WIND CHIME TUNING DATA FOR

1 INCH ALUMINUM TUBING WITH 0.0625 (1/16”)WALL

The FORMULAS:


1.
F = (1.1027 pi Kv)/L^2 (that's L squared)

OR
2.
F = (1.133 pi Kv)/L^2
(THE REASON FOR THE “OR’s IS EXPLAINED BELOW)

OR
3.
F = (2.986 pi Kv)/L^2)   where:




F = fundamental frequency of tube, in Hertz.

OR


F = overtone frequency of tube, in Hertz.




pi =3.14159




K = (SQRT (a^2+ai^2))/2   where:





a = the tube's Outside Radius in centimeters





ai = the tube's Inside Radius in centimeters





(K works out to .8442 for this particular tube (.0625 inch wall)).

v = the velocity of sound in aluminum, in centimeters per second,

which is 5.1E5 cm/sec, or 510,000 cm/sec.

OR


496,000 cm/sec.

L = the length of the tube, in centimeters.  N.B. - that's in centimeters, and in the 

following charts, they’ve been converted to millimeters for you already.


To transpose the formula for length, we get:



L = SQRT((1.1027piKv)/F)

OR
L = SQRT((1.1133piKv)/F)

OR
L = SQRT((2.986piKv)/F)

NOTES:

1. These charts were done with Excel, then poured into “Word”, and are being sent as a Word document. If you have trouble dealing with Word documents, just holler, and I’ll send you an ASCII or an HTML version (your choice).

2. The constants (1.1027 & 2.986) I derived myself to make the formula work with this tubing.  A set of 8 chimes cut to the Bb scale shown below was made using these dimensions, and my frequency counter sez all the tubes are VERY close - within a Hertz or three. (I’ve not yet made any chimes using tubing of other wall thicknesses, so can’t say how accurate my constant will be for them.  I’d just suggest you recalculate “K” for whatever tubing you have and have at it.)

3. The reason I’ve given three versions of the original formula is this:

The constant given to me was 1.133, which I simply can’t make work with this tubing. Possibly that’s because of its alloy, possibly it’s because of the phase of the moon. In any event, assuming the velocity of sound to be 510,000 cm/sec., the constant comes out as 1.1027.  If, however, we use the constant of 1.133, then the velocity of sound in this particular alloy works out to about 496,000 cm/sec., which gives us formula number two above.

The “magic number”, or the multiple of the fundamental at which we find the overtone, is supposed to be 2.76. I can get as close as 2.708 (as an average), but no closer. Now, 1.1027 multiplied by 2.708 equals 2.986, which gives us formula number 3, above, using 510,000 cm/sec. as the velocity of sound.

So, just use the numbers you want, and go at it.  The results will be the same, anyhow.

4. It's important to hang each tube from the "Hang Point" listed below, as this point is at a theoretical "node" (or point of minimum vibration) in the tube, and so will cause a minimum of damping while the tube rings, resulting in longer decay times.  The Hang Point is also in millimeters, and is the distance from the top of the tube where one drills the hole.  It's .2242 times the overall length of the tube.

5. Each note is greater or lesser than its neighbour in frequency by the twelfth root of two times its neighbour's frequency.



F2 = F1(2^1/12)) or F2 = F1/(2^1/12))


 Similarly L2 = L1(SQRT(2^1/12)) or L2 = L1/(SQRT(2^1/12))


THIS BIT IS IMPORTANT FOR THIS REASON:

If you have a given length of tubing, or a bunch of tubes of various lengths, you may want to just use them as efficiently as possible (i.e. with as little waste as possible), giving you the BIGGEST set of chimes possible with the tubing you have, yet have the chimes sound as melodious as possible WITHOUT necessarily tuning them to any particular key.  To accomplish this, one need only apply the formulas above:

L2 = L1(SQRT(2^1/12))

if one starts with the shortest tube and calculates the progressively longer ones,

 OR L2 = L1/(SQRT(2^1/12))

if one starts with the longest tube and calculates the progressively shorter ones.

