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Patented June 9, 1942 

UNITED STATES PATENT OFFICE 

assignors to C. G. Conn, Ltd., 
corporation of Indiana 
Application May 28, 1938, Serial No. 210,638 
- (Cl. 88-14) 35 Claims. 

This invention relates to the determination of 
ratios, particularly those ratios used in describ 
ing the pitch of sounds, as for example in tuning 
musical instruments, and is illustrated as emi 
bodied in apparatus for visually showing quick 
ly the approximate pitch of a sound and whether 
it is flat or sharp with respect to a standard pitch, 
and provided with means for quickly and ac 
curately determining how much it is flat or 
sharp. 
An object of the invention is to provide indi 

cating means, as for example a series of pat 
terned stroboscope disks, corresponding to a 
series of notes of a musical scale, so that a note 
anywhere in the scale can immediately be com 
pared with its standard without having to set 
or adjust the apparatus. Preferably the disks 
or their equivalent correspond to the notes of 
the chromatic scale, and each disk bears a series 
of patterns which correspond to notes separated 
by a basic interval such as an octave or a fifth 
or a twelfth. Where the octave is selected as 
the interval between successive patterns on the 
disk, we prefer to provide a disk for each note 
of one octave of the chromatic scale, arranged 
in the same manner as the notes of one octave 
of a piano keyboard, so that they can be very 
quickly recognized. 
Another object of the invention is to provide 

simple means for accurately driving a series of 
such disks, or their equivalents, at speeds having 
ratios substantially the same as the ratios be 
tween the numbers of vibrations in the suc 
cessive chromatic notes. When tuning to perfect 
Octaves this ratio is 

y2 
In the arrangement illustrated, the disks are 
driven by intermeshing sets of gears. 
Since exactly this ratio cannot be secured with 

gears, we secure accuracy within a very small 
limit of error (much less than can be detected in 
sounds by the human ear) by having the gears 
of these sets in ratios which are alternately 
slightly less and slightly greater than the true 
mathematical ratio desired. In tuning to perfect 
octaves, the ratios may be alternately 89/84 and 
107/101, the first being greater than and the 
second slightly less than 

y2 
A further and very important object of the 

invention is to provide an adjustment acting 
simultaneously on the speeds of all of a series 

O 

15 

O 
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of stroboscopic disks or the like, and which varies 56 
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all of the speeds in the same ratio. Thus the 
same adjustment to slow up the disks for any 
note which is flat, or to speed it up for any note 
which is sharp, will correspond to the same frac 
tion of a semitone no matter where the note may 
be on the scale. This permits us to provide an 
indicator for the adjusting means which is call 
brated to read directly in fractions of a semi 
tone flat or sharp. m 
Various features of the invention relate to the 

provision of means insuring an accurate driving 
speed, to arrangements facilitating compact 
mounting of the parts so they can (for example) 
be housed in portable cabinets, and to other novel 
arrangements and desirable combinations which 
will be apparent from the following description 
of the illustrative embodiments shown in the accompanying drawings, in which: 

Figure 1 is a perspective view of an apparatus 
including a microphone, a cabinet containing the 
stroboscopic mechanism, and another cabinet 
containing a tuning fork control for the speed 
of the stroboscopic mechanism; 

Figure 2 is a view on a larger scale of the in 
dicating panel of the first cabinet; 

Figure 3 is a front elevation of the stroboscopic 
disks, in a plane just inside the panel shown in 
Figure2; 

Figure 4 is a schematic illustration including 
a wiring diagram of the entire apparatus; 

Figure 5 is a section through the transmission 
gearing, generally on the line 5-5 of Figure 3, 
but showing the gears all on the same level (i. e. 
it is a developed section through the axes of the 
gears); 

Figure 6 is a wiring diagram of the fork am 
plifier, which is indicated only in outline in 
Figure 4; 

Figure 7 is a wiring diagram of the flash am 
plifier, also indicated only in outline in Figure 4; 

Figure 8 is a schematic illustration, similar to 
Figure 4, but showing a different embodiment of 
the invention; 

Figure 9 is a partial section on the line 9-9 of 
Figure 8; 

Figures 10 and 11 are sectional views of two 
different drive mechanisms, either of which may 
be substituted for the drive mechanism of Fig 
ure 8; 

Figure 12 is a developed section of the gearing 
(corresponding to Figure 5), and Figure 13 is an 
elevation of the stroboscopic disks (correspond 
ing to Figure 3), of an apparatus which tunes by 
perfect fifths instead of by octaves; 

Figure 14 is a developed section of the gear 
  



2 
ing; and Figure 15 is an elevation of the strob 
oscopic disks, of an apparatus which tunes by 
perfect twelfths; and 
Figure 16 is an elevation of a stroboscopic disk 

designed to show not only the accuracy of the 
tuning of the fundamental tone, but also and at 
the same time, to show the presence Or absence 
of a harmonic of the fundamental tone, the disk 
illustrated being designed to show the fifth. 

For convenience in handling the apparatus, We 
prefer to arrange it in three main parts: (1) a 
microphone 0, a stroboscopic mechanism housed 
in a cabinet (2 (indicated in Figure 4 by a dotted 
line surrounding the parts inclosed in the cabi 
net), and a tuning fork control mechanism 
housed in a cabinet 4 (also indicated in Figure 
4 by a dotted line). 
The mechanism in the cabinet 4 serves to 

supply alternating current at a very accurately 
determined and maintained frequency to a 
synchronous motor 6 in the cabinet f2. The 
frequency of the current, and therefore the speed 
of the motor f6, is controlled by a tuning fork 
7 mounted in the cabinet 4 and caused to 

vibrate by the energization of driver coils 8 
wound about suitable magnetized iron cores, 
thereby causing alternating voltage to be gen 
erated in a pickup coil 20 wound on a magnetized 
iron core and arranged between the arms of 
the tuning fork fl. 

0. 
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The frequency of vibration of the tuning fork 

7 can be varied by shifting weights 22 slidably 
mounted on its arms and connected by leaf 
springs 24 to guide blocks 26 slidably mounted 
in grooves in fixed members 28. The guide 
blocks 26 are connected by a bar 30 connected 
by a link 32 to an arm 38 shifted by manipulat 
ing a knob 40. The arm 38 is formed With an 

35 

indicator. 42 which, as explained below, moves 
over a scale 44 graduated to read directly...in 
hundredths of a semitone (cents) flat or sharp. 
The alternating current from the pickup 20 

controls an amplifier 46, hereinafter more fully 
described and a wiring diagram of which is 
shown in Figure 6. Current is supplied to this 
amplifier from power lines 48 and 50, in one of 

40 

45 

which is a starting switch 5? (shown mounted on 
the cabinet 2), and after being converted in 
the amplifier 46 under the control of tuning fork 

7 to current alternating at a very accurately 
determined frequency is fed through lines: 50 
and 52 to the mechanism in the cabinet - f2. 

