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Typical Assembly
FEATURES AND SPECIFICATIONS

The GBS Digital PIANO TUNER is simple to use due to a modern new display technique that
indicates tuning quality. The portable self-contained flashlight battery powered device

offers optional oscilloscope outputs (both vertical and horizontal) for use with your
oscilloscope if you have one (NOT REQUIRED) thus providing interesting scientific displays.

The simple tuning operation enables the hobbyist reasonably interested in both music and
electronics to tune pianos after reading our simple explanations and instructions regarding
piano tuning and special tools (how to make or where to buy). The musical audio picked up by
the inexpensive dynamic mike is amplified, analog processed, and fed to a special detector
system that determines the precise relationship of the piano note to another accurate reference
signal that is generated internally. A novel light emitting diode (LED) display bank, which

is connected to this special detector, indicates when the musical note is flat, sharp, or in
tune. Of course, this device may be used to tune very precisely musical instruments other than
pianos also! The internally generated reference signals are very precisely fixed to the Equal
Tempered Scale via the selector switches, one of which selects the Chromatic pitch while the
other knob selects the octave., When the tuning device is finished and tested, you may be
assured that the device is itself tuned correctly since all internal reference frequencies are
fixed electronically and referenced to an internal crystal time base providing an excellent
tuning reference. Only a couple of simple adjustments are required. The parts required to
construct the device costs only about $40 if purchased from our suggested suppliers or similar
sources, This cost may be easily made up by moonlighting if you care to!

NOTE OCTAVE
; G 3 4
ai5 e # O O
EQ OA 10 06
O
LEGENDS USED ON THE GBS TUNER p#O Optt O 7
O @)
GBS DIGITAL D Mu O B
PTANO TUNER : of &
FLAT «@—— SHARP POWER ON HORIZ VERT  MIKE




Now you may build a genuine "EL-CHEAPO' piano tuning instrument that gives truly
precise equal tempered scale tuning to any piano with a minimum of expense. There are four
areas of difficulty in building this project:

1. The LED's are easily damaged by heat from your soldering iron. Use heat
sinks fashioned from allegator clips or sharp nosed pliers while soldering.
As a final touch you might put a dab of glue around the leads on the back of
the breadboard to secure your lamps.

2. In the diode matrix construction, don't bend the leads on the diodes too
short since heat damage from soldering might result. As you build this
assembly, solder each diode quickly as it is installed rather than trying to
solder all at one time. Be certain that you have all diodes installed in

the right direction. The diodes are difficult to replace should you

break it, heat damage it, or install it backwards. Test ‘em before you

solder them in place!.

3. Build the electronic "Perf Board" circuit card entirely and test it
before building and installing the case. This saves broken wires between

the batteries and circuit and also aids in cutting the case mounting hole

for the circuit board.

4, Check your parts clearances behind the circuit card before deciding how
deep your case should be. Make it deeper if necessary to accommodate the
parts if you have difficulty dressing the parts close to the back of the card.
5. Read carefully the "useful notes on construction" and the "Schematic
reading'' section since there are other hints of interest there also,

You might build the digital portion of the circuits first. This includes chips: A, E,
F, H, J, K, L, M, N, P, power switch, the note selector switch, and one wafer of the octave
selector switch (use the wafer nearest the knob end of the switch for the digital octave
selector). Mount these parts and wire the Vcc and ground pins of these IC chips. Install the
three decoupling capacitors on chips A, E, and P as shown in the schematics. Wiring a good
crosshatch power grid system improves the noise immunity of the logic signals in your system.
Now, wire the interconnecting signal wires starting at the top of the card with the LED's
(note 1 above) and working down, winding up with the selector switches. See the 'Digital
Piano Tuner Construction Hints'" drawing, The diode matrix assembly is shown in part. Note
the connections shown are connected to IC chips P, N, & M (left side), and along the top, to
the note selector switch pocles C, B, A#, etc. and Vcec. One piece of perf board is used as a
base for construction as shown. Push the anode lead of the top left diode through the hole
and bend it over to the left, Leave about 1/8 inch of space between the diode body and card
to protect the diode during soldering. Bend the top lead of the diode up towards the top.
Now, install the "B" diode in the top row in the same fashion and solder the botton lead to
the "C" diode. Pay close attention to installing the diode in the right direction, When
done, check the matrix with an ohm meter if you have one, otherwise "eyeball" it very carefully.
Now, solder the matrix assembly to the note selector using the top row of wires (you may have
to extend some of them and install insulation. Once all the leads are soldered in place, the
assembly will be stiff enough to stay in place so that no other mounting procedure is needed.
Dress it close to the back of the switch as shown in'tase sideview" drawing of the "typical
assembly'.