Depending on personal preference/tubing available, you can make an 8 note (or even MORE if you REALLY want to), 6 note, 4 note chime, etc.  Eight notes gives you a full octave, 6 notes can  give you a pentatonic scale (which, I'm told, gives a very melodious and  harmonic sounding scale [A: I'm not a musician, so what do I know? - and  B: I haven't built one of those yet, so can't tell you more as yet] with nary a note ever sounding discordant), and 4 notes will give you a chord (of course the musicians among you can do much fancier chords, I'm sure).

To do a standard scale, you just pick the first, third, fifth, sixth, eight, tenth, twelfth, and thirteenth notes starting with an appropriate key.  To do a chord, just pick the first, fifth, eighth, and thirteenth notes.  Now, according to my dictionary (I told you I wasn’t a musician), a pentatonic scale is simply “a scale in which the tones are arranged like a major scale with its fourth and seventh tones omitted”.  So, to do a 6 note pentatonic scale, pick out the first, third, fifth, eighth, tenth, and thirteenth notes.  Some examples of each are shown to the right of the charts.

Now, for the more mathematically challenged amongst us, I'll try to explain the formula given above.  It states, essentially, that each tube should be greater or lesser in length than its neighbour by the square root of the twelfth root of two.  To help out a bit, in case you can't find your big, expensive, scientific calculator just at the moment, the twelfth root of two is about 1.05946, and the square root of that is about 1.0293. Sooooooo- to find any given tube's next larger or smaller neighbour, just multiply or divide its length by 1.0293.  This will eventually give you a collection of thirteen adjacent notes/tubes, constituting one whole octave, from which you pick the ones you want/need as explained above. OR, (and this is actually simpler) just pick appropriate lengths from the charts, and off you go.

6. The first chart will give you the FUNDAMENTAL frequency of your tubes, when cut to the lengths indicated.  This, however, is not the predominant frequency you'll actually hear once they're finally hung (I used rubber grommets in 1/4 inch holes at the hang point and hung them using nylon monofilament fishing line strung through the grommets).  The frequency you'll hear is actually an overtone about 2.708 TIMES the fundamental (and PULEEZE don't ask me what the relationship between these two might be, as I have NOOOOO idea as yet [I'm just starting out in this field of knowledge, so I have a bit more to learn, too]), so this is REALLY the frequency we should be tuning for.  So, to that end, the second chart uses 2.9859 as a constant (which is roughly 2.708 times 1.1027), which should give you pretty accurate lengths for the overtone frequency. This is the predominant frequency you’ll actually hear when the chimes are completed and properly hung. I understand that the “magic number”, for reasons unknown to most of us, is supposed to be 2.76, but as I explained earlier, 2.708 is the best I could do in my calculations.

There are two charts, the first is metric and the second is in inches.  Both produce the same results.  Keith is Canadian  (metric user) and being I am American I only do Imperial (inches and feet).  This chart is just a list of lengths for the tubes and the hang points (or where you drill the hole) and then  hang the tubes. Decide which scale you want then use the chart/s to find the proper length and hang points. Remember  this information is for 1” tubes of 0.0625 (1/16”) wall thickness.

OCTAVE
NOTE
Freq.
 Length
Hang Pt.


OCTAVE
NOTE
Freq.
 Length
Hang Pt.