50 

There are also shown on the cabinet 4 two pilot 
lights 54 and 56, the first of which lights up as 
soon as the apparatus is turned on and the other 
of which lights up as soon as the amplifier 46 
Warms up. 
The apparatus in the cabinet f2., includes the 

Synchronous motor 16, which when the apparatus 
is first started is connected between line 50 and 
line 48 in parallel with the amplifier 46, by turn 
ing upwardly a double-pole double-throw switch 
58. The same upper or starting. position of the 
switch 58 closes a circuit between lines 50 and 52 
through a resistance 60 which provides a warm 
ing up load for the amplifier 46. 
As soon as the pilot light 56 comes on, the 

Switch 58 is closed downwardly, opening the cir 
cuit through the resistance 60 and the direct 
circuit through the motor 6 between lines 48 
and 50 and closing a circuit through the motor 
6 between lines 50 and 52, after which the speed 

of the motor is controlled by the tuning fork . 
At the same time a circuit is closed directly be 

55 

60 
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62 described below, and to which the microphone 
fo is connected by being plugged into a jack 64 
connecting it to the amplifier through a volume 
control such as a variable resistance 66. The 
flash amplifier 62 also has a pilot light 68 to 
show when it is on. 
The motor 6 drives a set of gears in a casing 

70 to drive a series of parallel shafts 72 carry 
ing stroboscopic disks 74 at speeds proportioned 
to the number of vibrations per second in the 
notes of one octave of a chromatic Scale. The 
amplifier 62, which is controlled by the micro 
phone 0, in turn controls the flashing of a neon 
or other lamp 76. 

It will be seen that if the flashing of the lamp 
76 is synchronized with the rotation of a suitable 
pattern on one of the disks 74, the pattern will 
seem to stand still. If the note is flat or sharp, 
the pattern will appear to turn slowly in One 
direction or the other. By adjusting the knob 
40 until the pattern appears stationary, the 
amount the note is flat or sharp may be indicated 
on the scale 44. 

Each disk 74 has formed thereon Seven con 
centric Zones divided into equal alternate light 
and dark spaces, with twice as many such spaces 
in each zone as in the next inner Zone, or half 
as many as in the next outer zone. Thus one 
such disk, for example, driven at a Suitable speed, 
will serve to check the tuning. Of all of the 'A's' 
in seven octaves. As a matter of convenience 
for the use of musicians, all of whom are familiar 
with the piano keyboard, we prefer to provide 
twelve of these disks arranged as shown in 
Figure 3 in the same manner as the notes of an 
Octave of the chromatic scale, and driven at 
speeds synchronized with the vibration fre 
quencies of those notes. 

In Order to make the apparatus as compact 
as possible, the disks 74 overlap each other, and 
the front panel or mask of the cabinet 2 has 
a Series of Small windows 78 through which the 
bottom sectors of the lower disks, and the upper 
Sectors of the upper disks, may be viewed. As 
the gearing described below drives the upper 

: disks in the opposite direction from the lower 
disks, this means that all the patterns seem to 
move to the left when the notes are flat, and to 
the right when the notes are sharp, and the panel 
as shown in Figure 2 may be marked accordingly. 

Figure 5 shows the gearing necessary to drive 
the disks T4 at the proper relative speeds. The 
drive shaft 80 is normally driven by the motor 
6 at a standard speed of 1650 R. P. M. (27.5 
R. P. S.), and is directly connected to the shaft 
2 carrying the disk 4 for the seven notes 'A' 
The motor 6 may be a four-pole 55 cycle motor. 
As the illustrated disks are provided with 2, 4, 8, 
16, 32, 64, and 128 dark subdivisions alternating 
With the same number of light segments in the 
Seven concentric Zones, the central zone of this 
disk corresponds to the “A” of 440 vibrations 
per second to which note the orchestra is usually 
tuned, inasmuch as 27.5x16=440. The various 

65 
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notes to which the other disks correspond are 
shown in Figures 5 and 3. 

It is not possible to provide gearing which will 
give the shafts 72 exactly the mathematically ex 
act Speeds they should have, if they are all geared 
together, as the ratio between Speeds to give a 
perfect octave is 

2 
and it is not possible to secure exactly this ratio 

tween lines 48 and 50 through a flash amplifier 75 with gearing. According to one feature of our 
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invention, a substantially exact octave is secured 
and no note is of far enough to be detected by 
ear, by providing sets of gears between the shafts 
which are alternately slightly above and slightly 
below the exact ratio desired. 5 
We prefer to use the gearing shown in Figure 5, 

where alternate shafts 72 (including the one di 
rectly driven by shaft 80) are provided with gears 
laving 84 teeth which mesh with 89-tooth gears 
on the shafts at their left, and with 107-tooth 0 
gears meshing with 101-tooth gears on the shafts 
at their right. 

In addition to the shafts 72, in order to preserve 
the arrangement simulating a piano keyboard, 
the eighth shaft from the right in Figure 5 is an i5 
idler shaft 82 which does not carry any disk, and 
which merely reverses the rotation between the 
'F' shaft and the 'E' shaft. It is shown with a 
60-tooth gear driven by the 84-tooth gear on the 
"F" shaft and driving the 89-tooth gear on the 
'E' Shaft 2. 
Aside from the details of the amplifiers 46 and 

62, further explained below, it is believed that the 
operation of the apparatus will now be apparent. 
The apparatus in the cabinet 4 has for its final 
function driving the motor 6 at a very accu 
rately determined speed, which can be very ac 
curately varied in a narrow range (corresponding 
to one-half a semitone) above and below its standard speed by shifting the weights 22. This 
variation is read directly in "cents' flat or sharp 
on the scale 44. - 
The disks 4 are all driven at speeds corre 

spondingly synchronized with the vibration fre 
quencies of the notes of the chromatic scale, and - 
due to the printing of the seven patterns on each 
disk the notes of Seven octaves of the chromatic 
scale can be checked on the illustrated apparatus. 
The light 76 is flashed on and off at a fre 

quency synchronized with the vibration frequency 
of the note picked up by the microphone to. Cons 
sequently, if that note is within the Seven-octave 
range, the corresponding one of the patterns on 
the disks will appear stationary, or will appear to 
turn in one direction or the other if flat, or sharp. 
Knob. 40 may be turned until the pattern finally 
does appear stationary, if it is desired to know 
how much the note is fiat or sharp. 

It is important to note that, since the gearra 
tios are fixed, and the adjustment is ahead of a 
member which drives all the gears, the adjust 
ment affects all the disks by the same ratio of 
change and not arithmetically by some fixed 
number of revolutions per minute, which would 
not have the same effect on all the notes. And is 
since the semitone is also a ratio, and not a fixed. 
number of vibrations per second, the adjustment 
can be read directly as a fraction of a semitone, 
whether the note is high or low on the scale. 
This is a very important feature of the inven 
tion. 

