, 2002

Wendell Very Mild Synchronous Well, 2003

Wendell Well 2002

Werckmeister III (Correct No. 1), 1691

William Tans’ur, 1746

Th. Young’s representative 18"-century well temperament #1
0f 1799, c. 1700-1810

8 In 2002 Owen Jorgensen proposed a modified version of theoretically correct Prinz (1808) as “an
idealized temperament” that would authentically represent Prinz, Kirnberger 111, Aron-Neidhardt,
and others of that type, thus completely restoring the perfect harmonic balance for tonality (as in
the Thomas Young and Francesco Vallotti temperaments) that was originally intended for this type.
Since A at 0¢ deviation from equal results in the whole piano becoming rather sharp, Jorgensen
also calculated a second set of offsets that maintains the overall tension on the bridges and
soundboard, hence the two versions. [Personal correspondence July 22, 2002]

? Prof. Jorgensen: “The Prinz, Kirnberger 111, and Aron-Neidhardt temperaments are theoretically
distinct from each other, but they are so similar in musical effects that they have been classed
together as a single temperament for practical purposes. For historical accuracy, this is excellent to
use because the Prinz was documented in 1808, and it is a culmination of all the previous examples
of this type of temperament.” [Personal correspondence July 22, 2002]
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Selecting Temperaments for Historic Authenticity

Unequal temperaments were used in tuning keyboard instruments for centuries. With the
exception of early music performers striving for authentic performance practice, the use
of unequal temperaments was largely abandoned by piano tuners in the twentieth centu-
ry—perhaps much earlier.

There are two quite different views as to when equal temperament came into widespread
use as an explicit goal, if not precise in outcome:

= EARLIER With the universal acceptance of the piano after 1770 came universal
acceptance of equal temperament. After 1800 (and c. 1850 in England), equal
temperament was by far the most widely used tuning. From 1800 to the present,
most music was composed and intended for performance in equal temperament.
Most musicologists and early music specialists hold this view.

= LATER Equal temperament was not fully developed and in common practice
and could not have been in common use until 1917. Furthermore, composition in
the 19™ century was influenced by considerations of the effects of various une-
qual temperaments. “Equal temperament” was commonly used in the 19
century to describe what were actually “well” temperaments. “Only the 20th-
century style of piano music sounds most effective when it is performed in equal
temperament. All other music sounds best in the appropriate authentic tempera-
ments that were in use when the music was composed.”

The discrepancy in these views—a difference of over a century, encompassing the entire
Romantic period—has significant implications for tuning authentically for nineteenth-
century piano music. If authenticity is the objective, a position must be taken that will
guide the selection of temperament(s)—equal or unequal—during this era. The following
two sections present guidelines and specific recommendations for selecting temperaments
for historically-informed tunings.

19 Owen Jorgensen, “The Historical Temperaments: An Introduction,” Piano Technicians Journal,
November 1994, pp. 35-38.
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Guidelines and Recommendations of Owen Jorgensen

From point of view that equal temperament was not predominant until the early twentieth
century, Owen Jorgensen (d. 2009) offers this guiding principle for making temperament
choices:

Only the 20th-century style of piano music sounds most effective when it is
performed in equal temperament. All other music sounds best in the appro-
priate authentic temperaments that were in use when the music was
composed.'!

He gives the following time periods during which specific types of temperaments were
predominant. These dates are extremely general and somewhat arbitrary because there
was much overlapping between the categories. They should be considered only as a
“rough guide.”

15™-¢c. — 1690 Meantone & variants
1691 — 1721 Modified Meantone
1722 — 1818 Well Temperaments
1819 — 1901 Victorian Well Temperaments
1902 - 1916 Quasi-Equal Temperaments
1917 — present Equal Temperament

The names of many of the temperaments on the Unequal Temperaments List (page 71)
include a date, which may be helpful in selecting “temperaments that were in use when
the music was composed.” This guideline should not, however, preclude using tempera-
ments that do not meet this criterion. There are other considerations as well. Although not
historically authentic, a modern temperament might well serve music written over 100
years ago, particularly when its “finished tuning results and color effects adhere...closely
to the known nineteenth-century principles and rules...”"

To narrow the selection of a temperament for the 1722—1916 period, Prof. Jorgensen
suggests this procedure: Tune the piano with the chosen temperament and then play it
sufficiently to become accustomed to the new sounds. Play the music for which the
temperament was chosen and concentrate on comparing the qualities of the major thirds,
tenths, and seventeenths in the context of the vertical harmonies. These intervals will
contrast in width and “color.” One’s personal taste and knowledge of the music can help

" Ibid., p. 35.
12 personal correspondence, June 13, 2003
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determine whether less or greater color contrast is desired. If so, another temperament
can be tried. (Well temperaments and their characteristics are discussed more fully be-
ginning on page 94)

THE 19™ CENTURY Selecting historically-authentic temperaments for nineteenth
century piano music poses a special difficulty. Prof. Jorgensen explains: “In the nine-
teenth century...any temperament in which one could freely modulate through all the
keys was commonly called equal temperament no matter how unequal it might be.”"?
This creates a great semantic problem with the result that, with regards to temperament,
“we know less about the performance practice of the nineteenth century than we do of the
centuries previous to it.”

“During the nineteenth century, all of the various temperament forms were used except
our modern exact equal temperament. The only thing that is certain about the nineteenth
century is that the meantone temperament forms were in the minority of usage in com-
mon practice, but they nevertheless still existed in practice. The nineteenth century was a
transitional century leading to the equal temperament of the twentieth century.”"*

On the next page, Owen Jorgensen offers a selected list of thirteen “historical landmark
temperaments.” Each temperament is in the temperament directory folder that corre-
sponds to the temperament form in the list. Here again, for convenience, are the very
approximate time periods for the listed forms.

15™-c. — 1690 Meantone & variants
1691 — 1721 Modified Meantone
1722 - 1818 Well Temperaments
1819 — 1901 Victorian Well Temperaments

3 Owen Jorgensen, “Understanding Keyboard Temperament,” Piano Today, Summer 2003.
4 Owen Jorgensen, personal correspondence, May 20, 2003.
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LANDMARK HISTORICAL TEMPERAMENTS
Selected by Owen Jorgensen'’

Meantone Temperaments

One-quarter comma meantone (Pietro Aaron, 1523)
Gottfried Keller (5 ditonic), 1707

One-sixth comma meantone (G. Silbermann, Ramarin-Beer), 1714

Modified Meantone Temperaments

Jean-Le Rond D’Alembert modified meantone of 1752
Modified equal-beating one-fifth syntonic comma meantone, 1797

William Hawkes improved modified meantone of 1807

Well Temperaments

Prinz, 1808 (Kirnberger Ill, Aaron-Neidhardt)
Werckmeister Il (Correct No. 1), 1691
Francesco Antonio Vallotti theoretically correct, c. 1781
Th. Young’s temperament No. 1 of 1799

Victorian Temperaments

Broadwood Best (Ellis tuner number 4), 1885
Broadwood Usual (Ellis tuner number 2), 1885
Moore (Representative Victorian temperament), 1885

15 Personal correspondence, June 13, 2003. Also, see Prof. Jorgensen’s series of articles in the

Piano Technicians Journal, August 2003 — January 2004
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A Concise Guide by Claudio Di Veroli

Claudio Di Veroli—harpsichordist, early music specialist, and author of the
treatise Unequal Temperaments—has compiled a Concise Guide to selecting
temperaments, which in his judgment are the most useful for historically-
informed performances of all Western music written from the Middle Ages to
the present.'® His recommendations will be particularly useful for early music
performances—from earlier than 900 to the early nineteenth century. He holds
the view that equal temperament was predominant from the late eighteenth
century onward.

Dr. Di Veroli designates seven temperaments as “really necessary in practice.”
They are in the Select Historical Temperaments folder in the Verituner’s Tem-
perament Directory. He describes an additional five temperaments as
“interesting variants.” These are located in other directory folders according to
their type. (In the Concise Guide table, the folder location for each temperament
is in the last row.)

16 «A Concise Guide to the Most Useful 12-Note Unequal Temperaments” is copyrighted
by Claudio Di Veroli and distributed exclusively by Veritune, Inc. and may not be
reproduced without permission.
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A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Preferred name

Pythagorean Intonation

Pythagorean-Just Intonation

Alternative name

Ramos Just Intonation

Technical name

Pure-fifths tuning

Pythagorean-Just Intonation

1°t described Author'

Ancient Greeks, St. Odo

Bartolomé Ramos

1% described Place

Cluny (France)

Spain (published in Italy)

1% described Year

c. 935

1482

Heyday

before 900 — c. 1500

c.1450 — c. 1500

Place of main use

All Europe

Possibly Spain and Italy

Typical styles/
Ideal use

Medieval Music

[Late Gothic and Early
Renaissance]

Typical composers—
those ideally served
by the temperament

de la Halle,
Machaut,
Landini

Josquin des Prez [?]

Basic description.
Circle of Fifths

11 pure fifths, leaving a
small wolf to close the
circle

Pythagorean shifted: the wolf is
now a diatonic 5th, retuned to a
Syntonic comma rather than
Pythagorean

Circle of Major Thirds

Most M3rds are very wide;
much more so than in
Equal Temperament

Few diatonic pure major thirds.
All the others are very wide.

Continued on the next page

! Earliest written account; sometimes earlier but often
later than historical heyday

Appendix D B Unequal Temperaments

80



A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Pythagorean Intonation

Pythagorean-Just Intonation

Preferred name

Standard Meantone, wolf
G#-Eb

Standard Meantone,
wolf shifted counterclockwise

Main Features

Beautiful pure fifths. The
very wide thirds are not a
problem in Medieval music:
they are used as dissonant
intervals in Medieval
counterpoint.

Transitional system. For
Renaissance harmony — good
thirds— the modulation scope is
very restricted indeed. There are
reasons to believe this system
was rarely if ever used in musical
practice.