Now, test the digital circuits according to the following:

INITIAL DIGITAL TESTS:

1. Touch (momentarily) a wire from L-1 to Pin J-7. As the connection is made, all
LED's should light, If some don't, it is most likely a bad LED damaged from soldering heat.
When the commection is removed, no LED's should light. Try this for all 12 positions of the
note selector and all 8 positions of the octave selector.
Do test 1 with a connection to pin J-3 from L-1 and obtain the pattern LDLDLDLD, LaLIT
Do test 1 with a connection to pin J-2 from L-1 and obtain the pattern DLLDDLLD, D=DARK
Do test 1 with a connection to pin J=6 from L-1 and obtain the pattern LLLDDDDL.
This completely tests all LED's and their respective connections. The MV-5082 LED is plastic
and hence, is easily damaged by soldering heat.

2, 1If you have access to a frequency counter, check all frequencies generated
against the note frequency chart on the next page.
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Measure these frequencies at E-9, You won't get the exact frequencies shown in the table.
But, you should obtain readings that agree with the table to an accuracy of about 0.1% or
better. The table is presented to an accuracy much better than 0.1% just for interest and
completeness, If you don't have a frequency counter, then carefully check your wiring,
especially the diode matrix since a mistake here will cause your instrument to be out of tune
for the particular note affected.

Now, build the analog circuits comprising the 741 OP-AMPS (Rj, Ry, and Sp), the two rear
wafers of the octave selector switch (build up the capacitors right on the switch in a "ring"
formation around the switch, making note that one lead of each capacitor gets tied together
with all other capacitors), Wire Vec of the op-amps to chip L-pin #14, <V of the op-amps to
the power switch and the common ground connections to chip L-pin #7 also. Ground the three in-
put output jacks to chip L-pin #7 also. Mount the BALLANCE ADJUST pot right under OP-AMP R,.

Now that completes the electrical assembly unless you elect to use the "AC" plug in
power supply shown in the "Dual Supply Circuits" drawing. The LM-309K IC looks like a power
transistor and may be mounted directly to the case for heat sinking without insulation since
the case is ground. No heat sink grease is required since the disipation is low. Build the
rest of the circuit in place of the batteries. You may want ta use the "AC" supply if you
plan to tune many pianos with your tumer. However, the tuner draws only about as much power
as a flashlight and for only a dollars' worth of batteries you get alot of convenience. .This
is cheap relative to the price you might charge or pay to have a piano tuned (25.00). The
VA" cells will last about eight times as long as the '"D" cells. Good practice dictates
however, that you toggle your power off during set-up from string to string to comserve your
battery power yielding about a days' worth of use. You should be able to tune two,or three
pianos a day!

You may want to test the tuner by whistling or humming a note into the tuner with the
note selector set to "C" and the octave selector set to "4". Try to whistle up or down in
pitch gradually until you see a stationary pattern in the display, That's all there is to
it! You may adjust the BALLANCE ADJUST pot while looking at the display. Find the point
where the display just lights to medium intensity. This adjustment is not critical but if
adjusted properly your instrument will be most sensitive to the audio produced by the piano.
Try not to make any sounds while adjusting the pot, but leave the microphone connected,



CIRCUIT OPERATION AND DESCRIPTION

Now, inspecting the "Construction Hints'" drawing again where a tuning system block
diagram is presented showing the basic functions within this little tuning system. We have
four basic functions. An audio processor and a frequency generator each provide a squarewave
TTL compatible signal to the tuning detector which determines the relative frequency error
therebetween and sends the results to the display system comprising eight LED's arranged in a
row providing an apparent motional or stationary pattern which indicates tuning quality.