Octave
C
32.7
2136
479

F
Octave
C
523.3
534
120


Number
C#
34.6
2075
465

U
Number
C#
554.4
519
116


ONE
D
36.7
2016
452

N
FIVE
D
587.3
504
113
Eb


Eb
38.9
1958
439

D

Eb
622.3
490
110
490


E
41.2
1903
427

A

E
659.3
476
107



F
43.7
1848
414

M

F
698.5
462
104
462


F#
46.3
1796
403

E

F#
740.0
449
101



G
49.0
1745
391

N

G
784.0
436
98
436


Ab
51.9
1695
380

T

Ab
830.6
424
95
424


A
55.0
1647
369

A

A
880.0
412
92



Bb
58.3
1600
359

L

Bb
932.3
400
90
400


B
61.7
1554
348
C


B
987.8
389
87


Octave
C
65.4
1510
339
1510
D
Octave
C
1046.5
378
85
378

Number
C#
69.3
1467
329

A
Number
C#
1108.7
367
82


TWO
D
73.4
1425
320
1425
T
SIX
D
1174.6
356
80
356


Eb
77.8
1385
310

A

Eb
1244.5
346
78
346


E
82.4
1345
302
1345


E
1318.5
336
75
3292


F
87.3
1307
293
1307
 I

F
1397.0
327
73



F#
92.5
1270
285

N

F#
1480.0
317
71
G


G
98.0
1234
277
1234


G
1568.0
308
69
308


Ab
103.8
1199
269

M

Ab
1661.2
300
67



A
110.0
1164
261
1164
I

A
1760.0
291
65
291


Bb
116.5
1131
254

L

Bb
1864.6
283
63



B
123.5
1099
246
1099
L

B
1975.5
275
62
275

Octave
C
130.8
1068
239
1068
I
Octave
C
2093.0
267
60
267

Number
C#
138.6
1037
233
10153
M
Number
C#
2217.4
259
58


THREE
D
146.8
1008
226

E
SEVEN
D
2349.2
252
56
252


Eb
155.6
979
220

T

Eb
2489.0
245
55



E
164.8
951
213
F
E

E
2637.0
238
53
238


F
174.6
924
207
924
R

F
2794.0
231
52



F#
185.0
898
201

S

F#
2960.0
224
50
224


G
196.0
872
196
872


G
3136.0
218
49
218


Ab
207.7
848
190



Ab
3322.4
212
48
2074


A
220.0
823
185
823


A
3520.0
206
46



Bb
233.1
800
179
800


Bb
3729.2
200
45



B
246.9
777
174



B
3951.0
194
44


Octave
C
261.6
755
169
755

Octave
C
4186.0
189
42


Number
C#
277.2
734
164


Number
C#
4434.8
183
41


FOUR
D
293.7
713
160
713

EIGHT
D
4698.4
178
40



Eb
311.1
692
155



Eb
4978.0
173
39



E
329.6
673
151
673


E
5274.0
168
38



F
349.3
653
147
653


F
5588.0
163
37



F#
370.0
635
142
6214


F#
5920.0
159
36



G
392.0
617
138



G
6272.0
154
35



Ab
415.3
599
134



Ab
6644.8
150
34



A
440.0
582
131



A
7040.0
146
33



Bb
466.2
566
127



Bb
7458.4
141
32



B
493.9
550
123



B
7902.0
137
31
















OCTAVE
NOTE
Freq.
 Length
Hang Pt.


OCTAVE
NOTE
Freq.
 Length
Hang Pt.