Alternative name

Aron's Meantone, wolf G#-
Eb

Aron's Meantone, wolf C#-Ab

Technical name

1/4 Syntonic comma
meantone, wolf G#-Eb

1/4 Syntonic comma meantone,
wolf C#-Ab

1°t described Author'

Pietro Aron

Pietro Aron

1% described Place

Florence (ltaly)

Florence (ltaly)

1% described Year

1523

1523

Heyday

c. 1500 — c. 1670

c. 1500 —c. 1670

Place of main use

All Europe

All Europe

Typical styles/
Ideal use

Renaissance and Early
Baroque

Renaissance and Early Baroque

Typical composers—
those ideally served
by the temperament

Attaingnant,
de Victoria, Lassus,
Monteverdi,
English Virginalists

Attaingnant,
de Victoria, Lassus, Monteverdi,
English Virginalists

Variants Wolf shifts Wolf shifts etc. Our preferred
version follows Agricola,
Wittenberg (Germany) 1539.
Comments This tuning method, i.e. This and the "just" intonations,
tuning by consecutive pure |with their many pure intervals,
fifths, was known by many |deserved a totally out of
cultures (e.g. the Chinese) |proportion attention by
in very ancient times. theoreticians. But musicians
knew that too many useful
intervals were also thrown
hopelessly out of tune.
Verituner folder Select Historical Just Intonations
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Basic description.
Circle of Fifths

11 fifths are equally-
tempered by an amount
such that the intervening
major thirds are exactly
pure.

11 fifths are equally-tempered by
an amount such that the
intervening major thirds are
exactly pure.

Circle of Major Thirds

8 pure major thirds,
4 wolf major thirds

8 pure major thirds,
4 wolf major thirds

Continued on the next page

' Earliest written account; sometimes earlier but often
later than historical heyday
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Standard Meantone, wolf
G#-Eb

Standard Meantone,
wolf shifted counterclockwise

A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Main Features

A most beautiful sounding
system, but limited to 8
excellent major triads and
8 minor ones, the
remaining wolf-ridden ones
severely precluding

A most beautiful sounding
system, but limited to 8 excellent
major triads and 8 minor ones,
the remaining wolf-ridden ones
severely precluding modulation.

Preferred name

Standard Meantone,
wolf shifted clockwise

Homogeneous Meantone,
wolf G#-Eb

Alternative name

Aron's Meantone, wolf D#-
Bb

Verheijen Meantone, wolf G#-Eb

Technical name

1/4 Syntonic comma
meantone, wolf D#-Bb

1/5 Syntonic comma meantone,
wolf G#-Eb

1°t described Author'

Pietro Aron

Abraham Verheijen

1% described Place

Florence (lItaly)

Amsterdam (Holland)

1% described Year

1523

c. 1600

Heyday

c. 1500 —c. 1670

c.15650 — ¢.1730

Place of main use

All Europe

All Europe

Typical styles/
Ideal use

Renaissance and Early
Baroque

Late Renaissance and
Early Baroque

Typical composers—
those ideally served
by the temperament

Attaingnant,
de Victoria, Lassus,
Monteverdi,
English Virginalists

Monteverdi,
English Virginalists,
Praetorius

modulation.

Variants Other sizes of fifth Other sizes of fifth (typically 1/5,
(typically 1/5, 1/6 S.c. and [1/6 S.c. and many others), but
many others), but 1/4 S.c. |1/4 S.c. was almost always the
was almost always the preferred one.
preferred one.

Comments Modulation range was Though there is evidence that the
increased by split-sharp  |wolf fifth would sometimes be
keyboards and string and |shifted as convenient, it is
wind players differentiating [however a fact that the vast
sharps from flats. Standard [majority of the music was written
meantone remained in use [for the standard wolf at G#-Eb.
in England until Classical
times and sometimes later
also.

Verituner folder Select Historical Select Historical
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Basic description.
Circle of Fifths

11 fifths are equally-
tempered by an amount
such that the intervening
major thirds are exactly
pure.

11 fifths are equally-tempered so
that the intervening major thirds
are as good as the fifths.

Circle of Major Thirds

8 pure major thirds,
4 wolf major thirds

8 major thirds as good as the
fifths, 4 wolf major thirds

Continued on the next page

! Earliest written account; sometimes earlier but often
later than historical heyday
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Standard Meantone,
wolf shifted clockwise

Homogeneous Meantone,
wolf G#-Eb

Main Features

A most beautiful sounding
system, but limited to 8
excellent major triads and
8 minor ones, the
remaining wolf-ridden ones
severely precluding
modulation.

Not so beautiful sounding as 1/4
S.c., and still limited to 8 good
major triads and 8 minor ones,
the remaining wolf-ridden ones
severely precluding modulation.

A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Preferred name

Early French

Standard French

Alternative name

Modified Meantone with
3 large fifths

Tempérament Ordinaire

Technical name

Modified Meantone with
3 large fifths

D’Alembert-Rousseau with
3 pure thirds

1°t described Author'

(modern)

d'Alembert

1% described Place

Paris (France)

1% described Year

1752

Heyday

c. 1650 —c. 1710

c. 1700? —c. 1810

Place of main use

France and England

France and Italy

Typical styles/
Ideal use

Early Baroque French
music

Late Baroque French music

Typical composers—
those ideally served
by the temperament

L. Couperin,
D'Anglebert,
Purcell,

young F. Couperin

F. Couperin,
Rameau,
D. Scarlatti,
A. Soler

Variants Other sizes of fifth Wolf shifts. Also other sizes of
(typically 1/5, fifth, but 1/4 S.c. was almost
1/6 S.c. and many others), |always the preferred one
but
1/4 S.c. was almost always
the preferred one

Comments Though there is evidence |[Modulation range was increased
that the wolf fifth would by split-sharp keyboards and
sometimes be shifted as  |string and wind players
convenient, it is however a |differentiating sharps from flats.
fact that the vast majority  |Wolf shifts away from G#-Eb
of the music was written for|were comparatively rare.
the standard wolf at G#-Eb.

Verituner folder Select Historical Regular meantone
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Basic description.
Circle of Fifths

9 standard meantone fifths,
the 3 remaining ones wide,
"sharing the wolf"

The six fifths from C to F# are
standard meantone, the others
less tempered, three actually
wide.

Circle of Major Thirds

6 pure, 2 acceptable,
2 Pythagorean, 2 wolves

3 pure (C-E,G-B,D-F#), 6 good, 3
very bad (but not wolves)

Continued on the next page

' Earliest written account; sometimes earlier but often
later than historical heyday
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Early French

Standard French

Main Features

A meantone modification
achieving greatly-
expanded, but not
unlimited, modulation
scope and enharmonic
capability.

A meantone modification
achieving unlimited modulation
and enharmony, but some
tonalities (e.g. F#, C# and G#/Ab
major) sound really bad.

A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Preferred name

Vallotti

Vallotti-Young

Alternative name

Francesco Antonio Vallotti

Shifted Vallotti

Technical name

Contiguous 1/6 P.c. good

Shifted Vallotti

temperament
1 described Author'  [Tartini Young
15 described Place Padova (lItaly) England
1% described Year 1754 1799

Heyday

c. 1680 — c. 1810

c. 1680 —c. 1810

Place of main use

Germany and ltaly

Germany and ltaly

Typical styles/
Ideal use

Late Baroque German
music

Good average for Late Baroque

Variants Few Many. All the historical
descriptions are approximative.

Comments Never described in New asymmetrical recon-
Baroque times, this struction with 3 pure thirds by C.
temperament has been Di Veroli 2002. Standard French
shown to be the ideal fit for has been proved best for
F. Couperin's Organ Domenico Scarlatti [J. Sankey
Masses [Di Veroli and 1997]. Inadequate for many
Leidemann, 1985] works by J. S. Bach.

Verituner folder Select Historical Select Historical

Typical composers—
those ideally served
by the temperament

Pachelbel,
J. S. Bach,
Handel

Pachelbel,
J. S. Bach,
Vivaldi
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Basic description.
Circle of Fifths

Diatonic 5™ (F-B)
tempered by 1/6 P.c. each.
The six other 5™ are tuned
pure.

Vallotti shifted clockwise: the
tempered fifths are now from C to
F#.

Circle of Major Thirds

Oscillate from quite good to
quite bad

Oscillate from quite good to quite
bad

Continued on the next page

' Earliest written account; sometimes earlier but often
later than historical heyday
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Vallotti

Vallotti-Young

Main Features

Thirds vary smoothly, from
distinctively better than
Equal Temperament to
quite bad in tonalities with
many accidentals.

Thirds vary smoothly, from
distinctively better than Equal
Temperament to quite bad in
tonalities with many accidentals.

A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Preferred name

Barnes-Bach

Alternative name

Barnes

Technical name

Barnes

1% described Author

Proposed by
John Barnes

1% described Place

Edinburgh, Scotland

1% described Year

1979

Variants Barnes-Bach, Vallotti,
Kellner-Bach Barnes-Bach

Comments The ideal universal A better variant for tonalities with
temperament for non- sharps, and also for French
French Baroque music. Baroque. This is the ideal
Easier to tune aurally—and|average temperament for
to check—than any other [Baroque music from different
Baroque temperament. countries.

Verituner folder Well Select Historical

Heyday c. 1690 — c. 1750
Place of main use Germany

Typical styles/ J. S. Bach

Ideal use

Typical composers— |J. S. Bach

those ideally served
by the temperament
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Basic description.
Circle of Fifths

Similar to Vallotti; only B
changes: E-B is pure and
B-F# is tempered.

Circle of Major Thirds

Oscillate from quite good to
quite bad

1 . . . .
Earliest written account; sometimes earlier but often

later than historical heyday
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A Concise Guide to the Most Useful

12-Note Unequal Temperaments

Barnes-Bach

Copyright © 2003
by Claudio Di Veroli &
Veritune, Inc.

Preferred name

Main Features

An intermediate between
the two Vallotti variants,

Almost Equal

Equal Temperament

slightly favouring the Alternative name Almost Equal Equal Temperament
sharps. Almost
undistinguishable from Technical name Almost Equal Equal Temperament
Vallotti in practice.
1%t described Author'  |(modern) Salinas®
15 described Place Spain
Variants Vallotti, o -
Kellner-Bach (proposed by 1> described Year 1577
H. A. Kellner in 1978) Heyday c.1750 — ¢.1880 Lutes & viols: c. 1550-1650.
General: c.1780—present
Place of main use Lutes & viols: mainly Italy.
General: all Europe (England
Comments Statistically a better fit than late)
Vallotti for Bach's keyboard Typical styles/ Classic & Romantic music” Late Renaissance lutes and viols.
works. Not proven so for Ideal use Classic, Romantic & Modern
other composers. There music?
are no historical sources Typical composers—  |Haydn, Mozart, Late Renaissance viol consorts;
for it, so for general non- those ideally served Beethoven, Chopin, Mozart, Haydn, Beethoven,
French _Baroque music, by the temperament Schumann, Liszt, Chopin, Schumann, Liszt,
Vallotti is preferable. Brahms Brahms, Debussy, Stravinsky,
Bartok, Britten, Schénberg
Basic description. 8 fifths slightly narrower  |All the 12 fifths equally tempered
Verituner folder Well Circle of Fifths than Equal Temperament, |2 cents narrow
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4 fifths slightly wider

Circle of Major Thirds

5 major thirds slightly wider
than ET, 5 slightly
narrower, and 2 very
slightly narrower

All 12 thirds equally tempered
13.7 cents wide

! Earliest written account; sometimes earlier but often
later than historical heyday
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Almost Equal

Equal Temperament

Main Features

Thirds vary smoothly and quite
imperceptibly, from slightly better
than Equal Temperament to
slightly worse in tonalities with
many accidentals.