The frequency gemerator is crystal controlled and provides a reference frequency (which
is the same frequency as the note you are tuning) to the detector circuit. This reference
frequency may be monitored at the Horizontal output jack with a simple audio amplifier and
speaker arrangement for technicians that may want to use ears as an additional aid in tuning.
You may want to install a simple amplifier/speaker in your tuner, however, this is left to the
hobbyist experimenter. Obviously this might interfere with the microphone pick=-up, however,
you may use each, one at a time, Now, this detector circuit 'looks" for the same frequency as
the generator reference and comverts any difference to "useful data" in a "format" that
enables your eyes to see what a seasoned piamo technician might do with and hear with his/her
ears, Anyone inexperienced with musical tuning will usually find it difficult to hear any
difference, But, this difference sounds as a beat frequency audible to trained musicians,
etc, that can readily hear this difference.

The Prequency Generator drawing shows this simple circuit. TTL type (7400) logic is
employed in this project due to the high frequencies (10MHz) which are required to yield the
high degree of accuracy of this great tuning device, None of the lower power devices such
as RTL, DTL, MOS, or LOW POWER TTL would work at this precision and save power, A crystal
oscillator made from 3 Nand gates in a 7400 IC, chip "A" provides the reference to the system,
The 10 MHz squarewave signal drives the frequency synthesizer counter circuit (binary counter
chips M,N, & P) which count down to 000 at which time nand gate (A-11) goes low momentarily
(about 100 ris) until the flip-flop (F-5) goes low following the next rising edge of the 10 MHz
cldock present at pin F-3, This presets the binary counters (M,N, & P) with a numerical value
which has been calculated so that a certain period of time is required for the counter to
count down from this value to zero (000). This time period repeats at the frequency of the
seventh octave on the piano (highest octave of notes) multiplied by eight to a tolerance of
about 0,1%! This frequency is divided down seven octaves by the seven bit counter (chips
P,F,&H). A specific tap is selected for presentation to the detector by the octave selector
switch, The NOTE selector grounds a row of diodes which in turn grounds selected inputs to the
counter chips M,N,&P; leaving other inputs high. You should verify these inputs to the
counter for each of the 12 positions of the selector switch with a meter to verify that the
matrix is functioning properly thus assuring that the frequencies are correct., The diode
matrix thus "programs' the counters according to the selector switch position for the desired
note frequency. The counters (P, F, &H) produce eight octave frequencies 07 through O, which
connect to the octave selector switch shown in the "audio processor, tuning detector, and
display system' drawing.

In this drawing, the single selected octave output via the octave selector switch
issues to the clock of a shift register 74164, chip L-pin #8, the reference frequency input
of the detector. The musical note from the microphone is amplified and processed by the
three 741 op-amp circuits and enters the shift register at the serial data input pin L-1,

This input data representing the input piano note (essentially an averaged squarewave for
clean sounding piano strings with a minimum of harmonics) is shifted down the 8 bit shift
register once for each clock period input which is the reference frequency from the octave
selector switch, The 8 output lines (A-H) are connected to the inputs of a pair of 4 bit
latch circuits, chips K & E, These 8 input signals are "stored" into the latch circuits once
every eight cycles of the reference frequency. The latch outputs drive the LED's yielding a
visable display of the piano note tuning quality. The reference frequency from the selector
switch and present at the shift register clock pin L-8 is divided by eight through the counter
chip J=6 which provides the "store command" signal to the latch circuits and horizontal
output jack. Thus, for every 8 shifts of the shift registers chip L, the 8 outputs are
latched into storage registers K & E for non-blinking display via the LED's which comprise
the display bank.