Octave
C
32.7
3514
788

O
Octave
C
523.3
879
197


Number
C#
34.6
3414
765
D
V
Number
C#
554.4
854
191


ONE
D
36.7
3317
744
3317
E
FIVE
D
587.3
829
186



Eb
38.9
3223
722

R

Eb
622.3
806
181



E
41.2
3131
702
3131
T

E
659.3
783
175



F
43.7
3042
682

O

F
698.5
760
170



F#
46.3
2955
663
2955
N

F#
740.0
739
166



G
49.0
2871
644

E

G
784.0
718
161



Ab
51.9
2789
625



Ab
830.6
697
156



A
55.0
2710
608
2710
D

A
880.0
677
152
Bb


Bb
58.3
2633
590

A

Bb
932.3
658
148
658


B
61.7
2558
573
2558
T

B
987.8
639
143


Octave
C
65.4
2485
557

A
Octave
C
1046.5
621
139
621

Number
C#
69.3
2414
541
2414

Number
C#
1108.7
604
135


TWO
D
73.4
2345
526
17085
 I
SIX
D
1174.6
586
131
586


Eb
77.8
2279
511

N

Eb
1244.5
570
128



E
82.4
2214
496



E
1318.5
553
124



F
87.3
2151
482

M

F
1397.0
538
121
538


F#
92.5
2090
468

I

F#
1480.0
522
117



G
98.0
2030
455

L

G
1568.0
508
114
508


Ab
103.8
1972
442

L

Ab
1661.2
493
111



A
110.0
1916
430

I

A
1760.0
479
107



Bb
116.5
1862
417

M

Bb
1864.6
465
104
465


B
123.5
1809
405

E

B
1975.5
452
101
3376

Octave
C
130.8
1757
394

T
Octave
C
2093.0
439
98


Number
C#
138.6
1707
383

E
Number
C#
2217.4
427
96


THREE
D
146.8
1659
372

R
SEVEN
D
2349.2
415
93



Eb
155.6
1611
361

S

Eb
2489.0
403
90



E
164.8
1565
351
F


E
2637.0
391
88



F
174.6
1521
341
1521


F
2794.0
380
85



F#
185.0
1478
331



F#
2960.0
369
83
Ab


G
196.0
1435
322
1435


G
3136.0
359
80
349


Ab
207.7
1395
313



Ab
3322.4
349
78



A
220.0
1355
304
1355


A
3520.0
339
76
329


Bb
233.1
1316
295



Bb
3729.2
329
74



B
246.9
1279
287



B
3951.0
320
72
311

Octave
C
261.6
1242
279
1242

Octave
C
4186.0
311
70


Number
C#
277.2
1207
271


Number
C#
4434.8
302
68


FOUR
D
293.7
1173
263
1173

EIGHT
D
4698.4
293
66
285


Eb
311.1
1139
255



Eb
4978.0
285
64



E
329.6
1107
248



E
5274.0
277
62
269


F
349.3
1075
241
1075


F
5588.0
269
60



F#
370.0
1045
234
7802


F#
5920.0
261
59



G
392.0
1015
228



G
6272.0
254
57
247


Ab
415.3
986
221



Ab
6644.8
247
55
1789


A
440.0
958
215



A
7040.0
240
54



Bb
466.2
931
209



Bb
7458.4
233
52



B
493.9
904
203



B
7902.0
226
51
















OCTAVE
NOTE
Freq.
 Length
Hang Pt.


OCTAVE
NOTE
Freq.
 Length
Hang Pt.


Octave
C
32.7
84  1/16
18 7/8

F
Octave
C
523.3
21      
4 11/16


Number
C#
34.6
81 11/16
18  5/16

U
Number
C#
554.4
20  7/16
4  9/16


ONE
D
36.7
79  3/8
17 13/16

N
FIVE
D
587.3
19 13/16
4  7/16
Eb


Eb
38.9
77  1/8
17  5/16

D

Eb
622.3
19  1/4
4  5/16
19  1/4


E
41.2
74 7/8
16 13/16

A

E
659.3
18 3/4
4  3/16



F
43.7
72 3/4
16  5/16

M

F
698.5
18  3/16
4  1/16
18  3/16


F#
46.3
70 11/16
15 7/8

E

F#
740.0
17 11/16
3 15/16



G
49.0
68 11/16
15  3/8

N

G
784.0
17  3/16
3 7/8
17  3/16


Ab
51.9
66 3/4
14 15/16

T

Ab
830.6
16 11/16
3 3/4
16 11/16


A
55.0
64 13/16
14  9/16

A

A
880.0
16  3/16
3 5/8



Bb
58.3
63      
14  1/8

L

Bb
932.3
15 3/4
3  1/2
15 3/4


B
61.7
61  3/16
13 3/4
C


B
987.8
15  5/16
3  7/16


Octave
C
65.4
59  7/16
13  5/16
59  7/16
D
Octave
C
1046.5
14 7/8
3  5/16
14 7/8

Number
C#
69.3
57 3/4
12 15/16

A
Number
C#
1108.7
14  7/16
3  1/4


TWO
D
73.4
56  1/8
12  9/16
56  1/8
T
SIX
D
1174.6
14      
3  1/8
14      


Eb
77.8
54  1/2
12  1/4

A

Eb
1244.5
13 5/8
3  1/16
13 5/8


E
82.4
52 15/16
11 7/8
52 15/16


E
1318.5
13  1/4
2 15/16
129  9/16


F
87.3
51  7/16
11  9/16
51  7/16
 I

F
1397.0
12 7/8
2 7/8



F#
92.5
50      
11  3/16

N

F#
1480.0
12  1/2
2 13/16
G


G
98.0
48  9/16
10 7/8
48  9/16


G
1568.0
12  1/8
2 3/4
12  1/8


Ab
103.8
47  3/16
10  9/16

I

Ab
1661.2
11 13/16
2 5/8



A
110.0
45 13/16
10  1/4
45 13/16
N

A
1760.0
11  7/16
2  9/16
11  7/16


Bb
116.5
44  9/16
10      

C

Bb
1864.6
11  1/8
2  1/2



B
123.5
43  1/4
9 11/16
43  1/4
H

B
1975.5
10 13/16
2  7/16
10 13/16

Octave
C
130.8
42  1/16
9  7/16
42  1/16
E
Octave
C
2093.0
10  1/2
2  3/8
10  1/2