Fifths uniformly good; major
thirds uniformly “average”
(actually quite bad).

Variants Koval 2.1 Approximative ancient
methods like the “18”-rule
and temperaments
alternating pure and
tempered fifths, described in
Baroque times by both
Marpurg and Neidhardt.
Comments Historically very vaguely Even before its widespread
described, and variants were use from the Classical period
surely in widespread use. First  [on (1750-), ET had many
precise description in 1978 by important but isolated
Claudio Di Veroli. Almost Equal |advocates, like Frescobaldi
cannot be considered a variant of [and the mature Rameau.
ET; even less so the very-slightly
more unequal Koval 2.1

Verituner folder Well [Select Equal on the

Temperament submenu]

2 Although not supported historically, there are some circumstances in which a
well temperament might be used advantageously for performances of Classic
era music, i.e. for the performance of predominantly diatonic music in keys that
are favored by the temperament.

3 Earlier sources (e.g. Lanfranco, 1533) give descriptions that, quoting Barbour,
“might be interpreted” as ET.
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Well Temperaments as an
Alternative to Equal Temperament'’

The issue of authenticity aside, a growing number of piano tuners are exploring
and using both historic and modern unequal temperaments and are sharing their
knowledge and enthusiasm with others. They have found that well temperaments
are an attractive alternative for many of their customers.

Advantages of Well Temperaments

Proponents of using alternative temperaments cite several advantages:

= Unequal temperaments are based on aesthetic considerations, versus the
mathematical origin of equal temperament. Many find unequal temper-
aments musically and emotionally more satisfying.

= The expressive qualities of the music are enhanced by the variety of
dissimilar interval widths and harmonic variation.

= In the more remote keys, wider intervals enhance the “singing” quality
in melodies and emotional feeling in harmonies with greater intensity.
Greater richness and warmth may be apparent in the lower register—
greater sparkle and brilliance in the upper register.

= Key “color” and contrast— sacrificed in equal temperament—restore
musical qualities composers may have intended by their key choices.

= For pianists who mostly play in keys with few or no sharps or flats, an
unequal temperament can increase their piano’s overall consonance.

= Pianists whose pianos are tuned in an unequal temperament often sense
an increased resonance in their instruments.

= [fequal temperament was not predominant until the 20th century, the
use of appropriate unequal temperaments will more accurately reflect
composers’ intentions.

= In offering alternative temperaments, you distinguish your tuning ser-
vices and give yourself a competitive edge. In the words of a leading
proponent, Ed Foote, RPT: “It is an opportunity to deliver epiphanies to

'7 Paul Bailey RPT, Ed Foote RPT, Ron Koval, and Bob Wendell contributed to this
section.
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pianists. It is an opportunity to increase the emotional value of the mu-
sic and to increase the attraction in the piano itself.”

= Exploring and using alternative temperaments can breathe new life into
a tuner’s work.

Well Temperaments Defined

The use of well as a label for a class of temperaments is relatively recent. Owen
Jorgensen says the well temperament was “the leading harpsichord and pianofor-
te temperament of the eighteenth and nineteenth centuries.” He defines it as an
“unrestrictive temperament in which one can modulate freely through all the
keys.... Unlike equal temperament (another unrestrictive temperament), well
temperament contains key-coloring that supports the ‘character of the keys’,
harmonic balance, and a pleasing and orderly variety while modulating.”'®

As an alternative to equal, proponents of unequal temperaments usually suggest
well temperaments for their harmonic, sensual, and emotional qualities and for
their suitability for playing in all keys. Furthermore, they are effective for a wide
variety of musical styles, although in some cases equal temperament may be
preferred.

Characteristics of Well Temperaments

CONSONANCE and DISSONANCE In equal temperament, all intervals of the
same type are tempered equally (adjusted wide or narrow from pure), resulting
in uniform widths. In unequal temperament, the interval widths are varied. In
equal temperament, all major thirds are 13.7 cents wider than pure. Considering
pure as perfect consonance, one might regard these thirds as equally out of tune
and dissonant. In well temperaments, the major thirds can range from pure to as
wide as a Pythagorean third—21.5 cents wide and regarded as the threshold for
modern ears—resulting in a mixture of intervals that includes both more conso-
nant and more dissonant intervals than in equal temperament. The most
frequently used major chords (C, G, F) are the most consonant, and the most
dissonant chords (Gb/F#, Db/C#, Cb/B) are those that are least used. Keys with
the fewest sharps and flats are the most consonant, and the remote keys with the
most sharps and flats are the most dissonant.

'® Owen Jorgensen, Tuning, Michigan State University Press, East Lansing, 1991, p. 779.
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KEY COLOR AND CHARACTER The major third is the interval that con-
tributes most to the perceived character of a temperament. Because the major
thirds in a well temperament include ones that are both more consonant and
more dissonant than equal, harmonic variety—tempered out of equal—results in
the key character and color that is so valued by proponents. Consonance and
dissonance are, of course, relative terms. The thirds that are wider than in equal
might not be considered harsh as much as they are valued for their “spiciness”™—
the intensity they add to the harmonic and expressive palettes. Just as filters can
enhance a photograph’s color and contrast, unequal temperaments can enrich
chord and key colors compared to their monochromatic sameness in equal tem-
perament.

HARMONIC BALANCE Another aspect of this broadened tonal spectrum is
the orderly progression of consonance to dissonance in key signatures with few
sharps or flats to those with the most, i.e., typically the major keys of C, G, and
F are the most consonant, while F# or Db has the greatest overall dissonance.
Following the circle of fifths, the general pattern is this: the narrowest major
third is on C (at the top of the circle), and the widest is on F# (at the bottom) or
Db; the major thirds become increasingly wider progressing from C to F# or Db
and increasingly narrower in the progression from the bottom of the circle back
to C. A temperament that follows such a scheme is said to have good “harmonic
balance.” (A graphic representation of harmonic balance can readily be seen in
Jason Kanter’s temperament charts, which are available at his website, listed in
the resources section at the end of this chapter.)

Relative Strength

There are many varieties of well temperaments, sufficient to suit a wide range of
needs and tastes. They are distinguished by several qualities—some subtle,
others more obvious. Among them are harmonic balance, equal beating, temper-
ing of the fifths, synchronicity, and strength.'® The most apparent difference in
these temperaments is their relative “strength,” which may be defined as the
degree of contrast between consonance and dissonance in their major thirds.

The greater the difference, the “stronger” the temperament.

' Owen Jorgensen defines an equal beating temperament as “any temperament that
contains two or more intervals that beat exactly the same speed.” Synchrony is the result
of tempering in such as way as to synchronize the beats within a chord with each other.
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Strength refers to the perceived consonance and dissonance of a temperament
and is, therefore, relative. As a means for describing and comparing strength, a
quantitative expression or basis of comparison can be helpful. The table on page
98 presents three somewhat different views for gauging the strength of well
temperaments:

= View strength as the range of the narrowest (most consonant) and the
widest (most dissonant) major thirds in the temperament [Range of
Major 3rds]. This gives a simple thumbnail idea of a temperament’s
strength. The further these intervals deviate from the ET major 3rd, the
greater the contrast of the temperament.

= View strength as the total cents by which the major 3rds that are nar-
rower than in ET deviate from the ET major third.” [¢ Dev.] This
gauge was used to order the temperaments in the table from the least to
the greatest degree of contrast. The larger the number, the greater the
overall contrast.

= View strength as the difference [Diff] between the average of deviation
of the major 3rds that are narrower than in ET [Avg <] and the average
of deviation of the major 3rds that are larger [Avg >].

Once again, in a well temperament the greatest contrast in the major thirds is
typically in C-E and F# -A# (or Db-F). The information in this table does not, of
course, represent a complete picture of a temperament’s sound and effect, but it
does give an indication of its mildness or strength—in terms of overall conso-
nance and dissonance—compared to equal temperament and to other well
temperaments. For a more complete picture of temperament qualities, in graphic
format, see Jason Kanter’s charts (Resources, page 104).

The Verituner gives the range of major thirds for all installed temperaments. To
see the offsets (from equal temperament), open a folder by tapping the InfoCir-
cle (i) by the folder name and then tap (i) by the temperament name. The range
of the narrowest to the widest Major 3rds is also shown.

20 (The actual value for the width of the major 3rds in ET, which was used in the
calculations for the table, was 13.6863.) To illustrate how the “¢ Dev.”number is derived,
Moore is good example. Moore has four major 3rds that are narrower than the ET major
3rd. Two of them are 2¢ narrower, and two are 4¢ narrower—a total of 12¢, which is the
number in the cents deviation column. The number is the same for both the narrower and
the wider major 3rds, so it can be derived from either.
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Well Temperaments Listed by Strength