ITHESSHoP P TNG L 1ST

The shopping list is offered as a guide only, as a check off to aid in buying the required
parts, It is not a descriptive list since the parts have been described in the drawings

and texts., You should shop around for your parts to obtain the lowest price. Some suppliers
are suggested elsewhere in the PLANS, but you may find other suppliers as well. It is
really worth checking prices and availability before buying since the potential savings

are great. Do not however, use untested bargains because the project will not work if

you have installed a bad part and it may be difficult to locate the bad part especially

if you have multiple bad parts in the same project., Hence you should use only first line
quality parts that are easily obtained from the suggested suppliers or your local parts

store in the larger cities,

1 7400 nand gate IC 1 180 ohm resistor
1 7474 dual flip flop IC 8 270 ohm resistor
1 74164 shift register IC 1 1K ohm resistor
2 74175 quad latch IC 1 1,5Kohm resistor
5 74193 binary counter IC 1 2.2Kohm resistor
3 741 operational amplifier IC 11 4.7Kohm resistor
2 10K ohm resistor
66 1N914 Minature silicon diode 1 51K ohm resistor
8 MV-5082 LED or similar (most any 2 470Kohm resistor
LED will work)
2 .0003 mfd ceramic disk capacitor "1 10K minsture potentiometer
2 ,00068mfd ceramic disk capacitor
2 ,0012 mfd ceramic disk capacitor 1 DPST minature toggle switch
2 .0022 mfd ceramic disk capacitor 1 single wafer 12 position rotary switch
2 .005 mfd ceramic disk capacitor 1 tripple wafer 12 position rotary switch
2 .01 mfd ceramic disk capacitor
2700 mfd ceramic disk capacitor 3 audio type phono jacks and plugs
2 .05 mfd ceramic disk capacitor
3 .22 mfd ceramic disk capacitor 4 Eveready #915 Battery "A" cell or equiv.
4150 mfd 15vdc electrolytic 4 Eveready #950 Battery "C" cell or equiv.
1 Crystal ordered as follows: 1 3% X 6 inch Perf, Board, Vector Type 169P44-062
From: JAN CRYSTALS or equiv, Also piece: 1,125" X 1,625" (diodes)
2400 Crystal Drive
Fort Myers, Florida 1 Microphone, dynamic type with output impedance
33901 of about 4K ohms to about 50K ohms (not critical

as long as you are in about this range of values
for the mike impedance). You should be able to
locate the inexpensive (5-10 dollars) type used
with most cheap cassette tape recorders. Just
make sure that it is a DYNAMIC type Mike.

Send quantity of one:
Fundamental Mode Crystal
"AT=-CUT" high stability
10.000MHz; .005% Tol.;
HC18/U with wire leads,

Load Capacity: 32Pf,;

Non Oven; Series Resonance.
$3.00 each Plus 25¢ postage.

Misc hardware, knobs, sockets, battery holders,-
case, rubber feet, etc.
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UNLESS OTHERWISE NOTED THIS APPLIES TO ALL DRAWINGS IN THIS PROJECT:

ALL RESISTORS IN OHMS, % WATT 5%
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TYPICAL SCHEMATIC IN ADDITION TO THE SPARES
CONNEATIONS SHOUN, POWER Yoy
' MUST B% UIRED TO 1.C. A & e 4
Jdmfa . 22K ohe B. UIRE PINS 14 TN 4Vce j7402 °

ik I i AND PINS 7 TN GROUND, =BT 10
9,7402 ) -
nl 11 I e

I R L ng.u-f and suffixes generally refer to case and minufocturer {dentifters and
[ ar A 4V A T & | don't effect electrical performance of the 1.C, The 1C-C {s a 741
A ) LZJ'/'N??’/) % OP-AMP with pin 7 connected to the 15 volt supnly. The other sice of
YA Ime r“l’l!;;"l"\‘JFi'\"l1 the supply is connercted to ground., FPin 4 is connected to =15 volts vith
3 5 1NO14 ohm - T the other slde of the supply connuated to ;cound so that 30 volts appesrs