Figure 6 shows the fork amplifier system, 46 
which we prefer to use. The input wires 48 and 
56 are connected, in parallel, with the pilot light 
54 and with the primary winding 00 of a trans 
former O2. The ground of the various circuits, 
is indicated by a horizontal line 04. The cir 
cuits below that line comprise a power pack, sup 
plying direct current derived from the input al 
ternating current. The circuits above that line 
comprise the amplifying and control circuits. 
There are three secondaries in the transformer 
02. The upper secondary 106 is used to supply 

current to heat the cathodes of the various tubes 
in the amplifying circuits. As the connections to 

25 
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3 
these tubes are well understood, in order to sin 
plify the diagram they have been omitted. The 
lowermost secondary O is connected to heat the 
cathode flament O of a tube 2 forming part 
of a full-wave rectifier, the plates or anodes of 
the tubes being connected in the usual way to 
the opposite ends of the intermediate secondary 

4. This supplies pulsating direct current to a 
circuit including on one side a line 6 connected 
to the flament O and on the other side a line 
8 connected to the center of the intermediate 

secondary 4. 
This pulsating current is smoothed out in the 

filter at the left of the rectifier. The line 6 is 
connected through an iron core inductance 20 to 
one end of a resistance 22, and the line f8 is 
connected to the end of a resistance 23, in series 
With the resistance 22, through a resistance 24. 
The opposite ends of the resistance 24 are con 
nected to the opposite ends of the inductance 20, 
on the left through a condenser 28 and on the 
right through condensers 28 and f30 arranged 
in parallel. The left end of the resistance 24 
is grounded by a line 32. The upper end of the 
resistance 22 is connected through an inductance 
f34 to a line. 36 which is connected to various 
parts of the amplifier circuits, and the left end 
of the inductance 34 is connected through a con 
denser 38 to the junction between the resistances 
24 and 23. 
The above-described circuits form a power pack 

Supplying direct current in the usual manner to 
the amplifier circuits described below. 
The pickup coil 20 is connected at one end to 

the grid of a triode tube 40, the cathode of which 
is connected through a resistance 42 to ground. 
The plate or anode is connected to the line 36 
through a resistance 44, and a suitable potential 
is maintained on the cathode by a resistance f46 
connected between it and the line 36. 
The anode of the tube 40 is also connected 

through a condenser 48 and a resistance 50 to 
the grid of a triode tube 52 in the next stage, a 
condenser 54 and a resistance 56 being con 
nected to ground in parallel between the con 
denser 48 and the resistance 50. There is thus 
provided a resistance coupling between these two 
stages. 
The anode of the tube? 52 is connected through 

the drive coils 8 and a resistance 58 to the 
line f36; the cathode is connected to ground 
through a resistance 60; and a suitable poten 
tial is maintained on the cathode by a resistance 
62 connected between it and the line 36. Thus 
the pulsations of current in the drive coils (8 
follow exactly the voltage pulsations set up in 
the pickup coil 20. 
The pickup coil circuit is also shown connected 

to two amplifier stages, the first of which may 
be regarded as in parallel with the drive coil 
circuit just described. This connection is from 
a line 64 variably connected to the resistance 
56, to give an adjustably controlled voltage, and 

which is connected to the grid of a triode tube 66 
having its cathode connected to ground in the 
usual manner through a condenser f68 and a 
resistance 70 arranged in parallel. The anode 
of tube 66 is connected to the line 36 through 
the primary 72 of a transformer f74. 
The secondary is of the transformer T4 is 

connected at its ends to the control grids of two 
tetrode tubes 8 and 80 connected in a push 
pull arrangement with their anodes connected to 
the ends of the primary 82 of a stepdown trans 
former f4. The two cathodes of tubes 78 and   



4 
f 80 are connected to each other and grounded 
by a line 86. The screen grids of the tubes are 
collnected to each other and to the junction of 
resistances 22 and f 23 by a line 88, to give the 
proper voltage on these grids. The center of the 
secondary 176 is connected by a line 90 to the 
line 8. 
The secondary 92 is connected in parallel to 

the pilot light 56 and to the output lines 5 and 
52. The net result of adding the circuit of Fig 
ure 6, or what we have previously referred to as 
called the fork amplifier circuit, is to take an 
alternating current whose frequency is not quite 
steady enough, change it into a direct cul'rent, 
and then re-convert it into an alternating cul'- 
rent whose frequency is very accurately con 
trolled by the natural vibration frequency of the 
tuning fork . 
The flash amplifier 62 is shown in detail in 

Figure 7. In this figure, for convenience the 
ground 200 is shown as a horizontal line, with 
what amounts to a power-pack and filter below 
that line and with the amplifier circuits above 
that line. Certain parts are shielded, the shield 
ing being indicated by dotted lines 202 and 
grounded where necessary, as for example at 
2O4. The input to this amplifier is a line 206 
from one power input line 50, and a line 208 
which (when the Switch 58 is in itS OWer Ol' 
running position) is connected to the other input 
power line 48. 
The input lines 206 and 208 are connected to 

the terminals of the primary 210 of a transform 
er 22, the primary being grounded through a 
condenser 24. There are three secondaries to 
this transformer, the upper one 26 being 
grounded at its center and having one Side con 
nected to ground through the pilot light 68, and 
having its ends connected (by connections not 
shown, and in the usual manner) to Supply heat 
ing current to the heaters for the Cathodes of 
the various tubes in the amplifier circuits (i. e. 
above the line 200 indicating the ground). 
The lowest secondary 28 is connected to heat 

the filament of a tube 220 in a full-wave rectifier 
circuit. The plates of the tube are connected to 
opposite ends of the intermediate Secondary 
winding 222. The center of this secondary 222 
is connected to ground by a line 224. The fila 
ment, side of the rectifier is connected to an iron 
core inductance 226, the opposite ends of which 
are grounded through condensers 228 and 230. 
Beyond the inductance 226 is a line 232 lead 

ing into the first stage circuit, and arranged in 
parallel with a resistance 234 connected to a line 
236 having connections leading into the Second 
and third stage circuits. The upper end of re 
sistance 234 is grounded through a condenser 
238 by a line 240, and the line 240 in turn is 
connected through a condenser 242 to a line 244 
leading into the second stage circuit. It will be 
noted that resistance 234 and line 236, With re 
sistances 278 and 282 and 284 described below, 
form a circuit from the high voltage Side to 
ground. 
The above-described parts, it will be recog 

nized, constitute a power-pack receiving alter 
nating current, and delivering direct current at 
various voltages to parts of the amplifier circuits 
as described below. 
The microphone 0 is connected, through the 

volume control. 66, to the ground 200 and to a 
shielded line 246 connected to the control grid 
of a pentode tube (which may be a type 6JT 
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is connected through a plate load or coupling 
resistance 250 to a junction between a resistance 
252 and cordenser 254 through which the Screen 
grid of the tube is grounded, and thence through 
another resistance 256 to the direct current power 
line 232. Impedances 254 and 256 form a filter 
for the high voltage supply for this stage. The 
cathode of the tube 248 is connected to ground 
through a resistance 258 and a condenser 260 ar 
ranged in parallel. The suppressor grid Of the 
tube 28 is connected in the usual manner direct 
to the cathode by a line 262. The screen grid, 
in addition to being grounded through the re 
sistance 252 and the condenser 254, is also direct 
ly grounded through a condenser 264. Resist 
alce 252 and condenser 264 form a filter for the 
D. C. voltage supply for the screen grid. 
The above-described first stage is resistance 

coupled to the second stage, the anode of tube 
248 (above the resistance 250) being connected 
by a condenser 268 to the grid of a second pen 
tode tube 29 (type 6K7), and also through a re 
sistance 272 and condenser 274 to ground. The 
suppressor grid of the tube 270 is connected by 
a line 276 to the cathode, and the cathode is 
connected to ground through a resistance 28 
and a condenser 280 arranged in parallel. 
The cathode is also connected by a resistance 

