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This invention relates to sound recording Sys 
tems and more particularly to devices for indicat 
ing the performance of a recorder while it is mak 
ing a record. 

5. It is well understood in the art of recording that 
the energy level of the input to the recorder must 
be maintained within certain predetermined lim 
its in order to obtain a record which can be repro 
duced without excessive distortion. The general 

10 practice heretofore has been to connect a volume 
indicating device across the circuit leading to the 
1'ecorder. This device usually comprises a ther 
inionic rectifier and a moving coil galvanometer 
operated by the output of the rectifier. The maxi 

15 mum indication within the limits of successful 
recording is determined by experiment and the 
gain of the amplifying system is then controlled 
during recording to keep the input to the recorder 
within this limit. With this procedure, however, 

20 applicant has found that very frequently Satis 
factory and unsatisfactory records are obtained 
under apparently similar conditions which Sug 
gests that such an indicator does not alwayS reg 
ister the function which determines the quality 

25 of the record. 
With recorders of the type generally used for 

phonograph recording the stylus point vibrates 
over a considerable portion of the frequency range 
with a vibrational velocity which is proportional 

30 to the voltage applied to the recorder and since 
indicators of the type referred to are operated by 
this voltage, the indication is a measure of the 
stylus vibratory velocity. With a given Speed of 
rotation of the record blank being cut and at a 

35 given record radius, this velocity is a measure of 
the slope or steepness of the undulations of the 
record groove. This slope must, of course, be kept 
within the limits of the tracking ability of the 
reproducing devices and in the case of a hill and 

40 dale system it must also be such that the trailing 
edge of the cutting stylus clears the portion of 
the groove already cut. 
Another requirement, which is generally un 

derstood, is that the amplitude of the recorder 
45 stylus vibrations must be kept within the limits 

of the groove spacing in a lateral System and 
Within the average depth of cut in a lateral Sys 
tem so that “overcutting' in one case and "cut 
ting out' in the other is avoided. These latter 

50 defects are often discovered only by inspection 
after the record has been made in which case 
the work must be repeated at some arbitrarily 
chosen, lower recording level which it is estimated 
will be within the limits of the record, but, as 

55 pointed out above, even when these conditions are 

(C. 179-100.4) 

Satisfied, unsatisfactory results are frequently ob 
tained. 
Applicant attributes these poor results to an 

other factor not ordinarily considered, namely, 
the minimum permissible radius of curvature of 
the groove undulations which can be successfully 
followed by the reproducing stylus. While the 
exact minimum value of this factoi has not been 
definitely determined it is probably not mate 
rially different from the radius of the reproducing 
Stylus point. Now, as will be more fully explained 
below, the minimum radius of curvature of a rec 
Ord groove is proportional to the corresponding 
instantaneous acceleration of the recording stylus. 
The acceleration is simply the rate of change, or 
derivative, of the velocity (which is indicated by 
the usual volume indicator) and the velocity is 
the rate of change or derivative of the amplitude 
of the Stylus vibration or of the groove being cut. 
The object of the present invention is to over 

Conle the difficulties now encountered in setting 
the recording level and to provide indicating de 
vices of Such a nature that the recorder may be 
operated at the maximum level in each case con 
Sistent with obtaining satisfactory results. 

In accordance with the general features of the 
invention the limiting factors which determine 
the maximum permissible recording level are 
determined for the particular selection to be 
recorded and the particular system to be used. 
Indicators are provided which are energized by 
potentials, which are derived from the currents 
representing the Sounds to be recorded in such a 
manner that they vary in accordance with the 
functions of the currents corresponding to these 
limiting factors. The maximum indications so 
obtained are then used as a guide in setting the 
recording level, 
AS applied to phonograph recording, the sys 

tem is provided with a device which indicates the 
instantaneous radius of curvature of the groove 
being cut and, this being dependent to Some ex 
tent on the volume level at which the system is 
operating, the attendant may, by observing this 
device, adjust the level to the proper value as de 
termined by the minimum radius of curvature 
requirement. One convenient Way of causing the 
device to function in this manner is to bridge the 
circuit leading to the recorder with a high re 
sistance in series with an inductance and to op 
erate the device from the voltage derived from 
the inductance. 
A further application of the invention to phono 

graph recording is an indicator adapted to regis 
ter the instantaneous amplitude of vibration dur- ll0 
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2 
ing the recording process. This may be effected 
by bridging a second high resistance and a con 
denser of the proper size acroSS the circuit and 
operating a second indicator from the voltage de 
rived from the condenser or by connecting the 
condenser in series with the resistance and in 
ductance of the curvature circuit and operating 
the second indicator from the condense voltage. 
The invention will be more clearly understood 

from the foliowing detailed specification and the 
accompanying drawing in Which: 

Fig. 1 is a circuit of a recording System includ 
ing the meters of this invention; and 