Number
C#
138.6
40 13/16
9  3/16
399 11/16
S
Number
C#
2217.4
10  3/16
2  5/16


THREE
D
146.8
39 11/16
8 7/8


SEVEN
D
2349.2
9 15/16
2  1/4
9 15/16


Eb
155.6
38  9/16
8 5/8



Eb
2489.0
9 5/8
2  3/16



E
164.8
37  7/16
8  3/8
F


E
2637.0
9  3/8
2  1/8
9  3/8


F
174.6
36  3/8
8  3/16
36  3/8


F
2794.0
9  1/8
2  1/16



F#
185.0
35  3/8
7 15/16



F#
2960.0
8 13/16
2      
8 13/16


G
196.0
34  5/16
7 11/16
34  5/16


G
3136.0
8  9/16
1 15/16
8  9/16


Ab
207.7
33  3/8
7  1/2



Ab
3322.4
8  5/16
1 7/8
81 5/8


A
220.0
32  7/16
7  1/4
32  7/16


A
3520.0
8  1/8
1 13/16



Bb
233.1
31  1/2
7  1/16
31  1/2


Bb
3729.2
7 7/8
1 3/4



B
246.9
30 5/8
6 7/8



B
3951.0
7 5/8
1 11/16


Octave
C
261.6
29 3/4
6 11/16
29 3/4

Octave
C
4186.0
7  7/16
1 11/16


Number
C#
277.2
28 7/8
6  1/2


Number
C#
4434.8
7  1/4
1 5/8


FOUR
D
293.7
28  1/16
6  5/16
28  1/16

EIGHT
D
4698.4
7      
1  9/16



Eb
311.1
27  1/4
6  1/8



Eb
4978.0
6 13/16
1  1/2



E
329.6
26  1/2
5 15/16
26  1/2


E
5274.0
6 5/8
1  1/2



F
349.3
25 3/4
5 3/4
25 3/4


F
5588.0
6  7/16
1  7/16



F#
370.0
25      
5 5/8
244 5/8


F#
5920.0
6  1/4
1  3/8



G
392.0
24  5/16
5  7/16



G
6272.0
6  1/16
1  3/8



Ab
415.3
23  9/16
5  5/16



Ab
6644.8
5 7/8
1  5/16



A
440.0
22 15/16
5  1/8



A
7040.0
5 3/4
1  5/16



Bb
466.2
22  1/4
5      



Bb
7458.4
5  9/16
1  1/4



B
493.9
21 5/8
4 7/8



B
7902.0
5  7/16
1  3/16
















OCTAVE
NOTE
Freq.
 Length
Hang Pt.


OCTAVE
NOTE
Freq.
 Length
Hang Pt.