Range Major 3rds| ¢ Dev. | Avg < | Avg > | Diff.
Almost Equal 12.6| to | 15.9 6.0 12.8 149 21
Wendell Synchro ET Equiv 129] to | 15.3 6.2 12.9 153 23
Koval 1.3 11.9| to | 15.2 6.3 12.6 147 21
Tuner's Guide # 2 well 11.9| to | 15.9 6.3] 12.8 149 2.2
Tuner's Guide # 3 well 11.9| to | 16.2 76| 127 15.6| 2.9
Koval 1.7 11.3| to | 15.6 8.2 12.3 15.1 2.7
Koval 2.1 10.7| to | 16.1 10.1] 12.0 15.4| 34
Coleman 10, 2001 10.7| to | 15.7 10.5| 11.6 15.2| 3.6
Moore - Rep. Victorian 9.7] to | 15.7 12.0] 10.7 15.7] 5.0
Bremmer EBVT lIl, 1992 9.5] to | 16.8 13.6| 11.4 16.0| 45
Koval 2.9 9.6] to | 17.0 14.0] 11.3 16.0| 4.7
Wendell Very Mild Synchr 78| to | 17.2 16.2] 11.0 16.4| 54
Wendell Natural Synchro 7.4] to | 17.6 16.5|] 10.9 16.4| 5.5
Rousseau th correct 1768 9.5| to | 19.0 1741 10.8 16.6| 5.8
George F Handel, 1780 9.3| to | 19.6 184 111 17.4| 6.3
Rousseau eq-beating 1768 9.1| to | 18.9 18.5| 10.6 16.8| 6.2
Wendell Well 2002 78| to | 17.6 19.5 9.8 16.5| 6.7
Tuner's Guide # 1 well 8.4 to | 19.4 19.6| 10.9 17.6| 6.7
Peter Prelleur, 1731 84| to | 19.5 20.5 10.8 17.8 7.0
Coleman 11, 1999 77| to | 17.7 21.0 9.5 16.7| 7.2
Lehman-Bach, A= -2.93 59| to | 19.5 21.5 8.3 17.3] 9.0
Wendell Bold Synchr Well 43| to | 19.5 2191 10.0 17.3| 7.3
Broadwood Best-Ellis #4 6.7| to | 17.7 22.0 9.3 16.8| 75
Jean Jousse well, 1832 8.4 to | 21.5 22.6| 105 18.2| 7.7
Preston eqg-beating 1785 9.3| to | 20.5 23.8| 10.7 19.6|] 8.9
Broadwood Usual-Ellis #2 57| to | 17.7 24.0 8.9 171 8.2
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Well Temperaments, continued Owen Jorgensen describes a variety of well temperament called Victorian

Range Major 3rds| ¢ Dev. [ Avg <| Avg > | Diff. Temperament that was most commonly practiced during the lifetime of Queen
D'Alembert e-b well 1752 4810 [ 1871 240 g9l 17.1] 82 Victoria (1819-1901) “by those tuners who thought that they were tuning equal
Coleman 16. 2001 57| o | 1971 260 85| 180l 95 temperament.”21 Because they are relatively mild in their deviation from equal,

- this type temperament could be classified as a quasi-equal temperament. How-
Preston th. correct 1785 10.3| to | 20.5 27.2| 10.3 20.5| 10.2 . . . . . . .
ever, Jorgensen explains, there is an important difference: the Victorian form of
Barnes-Bach, 1979 59| to | 2151 274| 82| 19.2] 11.0 temperament follows the rules of tonality that result in harmonic balance and
Young Rep 18th-cent 1799 S54|to |215] 283) 80| 177 97 produce the ‘character of keys’ that is characteristic of well temperaments in
Early 18th-century well 54| to [ 20.9] 30.2 8.7] 18.7] 10.1 general; quasi-equal temperaments do not. Victorian temperaments, and modern
Werckmeister Ill, 1691 39| to | 215| 31.3 74| 18.2| 10.7 designs of this type and mildness, are particularly well suited as “starter” alter-
Vallotti, 1781 59| to | 21.5] 31.3 74| 19.9]| 125 natives to equal temperament. Very mild ones are subtle enough in their effects
Vallotti-Young, 1799 59| to | 215| 313 74| 199] 125 that many listeners will 1.10tic.e only a vague difference in the tuni_ng, i_f that. Here
William Tans'ur, 1746 25| o | 2091 322 721 183l 110 are a few examples of Vlf:torlan and rnod.ern well temperaments in this category.
These range from very mild to moderate in strength.

Kellner Wohltemp.-Bach 27| to | 21.5 32.8 8.2 19.21 10.9
Bailey Equal Beat, 2003 34|to|215| 357 77[ 196] 119 Temperament Range of Major 3rds
Kirnberger lll, 1779 0.0| to | 21.5 36.1 6.5 18.9| 124 Almost Equal 12.6 1o 15.9
Idealfzed Pr!nz etc -3.4 0.0 to | 20.5 37.6 6.2 19.1] 12.9 Koval 1.3 119 to 152
Idealized Prinz etc 0.0 0.0 to | 20.5 37.6 6.2 19.1] 12.9 Koval 1.7 113 to 15.6
Prinz th. correct, etc. 0.0] to | 21.5 38.1 6.1 19.1] 13.1 Moore (Representative Victorian) 9.7 to 15.7
Prinz equal-beating 1808 0.0| to | 21.5 38.4 7.3 20.1] 12.8 Coleman 11 7.7 to 17.7
Secor #2 Well, 1975 17| to | 21.5| 396 71| 20.3] 13.2 Broadwood Best (Ellis Tuner #4) 6.7 to 17.7
Aron-Neidhardt, 1732 00| to | 21.5] 400| 57| 194| 137
Stanhope eg-beating 1806 00| to | 229 409 55| 195] 140 Perception and Preference
Stanhope th correct 1806 0.0| to [ 20.5] 41.7 53| 19.6] 14.3 For modern listeners, accustomed to equal temperament because of its preva-
Kirnberger equal-beating 00| to | 21.5| 48.8 3.9 20.7| 16.8 lence, an unequal temperament can be an ear opener. Some effects of unequal

temperaments will be perceived objectively, others subjectively. Where one
listener might hear greater intensity of expression, another might hear harshness.
For some, the appeal will be immediate; for others, an acquired taste and appre-
ciation will develop over time; and for still others, equal will be preferred. A
number of variables determine one’s perception, but in general it is perhaps
sufficient to say that with temperaments, beauty is in the ear of the beholder, and
one’s preferences will emerge through exposure and familiarity. For the propo-
nents, alternative temperaments have added a wonderful dimension to their
piano tuning work. The Verituner gives you and your clients many options for
exploring the world of alternative temperaments.

2l Owen Jorgensen, “The Historical Temperaments: An Introduction,” PTG Journal,
November 1994, p. 36.
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Getting Started Using Alternative Temperaments peraments) may be preferred for popular and classical styles of twentieth-
century music. Vocal music, which is often freely transposed to accom-

We conclude this section with some practical considerations for getting started . . .
P g & modate different voice ranges, may be unfavorably affected by arbitrary

using alternative temperaments.

Q Where do I begin?

A Genuine enthusiasm for alternative temperaments and conviction for their

value can only come from a first-hand musical experience. If possible,
tune a mild well temperament on a piano which you can play (or hear
played) and allow ample time to become familiar with it. Do what your
customers will do: play music—not aural checks! Play music in a variety
of styles and keys. Focus on the qualities of color and key. Be sensitive to
the varied degrees of consonance and dissonance. Above all, listen to the
overall musical effect as compared to equal temperament. Has it been en-
hanced by the qualities of the well temperament?

When you are ready, move on to a somewhat stronger temperament and
take the time necessary to familiarize yourself with its qualities. If possi-
ble, compare the effects of the well temperament with equal temperament.
As time allows, continue to explore additional mild and moderate strength
temperaments.

From this experience you will form your opinions about well tempera-
ments and whether you want to offer them to your customers. If you are
“sold,” you will be able to confidently recommend temperaments that you
are personally familiar with.

Which of my customers might benefit from an alternative temperament?

In a typical clientele, a large percentage might come to prefer a well tem-
perament to equal. The most important consideration is the type of music
being played on the piano. If the preponderance is pre-twentieth century
music, a recommendation for an alternative temperament would be ap-
propriate.

Are there circumstances in which equal temperament would be preferred
to a well temperament?

Opinions on this vary among tuners, as do the preferences of individual
pianists. Eventually your experience will be the best guide, but until then,
a conservative approach would be prudent. Equal (or very mild well tem-
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changes in key color and character, especially with moderate and strong
temperaments. In performance situations, consider seeking the approval
of the musician(s).

Q How might I propose an alternative tuning to my customers?

A [The response to this question is by Ed Foote.]

First, find out what kind of music is being played on the piano. If it is
predominantly 20th-century American show tunes, or modern pop stand-
ards, etc., I don't even suggest changing it out of ET on first call.

If there is a lot of pre-1900 music, I usually tell the customer that I think a
slight change of temperament would be an improvement. They rarely
question my judgment and I leave a mild WT like the Moore and Co. on
the piano. If there are questions, I let them know that there is more than
one way to tune a piano and the clinically accurate ET is just one of them.
Then I tell them that the vast majority of my customers, professional and
non-professional, have come to prefer a more organic “equal” that is not
really exactly equal but biased to favor the keys most often used. This is
enough.

After the tuning, the music will do the heavy lifting and sell the concept
for you. If they are really enthused, I tell them that there is an entire fami-
ly of well temperaments that we can investigate in subsequent tunings. It
gives them something to look forward to while they become acquainted
with key color.

Since the differences between equal and well temperament are sensual
differences, I find that verbal, intellectual descriptions are a poor substi-
tute for the actual artifact and can lead to confusion. This is a new subject
to most musicians today, and it begins to sound very complicated, very
quickly.” Many musicians are so set in their ways that suggesting a ma-
jor change is viewed as a challenge, so you want to avoid that direction if

?2 For an introduction to the technical aspects of temperaments, consider referring
interested customers to the website with Ed Foote’s CD liner notes, listed in the resources
section (page 120).
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possible. It is often helpful to describe temperaments, such as the
Broadwood tunings, as the version of “equal temperament” used by mas-
ter tuners of the 1800s. Customers respond to words like “organic,” or
“increased resonance.” They often like to think they can appreciate “his-
torical” anything. Comparing ET and WT is often most easily done by
analogy, such as:

Equal temperament is like an architect’s drawing, very accurate, etc.; well
temperament is more like an artist's painting. Equal temperament has only
one “color” or “in-tuneness” for all like intervals; well temperaments of-
fer a palette of harmonic “shades.” Historically, the palette ranged from
perfectly in tune to almost too far out of tune.

How can I encourage a customer who is hesitant?

This is a matter of risk. If the customer is hesitant and you are optimistic
about the potential gain for them, consider guaranteeing their satisfaction
by offering to retune the piano after, say, two or three weeks if they are
not satisfied. This shifts the risk from them to you, but if you have chosen
the temperament wisely, the experience of other tuners suggests you are
not likely to have to retune because of dissatisfaction with the tempera-
ment. Your confidence in presenting the suggestion of an alternative can
make the difference in their acceptance. Testimonials of the satisfaction
of your other customers can also reduce a feeling of risk.

How do I choose a temperament “wisely”?

The important thing is to not shock the customer with an extreme change.
Ed Foote advises: “Err on the side of caution as they progress. It is easy to
go further later, but almost impossible to reclaim the pianist who is of-
fended by a change.” Begin with a mild well temperament of
approximately the strength of Moore. Over time, the pianist(s) may come
to prefer a stronger temperament, but too much too soon can spoil their
potential appreciation and acceptance.