282 to the line 244 and to a resistance 284 in par 
allel therewith and connected to the line 236. 
The anode is connected by a resistance 286 and 
a line 288 to the end of the inductance 226, this 
in effect forming a connection from the induct 
ance in parallel with the connections therefrom 
to the grid of tube 248. The screen grid of the 
tube 270 is connected by a line 289 to the junc 
tion between resistances 282 and 284. 
The circuit 234-236-284-282-278 serves as 

a voltage divider circuit from the high D. C., 
voltage line 232 to ground. At the junction be 
tween resistances 234 and 284 is taken off the 
screen grid voltage for the third stage tube 292. 
At the junction between the resistances 284 and 
282, line 289 takes the screen grid voltage to tube 
270, by-passed by condenser 242. The cathode 
of tube 270 is connected at the junction of re 
sistances 282 and 278, by-passed to ground by 
condenser 280. 
The anode of tube 270, above the resistance 

286, is connected by a condenser 290 to the grid 
of a tetrode tube 292 (type 6L6), and also 
through a resistance 294 to ground. The Screen 
grid of tube 292 is connected by a line 296 to the 
line 236 between the resistances 234 and 284. 
The cathode is connected to ground by a resist 
ance 298 and condenser 300 arranged in parallel. 
In order to secure a constant-volume output 
from this stage, the grid is connected back 
through a line 302 and a resistance 304, and 
through the resistance 272 previously described, 
to the grid of the tube 270. Tube 270 is a vari 
able mu type of tube, whose amplification can be 
decreased by increasing its negative control grid 
bias. The negative swings of the control grid 
of tube 292 cause current impulses through the 
lamp 76 as described below while the positive 
Swings of the control grid of tube 292 cause it to 
become positive with respect to the cathode and 
therefore to draw grid current. This grid cur 
rent flows through resistance 294 and produces 
an average negative bias which is applied to the 
control grid of tube 270 through the resistance 
304 and condenser 24 acting as a filter. This 

tube) 248. The plate or anode of the tube 248 75 negative bias decreases the amplification of tube 
  



270 as the control grid voltage swings of the tube 
292 increase due to increased sound intensity. 
The plate of the tube 292 is connected by a 

shielded line 306 to the central point of an iron 
core auto-transformer 308 of about 3:1 step-up 
ratio. The lower end of this auto-transformer 
is connected by a line 30 between the condenser 
230 and the cathode circuit from tube 220, so 
that a relatively high voltage is impressed on the 
coil 308. The upper end of the inductance 308 
is connected through a resistance 3 2 and a line 
3f4 to one electrode of the gas-filled lamp 76. 
The other electrode of the lamp is grounded by 
a line 36. 
Due to the constant D. C. voltage, there is a 

constant tendency for current to flow through 
the lamp 76. The lamp requires a relatively 
high voltage (e. g. 900 volts) to start, and upon 
starting the voltage drops to a much lower value 
(e. g. 250 volts), the remainder being lost by the 
current flowing through the series resistance 32. 
When the applied voltage falls below 250, the 
lamp goes out and must be started again by rais 
ing the voltage to 900. 
When the control grid potential of tube 292 

swings negative, the plate potential swings posi 
tive, and the upper end of the auto-transformer 
308 swings three times as much positive. This 

2,286,030 . 
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voltage, added to the direct voltage already on 
the lamp, starts the lamp. When the control 
grid potential of tube 292 Swings positive, the 
plate potential Swings negative and the upper 
end of the transformer 308 swings even more 
negative and the difference instead of the sum 
of the voltages is applied to the lamp, which goes : 
out as the voltage drops. The difference is not 
sufficient to start the lamp, which remains dark 
for this half cycle. 
Thus there are distinctly separated relatively 

Strong current impulses, all in the same direc 
tion, through the lamp T6, causing the lamp to 
flash brilliantly once only in each cycle in syn 
chronism with the vibrations affecting the micro 
phone 0, the intensity of the flashes being sub 
stantially constant. 
The arrangement of Figure 8 differs from that 

described above, in that the fork T is not ad 
justable, and drives a motor 46 always at the 
Same constant speed. The motor 46 is con 
nected to one sun gear 48 of a differential-gear 
mechanism 420, having an opposite sun gear 422 
drivably connected with the transmission 70. 
The sun gears 48 and 422 are connected by 

meshing with opposite ones of a pair of inter 
meshing planet gears 424 and 426 carried by ro 
tatably mounted planet carrier disks 428. A 
weight 430 mounted between the disks 428 coun 
ter-balances the planet gears 424 and 426. 
The upper planet carrier disk 428 is periph 

erally provided with a Worm gear driven by a 
worm 432 on a shaft. 434 which drives a small 
generator 436, the output of which is connected 
to a meter 438 calibrated to show on a scale 440 
the adjustment in "cents,' as in the first embodi 
ment. The shaft 434 is driven through bevel 
pinions 442 and gearing 444 by a motor 446 con 
nected across the lines 48 and 50 (with a Switch 
448 if desired). 
The speed of the motor 446 is controlled by a 

friction brake 450 bearing on a disk 452 slidably 
keyed on the armature shaft of the motor, and 
urged upwardly as the motor speed increases by 
centrifugal weights 454. The pressure on the 
brake 450 is controlled by a threaded rod 456 
operated by a knob 458 at the front of the cabi 
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net and threaded into an arm 460 carrying the 
brake 450. 
The speeds of the motors 4 f6 and 446 are chosen 

so that meter 438 will read zero when sun gear 
422 revolves at the desired standard speed (i. e. 
27.5 revolutions per second). In one arrange 
ment, motor 46 runs at 30 revolutions per sec 
ond, and the gearing driven by motor 446 is so 
designed that shaft 434 is running at 12.5 revo 
lutions per Second when the meter 438 reads 
Zero. As the Speed variation is ahead of the 
transmission 70, it affects the speed of all of the 
disks 74 by the same ratio, so that adjustments 
of all the Speeds are the same proportion of the 
Standard Speeds, and can be read on a single 
Scale 440 as hundredths of the various semitones 
("cents') regardless of the fact that the suc 
ceeding semitones are also ratios and not fixed 
number's of vibrations per second. 
The arrangement of Figure 10 differs from that 

of Figure 8 in that turning the knob 458 shifts a 
movably mounted motor 546 to move a friction 
drive disk 550 radially of a driven friction disk 
552 which drives the bevel pinions 442. In Figure 
il the shaft 434 is driven by a driven friction 
disk 554 drivably engaged by a friction driving 
disk 556 radially shifted by an arm 560 moved 
by turning the knob 458. Movement of the arm 
560 is communicated by a link 562 to a lever 564 
Operating an indicator pointer 566 moving over 
the scale 440. The disk 556 is driven by gearing 
570 from the armature shaft of the motor 46. 