NN

accross pins 7 and 4 of 1C-C, The output cf the circult gencrates the
'3 2 waveform as shown when the start button is pushed, Cate "B" allows the
-J—~-—A{ ] square wave signal from 1.C, moncstable "A' be passed through to the diode
n'" which discharges the ,2mfd capacitor with each cycle of the monostahle
UT PUT
output, This causes a changing voltage to apnrar accross the capacitor
which (s amplified by a factor of 3 by the 741 circnie,
+ Creen Bank Scientific hopes this little evample will help you read
2.5 ¥DC the universal language of schematica used Ly electros

JECTS:  ALL
5% Y WATT

lea engineers,
S (MUERAISE

s 15 VvDC technicians, and hothyfsts alike, If you “nn't alreaty vaow hew,  If you
CITOR VOLTAGE 2-15 vdC still have trouble after reading the exarple, vou =iy o“tafn help fror
T 50O VOLTS OR LESS, 1 places noted elsewhere in these plans or [ree from the litrary, M erk a
good book out of the lihrary, TIt's one nf rthe few thints that (s <ttll left
free to enjoy!
{ t{re 1ists and parts are not usually nresentc! ln GBS projects since
A REFYUOUER IN SCHZMATIC RFADING FOR RYCGINNHRS { this is considered redundant data which only rafaes costs, The dara 1s

clearly availahle from the scheratics, Parts for "% projects may hLe

The achematic ahove 18 given as an example for a review of schematfc ‘ohtained from the following companies: (ask for catalog) '

reading technlque for those who may need {t, All connectlons dre shown

except for so~e . wer connectinng which are left out for a!mplfclty. A Poly Paks folld State Systems, Inc Coltd State Sales Allicd/Rdio Shack
note calla out these connectinng as $Vee must be wired to pin 14 on IC-A Box 942 Fox 773 Laox 74 2725 W, 7th Street
and 1C=B, Mire proond also Ly tying the comuon terminals of the power Lynnfield, Mass. Colurbia, Mo. 65201 Somerville, Mass. Fu. Worth Tex.
supplies togettcr and to ground, A note calls out the values f the power 01940

02143 781067
Thene may vary for 4{fferent projects,

A start 'utton (8 wired hetween ground and to Vee through/as resistor
of 1¥ ovw value, A wire 18 also connected from the start button to pin
number 3 of 10-k, A capacitor of ,lifd value [s connected from pin 11 to
pln 13 of 1G-4, & resistor of 22¥% ohm value {s connected (rom pin 8 to
pin 13 of IC-£, A diode kas at least one colored stripe painted around one

¢

supnplien a3 befny 15 volts for plus Y and minus 19 volts for W.Inus ¥, Ete.

Pricer vary for different componcnte 80 try all of the a*ove aupplicrs (£ vou
decide to use mailorder to ohtain your parts, VYe !'.lleve that the alove l;‘p“'—rl
offer good service hut GBS cannot accept respenaibility for the scrvice of
any suggested suppliers,

A very nice large free catalog {8 avallatle from Lafayette, If vou don't
have ft, get {(t, Tt {s highly recomended, Fvery hobhbylat should be fanflar,

end and the wire coming out of this end (s connected to pin 1 of 1C=B, Hote The full address (s: lafayotte Radin “lectronics
tn the sehenarie that the type 1914 diode has a line and arro& as {ts symbol, Mall order an?! rales ecenter
The arrow polnts toward the stripe and lead that {s connected to pin 1. The 111 Jerlcho Turnpive

other end of the ¢inde {8 connected to the junction of two other resistors
and 8 capacitor, The other end of the .2mfd capacitor {s connected to ground,
The rest of the connections {n the gchematic ray be made following similar
procedures. !