If the piano is used for music of a particular composer or period of music
history, consider the guidelines, presented earlier in this chapter, for se-
lecting temperaments that are appropriate for historically-informed
performance.

Appendix D @ Unequal Temperaments 103

Temperament Resources

An Introduction by Ed Foote

http://www.piano-tuners.org/edfoote/index.html

Ed Foote, RPT, has produced two CDs of piano music using several unequal
temperaments. This Web site, featuring his liner notes for Beethoven In the
Temperaments—Historical Tunings on the Modern Concert Grand (Gasparo
Records GSCD-332), is an excellent introduction to temperaments, addressing
both technical and aesthetic considerations.

Jason Kanter’s Temperament Charts

http://www.rollingball.com/TemperamentsFrames.htm

Jason Kanter’s “graphic view of historical temperaments” is an informative
visual presentation of the statistics and characteristics of a large number of
temperaments, most of which are in the Verituner.

Claudio Di Veroli’s Temperament Page

http://temper.braybaroque.ie

Claudio Di Veroli lives in Bray, Rep. Ireland, where he teaches harpsichord
and the interpretation of early music. His temperaments website includes a full
update (2013) of his book, Unequal Temperaments.

Pianotech Archives

http://moypiano.com/ptg/pianotech.php/index.html
http://moypiano.com/ptg/caut.php/index.html

The Piano Technicians Guild maintains a list for piano technicians covering a
wide range of topics, including temperaments.

Verituner User Forum

http://www.veritune.com/ [click the Community link]

Veritune’s user forum is for Verituner users to post questions and to share
knowledge, advice, and experiences. Previous posts can be searched.
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Offsets for Electronic Tuning Devices

The table in this section gives the offsets that can be entered into some elec-
tronic tuning devices, enabling them to calculate unequally tempered tunings.
(Offsets are the deviations from equal temperament that are used to program an
ETD.) The offsets are expressed in cents—one cent equaling /i of an equally
tempered half step. The precision of the values in the table is hundredths of a
cent. If necessary, round off the values for your device.

The temperament names in this table are abbreviations of the names in the list
that begins on page 71. The order of the names is the same in both lists.

Professor Owen Jorgensen and Dr. Claudio Di Veroli provided most of the
offsets. Some have been given by their designers, and the remainder have been
obtained from various other sources. Be aware that with some temperaments
there are discrepancies in the offsets that may be found from different sources.
Two examples are Kirnberger I1I and Rameau’s version of the Standard French
temperament. Claudio Di Veroli calculated the offsets for Kirnberger III given
here based on the aural instructions of G. C. Klop. The offsets for Rameau’s
1776 account of the Standard French temperament are Di Veroli’s “correct
interpretation” of Rameau’s description.

Appendix D @ Unequal Temperaments 105

o [« o] [x]vlwo o= |olo|o]o|o
P O el S N A D 8 I 2 (=1 (5 (2 [+
NN G o] Sl el B A el

| |

bl S SR S SR SR b [l Bl (=1 B = [
2D |0|0(D (DS MR ER
O[2|o|o|c|o]|o]|xn [OF 28 Rl (ol (=1 o] (= B
[l E<23 (<=1 [{e] [{=} [{o]} [ ] ~INlo oY lo
1 [ [N [N [N [N ]N D 1 [R]|T [N [R[2]S
wju|lo|lo|o|o|o|wv W[~ |—|N|w|~— |o
bl Al Bl Al Al e v

N A A AN

oo lolo|o]= | NENERANENE
QO 10[© O™ [0 R R [Q[D]S [0
T8 DN (5ol (5ol Kool Kool (41 [5e} w2 INnloIn o~
22128 R B ;

o | ooy o [{o] [=] [(e] [3\] [(] [(=] [o}
A A A A N 21 (S (=3 2] (2 12 (o)
Wi epjep|epfe@er | wi=ls|= <=+ =
2] 528 (52 3e] (Yo [2ed (=) [=3[=3 b= olo|o
Y [Ng oY e d Pl el e 1) =ﬂ:o_<r_c»_3:o_o_o_
al=lglslgNs|e M EICIEIE
] h

Ol N[N NN o [(e] [e2]) [{] [{e] [{e] [{o] 7o)
=] B B B B B 1) =154 1 = (=t =)
[0 (223 (223 [0 (220 bl b i 2] [=) T =] [
slR|e|e|e|c|n|a s[2[2]S]e]|=|e]e
Py DN ) (o) (o] el ed ) I EIEIIE
D222 R [ R v

N AN A A

~ [ |co]wo|w]o |~ NENEINAE
@ (NN [N N[N foo R R [R [0 ]|D S
Olo|o|o|o|o|o]|w Olv|a|v|—|v|—|c
PI2ISI2I2]I2 2 R ' N 'l A
(sl ]x = N2 -[x=]|2]e
QR [R [0 (0 bl A (0 el (23 (SR (2
S I A S @|S|S (s |o|m S|

-
\

© oo [o]|~ ©
SEEEEBE| | kEEREEEE
<= === ([T [R(N]— |~ |~

(2]

-

c o o olo|o olo|lolololo|o
Q cfelele(ele|e clelele(ele|e
ARICICICIEIEIEIE SICICICIEIEIEIE
©
S
2

©
£ g g 25| |s

o alalalo[2 13| [s12| =

- clwl<|m]|<=|™ o= | |2 | D)

S5 » © o)

— Sll#[EI=]2o o] [C]s[2]8|s]F(L
s [5|O|C|alz]8le] |- |5|2Rl2(s]s]=

e b e A R E e R
= o|efel2o|al2 b= et N = LS
° £lgls|s|L| 3|~ E= HEIN IR

- =(Le|L]Lel™.|el= ] ) c|?3l<c|®
0 clclclc|<|x|a Q2 MR ENNEE

— g|ls|c|lc|c]lc|= S S STHEE S

I olojo|lo|c © Y 2 ko) oy 8
ot ale () 52|13l1ElTlo

- SEEEE afs|5la <4 S
3] olo|o|ol=|el=l [wl [sI2[B[L|E| s
[ ® el K9] 7 ol |c|lc|c

29 _wacn%v £ 3 c|o|E 6;9_1_3
[ Slslslslc]|2|E o [Z[2]|s|V o|o

(2] a|g|C|C|u|n|n w —|<|m|O|T|Z|Z

Appendix D B Unequal Temperaments

106



606- |v9c [ov's- |22 |zg'L- |1e0L |28t |l22- |9v'S |v9'€- |606 | 000 808 J0JedIR\ ‘S)MEH WAA
11'0c- [¥0'8 |/20°CL- |609L |2Ov- |€LPC |2O¥ |609L- |Z0CL |¥0'8- |LL'OC |000 $8U0] 06 - Ylws Haqoy
Gl'g- [oze [68Y- [zs9 [eol- [826 |9l [zs9- [68F |92€- |SL'8  [00°0 SUOJUESW BUIWOD Y}XIS-8UQ
L2L- [v89  [/zol- [69€L [zve- |esoz |zve  [69°€L- [220L [¥89- |LLZL [00°0 uo.ey ‘ewwod Japenb-auQ
€L11- 169 |¥0'L- |6€6 |S€C |80FL |S€C |6€6- |¥O'L |69F |€2LL 000 UBSI\ "OWOoH 9 S yyy-suo
0S'/- |ooe [oSv- |009 |OS'L- |006 |0S'L |00'9- |0S¥ |oo'€- |0SZ |00°0 6081 ‘UsJelN uyor
Lo€l- [vr'S  [9L8- |680L |2Le- [e€9l |zl |680L- [9L'8 |[v¥G- |L9€L |000 L0./1 J9|19) paLpo9
G6'0C- [8€'8 |2G°CL- 1929l |6LYv- [PL'GZ [6Lv ]929L- |2G°CL |8€'8- [S6'0C |00°0 8GG| ‘oullez oyasolo
€1'9l- |G¥'9  |89'6- |06CL |€Te- |9c6L |[€z€ |06CL- [896 [S¥9- [€L'9L [000 S8U0} L€ - SuabAnH 1Yo
#9O 9 #4 d 3 #d a #2 o) =] #Y v
auojues|y Jejnbay
250 [8v0 [vl0- [zoo [6€0- [200- |oz0- [zr0 [0S0 [oo0 |820 [00°0 628 ‘(]owwnH) 8sauudIA
91’0 [Sz0- |2L'0 |90'0- [950 |v90 |¥L'O |2v0 [vL'O |S90 [290 [000 ysieN aping sJauny
820 000 ¢s0 8¥'0 |¥l'0- |200 |6€0- [LOO- |6L0- |2¥O 0S°0 000 19999 dpIng s, Jaunt
9l'c- |00t 98'0- |E€v'e- |/90- |66'C- |00 |€0C- |9C'L /¥'0-_|06'C- |00°0 /881 ‘SHIIM Men
910 [sz0- |zL0 |900- 950 [¥90 [vl0 [2v0 [vl0 [s90 [290 [000 628 ‘lowwny N uueyor
8C'0- €20 020 |2v0- |920- |/Z90- |0€0- |8¥0- |¥lO ¢c’0 1820 000 6181 Jeudnelg 9 9 uueyor
820 00°0 Zs0 8’0 |¥l'0- |200 |6€0- [LOO- [6L0- [2¥O 0S°0 000 Z€8| ‘essnor uesr
00 [€l0- [v1'0 [ozo [9c0 [ieo |eoo [ozo [vi'0 |sso |eco [o00 9061 ‘alAd oIl pIemoH
#9 9 #4 d 3 #d a #2 o) ] #V v
panuiuod ‘lenb3-isenp
8c0 [6L0 [180 [680 [8v0- [z90 [e6e0 [i160 [280 [szo [i¥o [oo0 0v8] Jo s1auny Aojoe
00} [os0 oSt |ooL [o000 |oo0O |oo0 fooz |00k |oo'L |ooo [o000 G # Jauny i3
91’0 |8L0-_]0OC0O 20’0 8¢'0 ¥v'0 100 820 800 850 G0 000 G88l ‘slli3 r Jepuexaly
€L'0-_|420 6€°0 [900- |LO0- [920- [lOO 000 ¢s0 6L°0 [9L'0- |0OO0 G/81 ‘Slli3 r Jspuexaly
ove [s62h [89LL [zvy [ess [zLvL [L9€lL [zoel [90% [8L'e [960L [000 1181 oI ¥
#9 9 #4 d 3 #d a #2 o) ] #Y v
sjuaweladwa] jenb3z-isenp
€L1L- [09°21L [v9sL- [69€L [967L [szle [967L- [69°€l- [¥9GL |16€  [€21L [000 uoijeuoju] }snr pJepuels
€L LL- [16e- [p9sL- [282- [96'L  [8r6- [9671- [69°€l- [286- |I16e [826- [000 “uoju| Jsnr-uealiobeyihd
#9 9 #4 El 3 #d a #2 o) ] #Y v
suoljeuoluj ysnp
ev/- [69v [v0Z- |6€6 |S€e- |SL'e |s€C  |6€6- |vOL |69F%- |€2LL |00°0 | 208) ‘Paroidwl| SSMEH WA
evl- [69% [v0'2- |66 |see- |8.6 |sez |6€6- |¥0L |69F- |€21L |000 86/ ‘soYmeH Weljim
v8'0- |g6c |ovi- |zo6  [291- [zvL |29 [osz- [iee |wyi- |20 [o00 UBS\| POJN 0JYOUAS |8PUSA
ge'o- |ve9 |uve- |ies |eve- [ozz- |eve [ies- [9zoL [v89- [siv [oo0 €I\ Z Neassnoy Yyouaid pis
cve [v89 [68v- [e9€lL [eve- [leg [zve [i71- [9z0L [¥89- [e21L [000 92/| neawey youal4 pis
LEvL- | #8'9  |98'8- |zlv |eve- 91’8 |Zve |6GLL- [920L [¥L'9- 202 000 2G/| ueaw pow HYaquidly,g
296- [v8'9 [ozol- |692L |zve- |v./) |ev'e |69°€L- |920L |¥8'9- |ZL'SL |000 8181 48ysid N Jopuexs|y
8v'Zl- |92G  |80°9- |99¢L |vL'L- |6€LL |8G€ |¥S'8 666 [€2¥ |ZL'¥L [00°0 auojueaw Ainjuso-yy/ |
€5'6- [926 [809- [99ZL |vLL- |08yl [85€ |vS'8- |666 |€L¥- |LL'¥L |000 1091100 ‘BuOjUBAW O-U)/ |
860 [69V [c0Z- [8e6 [vez- [90vL [vee [8e6- [ec02 |69 [2271L [000 2.6/2961' | duojuBaW /6/ |
#9 9 #4 d 3 #d a #2 o) ] #Y v
sjuswelsadwia] auojuealy paipoA