Octave
C
32.7
138  3/8
31      

O
Octave
C
523.3
34  9/16
7 3/4


Number
C#
34.6
134  7/16
30  1/8
D
V
Number
C#
554.4
33 5/8
7  9/16


ONE
D
36.7
130  9/16
29  1/4
130  9/16
E
FIVE
D
587.3
32 5/8
7  5/16



Eb
38.9
126 7/8
28  7/16

R

Eb
622.3
31 11/16
7  1/8



E
41.2
123  1/4
27 5/8
123  1/4
T

E
659.3
30 13/16
6 15/16



F
43.7
119 3/4
26 7/8

O

F
698.5
29 15/16
6 11/16



F#
46.3
116  5/16
26  1/16
116  5/16
N

F#
740.0
29  1/16
6  1/2



G
49.0
113      
25  5/16

E

G
784.0
28  1/4
6  5/16



Ab
51.9
109 13/16
24 5/8



Ab
830.6
27  7/16
6  1/8



A
55.0
106 11/16
23 15/16
106 11/16
D

A
880.0
26 11/16
6      
Bb


Bb
58.3
103 5/8
23  1/4

A

Bb
932.3
25 15/16
5 13/16
25 15/16


B
61.7
100 11/16
22  9/16
100 11/16
T

B
987.8
25  3/16
5 5/8


Octave
C
65.4
97 13/16
21 15/16

A
Octave
C
1046.5
24  7/16
5  1/2
24  7/16

Number
C#
69.3
95  1/16
21  5/16


Number
C#
1108.7
23 3/4
5  5/16


TWO
D
73.4
92  5/16
20 11/16
92  5/16
 I
SIX
D
1174.6
23  1/16
5  3/16
23  1/16


Eb
77.8
89 11/16
20  1/8
669 15/16
N

Eb
1244.5
22  7/16
5      



E
82.4
87  3/16
19  9/16



E
1318.5
21 13/16
4 7/8



F
87.3
84 11/16
19      

I

F
1397.0
21  3/16
4 3/4
21  3/16


F#
92.5
82  1/4
18  7/16

N

F#
1480.0
20  9/16
4 5/8



G
98.0
79 15/16
17 15/16

C

G
1568.0
20      
4  1/2
20      


Ab
103.8
77 5/8
17  7/16

H

Ab
1661.2
19  7/16
4  3/8



A
110.0
75  7/16
16 15/16

E

A
1760.0
18 7/8
4  1/4



Bb
116.5
73  5/16
16  7/16

S

Bb
1864.6
18  5/16
4  1/8
18  5/16


B
123.5
71  3/16
15 15/16



B
1975.5
17 13/16
4      
132 15/16

Octave
C
130.8
69  3/16
15  1/2


Octave
C
2093.0
17  5/16
3 7/8


Number
C#
138.6
67  3/16
15  1/16


Number
C#
2217.4
16 13/16
3 3/4


THREE
D
146.8
65  5/16
14 5/8


SEVEN
D
2349.2
16  5/16
3 11/16



Eb
155.6
63  7/16
14  1/4



Eb
2489.0
15 7/8
3  9/16



E
164.8
61 5/8
13 13/16
F


E
2637.0
15  7/16
3  7/16



F
174.6
59 7/8
13  7/16
59 7/8


F
2794.0
14 15/16
3  3/8



F#
185.0
58  3/16
13  1/16



F#
2960.0
14  9/16
3  1/4



G
196.0
56  1/2
12 11/16
56  1/2


G
3136.0
14  1/8
3  3/16
Ab


Ab
207.7
54 7/8
12  5/16



Ab
3322.4
13 3/4
3  1/16
13 3/4


A
220.0
53  5/16
11 15/16
53  5/16


A
3520.0
13  5/16
3      



Bb
233.1
51 13/16
11 5/8



Bb
3729.2
12 15/16
2 7/8
12 15/16


B
246.9
50  3/8
11  5/16



B
3951.0
12  9/16
2 13/16


Octave
C
261.6
48 15/16
10 15/16
48 15/16

Octave
C
4186.0
12  1/4
2 3/4
12  1/4

Number
C#
277.2
47  1/2
10 5/8


Number
C#
4434.8
11 7/8
2 11/16


FOUR
D
293.7
46  3/16
10  3/8
46  3/16

EIGHT
D
4698.4
11  9/16
2  9/16



Eb
311.1
44 7/8
10  1/16



Eb
4978.0
11  3/16
2  1/2
11  3/16


E
329.6
43  9/16
9 3/4



E
5274.0
10 7/8
2  7/16



F
349.3
42  5/16
9  1/2
42  5/16


F
5588.0
10  9/16
2  3/8
10  9/16


F#
370.0
41  1/8
9  1/4
307  1/8


F#
5920.0
10  5/16
2  5/16



G
392.0
39 15/16
8 15/16



G
6272.0
10      
2  1/4



Ab
415.3
38 13/16
8 11/16



Ab
6644.8
9 11/16
2  3/16
9 11/16


A
440.0
37 11/16
8  7/16



A
7040.0
9  7/16
2  1/8
70  7/16


Bb
466.2
36 5/8
8  3/16



Bb
7458.4
9  3/16
2  1/16



B
493.9
35 5/8
8      



B
7902.0
8 7/8
2      