Syossct, L, T., YNew York 11291

Also, a very pood catalog of a genecral scientific nature (s available

! from : Edmond Scientific Company
1C-A {3 a type 74122 which 18 a one-shot connected as an oscillator 635 Edscorp Bullding
clrcuft, 1€-0 i+ a 7402 MOR gate. Only one scction is used=-+the other Barrinzton, New ,""ty 80N
3 sect{ona are stown (n the spares, A 741 type GP-AMP (s IC-Ci You will

find prefixes and suffixes such SHN7LO2H, 741FH, etc, Any I.C.Elhal has the
proper sequence of nurbers 7402 vay be used for 1C-B, The rulT applies to
ather 1.6.'s as well unless otherwise noted {n the schematics The prefixes




DIGITAL PIANO TUNER
IMPORTANT !
DO NOT BEND . CONSTRUCTION HINTS
AND SOLDER et
D TUNING SYSTEM f_‘;i“ BANT iCIElg-:rVIFIACUTI
TOO CLOSE BLOCK_DIAGRAM
:gIESDZT 2 & 20 ™ MICROPHONE
LEAST 1/8 PICK-UP
INCH FROM BEND ——1{  auvpro
TO.CASE. OCTAVE PROCESSOR
SOLDER QUICKLY serEcTOR O—1
AND USE HEAT SINK FRoR
IF POSSIBLE A X
DURING SOLDER %% o N \ TUNING LED
OPERATION. 0 \ I s DISPIAY
w NOTE |
SELECTOR |
KNOB ©@—— FREQUENCY
3 OCTAVE | | GENERATOR
( el oy SELECTOR \ |
e A kNoB | j—‘lﬂl—‘
‘A:\xs \./‘ ONE ROW OF ¥ - CRYSTAL
-4,7K RESISTORS REFERENCE

RELATIVE PLACEMENT OF MIDDLE "C" (C3 = 261.6 Hz) AND TYPICAL ASSEMBLY SMALLER THAN
HEADER LABEL ON PIANO, (SIMILAR ON ALL PIANOS) (SIDE VIEW) E[EL ACTUAL SIZE

Wing & Son

(L]
ddat ot dcfat chof #cfaf cf

'
i
¥l G|A|B|c[p|E|F|c|a|B|c[D|E|F|c[A[B|C i3
3 3|3|3|3la|4lalalala]al5]5|5(5(5]5]5
1 :
MIDDLE "C"
DIODE MATRIX
o PLACEMENT
: SUPPORTED BY
WIRES ONLY
© Copyright 1975 by Green Bank Scientific
DUAL SUPPLY CIRCUITS
+ 9 VDC (UNREG) 1 [ GREEN BANK SCIENTIFIC
2 9 A ) +5vDC 1-75 [ x [REV [AUTI
(Vee)
T
1 ~ v 3
By 1 (CASE)
I ‘
FCs Cs 1 C3 ;
6.3 VAC
A a
115 VAC @ 1 —> COMMON (GROUND)
6.3 VAC =
D
__C 1
4 Ccy
NOTE: YOUR TRANSFORMER HOOK-UP Ri
MAY VARY FROM THE ABOVE, =08 - -5vDC
YOU MUST USE THE INSTRUCTION -9 VDC (UNREG) (REG) (-v)
SHEET PACKED WITH YOUR TRANSFORMER
COMPONENTS

Ty ESSEX (STANCOR) P-6375 TRANSFORMER OR EQUIV: LAFAYETTE CAT. #33 E 84815, 115 VAC PRIMARY, 12,6VAC SECONDARY, 1AMP
By MOTOROLA HEP 176 FULL WAVE BRIDGE RECTIFIER -- 200 PIV, 1 AMP. OR EQUIV,