108

Appendix D B Unequal Temperaments

107

Appendix D @ Unequal Temperaments



80z |siv |es- [19 soz- [eov |soz [zvo [ez9 |96L- [66'G 000 6621 Jus0-uig| doy Bunox
6c1- |sos [ozg |wov [i- [oro [i1e |vee- |96s  [60+ |soz  [oo0 9.1 Unsuel Wellipy
16'€ [4: A 000 8.6 96°L /18'S 16'€ 96°L €Ll |16'€ [4:0 000 1691 ‘Il JS)sIaWOISM
96 |1ee Jooo [esv |s60- [c6z |96t [860 [e8v [s60- [i16€ 000 200 |19 [I9PUSn
gL oy |ozz [e9z |sol- [soe |voe [eso- [vzv |Le0 [+0G o000 YOUAS PIIIN AJBA |IoPUSAN
AN 6€°0 9G'L 8.0 96°L AN GE'C 1820 |¥LcC |60 |€L'E 000 AINb3 | 3 0JYSUAG |[oPUS\A
€0 |vse et |[ezz |soz- [zez |z [esh- [vev |ero- [szv o000 0JyouAg [einjeN |[epuapm
2L |e9v |os't [sog |sez- [ere |sez [srz0- [eoz [eco- [zie |ooo 19 JYdUAg plog [[epuap
96'L- |16c [s86- |16c [96'L- [o00 [96'L [1ee- |28 [1ee- |96t [o00 66,1 ‘BUNOA-IOIIBA
96°L L6€  |96°L- |Z8/L |96'L- |l6'€ 96°L 000 18'S L6 128G 000 1821 ‘MOlleA
990 |zio- |es- [zzo |we0- [801 |izo foegh- [seo [160- [66°0 000 llom € # BpIng sJauny
120 |0 [voo- [seL [seo- |szL [ezo- [eso- |oro [900 |i61 [oo0 llom Z # 8ping sJauny
ov'lL 89'¢C Ly'0- |S6'€  |4G7L- |9E°€ 690 |SS0- |69€ 640 |lLES 00’0 II9M | # 3pIng s Jaunl
£9'1L €¥'0lL |82¢C 259 12'G- [89'¢ LZ’G  |€€0- |.¥'8 |9C°€- |95V 000 908/ 1094100 Y} adoyueyg
G99 |soel |viz [vi6 |esz- [o9g |ssv [69v [60LL [¥90- [8L2 o000 908 Bueeq-be adoyuelg
€.°0 ¥8°9 |8l'€- |099 |cve- |69¢C ¢v'e |¢cl- |SS8 €S- |¥9¥ 000 G/6 ‘lI9M T# Jodag
62'C 80°C  |290- [99¢ ¥0'L- | ¥C'€ ¥0'L £8°0 ¢’ |80C- |0L€ 000 89/ 1084100 Y} neassnoy
09z |9z Jezo- [osv loco- [vie |igL [9zh [e0+  Jogl- [90tv o000 89/ Buiesq-bs neassnoy
vrz |89 |- [i1es |eve- [orv |eve [ev0  [9zo0L [it'L- [se9 |oo0 "0} ‘0814100 "U} ZUld
9l'g €09 sc'l 2oLl JL20- L2 €0'¢C 0c'e 86'¢l |SC'L 106 000 8081 Bupesg-jenbs zuud
gzv- |osL [ssz- |we [sgo- [1s [gs0 [ire- |sse fos- |ozv [oo0 G8/ 102100 "U} ucjsaid
1.y |60 [ose- |ovz [es1- |egz Jogo [e6L¢ |voz [ezz- |siz [oo0 Gg/| Buneag-be uojseid
0c'L 6CC |¥80- |€€S L¥'0- [SL'E 6G°1L Sy0- L€V |29L- |l€¥ 000 L€/] Un3||a.d J8)ed
#O 9 #4 El 3 #d a #2 o] < | #Y v

panunuoo ‘sjuswesodwsal ||op
0s0 [ooe Jogo- [ooz Jogi- [oor Jogh [ooo osz [ool- [ost  Jooo UBLIOJOIA “doy - 81001
86°0 86'0 |[/60- |06F |88F 860 |[/60- |860 ¥6'C_|€6'C- |860 |€6°C £6'2— =V ‘yoeg-uewys
820 [¥61 [8sz0- [oez [ori- [v2L oL [seo- |oez [stL- [2sz |ooo 6°Z 1I9M BIGBLEA [BAOY
960 [ov'L Jogo- [orz [¥80- [9zL |¥80 [sz0- |orz [soL- [z8L Jooo 1°Z 19 BIGEUEA [BAOY
9’0 vl 9v'0- |04°L 89'0- 20’1 89°0 ¢c’0- 104} G8'0- |8t'L 000 L'| II9M 3|qeLIBA |EAOY
S€'0 /80 |S€0- |o€'L ¢G'0- 1820 ¢G50 |ZL0- Jo€E’L G9'0- |€LL 000 €L II9M 3lqeLIBA |BAOY
vrz  [¥89 |er0 [i1e8 |eve- [orv |eve [e6v0 |9z0L [it7L- [se9 |ooo 6.L1 ‘lll 1oBsaquuiy
162|189 [z6 |06z |ess- [10h- |ors [zev- |ssv [s89- [+60 o000 Bupeaq-jenba Jebiaquiiy
6£0 [/vs |ese- |oz9 |vse- [sez |viz [osh- |ize [820- [oev |o00 yoeg-"duwa} Yo Jaujiey
68¢ |69z [e00- [gsee [i671- [g8g |e90 [veL |ege [z6L- [2es |oo0 Z€8\ ‘lIlom essnor ueap
zre  [¥89 ooo [sse |eve- [erg eve [121 ozor [121- [+89 Jooo 0°0 918 zulid pazieap|
000 cr'e  |eve- |€L'S  |¥89- |21 000 LLL- [¥8'9 [€lL'G- |2vEe  [ZvE- ¥°€- 018 Zulld pazijeap|
GG'0- |2l'L 8G'C- | ¥¥'E 800 L'l 80°0- |0SC- |9¥¥ |80 |c2¥<C 000 08./1 ‘|19pueH o 861099
o0e [s9¢ [160- [9z8 |¥60- [sev |scz [sob |ss9 [9se- [i1e9 Jooo Ilom Ainjuao-uyig| Aue3
99z [z8v |v60 [zvo |iz1- [sre |sszz [seL |ezz [ieo- [96v  |oo0 ZSL1 1M g-8 Haquisly,g
000 00'€ |00'¢e- |00'S 00'¢- 100°L 00'L 00'L- |00S |00e- [00€ |00°L- 1002 ‘9} uews|o)
000 [ooz Jooz- [oov Jooe- [ooo [ooo [ooo [ooe [oov- [ooz  |ooL- 6661 ‘Ll uews|o)
000 [ooL Joot- [ooz Jogi- [ooo Jooo Jooo [osh Jooz- [ooh |ogo- 100Z ‘0} UBWa|0D
00'C 009 000 00'S |00¢c- |00€ 00'€ 00'L 009 |00°L- |00¥ 000 C# Slli3-[ensn poompeo.g
00'C 00'S 000 00'S 00¢- |00°€ 00°€ 00'L 00'S |00°L- |00¥ 000 ¥# Sll|3-1sog poompeolg
290 [1e |szo- [v8L [ivo- [est  |9s0 [6zL- |oge [co0- [98z |oo0 266 ‘lll LAGT Jowwsa.g
96’ [16c |96'L- [zez Joe'L- [i1ee |96t [ooo |z86 [ooo [z86 Jooo 6.6 ‘yoeg-seuleg
€€°0 ¥Ey |8G'€- |0C9 |60¢C |6Z¢C 10°L ¢9'l- |SL'8 €96 |¥C¥ 000 £00z ‘1eag [enb3 As|ieg
vz [¥89 [iL- [1eg eve- [orv |eve [6r0 |9z0L [eve- [se9 |ooo Z€L1 ‘IpIRYpION-UOIY
Gs'0- |sso [ego- |60t [zzo- |ooo |izo [607L- |zg0 [sso- [ss0 |ooo |enb3 jsowy

#9 9 #4 E] 3 #d a #2 o) g #Y v

sjusweltadwa] [|I9M

110

Appendix D B Unequal Temperaments

109

Appendix D @ Unequal Temperaments



Postscript

There are many myths and prejudices when it comes to matters of tuning. In fact, the
issues of temperament can create controversies of an almost religious nature. One expert
will tell you that equal temperament is the terminus of evolutionary perfection, and that it
is perfect for all things. Another will howl with indignation if anything less than the
exact, historically correct temperament is not carefully researched and chosen for each
piece of music. The agnostic shrugs his shoulders and asks, “What does it matter? Few
can tell the difference between temperaments, and even fewer can tune them.”