Figures 12 and 13 show the arrangement of 
disks and gears for use in tuning perfect fifths 
instead of perfect octaves as the basic interval . 
(i.e., corresponding to the derived interval 

713 V 
for the Semitone), and Figures 14 and 15 show 
the arrangement for tuning in perfect twelfths 
as the basic interval (corresponding to the de 
rived interval 

'73 
for the Semitone. .. 
In the arrangement for perfect fifths there are, 

in effect, two sets of disks 74A and 74B, the two 
Sets being alike but one driven at higher speed 
than the other. There are seven disks in each 
Set, or 14 disks in all. On each disk there are 
five Zones, having respectively 16, 24, 36, 54, and 
81 dark Sectors, alternating with white sectors. 
The shaft 80, driven at 27.5 revolutions per second 
as before, is connected to the shaft carrying the 
disk whose innermost 16-division) zone repre 
Sents A-440 vibrations per second, and this disk 
is the first (i. e. nearest the center) of the 
disks 74B. 

In this case the 89-84 ratio gears alternate with 
71-67 ratio gears in driving the successive shafts, 
Since these ratios closely approximate 
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the first being slightly smaller and the second 
being slightly larger. The shaft directly con 
nected to shaft 80, i. e. the A-440 shaft, carries 
a 50 tooth gear drivably meshing with a 106-tooth 
gear on an idler' shaft 82 carrying a 32 tooth gear 
driving an 81-tooth gear on the last of the shafts 
carrying the disks 74A, to give the desired (3/2) & 
or 7.59375 ratio in the speeds of corresponding 
disks 4A and 74B. 
In Figures 14 and 15 there are 19 disks T4C, 

each with four zones having respectively 2, 6, 
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18, and 54 dark sectors alternating with white of numbers proportional thereto taken to any 
sectors. The shaft carrying the A-440 disk base desired. (Reading a number of cents is 
is geared up from the shaft 80, driven at 27.5 tantamount to obtaining a logarithm on the base 
R. P. S., by gears in the inverse ratio of the num- 1992) 
ber of segments on the zone of the disk represent- 5 
ing A-440 in the instant case 16/6. The gears There are essentially three parts to this ratio 
used for this purpose may be an 80 tooth gear reading apparatus, the order of the first two be 
driving a 30 tooth gear. The gears on the Suc- ing interchangeable: 
cessive shafts are in the ratio of 89 teeth to 84 (1) A system of interconnected standards re 
teeth which closely approximates 10 lated to each other successively by a common ra 

tio (e. g. seven 2/1 ratios carried on a Single 
73 disk) ; 

(2) The subdivision of the basic ratio into a 
The following charts show the arrangement of given number of equal ratios (e. g. twelve each 

the notes on the disks for tuning in perfect fifths lis equal 
and perfect twelfths. The Subscripts and Super- 1/2) 
scripts show the number of octaves the given note 
is below or above the middle C octave. (3) A calibrated adjustable portion so located 

PERFECT FIFTHs 
Disk and note chart 

Seg. 
81 D D: E F F: G G: C: D2 D3 E3 Fs F: G3 
54 G Gi Al A1 Bi C C: F: G Gi A2 A2 B C3 
36 C C D1 D. E. F. F: B C: C: D2 D2 E3 F3 
24 F. Fa G. G. A. A B2 El Fi F1 G1 GE A1 A:1 
6 As Ba C C. D. D. E. A440 A: B C1 C: D1 D; 

PERFECT 12THs 
Disk and note chart 

54 F: G 2 Gigi A2 A: B2 C3 C2 D3 D3 E3 F3 F3 G3 G3 A. As B3 C4 
18 B" C1 C: D1 Dil El F1 F: G1 Gil Al A B1 C2 C: D2 Dil E. F2 
6 E. F. F. G. G. A. A B1 C C D. D. E. F. F. G. G A440 A 
2 As A B C C D D: E. F. F. G. Gia. A2 A: B C C D D 

It is well understood that a tone sounded by a as to affect the previously described intercon 
musical instrument generally includes harmonics 35 nected standards and subdivisions by the same 
or overtones. We have discovered that, although ratio, and capable of being adjusted and read 
the flashing lamp 76 actually goes on and off in Over a range at least equal to the Subdivision 
synchronism with the fundamental, the intensity (e.g. over 100 cents equalling one 
of the light when on varies in accordance With 12 
the frequency of a superimposed harmonic Wave 40 W 2 
if such a harmonic is present in the tone being ratio). V. 
measured. We have also discovered that this The Scheme can be extended by the same prin 
variation is sufficient to bring out or make visible ciple if greater accuracy is required. For exam 
a pattern on the stroboscopic disk having alter- ple, a change gear box having 
nate black and white segments in an appropriate 45 1992 
number. 
Consequently, in Figure 16 we have shown a steps could be interposed between the gear box 

novel stroboscopic disk for use in our novel in- described above and the adjustable drive so that 
strument for tuning to perfect octaves, which will an adjustment capable of being read over 100 
also indicate the presence of a fifth harmonic. 50 scale marks would have to cover only a ratio of 
This disk may be indicated by the reference nul- 1292 
meral T4D and comprises what might be consid 
ered to be a combination of two disks one of thus making it possible to read to 0.00001 semi 
which has seven rows having 2, 4, 8, 16, 32, 64, tone. 
and 128 alternate black and white segments and While several embodiments of our invention 
the other of which has seven rows having 10, 20, have been described in detail, it is apparent that 
40, 80, 160,320, and 640 alternate black and white the principles disclosed may be applied to the 
segments. measurement of ratios of any quantities, such as 
By this combination we have the black Seg- length, Voltage, or frequency. Therefore, We do 

ments of the first disk sub-divided into three 60 not intend that the Scope of the invention be 
black and two white segments of size correspond- limited to the embodiments completely described 
ing to the second described disk. The black seg- or otherwise than by the terms of the claims 
ments of the second disk, which would appear in which follow. 
the white spaces of the first disk, are omitted. We claim: 
If no fifth harmonic is present these Subdivisions 65 1. Apparatus of the class described comprising, 
become blurred and are not distinguishable, but in combination with means for flashing a light in 
if a fifth harmonic is present, they become quite Synchronism. With the vibrations of a sound, a 
distinct. plurality of stroboscopic members having pat 

It will be observed that inasmuch as the OC- terns thereon formed by substantially spaced 
tave, fifth, semitone, and cent all signify specific pattern elements arranged to be illuminated by 
ratios this description discloses a general method the flashing light so that the pattern on one of 
for measuring with precision the ratios of any Said members Will appear substantially station 
quantities. By a suitable choice of components alry when the speed of that member is in Syn 
these ratios may be read directly as logarithms 75 chronism with the rate of flashing of the light, 
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and means for driving said members simultane 
ously at speeds differing successively substan 
tially in the ratio of the numbers of vibrations 
in corresponding successive notes of a chromatic 
Scale. 

