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Even if ybu lack a trained ear, you 
can put a piano "on key" with the 
aid of a lest  instrument that tunes 
to correct harmonic and beat note. 

PIANO TUNING-THE ELECTRONIC WAY 
by 
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c l r j t "  thr rr,rnp.tr)iorl ~ t r i n g  or \tri~lqs Sometim~s :L T O I I S  \trip 
4 1 1  11:lt i s  t11~I;ed ~ 1 ~ 1 i i <  :i11 ntt:~z.r clr su, r~ l~ l>o~~-cnn t l ! '  s t \  IP, 
111 t l C ~ l l ~ p  Ilw "n~>tsicEe" qtvilics o f  tl~~cc-.;liinz rlotr~\. 

If'rrnc.!~. \ I ' P ( I ~ P ~ <  fi strbp 01' E 1 7 l t ,  itnd ;L t4111ili~ Iol.jl 01' tu.0 
trr tllc bas~c tnnls of ~ I I P  tr.~dra, phis one of thr rsrtal!t>r~t 

11.11 ~dlmoks c . ~ \ , P Y ~ ~ I c  I t l ~  DIUCII~II  I I C ' : ~ ~  :i~pt'cts of tuiiillc allrk 

thc proper ~ : l r t '  of :I piano ( r . ~ . .  "Pi,rl~o Tuninq .\tli~'d 
.4rt<" bv \12illinnl I3 1\ hitc) Tiir picinn is a dclir ate, pspensit.~ 
il lstl . t~rn~nt,  :~nd  !.s-~u ~lmul r l  not tr?' to t une  :I p i , ~ n o  for the  
fint time n'itllnj~t ~ . e , t r l i ~ ~ g  st1c.11 .I h,u~l I~o~Fi .  The r~szllrs 

u i  sb~cli an attemlpt coulrl I)e c;~tartl.r>pllic. 

Table 1 Frller ftequentFes for  the standord tuninq 5cquence 
The values ore f o r  the tentrol O C ~ U V ~ ,  d t e n  tunamla C I  *H1> 
respec! 10 o tuning fork or oiher rtondord. R p l t ~ s  srgn in 
#Ire middle ralumn indicates the nore shuuld be *vns$ above 
;ern Geot, minus rtgn lndicoter tuning to b~ bc low te10 beat. 

NAMES OF TONES 
Ref.-Tuned 

C -F: 
C -G 
Gj-D 
D - A ,  
A3-E 
Fa--B, 
B -Fs:  

F U  ,-Cia 
Cz ,-G;, 
G= 4-01 1 

DJ,-A--? 
A:,--F, 

NO. OF BEATS 
PER SECOND 

0 6 
0 9 

- 0.7 
1 .O 

- 0 8  
- 1  1 
- 0.8 
-0 6 

1 a 
- 0.7 
-1.0 
-0 8 

FREQ. AT WHICH 
3EATS ARE HIEARD (cpsl 



Tuned ornplifusr and null de1ctl.r 

If otlc Ii;ir ,1rcr.5., to J f r r l ~ ~ u ~ ~ ~ c y  cnrlntct~, cnch note  can 
tt111mI 11 1rrct11- t n  i ! s  prop~r f ~ ~ ~ ~ c T , ~ n i e ~ ~ t a l  t ~ s  i l~{l t r ; t t~cT I)! 

t l ~ r  mrintrl., ~ { ~ i t t ~ c ~ i l t  rPrnltrqc tn I1:lrnlntlir. tccllniqr~r'; 
t l l ~ j r r l  {iltrr. i.; o11cc o ~ . ~ i ~ l  r~rcbrlecT, ~ P ~ \ I . P C I I  tlw rn i~ . l . np I~o t i~  

,i11(1 ~ I I P  c nl I I  lttLr.. ; \cr~rr ,~tr .  ot ~l i r~c . t - f l .~ . t~i te i  LC\' rn+,n~~ir t -n~t=l i t  
i~ I ~ r n ~ t ~ r \  to 1 cp.;? .I I,iftly siynific..~tjt [ w ~ c t - t ~ t a ~ r  ,lt thr: 
~UM' tmd 01 the he!,l>r~atcf. il'ith :I "~lnl\.rr%;l) connh=r.'' (HIP 