Cy .22 MICROFARAD, 50 VDC CERAMIC CAPACITOR

C, 10 MICROFARAD, 15 VDC ELECTROLYTIC CAPACITOR

C3 100 MICROFARAD, 15 VDC ELECTROLYTIC CAPACITOR ALSO A SUITABLE CASE, LINE CORD & PLUG, AND HARDWARE

C; 500 MICROFARAD, 15 VDC ELECTROLYTIC CAPACITOR

Cg 2000 MICROFARAD, 15 VDC ELECTROLYTIC CAPACITOR

R; 30 OHM, % WATT RESISTOR

D 5.1 VDC, 1 WATT ZENER DIODE

VaL’I‘AGE REGULATOR MODULE IC TYPE LM-309K IN TO-3 TRANSISTOR CASE (THE CASE IS SPECIFIED BY THE "K' AFTER #309)

NOTES: THIS POWER SUPPLY MAY BE USED TO REPLACE THE BATTERIES SUGGESTED IN THE PLANS. YOU MAY WANT TO SEPARATE THE
POWER SUPPLY FROM YOUR SYSTEM SINCE AC HUM PICKUP FROM THE POWER SUPPLY MAY IMPAIR THE OPERATION OF THE DEVICE
IF IT IS INSTALLED WITHIN THE SAME METAL CASE WITH THE ANALOG PARTS OF THE SYSTEM.

© Copyright 1975 by Green Bank Scientific



NOW_SOME TUNING BASICS:

A respectable piano tuner even at the hobbyist level, must know about such things as
tuning hammers, wedges, and mutes; tuning pins, strings, unisons, beat notes, octaves, and
visual motional pattern tuning aids such as the GBS Digital PIANO TUNER. These things are
really simple to understand and will be explained here,

A tuning hammer is the wrench used by the piano tuner to turn the tuning pins found
along the top of the insides of the piano. The strings are wound around these pins and held
stretched tightly so that by turning a pin, you can either tighten or loosen the string to
make the note produced by the string more sharp or more flat, The tuning hammer (wrench) has
a long handle making the pin easy to turn, The head of this tool is similar to a socket wrench
which fits either square pins or star shaped pins, Most pianos use square pins, You may save
yourself the expense of buying a tuning hammer by using a quarter inch square socket wrench
that fits stove bolts, In using this arrangement however one should hold the wrench firmly
on the tuning pins as they are turned since any slipping may damage the pins. Also, the
tuning hammer has a longer handle than the usual socket wrench so that it is more difficult
to turn the pins with a socket wrench arrangement than a tuning hammer. Tuning hammers may
be purchased from Freeport Music, Inc.; 455 Route 110, Melville, N.Y.; 11746, Order a #8024
"Piano Tuning Hammer" for star shaped tuning pins and a #8025 "Piano Tuning Hammer" for square
pins. They cost $6.97 each in 1974 dollars, For current prices ask for their free catalog,

Tuning wedges and mutes may be made by cutting large pencil erasers to fit between the
strings of the piano. You may obtain a professional set including also the hammer for $17.50
(1974 dollars) by ordering the "Basic Tuning Kit" from the above mentioned company,

You should open up a piano now and familarize yourself with the insides, Notice the
tuning pins along the top. Also, notice the two basic large groups of strings referred to as
the treble group and bass group. The bass group is found at the left while the treble group
is found at the top right. Now, notice that the treble strings all are arranged at the ex-
treme right end in groups of three strings each while the bass group near the left middle has
two strings to a group while on the far left only one large, long string is found in indepen-
dent arrangement. Fach of these smaller groups of 3, 2, & 1 strings produce one of the notes
on the piano. Most pianos have 88 keys that produce 88 notes from these 88 sets of strings.