2. Apparatus of the class described comprising, 
in combination with means for flashing a light in 
Synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on One of 
said members will appear substantially station 
ary when the speed of that member is in Syn 
chronism with the rate of flashing of the light, 
and means for driving said members simultane 
ously at speeds differing successively substan 
tially in the ratio of the numbers of vibrations 
in corresponding successive notes of a chromatic 
scale, the patterns of said members being the 
same and each pattern including concentric 
Zones with the pattern elements of each of the 
outer zones differing in number from those of 
the next inner Zone in the ratio of rates of vibra 
tions of two notes of the scale Separated by a 
basic interval. - 

3. Apparatus of the class described comprising, 

7 
and means for driving said members simultane 
ously at speeds differing Successively substan 
tially in the ratio of the numbers of vibrations in 
corresponding Successive notes of a chromatic 

5 

10 

15 

20 

in combination with means for flashing a light in 
synchronism with the vibrations of a Sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on One of 
said members will appear Substantially station 
ary when the speed of that member is in Syn 
chronism with the rate of flashing of the light, 
and means for driving said members simultane 
ously at speeds differing successively Substan 
tially in the ratio of the numbers of vibrations in 
ccrresponding successive notes of the. chromatic 
scale, the patterns of said members being the 
same and each pattern including concentric 
zones representing octaves and with the pattern 
elements of each of the outer Zones double the 
number of those of the next inner Zone. 

4. Apparatus of the class described comprising, 
in combination with means for flashing a light in 
Synchronism with the vibration of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
said members will appear substantially station 
ary when the speed of that member is in Syn 
chronism with the rate of flashing of the light, 
and means for driving said members simultane 
ously at speeds differing successively substan 
tially in the ratio of the numbers of vibrations in 
corresponding successive notes of a chromatic" 
scale, the patterns of said members being the 
same and each pattern including concentric 
zones representing perfect fifths and with the 
pattern elements of each of the outer Zones one 
and one-half times the number of those of the 
next inner Zone. 

5. Apparatus of the class described comprising, 
in combination with means for flashing a light in 
synchronism with the vibrations of a Sound, a 
plurality of stroboscopic members having pat 
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Scale, the patterns of Said members being the 
same and each pattern including concentric 
zones representing perfect twelfths and with the 
pattern elements of each of the outer Zones three 
times the number of those of the next inner 
2Ole. 

6. Appalatus of the class described comprising, 
in combination with means for flashing a light in 
Synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
said members will appear substantially stationary 
when the speed of that member is in synchro 
nism with the rate of flashing of the light, and 
means for driving said members simultaneously 
at Speeds differing successively substantially in 
the ratio of the numbers of vibrations in corre 
sponding successive notes of a chromatic scale, 
Said stroboscopic members being arranged in the 
Same Order and relationship as the notes of the 
piano keyboard. - - - 

7. Apparatus of the class described comprising, 
in combination with means for flashing a light 
in synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements, arranged to be illuminated by 
the flashing light so that the pattern on one of 
said members will appear substantially stationary 
when the Speed of that member is in Synchro 
nism with the rate of flashing of the light, and 
means for driving said members simultaneously 
at speeds differing successively substantially in 
the ratio of the numbers of vibrations in corre 
sponding successive notes of a chromatic scale, 
the patterns of said members being the same and 
each pattern including concentric Zones repre 
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terns thereon formed by substantially Spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
said members will appear substantially station 
alry when the speed of that member is in Syn 
chronism with the rate of flashing of the light, 

70 

75 

- senting Octaves and with the pattern elements 
of each of the outer Zones double the number 
of those of the next inner zone, said stroboscopic 
members being arranged in the same order and 
relationship as the notes of an octave of the piano keyboard. 

8. Apparatus of the class described comprising, 
in combination with means for flashing a light 
in Synchronism with the vibrations of a sound, a 
plurality of Stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
Said members will appear Substantially stationary 
when the speed of that member is in synchro 
nism with the rate of flashing of the light, and 
means for driving said members simultaneously 
at Speeds differing successively substantially in 
the ratio of the numbers of vibrations in corre 
sponding successive notes of a chromatic scale, 
said: members being arranged to overlap each 
other, and the apparatus being provided with a 
cabinet in which it is housed and which cabinet 
has a plurality of openings for viewing parts of 
said members which are unobstructed by the . Overlapping arrangement. 

9. Apparatus of the class described comprising, 
in combination with means for flashing a light 
in synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by   



S 
the flashing light so that the pattern on one of 
said members will appear substantially stationary 
when the speed of that member is in Synchro 
nism with the rate of flashing of the light, and 
means for driving said members simultaneously 
at speeds differing. successively substantially in 
the ratio of the numbers of vibrations in Corre 
sponding successive notes of a chromatic Scale, 
the patterns of said members being the same and 
each pattern including concentric Zones repre 
senting octaves and with the pattern elements 
of each of the outer zones double the number 
of those of the next inner Zone, Said stroboscopic 
members being arranged in the same order and 
relationship as the notes of an octave of the piano 
keyboard, said members being arranged to over 
lap each other, and the apparatus being provided 
with a cabinet in which it is housed and Which 
cabinet has a plurality of openings for viewing 
parts of said members which are unobstructed by 
the overlapping arrangement. 

10. Apparatus of the class described comprising, 
in combination with means for flashing a light 
in synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern On one of 
said members Will appear Substantially stationary 
When the Speed of that member is in Synchro 
nism with the rate of fashing of the light, and 
means for driving said members simultaneously 
at speeds differing successively substantially in 
the ratio of the numbers of vibrations in corre 
sponding successive notes of a chromatic scale, 
the patterns of Said members being the same and 
each pattern including concentric zones repre 
senting octaves and with the pattern elements 
of each of the outer zones double the number: 

40 of those of the next inner Zone, said stroboscopic 
members being arranged in the same order and 
relationship as the notes of an octave of the piano 
keyboard, said members being arranged to over 
lap each other, and the apparatus being provided 
with a cabinet in which it is housed and which 
cabinet has a plurality of openings for viewing 
parts of said members which are unobstructed 
by the Overlapping arrangement, the openings for 
Viewing the upper row of stroboscopic members 
being opposite the upper parts thereof and the 
Openings for viewing the lower row being oppo 
site the lower parts thereof, whereby if a note 
is flat (or sharp), its pattern will appear to shift 
Slowly in the same direction whether the strobo 
Scopic member carrying that pattern is in the 
upper or OWer row. 