c'nn s!vitc.h to pcriocl nt. rnilltiple-p~riorl n~r:;l<rlrPrnPtjt , i r~rl  
t h u ~  C : I ~ I I  mrll.tl f I l , t r ~  P I I ~ I ~ Q I L  I ) I I = C ~ S I ~ > ~ I .  7 ' 1 1 ~  prl-iod of .Arb - 
( 27' 5 0  r p  1 I o r  E I I S ~ ~ L I I L ' V .  i~ 0 U?li3R-4 ~ ~ v n n d .  A c o l l n t ~ r  \ v i t l ~  
,I 100-LC, time Il,lsr i l ~ c l i r  .~tr< this :I< 3li.36 frlr n single-pariud 
~n~:i\tIrtarnv1I t b  :?O'Ifi 1 for ,i 10-ppr jn~l  rncavlrenwlj t. 

5Enc.c I l c , r i r~c l  m~=;r.;rtrcmerits ;we mnck in t r ~ r n ~  of lime 
t . ~ t h r r  t l  I;III I leqllci~r.\. :I  cnr~r-ersio~~ t ~ F 1 1 ( 2  n111st he used 
T.I\>IP 3 C ~ V C , ~  PPIIIMI i ~ u f i c ; ~ t i o ~ l s  fnr  tlw C ~ T I ~ E I P  l:r\ )o:~rd. Thp 
f i \ ~  r l i g i ~  tit ran , l r ~  :IF the\* ixppenr or1 .I "ur-ri\ rrcn1 rni int~r" 
\ \ i t11 ,I 100-LC. t ~ m p  l ~ ~ s r j ,  rP t  jnr ~ i n ~ j e -  rlr mliltiplc-pei-iorl 
:I< notccl TFw Errb dicitr g f v ~ n  tvtJ/ h i 0  f n u 1 ~ 1  tsj u f f ~ r  f;tr 
rnntt, 17t r c i < ~ o n  t11;tll thf"'sett,~l>ilit\ ' 111 ~ V P T ~ ~ I I - I I ~ \ .  st:~hilif!r 
of the- a\ cl ace pi,nlrr i ~ ~ ~ f i f i y s  

T ~ P  r.o!~r~tor cart prnll:il)lv I~rvt hi, iisrrl , I <  ;I C I I P C ~ .  011 
t t i r l i r r ~  ar I l~ l<tmc~~ts  m.~rlr hv the rrr11;lI Ei+u.~noliiv pr ocerlurpq. 
'fhc tr~ntatl liltcr i< ~-r,:~ll-v all tl1.1t 1s ne(-rlt.rl tl, rlr) . r  firqt- 
C'I;ESS io11 :t1,11 i t  i~ .ln~il~te(I tIl.it nik1r.h tirut, !\ "ii1~0 nr JC- 

uurac!, gninrcl hr. ,I top-tu-l~clt tom t ~ t ~ i i ~ ~ g  11y pcrrnrl mensurr- 
mcnt .  

Tr~ning pianos {~' i th the aid of n tut~ed filter offers sev- 
eral rll~vrous ~c~vnnt;~ges:  ;IccllrnCy of ttininc, convenience, 
low cnst I mstlminr unr h n ~  :wc.prr tn the instrument in the 
f i r ~ t  pl3i:c-j Aim. :tTtctr listcninq tn thr h a t s  throuch the 
tune11 hltrr3 one Toon rlcv~lnps llic "pi;lno-:urler'~ e ;~ r"  and 
r,m. i t  hr cllnncer, tln the in11 in t h e  n l r l - f n ~ h i ~ n ~ d  ~v.vn~~. 

Tablt 2. Frsqucnriss lin cpsl and perieds far 9ht eqvafly tem- 
pered rcule. The f ive dlgits in the "Pariad" column I r a  the 
readings on a "'universal" caunqer with n 100-kt.  time bare, set 
for singfc- or mulliple-period measurement. These Figures may 
b t  read 4s "period rn rnicroracondr" for the 10-period mewrvm- 
rnanrr. For i00-period rneosurcmentr, period figurer arb fen 
r~rnas  the valutr In rnicrose~onds. For the i 0 0 0 - ~ a r i o d  moms- 
vremenis, Figurer ore 10n rimcs !he vnluer In m~crosacands. 

MOTE 
A7 
A=,, 
Bn 

C ,  
C: 
0 

D1 
E 1 

F ,  
F; , 

9 .- 
& G:, 
" A I  
2 A;, 

3 ,  
c ,, 
C:, 
D 
D4 - 

€ 7  

F 
Fz. 
G - 
G.: 
A- 

A;. 
&-: 
c ,  
C: 
D, 
D- , 

g E, .- 
E; F ,  
P FL.. 
0 
0 G *  - G:, 

A7 
A 5. 