Select a key in the middle of the keyboard and while pushing it down, a hammer will move
against a small group of strings. Some hammers strike three strings at a time (most treble
group) while others strike only 2 strings or 1 string (bass group)., Each of the three strings
struck by a treble hammer are tuned to the same note, if you want your piano to have "hard
scale tuning" quality, However, you may experiment with tuning one of the three strings
slightly  higher or lower in pitch to obtain a bar room piano effect. This effect is also
enhanced even more by putting thumb tacks in the hammers where they strike the strings, however,
be warned THAT THUMBTACKS MAY CAUSE THE STRINGS TO EVENTUALLY BREAK DUE TO FATIGUE. When
all 3 strings of a note are tuned to exactly the same note then the strings are said to produce
the note in "unison". If one string is tuned slightly out of tune with the other two, you
will hear a tremolo effect, This quiver in pitch sound is referred to as a "beat note".

This quivering sound of pitch will increase in speed as the out of tunme string is made more
out of tune. In classical concert pianos this is an undiserable effect, All three strings
should be tuned in unison or near perfect pitch with each other thereby producing the same
note in unison. The above applies also to the pairs of strings found in the bass group as
well,

Now, you are probably familar with the name of the notes of a musical scale where only
12 different names are used after which they repeat an "octave" higher or lower in pitch. An
octave means that one note is exactly double (higher) or half (lower) the frequency of another
note, For example, looking now at the "construction hints" drawing part of a keyboard is
shown with the name of some of the notes presented. Notice on your piano that "middle C" (C3)
is found under the label. This is a good place to start tuning any piano. Start with
"middle C" (octave #3) and work up the keyboard from "middle C" and then down. The notes at
the extreme ends of the piano are more difficult to tune due to the quick decay in volume of
the note at the high end and at the low end due to the fact that a very slow beat note is
produced by out of tune strings. This is difficult for piano tuners using their ears to
accomplish this,

NOW, HOW ABOUT TUNING A PIANO!

Remove the upper case parts of your piano thus exposing the hammers, strings, and
tuning pins, Next, locate "middle C" and operate the key while observing which hammer moves,
Find the strings played by the moving hammer. Wedge the appropriate mutes into all butone
string of the sounding note so that only one string is allowed to sound when the key is oper~
ated, Identify the tuning pin corresponding to this note and place your tuning hammer on this
pin, being careful not to turn it yet. Place your GBS PIANO TUNER within a foot or so af the
string on an appropriate surface. Turn the note selector to "C" and the octave selector to
"3", Turn it on and strike the middle C key. Looking at the tuning indicator, you should see
a pattern indicating the tuning quality. Most likely the pattern will be moving to the left,
because most pianos will be flat in pitch awhile after tuning. Try tightening the string,
raising the pitch slightly, while observing the display, You should see the pattern gradually
slow down and stop. This is the proper tuning indication: that is a stationary pattern for
correct tuning. Do not turn the tuning pin more than about an eighth of a turn to avoid
getting the string too far out of tune. After some practice and patience this technique will
become very easy. Now mute the other strings for middle C one at a time and tune them using
the corresponding tuning pins, Next go to C# (a black key). Note that your note selector
has just crossed the dark line between C & C#. This is to remind you to change your octave
selector up or down, in this case up to octave #4, In actual practice, especially at the
higher and lower ends of the keyboard, you may want to try an octave up or down from the
actual one you are tuning for possible improvement in tuning indication. This is because
some strings produce harmonics in the note that interfere with the purity of the note thus
making it more difficult to tune. This is complicated by the reasons stated above for the
notes produced at the ends of the keyboard., The tyning indicator display lights up in a
normal pattern that may be four of the LED's lit up while the other four are dark, This
pattern then moves either left or right depending on whether the note is flat or sharp. If
on the other hand your string has extra harmonics other than the fundamental and in addition
these harmonics are much stronger than the fundamental, then the display will probably show
some other pattern depending on the strength of these other harmonics. The important thing is
that there is a distinct pattern that moves slowly to the left or right and if the note is
correctly tuned, then this pattern will be almost stationary. It is not necessary to tune the _
note until the pattern is completely stationary since the display is very sensitive as you will

since most pianos are not designed to be tuned to the great accuracy that the GBS Digital
PIANO TUNER is capable of indicating!
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