Fig.2 shows an alternative circuit for connect 
ing the meterS. 
While in a Sound recording System the motion 

of the recorder stylus usually represents a Com 
plex Wave form embracing a large number of 
frequencies, the underlying principles of the in 
vention can be more ireadily explained on the 
basis of a single sinusoidal frequency applied to 
the recorder. Under this condition the instanta 
neous amplitude of the stylus vibration may be 
expressed as 

() 

where A is the maximum amplitude for any given 
applied voltage. 
The instantaneous velocity Will be 

gia. 
v==Ao cos cit 

Where Ace is the maximum velocity. 
The instantaneous acceleration Will be 

da cy 
Where Aa2 is the maximum acceleration. 
The general expreSSion for the radius of curva 

ture of a wave form is 

1(1-- (Y)'); 
TK 

Where K is the curvature 

d=A Sin (st 

(2) 

= -Ac2 sin cyt (3) 

(4) 

dy 
--. 

Y Tdx 

and 

dy. 
ox2 

Any single frequency Wave form may be ex 
preSSed as 

Y = 

Y=A0--A2 Sin inac (5) 
then 

Y’s-A2n, CoS inc (6) 
and 

Y'ai - A22 sin mac (7) 

Substituting these values of Y" and Y''' in (4) 
above 

(1 - Ancos' nx); 
T - Ann? sin nx (8) 

Differentiating this expression for the mini 
nun Value of 

in=- 9) pmin-i-As ( 
For a Wave form cut in a disc record 

60f 
nBR (10) 

where f is the frequency of the Wave form, B is 
- the turntable Speed in R. P. M. and R’ is the ra 

75 dius in inches of the particular groove under con 

1,955,812 
sideration. Since these factors are all constants 
in a given case 

m=cf (1) 

where c is a constant. 
Referring back to Equation (3) it will be seen 

that the maximum acceleration of the Stylus is 
Aa2 where, a-2Tif, and since the minimum radius 
of curvature is also directly dependent on the fre 
quency, an indication of the acceleration of the 
stylus point is also a measure of the curvature 
of the groove undulations being cut. 
The recording system of Fig. 1 comprises a 

Source 11 of currents representing Sounds to be 
recorded, an amplifier 12 indicating devices or 
metel's 13, 14 and 15 with their associated appa 
ratus, a second amplifier 16 and a recorder 17 
cooperating with a record blank 18. The Source 
11 may be a pick-up transmitter or other trans 
lating device or it may be merely a connection 
to a communication System or other circuit carry 
ing currents which are to be lecOlded. In any 
case the source is associated with the input 
circuit of amplifier 12 by conductors 19, and 20 
and the output of the amplifier is conveyed by 
conductors 21, 22 and 23, 24 to amplifier 16 and 
from the amplifier to the recorder 17 by conduc 
tors 25, 26. The recorder 17 is shown cooperating 
With a disc record blank 18 on a rotating turn 
table 27, but it Will be understood that the in 
vention is independent of the particular type of 
recording system used. That is to say, it may be 
of either the laterai or vertical cut, disc or cyl 
inder type or of the type in which a Sound record 
is nade mechanically on a moving strip, Such as 
a noving picture film. 
The indicating device 13 with its associated 

rectifier 28 comprises the usual volume indicator 
as shown for example in Patent . 1562,844 to 
O'Neill, November 24, 1925. This device is com 
monly used in setting recording levels, but aS 
pointed out above the deflection. So obtained is 
an indication of the vibratory velocity of the 
Stylus. It will be understood, of course, that the 
accuracy of any of the indicators of this inven 
tion is dependent on the uniformity of the re 
Sponse of the recorder at the various frequencies 
Within the range of interest. The efficiency of 
many recorders varies considerably with fre 
quency and it is common practice to design them 
with a drooping characteristic at low frequencies 
to avoid over-cutting. Hence to obtain best re 
Sults an equalizing network of the general type 
disclosed in Patent 1,453,980 to Hoyt May 1, 1923, 
Or its equivalent should be used to compensate for 
the variations in efficiency with frequency. The 
meter 14 for indicating curvature and the asso 
ciated rectifier 29 are identical with the corre 
SpOnding elements of the volume indicator al 
ready described except that the meter 14 may 
be calibrated in Suitable units of curvature. It 
Will be noted, however, that in this case an 
equalizing network 30 and a very high resistance 
31 are interposed between the rectifier and the 
recording circuit and that the rectifier is ener 
gized by the Voltages impressed on the inductance 
32, the impedance of which is very much less 
than that of resistance 31. The voltage across 
the inductance will therefore lag substantially 
90 behind the voltage in the recorder circuit or 
in other words, it will be the derivative of that 
voltage. 