11. Apparatus of the class described comprising, 
in combination with means for flashing a light 
in Synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
Said members will appear substantially stationary 
when the speed of that member is in synchro 
nism. With the rate of flashing of the light, and 
means driving Successive members at rates of 
Speed differing substantially in the ratio of the 
vibrations of Successive notes of a chromatic 
Scale. 

12. Apparatus of the class described comprising, 
in combination with means for flashing a light 
in Synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
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pattern elements arranged to be illuminated by 
the flashing light So that the pattern on One of 
said members will appear Substantially stationary 
When the speed of that member is in Synchro 
nism with the rate of flashing of the light, and 
means driving successive members at rates of 
speed differing substantially in the ratio of 

2 
13. Apparatus of the class described comprising, 

in cornbination. With means for flashing a light 
in Synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pat 
terns thereon formed by substantially Spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
Said members will appear substantially stationary 
when the speed of that member is in synchro 
nism. With the rate of fashing of the light, and 
means driving successive members at rates of 
Speed differing alternately in ratios slightly less 
than and slightly more than 
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14. Apparatus of the class described comprising, 

in combination with means for flashing a light 
in Synchronism with the vibrations of a sound, a 
plurality of stroboscopic members having pati, 
terns thereon formed by substantially spaced 
pattern elements arranged to be illuminated by 
the flashing light so that the pattern on one of 
Said members will appear substantially stationary 
When the Speed of that member is in synchro 
nism. With the rate of flashing of the light, and 
means driving successive members at rates of 
Speed differing alternately in the ratios 89/84 
and 107/101. '- d 

15. Apparatus of the class described compris 
ing, in combination. With means for flashing a 
light in Synchronism with the vibrations of a 
Sound, a plurality of stroboscopic members hav 
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ing patterns thereon formed by substantially 
Spaced pattern elements arranged to be illumi 
nated by the flashing light so that the pattern 
on One of Said members will appear substantially 
Stationary when the speed of that member is in 
Synchronism with the rate of flashing of the light, 
means for driving said members simultaneously 
at Speeds differing successively substantially in 
the ratio of the numbers of vibrations in corre 
Sponding Successive notes of a chromatic scale, 
and means for changing the operation of the 
driving means to vary all of said speeds in the 
Same ratio. 

16. Apparatus of the class described compris 
ing, in combination with means for flashing a 
light in Synchronism with the vibrations of a 
Sound, a plurality of Stroboscopic members hav 
ing patterns thereon formed by substantially 
Spaced pattern elements arranged to be illumi 
nated by the flashing light so that the pattern 
on one of said members will appear substantially 
Stationary when the speed of that member is in 
Synchronism with the rate of flashing of the light, 
means for driving said members simultaneously 
at Speeds differing successively substantially in 
the ratio of the numbers of vibrations in corre 
Sponding successive notes of a chromatic scale, 
means for changing the operation of the driv 
ing means to vary all of said speeds in the same 
ratio, and an indicating device operated by the 
last named means showing the variation of said 
Speeds, whereby the amount a note is flat or 

terns thereon formed by substantially spaced 75 sharp can be shown on the indicating device by 
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operating the speed-varying means until one of 
the stroboscopic patterns appears stationary. 

17. Apparatus of the class described compris 
ing, in combination with means for flashing a 
light in synchronism with the vibrations of a 
sound, a plurality of stroboscopic members hav 
ing patterns thereon formed by substantially 
spaced pattern elements arranged to be illumi 
nated by the flashing light so that the pattern 
on one of said members will appear substantially 
stationary when the speed of that member is in 
synchronism with the rate of flashing of the light, 
shafts carrying said members, gears connecting 
successive shafts and which are Substantially in 
the ratio of the vibrations of successive notes of a 
chromatic scale, means for driving one of Said 
shafts at such a speed that the speeds of the 
stroboscopic members are in Synchronism with 
the flashing of said light when flashed in syn 
chronism with the corresponding notes in true 
pitch, and means for varying the effective Speed 
of the driving means to cause a corresponding 
ratio of variation in the speed of each of the 
stroboscopic members to bring the speed of one 
of said members into synchronism with the light 
when flashed by a note which is flat or sharp. 

18. Apparatus of the class described compris 
ing, in combination with means for flashing a 
light in synchronism with the vibrations of a 
sound, a plurality of stroboscopic members hav 
ing patterns thereon formed by Substantially 
spaced pattern elements arranged to be illumi 
nated by the flashing light so that the pattern 
on one of said members will appear substantially 
stationary when the speed of that member is in 
Synchronism with the rate of flashing of the light, 
shafts carrying said members, gears connecting 
successive shafts and which are substantially in 
the ratio of the vibrations of Successive notes of 
a chromatic scale, and means for driving one of 
Said shafts at Such a speed that the speeds of the 
stroboscopic members are in synchronism with 
the flashing of Said light when flashed in Syn 
chronism with the corresponding notes. 

19. Apparatus of the class described compris 
ing, in combination with means for flashing a 
light in Synchronism with the vibrations of a 
SOund, a plurality of stroboscopic members hav 
ing patterns thereon formed by substantially 
Spaced pattern elements arranged to be illumi 
nated by the flashing light so that the pattern 
On One of Said members will appear substantially 
Stationary when the Speed of that member is in 
Synchronism with the rate of flashing of the light, 
shafts carrying said members, gears connecting 
Successive shafts and which are Substantially in 
the ratio of the vibrations of successive notes of 
a chromatic scale, means for driving One of said 
shafts at such a speed that the speeds of the 
strobOScopic members are in Synchronism with 
the flashing of said light when flashed in Syn 
chronism with the corresponding notes, means 
for varying the speed of said one shaft to bring 
the Speed of one of Said members into Syn 
chronism with the rate of flashing of the light 
as controlled by a musical note, and indicating 
means correlated with the Speed-varying means 
and showing the amount said note is flat or 
sharp. 

20. Apparatus as defined by claim. 19, in which 
the indicating means has a scale calibrated to 
read in 'cents.' 

21. Apparatus as defined by claim 16, in which 
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the indicating device has a scale calibrated to 75 
read in 'centS.' 

9 
22. Apparatus of the class described compris 

ing, in combination with means for flashing a 
light in synchronism with the vibrations of a 
sound, a plurality of Stroboscopic means for 
presenting a plurality of moving patterns formed 
by Spaced pattern elements to be illuminated by 
the light and including gearing providing differ 
ent speeds for the strobOScopic means, a motor 
arranged to drive the gearing to operate the 
stroboscopic means at predetermined standard 
Speeds, and adjusting means for varying the 
Speed at Which the gearing is driven by the motor. 