In these days of technology, powerful tuning devices make it possible to try any temper-
ament. True, the differences are often subtle, but they are there, and our ears are starting
to hear new colors. Increasingly we are discovering that there is more to life than equal
temperament. In particular, it is fascinating to see a new generation of adventuresome
piano tuners who have come to appreciate these spices of the old masters, tuning both to
the tried-and-true, or formulating their own—often with fabulous success. The performer
and listener can’t explain what they are hearing, only that the piano sounds better, and the
music sounds more alive.

This guide will present you an overwhelming assortment of temperaments, ancient and
modern, for you to choose from. More importantly, it will help you understand how to
select them, whether based on the period of the music to be played, or on your own taste.
Equal temperament is healthy pabulum, but there is a world of tuning curries out there.
You may find some that you particularly like, providing the perfect complement to an
instrument, a performer and a composition. Try them!

Kemer Thomson
Clavichordist

Piano technicians, and their clients, can benefit in a number of ways by integrating vari-
ous temperaments into normal practice. Offering well temperaments, which provide
increased consonance in the most-used keys, can be a marketing asset for the technician.
The temperaments of the piano’s early history often create an epiphany for the serious
pianist, causing a new level of respect for the technician's knowledge and service. And,
perhaps most importantly, since our work tunes us, as well as the instruments upon which
we labor, tuning more than one temperament offers new perspectives on our harmonic
and tonal awareness. This creates an avenue for change, and change is a
necessity for growth.

Ed Foote, RPT

Producer of Temperament CDs
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Appendix E
Scoring the PTG Tuning Exam

The Verituner App for Apple iOS devices can greatly facilitate scoring the Piano Techni-
cians Guild (PTG) Registered Piano Technician (RPT) tuning exam. The Verituner is
used to measure and store the tunings and score the results. Measured Tuning has been
customized to provide this functionality. Each of these tasks—measuring, storing, and
scoring—is presented in this chapter in a step-by-step procedure that is tailored to the
exam. For a general coverage of the Verituner’s Measured Tuning function, see Chapter
5 (page 38.)

The Master Tuning

Start a New Measured Tuning File for Measuring and Storing the Initial Master
Tuning

1. Swipe out the right menu and tap Measured to access the Measured Tunings
folder list.

2. Tap the InfoCircle (i) at the right of the Master folder. (If you do not see the Mas-
ter folder, Rename one of the folders Master with capital M.) At the upper right
corner tap 4 to create a new Master tuning file. This file will contain the single-
partial tuning according to PTG exam specifications.

3. Type a filename that identifies the piano, and leave the other settings as they are
and tap Done.

Measure A4 to Determine the Master Tuning Pitch Offset

Before beginning measuring and storing, minimize ambient noise as best you can.

4. Check the tuning and make any necessary final adjustments.
5. Set the Verituner to A4.

6. Tap Partial at the lower right corner until the partial number changes to 1.
(Ignore the blinking.)
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7. If necessary, pause until there has been a second or so of musical silence.
8. Tap Measure and immediately...

9. ...play A4 at a moderately soft volume. In about a second, a deviation from 440
Hz—if there is one—will be displayed in cents above the partial number, e.g.
+1.2 or —.6

If necessary, adjust the measurement manually, use - 1 + while you continue
to sound the note. When the measurement matches the pitch, the spinner will have
stopped or slowed as much as possible, and the needle and number in the spinner
hub will be as close as possible to 0. When you have finished the measurement,
read the deviation of A4 — the number displayed above the Partial number. This
value is the pitch offset, i.e. the amount of deviation from A440 expressed in
cents. Write down the pitch offset number, then tap Cancel. (Do not Store it.)

10. Swipe out the left menu and tap Settings. Use — 1 + to enter the pitch offset
value measured in the previous step. Then click Done.

Measure and Store Each Note of the Master Tuning

11. Set the Verituner to the note you want to measure.

NOTE: Since this tuning is being measured for scoring the PTG exam, do not
change the partial of any note from the default setting. The partials are pre-set
to PTG requirements.

12. If necessary, pause until there has been a second or so of musical silence before
beginning the next step.

13. Tap Measure and immediately...

14. ...play the note at a moderately soft volume. In a second or so, the offset that was
measured will be displayed— as the cents offset number—above the partial num-
ber. It blinks to indicate that it has not yet been stored. (Values are displayed with
one decimal, the precision used in the exam record.)
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15.

16.

17.
18.

Measured C3 - Room 212
-+ C 3
0.1
Reset
-2.1
Store CHANGED
Cancel -2.1
Partial 4
(—— .

If necessary, adjust the measurement manually, use - 1 + while you continue
to sound the note. When the measurement matches the pitch, the spinner will have
stopped or slowed as much as possible, and the needle and number in the spinner
hub will be as close as possible to 0.0.

Tap Store to store the offset and partial. (After storing, appears below
the offset, and the offset and partial stop blinking.) If you want to exit with no
change, tap Cancel.

Repeat steps 11-16 until all notes have been measured.

Confirm the measurements by playing each note in succession while checking that
the spinner is virtually stopped for each. (After you set the first note, you may
want to set AutoNote for stepwise movement.)

Detuning the Piano

1. Load the Master Tuning.
2. To “detune” the piano prior to the examinee tuning, select, swipe out the left
menu and tap Detune.
The Master tuning is now offset by the PTG-specified amount for each note. (The
amount of the offset is displayed at the right side of the spinner.) Tune (detune!)
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the piano to stop the spinner for each note. The Detune offsets are temporary and
are not saved in the tuning file!

3. Set the Verituner aside while the Examinee tunes A4.

NOTE: With iTunes file sharing (covered in 50 in the Verituner User Guide for
i0S devices), the Master tuning file can be exported and installed on another
Verituner, which can be used to score a future examination with this piano.

The Examinee Tuning

Three measured tuning files will be used for the examinee. Two will only be used tempo-
rarily—one for measuring A4 and the other for the stability and unison tests. The third
and the most important file will be the Examinee tuning file which will be used to meas-
ure and store the examinee’s tuning of C1-B7. This file will be scored against the master
tuning.

Before beginning these procedures, minimize ambient noise as best you can.

Measure the Examinee’s Tuning of A4

1. Swipe out the right menu and tap Measured to access the Measured Tunings fold-
er list.

2. Tap the InfoCircle (i) at the right of the Temporary folder. At the upper right cor-
ner tap + to create a new tuning file.

3. Since this file will be used only once, there is no need to rename it, nor should
any settings be changed. Tap Done.

4. Set the Verituner to A4.

5. Tap Partial at the lower right corner until the partial number changes to 1.
(Ignore the blinking.)

6. If necessary, pause until there has been a second or so of musical silence.
7. Tap Measure and immediately...

8. ...play A4 at a moderately soft volume. In about a second, a deviation from 440
Hz—if there is one—will be displayed in cents under the Partial number, e.g.
+1.17 or —.54
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9. If necessary, adjust the measurement manually, using — 1 + while you contin-
ue to sound the note. When the measurement matches the pitch, the spinner will
have stopped or slowed as much as possible, and the needle and number in the
spinner hub will be as close as possible to 0.0.

10. When you have finished the measurement, read the deviation of A4 — the num-
ber displayed above the Partial number. This value is the pitch offset, i.e. the
amount of deviation from A440 expressed in cents

11. Do not store the measurement in the Verituner, but do record the number on the
examination form.

12. Set the Verituner aside while the Examinee tunes the midrange.

Open a New Measured Tuning for the Examinee Tuning

13. Swipe out the right menu and tap Measured to access the Measured Tunings fold-
er list.

14. Tap the InfoCircle (i) at the right of the Examinee folder. (If you do not see the
Examinee folder, Rename one of the folders Examinee with a capital E.) At the
upper right corner tap -+ to create a new Examinee tuning file. This file is set up
for single-partial tuning according to PTG exam specifications.

15. In the measured Tuning Setup screen, name the file, e.g., Baime, Al.

16. With no further changes, tap Done. The file is saved automatically.

Measure and Store the Examinee’s Tuning of C3-B4

17. Set the Verituner to the note you want to measure.

NOTE: Since this tuning is being measured for scoring the PTG exam, do not
change the partial of any note from the default setting. The partials are pre-set
to PTG requirements.

18. If necessary, pause until there has been a second or so of musical silence before
beginning the next step.

19. Tap Measure and immediately...
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20.

21.

22.

23.
24,

...play the note at a moderately soft volume. In a second or so, the offset that was
measured will be displayed— as the cents offset number—above the partial num-
ber. It blinks to indicate that it has not yet been stored. (Values are displayed with
one decimal, the precision used in the exam record.)

If necessary, adjust the measurement manually, using — 1 + while you contin-
ue to sound the note. When the measurement matches the pitch, the spinner will
have stopped or slowed as much as possible, and the needle and number in the
spinner hub will be as close as possible to 0.

Tap Store to store the offset and partial. (After storing, appears below the
offset, and the offset and partial stop blinking.) If you want to exit with no
change, tap Cancel.

Repeat step 17-22 until all notes have been measured.

Confirm the measurements by playing each note in succession while checking
that the spinner is virtually stopped for each. (After you set the first note, you may
want to set AutoNote for stepwise movement.)

Score the Examinee’s Tuning of C3-B4

25. With the Examinee tuning still open, swipe out the left menu and tap Score.
PTG Exam Scoring Done

Master: C3 - Room 212 Examinee: Baime, Al

Temperament: F3

PCN: +0.3

Note: C1

Difference: -3.7 Points: 0

<< < > >>
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26. In the PTG Exam Scoring screen, confirm that both the Master and Examinee tun-
ing files are correct. If not, tap on the field next to Master and select the correct
file.

27. Tap on the Temperament field and use < > to select the examinee’s tempera-
ment octave.

NOTE: the PCN (Pitch Correction Number) is automatically calculated and displayed.