It has already been shown that the stylus ve 
locity is proportional to the recorder circuit volt 
age and that the Stylus acceleration, which is a 
measure of the curvature under any given con 
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1,955,812 
ditions, is proportional to the derivative of that 
voltage. Hence meter 14 connected as shown 
will register the instantaneous curvature of the 
groove being cut. 
The meter 15 for indicating the amplitude of 

the stylus vibrations or the amplitude of the 
groove being cut is also Similar to ineter 13. It 
has an equalizing network 33, a very high re 
sistance 34 and the Voltage applied to its recti 
fier 35 is delived from the condenser 36 which 
is of low impedance compared to resistance 34. 
This voltage will be substantially 90' leading 
with respect to the voltage applied to the 'ecorder 
and hence the rheter 15 will indicate the integral 
of that voltage or the integral of the instantaneous 
styius veiocity which is the instaintaneous ampli 
tude. 
An alternate circuit arrangement for the meters 

14 and 15 is shown in Fig. 2. A single network 
36 and a single resistance 37 serve both meters 
and the inductance 32 and the condeil Ser 36 are 
connected in series as shown. The rectifiers 28 
and 29 derive their voltages from the inductance 
and the condenser respectively so that the meters 
function as in the circuit of Fig. 1. 
The necessity for using equalizei's can be avoid 

ed if desired by deriving the voltages directly 
from the recording device itself. For instance, 
the recorder stylus arm may carry a Small moni 
toring coil which vibrates, in a magnetic field 
provided for the purpose, to generate a Voltage 
which is suitably ainplified and applied to the 
resistance-inductance and the resistance-capacity 
elements to operate the meters i4 and 15. 

It will be understood of course that while me 
ters have been shown for indicating Velocity, 
curvature and amplitude, one or more of these 
may not be required in a given System depending 
upon the nature of the Sounds being recorded. 
The invention has been explained with particul 

lar reference to phonograph recording but the 
general principles involved are applicable to Wa 
rious other systems. For example, in a film 
recording system using a light waive recorder of 
the type disciosed in Patent i,638,555 to Wente 
August 9, 1927 the coinventional volune indicator 
shows the instantaneous amplitude of the vibra 
tions of the waive ribbons. It is well understood 
in the art, however, that, if the ribbon velocity 
approaches that of the filin moving past the 
valve serious distortion is iiiodliced. Such dis 
tortion does not necessarily occur at maximum 
amplitudes hence a velocity indicator would be 
very useful in setting the reaording level within 
the limits of permissible distortion. Since ve 
locity is the derivative of aimplitude, Such a ve 
locity indicator for this system must read the 
derivative of the ordinary volline indicator read 
ing. It has been shown above that meter 14 
indicates this function, hence the letter which 
indicates curvature for a phonograph system 
may be used without change to indicate ribbon 
velocity in a film system. 

Other applications and modifications of the in 
vention will occur to those skilled in the art and 
the invention should therefore be limited only 
by the following claims. 

3 
What is claimed is 
1. The method of determining the maximum 

permissible recording level at Which a phono 
graph record of a given selection can be made 
which comprises subjecting the recorder to cur 
rents representing the Sounds to be recorded, de 
riving from the currents, potentials which vary 
With the instantaneous aplitude and accelera 
tion of the recorder stylus and varying the 
strength of the currents to limit the potentials to 
predetermined values within tine limits of Suc 
ceSSful recording. 

2. In a transmission System, the combination 
With a Source of currents representing Sounds, a 
translating device and an electrical circuit be 
tWeen the Source and the device, of means con 
nected to the circuit for obtaining therefrom an 
alternating voltage in phase quadrature With 
respect to tine voltage of the circuit and an in 
dicating device operated by the alternating volt 
age. 

3. In a transmission system, the combination 
With a Source of currentS representing Sound, an 
electro-mechanical translating device and an 
electrical circuit between the source and the 
device, of a high resistance element and a re 
actance element in series across the circuit and 
an indicating device connected across the re 
actance element. 
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4. In a transmission system, the combination 105 
With a Source of current representing sound, an 
electro-mechanical translating device and an 
electrical circuit between the source and the de 
Vice, of a high resistance and an inductance in 
Series acroSS the circuit and an indicating device 
connected acroSS the inductance. 

5. In a transmission System, the combination 
With a Source of currents representing sound, an 
electro-mechanical translating device and an 
electrical circuit between the source and the de 
vice, of a high resistance and a condenser in se 
ries acroSS the circuit and an indicating device 
connected across the condenser. 

6. In a recording System, the combination with 

110 

15 

a Source of currents representing sounds to be 120 
recorded, a moving record blank and a recording 
device Operated by the currents and having a 
Stylus for foriming an undulatory groove in the 
record blank, of nearls for indicating a desired 
physical characteristic of the groove comprising 125 
a high resistance and a reactance element elec 
trically associated with the irecorder to obtain 
a potential proportional to the desired character 
istic of the groove and an indicator operated by 
Said potential. 

7. In a recording Systein, the contination with 
a Source of currents representing sounds to be 
recorded, a moving record blank and a record 
ing device operated by the currents and having 
a Stylus for forming an undulatory groove in the 
record blank, of means for indicating the instan 
taneous curvature of the groove comprising an 
element electrically associated with the recorder 
to obtain a potential proportional to the ac 
celeration of the Stylus and an indicator operated 
by Said potential. 

ARTHUR. C. KELLER. 
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