B .  
C .  
Cz. 
0 ,  
Df, 

E m  

FREQ.  
27.500 
29.1 35 
30.868 
32.703 
31.668 
36.708 
J8.8F1 
41,303 
43.654 
46.249 
48.999 
51.013 
55.000 
5 8  270 
61.735 
65.406 
69,296 
73,116 
77.782 
82.407 
87.307 
P2.dTT' 
97.99T 

133 83 
1 10.00 
11 6.54 
123 67 
130.81 
7 38.59 
166.83 
155.56 
166.81 
174.61 
135.00 
196.00 
207.65 
220.00 
233.08 
246 94 
267.63 
277.1 8 
293.66 
3 ;  1.13 
329.63 

PERIOD -- 
36364 
36323 
32396 
30578 
18862 
?724? 
25713 
24270 
22907 
21622 
20409 
19267 
78182 
17161 
16198 
15285 
Ida31 
13623 
12856 
12135 
11454  
1081 7 
10204 
96313 
9C90P 
85807 
80991 
76447 
72155 
68 106 
64284 
60676 
5777 1 
54054 
5 1020 
18157 
45454 
42901 
40496 
38222 
36077 
34053 
32141  
30337 

NOTE 
F, 
F;. 
G ,  

t- - u- : 

A 
A:. 
8 

-0 C 
C i i  

d D 
0 0:. 
D E 

F -  
FI; 
G 

G- 
A 

A:. 
&.  

C 
CI. 
D 

D=- 
E, 
F, 

F-: 
G. 
GI, 
A 

0 
0 4:. 

, - 
6, 

" C 
g c:. 
0 o- 

D: - 

E 
F -  

F: 
G- 
G: - 
A - 

A: - 
8. 
C. 

FREQ. -- 
F d 9 . 2 3  
367.99 
592.00 
465.30 
440.00 
766.1 6 
d5'3.88 
523.25 
554.37 
583.33 
422.25 
659.26 
698.d6 
739.99 
783.99 
830.61 
880.00 
"73.33 
5'87.77 

1046.5 
1108.7 
1 174.7 
1241.5 
1318.5 
1396 9 
1180 0 
1568.0 
1661.2 
1760 0 
1864 7 
1975.5; 
3 9 3 . 0  
??17.5 
2354.5 
2489.0 
2637.0 
2793.8 
2960.0 
3 136.0 
3327.4 
3520.0 
3729.3 
3951.1 
4186.0 

PERIOD 
?W34 
27028 
25510 
24039 
22727 
2 7 452 
20248 
l 9 l l l  
19038 
171r26 
16071 
7 5 7 67 
143 17 
13514 
12755 
12039 
1 1364 
10726 
10124 

95557 
90176 
85128 
80354 
75844 
71587 
67568 
63376 
60197 
56878 
53628 
50620 
47778 
45096 
42566 
40177 
37922 
35794 
33786 
311888 
30099 
28409 
20815 
25309 
23889 

A universal tounler can be used for direct indication o f  period of piano notes. 



With regard to the "Using t h ~  Counter" 
section of my article, several ~eade r s  have 
correctly pointer1 out that a top-to-bottom 
tuning by direct (fundamental) frequency 
measurement wilI fail to take into account 
the inharrnonicitp of the piano. Largely be- 
cause of the mechanics of the piano wires 
and suspensions, the relationships between 
fundamentals differ slightly from thwe be- 
twwn corresponding harmonics. Therefore 
a piano tuned Ply means of a frequency 
counter (measuring fundamentals) will not 
agree with one tuned by an experienced 

piano tuner rvho uses the usual harmonic 
t~chniques. The difference will be especially 
noticeable at the rx t r~mcs  of the keyboard. 
Fnr an ~xcellent discussion of inharmonicity, 
see "Sub j ~ c t i v ~  Evaluation of Musiral Scak 
T ~ r n p ~ r a t n ~ n t  in PIanoc," by D. W. Martin 
and W. D. Ward, in the Journal oJ thp 
Acoustical Society of Arn~rica, May 1961. 

The problem of inharmonicity does not 
affect the tunable-filter technique that is the 
chief subject of my article. This method is 
based on the traditional harmonic tuning 
sequence, which assumes inharmonicity. 
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