23. Apparatus of the class described compris 
ing, in combination with means for flashing a 
light in Synchronism with the vibrations of a 
Sound, a plurality of stroboscopic means for 
presenting a plurality of moving patterns formed 
by Spaced pattern elements to be illuminated by 
the light and including gearing providing differ 
ent Speeds for the stroboscopic means, a motor 
arranged to drive the gearing at a standard speed 
to operate the stroboscopic means, adjusting 
means for varying the Speed at which the gear 
ing is driven by the motor, and indicating means 
operated by manipulation of the adjusting means 
and showing the variation from said standard Speed. 

24. Apparatus as defined by claim 22, in which 
the gearing comprises intermeshing sets of gears 
each providing a different speed with all the 
Speeds at fixed ratios, whereby manipulation of 
the adjusting means varies all of the different 
Speeds in the same ratio without changing the 
ratios between the different speeds. 
25. Apparatus of the class described compris 

ing a plurality of stroboscopic means provided 
With patterns formed by spaced pattern elements, 
gearing for driving said means including inter 
meshing sets of gears each providing a different 
Speed so that said stroboscopic means are driven 
at different Speeds, a motor connected to drive 
Said gears, and means for varying the effective 
Speed with which the motor drives the gears 
Whereby all of the different speeds are simul 
taneously varied in the same ratio. 

26. Apparatus of the class described compris 
ing a plurality of stroboscopic means provided 
With patterns formed by spaced pattern elements, 
gearing for driving said means including inter 
meshing sets of gears each providing a different 
Speed so that Said stroboscopic means are driven 
at different speeds, a motor connected to drive 
Said gears, means for varying the effective speed 
with which the motor drives the gears whereby 
all of the different speeds are simultaneously 
varied in the same ratio, and indicating means 
correlated with the speed-varying means and 
showing the ratio of the variation. 

27. Apparatus of the class described compris 
ing a plurality of narts, operating means for 
driving said parts at speeds related successively 
by a chromatic interval of a musical scale, means 
for Creating a vibration of unknown frequency, 
means for indicating when said unknown fre 
quency has a definite relationship to the speed of 
One of Said parts, and means for adjusting the 
Operation of the first means within said chromatic 
interval to bring the speed of one of said parts 
into said relationship to the unkown frequency 
and means to indicate the speed of the operating 
means when it is so adjusted. 

28. Stroboscopic apparatus comprising, in com 
bination with a light having means for causing 
flashing in Synchronism with an unknown com 
plex Wave form, a disk illuminated by the flash   
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ing light and provided with a composite pattern 
comprising concentric rings, each ring consisting 
of pattern elements spaced corresponding to a 
fundamental frequency having Superposed there 
on pattern elements spaced corresponding to a 
harmonic thereof, and with the fundamental fre 
quencies of successive rings forming a series and 
related according to a basic musical interval. 

29. Apparatus of the class described compris 
ing, in combination with means for flashing a 10 
light in synchronism with the vibrations of a 
sound, a plurality of stroboscopic means for pre 
senting a plurality of moving patterns formed 
by spaced pattern elements to be illuminated by 
the light and including gearing providing differ- 15 
ent speeds for the stroboscopic means, a motor 
arranged to drive the gearing to operate the 
stroboscopic means at predetermined standard 
speeds, and adjusting means for varying the Speed 
at which the gearing is driven by the motor, said 20 
gearing including a plurality of shafts each 
driven at one of said speeds and each of which . 
shafts is constructed and arranged to drive One 
of said stroboscopic means. 

30. A device of the class described compris- 25 
ing stroboscopic indicating members arranged in 
the order and relationship of the black and white 
keys of a piano keyboard, and means for driving 
said members at speeds differing in proportion to 
the vibration frequencies of the respective notes 30 
corresponding to similarly-positioned keys and 
means for flashing a light on said members at 
the frequency of a note to be determined. 

31. In a stroboscopic tuning apparatus for turn 
ing a vibrator for sounding a note, the combina- 8 
tion of a frame, a plurality of rotary members 
mounted for rotation on the said frame, each of 
said rotary members having a plurality of cir 
cumferentially spaced divisions, means for rotat 
ing said rotary members at distinctive speeds so 0 
that the said divisions on each rotary, member 
will pass an observation point at a predetermined 
frequency corresponding to a certain note of a 
musical scale, an electric circuit including a lamp 
of neon type for casting rays onto the said rotary 45 
members at the observation point, and sound 
sensitive means controlled by the frequency of 
the vibrator for flashing the lamp at the same 
frequency as the vibrator that is to be tuned. 32. Stroboscopic apparatus comprising, in com-50 
bination with a light having means for causing 
|flashing in synchronism with a complex wave 
form of unknown frequencies, a rotatable disk 
illuminated by the flashing light and provided 

j with a composite pattern consisting of pattern 
elements periodically spaced to form a pattern 

l, corresponding to a harmonic frequency of a wave 

5 

5 5 

similar to said wave form and which will appear 
to be stationary if said complex Wave form has 
a frequency collesponding to Said hal'nonic 
frequency, said elements being all'anged in 
groups periodically spaced to form a pattern col'- 
responding to the fundamental frequency of a 
wave similar to said wave form and which will 
appear to be stationary if said complex Wave 
form has a frequency corresponding to Said fun 
diamental frequency. 

33. Stroboscopic apparatus comprising, in COin 
bination with a light having means for causing 
flashing in synchronism with a complex Wave 
form of unknown frequencies, a rotatable disk 
illuminated by the flashing light and provided 
with a composite pattern consisting of pattern 
elements spaced corresponding to the frequency 
of a wave similar to the fundamental wave of 
said wave form, and which will appear to be sta 
tionary if said complex wave form has a fre 
quency corresponding to the spacing pf the pat 
tern elements, and having superposed thereon 
pattern elements Spaced corresponding to a 
harmonic of said frequency and which will appear 
to be stationary if said complex Wave form has 
a frequency corresponding to said harmonic. 

34. Apparatus for determining ratioS compris 
ing the combination of a plurality of movable 
parts, operating means for driving Said parts at 
speeds differing in a ratio approximating a given 
root of a common ratio by which the Successive 
units of a mathematical series are related, Cali 
brating means for adjusting said operating means 
to drive said parts at any arbitrary Speed within 
a range corresponding to the smallest subdivi 
sion of said series, each of said parts being formed 
with a pattern consisting of uniformly spaced 
pattern elements, a light for illuminating said 
parts, and means to cause the light to flash in 
synchronism with an unknown frequency. 

35. Apparatus for determining ratios compris 
ing the combination of a plurality of movable 
parts, operating means for driving said parts at 
speeds differing in a ratio approximating a given 
root of a common ratio by which the successive 
units of a mathematical series are related, cali 
brating means for adjusting said operating means 
to drive said parts at any arbitrary Speed within 
a range corresponding to the Smallest Subdivi 
sion of Said series, indicating means connected 
to be operated by said calibrating means and 
calibrated to be read according to parts of said 
Smallest subdivision, each of said parts being 
formed with a pattern consisting of unifornly 
spaced pattern elements, a light for illuminating 
said parts, and means to cause the light to flash 
in Synchronism with an unknown frequency. 
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