28. Tap on the Note field and use < > to move through all notes by step. Use
<< >> to quickly jump to only the notes for which points have been lost. As you
move to each note, the Difference and Points are calculated for that note. The Dif-
ference (in cents) is how far the Examinee tuning is off from the Master for the
selected note. Points is the number of points deducted, if any.

29. Set aside the Verituner while the examinee tunes the remainder of the piano.

Measure and Store the Examinee’s Tuning of C1-B7

30. To measure and store C1-B7, follow the same procedure used in steps 17-22. Be
sure to measure and store the temperament octave again so the PCN will be cor-
rect.

Score the Examinee Tuning of C1-B2 and C5-B7

31. Follow the same procedure given in steps 25-28.

Open a New Measured Tuning for Checking Unisons & Stability

32. Swipe out the right menu and tap Measured to access the Measured Tunings fold-
er list.

33. Tap the InfoCircle (i) at the right of the Temporary folder. At the upper right cor-
ner tap + to create a new tuning file.

34. Since this file will be used only once, there is no need to name it, nor should any
settings be changed. Tap Done.
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Score Tuning Stability

35.

36.

Before the test blows, measure and store the test note, following steps 17-22.
(When the spinner is “stopped” the value in the spinner hub is 0.)

After the test blows, measure the note again, but do not store it. Use - 1 + to
stop the spinner. If the pitch has changed, the amount of the change is displayed
above CHANGED.

Score the Unisons

37.

38.

39.
40.

41.

Measure and store the center string of the suspect unison, following steps 17-22.
(When the spinner “stops,” the value in the spinner hub is 0.)

Tap Measure and then play the left string and, if necessary, use = 1 + to stop
the spinner (step 21). The number above CHANGED is the amount of the differ-
ence between the left and center strings.

Tap Cancel.

Tap Measure and then play the right string, and, if necessary, use — 1 + to
stop the spinner (step 21). The number under CHANGED is the difference between
the right and center strings.

Press Cancel.
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Appendix F
Custom Styles Tutorial

Custom styles are covered in Chapter 3, page 30. In this tutoial you will enter a set of
style parameters which will be saved in the Custom folder in the Style Directory.
CAVEAT: This “style” is only for practice entering style parameters in this tutorial, not
to use in tuning a piano!

1. At the startup screen, swipe to open the right menu and tap Style.

2. Tap the InfoCircle (i) at the right of the Custom name.

3. Tap+ at the upper right to start a new style. A0, A3-4, and C8 are the three re-
quired stretch points. (Stretch points are indicated by the Note.) Each stretch point
has at least three parameters. So, for example, the default parameters for AO are
6:3 (Interval), 0.33 (Beats), and 100% (Weight).

Cancel Style001 Done
AO
6:3 0.33 100% @
A3-4
4:2 0.33 100% @
C8
4:1 0.00 100% @
These three stretch points (the notes) cannot be changed, but you can change their
Interval, Beats, and Weight. As you will see further into the tutorial, one stretch
point can have up to three sets of interval/beat/weight parameters, labeled Point 1,
Point 2, and Point 3. When a stretch point has two or three sets of parameters the
weight is distributed between them and totals 100%.
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4. These are the stretch points and parameters for this custom file: b. Keep the 6:3 interval but change the Beats and Weight. Tap on the field be-
low the Beats heading. (0.33 turns blue, indicating it is selected.) Now, use

Note Interval Beats Weight + 1 — at the left to set the beat rate at 0.00. (Tap the number to change the
A0 63 0.00 65% increment as needed: 1 .1 .01).
126 00 -35% c. Tap the Weight field and use the numeric controls to change the 100% to
G2 42 020 20% 65%. (The numeric increments for Weight are 10 5 1).
6:3 033  50%
3:1 0.40 30% d. As specified in the chart in step 4, add a second set of parameters to the AQ
A3-4 4:2 0.00 50% stretch point by tapping Add at the upper left. (Successive taps on a Point
3:1 0.00 50% field toggles between showing Add to add a new Point or Delete to delete
E6 42 122 30% the selected Point.)
4:1 0.85 30% : : ISERT .
e. In the Point 2 row, tap the interval field to highlight 6:3. Tap Change at the
3:1 024 40% . . .
left to cycle through the available intervals until 12:6 appears.
G7 81 0.00 50%
4:1 0.00 20% f. Beats is already at 0.00, so tap the Weight field and change it to 35%, which
3:1 0.00 30% makes the total weight for this stretch point 100%.
c8 41 175  40%
81 286 60% g. Carefully check the parameters to be sure they are correct.
. . ) ( Style001 Stretch Points
5. Enter and Modify Parameters The following steps apply in general to setting
parameters for all of the stretch points in this tutorial, but the specific parameters
are for AO. Add Ao
a. Tap (i) at the right of the stretch point you want to edit (A0) in the screen
that lists stretch points and parameters (see graphic in step 3). This opens + Interval Beats Weight
the Stretch Points screen. Point 1 is the label for a set of parameters for A0.
5 Point 1: 6:3 0.00 65%
< Style001 Stretch Points .
— Point 2: 12:6 0.00 35%
Add A0

Interval Beats Weight
h. Tap the style’s name (Style001) at the upper left to return to the list of

Point 1: 6:3 0.33 100% stretch points and parameters. At the upper right corner, tap Done, which
saves your changes and takes you back to the Custom files folder.

i. In the Custom styles folder tap (i) next to the style name (Style001). Notice
that the recently changed parameters now show on this screen.
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6. Add a New Stretch Point Referring to the parameters chart (in step 4), add a
new stretch point at note G2 following these steps:

a. To add a new stretch point, tap on the stretch point note of the note that will
be directly below the new stretch point. In this tutorial step, the note directly
below the new G2 stretch point is A0. So, tap on A0, and tap New Note:

b. Since the Verituner doesn’t know what note you want for the stretch point,
it simply gives you a note and leaves it to you to change it to what you
want. In this tutorial step we were given Al. Tap (i) at the right of A1.

c. In the Stretch Points screen, tap << < > >> to change the note by half-
steps or octaves. (If these controls aren’t showing, tap on the note.) For this
tutorial, tap >> to raise Al an octave; tap < twice to lower A2 to G2.
NOTE: A stretch point cannot be changed to move it higher than the note
above it or lower than the note below it.

d. Change the parameters of Point 1 according to the chart.

e. Tap Add to add Point 2 and change its parameters according to the chart.
Repeat this step to add Point 3 and change its parameters.

f. Carefully check the accuracy of your entries.
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< Style001 Stretch Points

<< < G2 > >>

+ Interval Beats Weight
10 Point 1: 4:2 0.20 20%
—_ Point 2: 6:3 0.33 50%

Point 3: 3:1 0.40 30%

g. Tap the style’s name (Style001) to return to list of stretch points and param-
eters. At the upper right corner, tap Done to save the changes.

7. In the Custom styles folder tap (i) next to the style name (Style001) return to the
screen that lists the style’s stretch points and parameters.

Cancel Style001 Done

AO
6:3 0.00 65% 12:6 0.00 35%

G2
4:2 0.20 20% 6:3 0.33 50% 3:1 0.40 30%

A3-4
4:2 033 100%

C8
4:1 0.00 100%

CHCHNOMC)

8. Using steps 5 - 7 as your guide, continue to enter the new stretch points and pa-
rameters specified in the chart in step 4.
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9. When you are done, check the accuracy of your entries against these:

Cancel

A0

G2

A3-4

EG

G7

C8

6:3 0.00 65% 12:6 0.00 35%

4:2 0.20 20% 6:3 0.33 50%

4:2 0.00 50% 3:1 0.00 50%

4:2 122 30% 41 0.85 30%

8:1 0.00 50% 4:1 0.00 20%

41 175 40% 81 2.86 60%

Style001

3:11 0.40 30%

31 0.24 40%

31 0.00 30%

© 6 660606 3

If necessary, correct any errors.

10. Tap Done. In the Custom folder list press & hold the style name (Style001).

Rename it Practice Style. Delete it if you wish since it is not intended for tuning.

Appendix F B Custom Styles Tutorial

125

Index

A

Alter, 66-67
Aural Checks, 19
AutoNote, 13

B
Battery, 6

C

Calibration, 9-10

Coarse Tuning, 23-24, 26-27
Custom Styles, 30-33

Custom Styles Tutorial, 120-25

D

Default Settings, 22

Di Veroli, Claudio, 71, 104
Concise Guide, 78-93

Directories, 16-17

E
Export Files, 50-51, 55-58

F

File, find/search for, 16
Files & Folders, 15-16, 50-58
Fine Tuning, 24-25, 28-29

H
Help Tips, 17-18

Index

Import Files, 50-54
Inharm command, 65, 68
Inharmonicity, 14, 59-68
Measuring, 59-61, 68
Installation, 6

J

Jorgensen, Owen, 71
Temperament Guidelines, 76-78

L
Locked Targets, 64-68

M

Measure

a Tuning Fork, 42

an Interval’s Width, 41-42
Measured Tuning, 38-42
Menus, 8, 7-9

N

Note/Octave Setting. See AutoNote
Manual, 13
Number Entry, 6

(o)

Overpull, 12
Edit Preferences, 45-47
Markers, 12

126



P

Partials, 59-62
Pitch, 21

Raising/Lowering, 12, 22-24, 26-27
PTG Tuning Exam, 112-19, 112-19

R

ReCalc, 60-61, 64-68, See Remeasure
Remeasure, 14, 64-65, 68, See ReCalc
Rename Files & Folders, 15-16

S

Search, 16
Spectrum Display, 43-44
Spinner, 10-12
Edit Preferences, 47
Standard Tuning
Procedures, 19-25, 26-29
Style, Stretch, 21
Styles, Custom, 30-33
Support
Apple Hardware & iOS, 5
Verituner App, 49
Swipe, 7
System Requirements, 6

T

Targets. See Tuning Targets

Index

Temperament(s), 21, 35-37
Concise Guide, 78-93
Custom, 36-37
Historic Authenticity, 75
Landmark, 78
List of Unequal, 71-74
Octave, 33, 66
Resources, 104-3
Unequal, 35-37, 69-111
Well Alternatives, 94-103

Tuning
Alter, 66-67
Harpsichord, 38
Measured, 38-42
Organ, 38
Procedures, 19-25, 26-29
Sequence, 23, 24, 60, 62-64
Settings/Setup, 20-22
Starting, 7, 20-24

Tuning Targets, 14-15, 60-68

U

Unequal Temperaments, 69-111
Unisons, 19
User Guide Updates, 49

4
Zoom, 13

127



