
Patented Sept. 6, 1949 2,481,247 

UNITED STATES PATENT OFFICE 
2,481,247. - 

visuAL REPRESENTATION of coMPLEx 
WAVES 

Eionel Schott, East Orange, N.J., assignor to Bell 
Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 

Application October 10, 1946, serial No. 702;375 
9 Claims. (C. 179-1) 

This inventioh relates to'théanalysis and visual representation of corhpiex'w - and, more par ticularly, to the visual representationi of speech 

i as correspond to 
tterns of spectro 
ective to particular 
visual patternsby 

, a deaf person, and 
- - the appropriate speech 

sounds therewith, furnishes the observer with a vocabulary or . abet of visual patterns. 

speech sounds, into visual 
grains characteristie of of r 
Speech Sotirids st st 

So equipped, the ob is enabled to compre 
hend the content of a phrase or sentence uttered 
by another, or himself, and that may be contein 
poraneously translate suitable means into a 
complex electric converted into a suc ive ahd converted in 
cession of visual patterris representatively cor 
responding to the speech solinds of the original. 

: An object of the invention is to provide im 
proved method and means for visually represent 
ing a complex wave stich as that of a speech 
Sound. ... 
A more specific object' 

and means for producing from “mé w 
waves, and more particularly speech sound waves, 
a contemporaneous visual representation thereof 
of such a character as to reveal relatively readily 
the message or signal content. 
A feature of the present invention comprises 

displaying or visually representing a speech sound 
in the form of a pattern in which appropriate 
signals or indications corresponding to compo 
nent frequency bands of the speech sound are dis 
played on a viewing area along respective angu 
larly displaced lines of direction having a com 
mon origin or point of reference. . . . . . . 
Another feature comprises"visually represent 

ing a speech sound, and in which the outward 
extension or position of the indication along the 
respective line of direction is a measure of the energy content or intensity of the corresponding 
component frequency band." 
In accordance with the present invention, the 

complex wave corresponding to a given or par 
ticular speech 'sound is divided into a plurality of discrete or component frequency bands each of 
which is assigned, for purposes of a visual repre 
sentation, one of a plurality of angularly dis 
placed positions or lines of direction having a 
common origin or reference-point in a viewing 
area. These discrete bands are scanned succes 
sively and cyclically a number of times each secoid, aid their energy'contents or intensities 
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are translated into radial displacements of an 
energy ray dif electron beam at the respective 
angles, or along the respective, lines of direction 
for the individual frequency bands, whereby, if 
the energy ray is directed against a luminescent 
or a fluorescent screen, a traces representative of 
the complex wave is produced thereon. In a par 
ticular embodiment, the complex wave. is divided 
into a multiplicity of discrete or component fre 
quency bands by a suitable band-pass filternet 
work, and the alternating currents of the respec 
tive bands.converted into direct current control 
signals. These signals are applied, through a 
commutative goanector, successively and cycli 
cally to the deflecting elements or plates of a 
cathode-ray tube or oscil pe, to deflect the 
cathode ray or beam sugcessively and 
cyclically at the angle ed to the respective 
component frequency, ands and to an extent or displacement radially determined by the energy 
content or intensity of the respective component 

'ir. . . . for practicing the 
V. . . . . . .333 gmentary representation of a 

complex electic wi 
filters BFF: BEF2. of rectifying means or 

w' ... ? - - - dev ce 
devic .22; a WYY: T.s.. . . . RT; and a 'commutative 

* . . . . . . .'' 

complex Wav - 

Scree or gSRES ands, 9rff quicy stabb?s of substantially equir band 
widths. .. ' ". . . . . . . . ". . . . . . . . . . . . . . . . . . . . . - - - - 

ESSEE alters aré providei and if it is assinied that the coi 
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ters to the segments in the other three-quadrants. 
When a positive potential is appli - - - - - - - 
flecting plate through a commutative segment, 
the opposite or associated deflecting plate is ef 
fectively connected at negative potential through 
the grounding brishes; 20, 21. The distribution 
of the voltage output of the particular band-pass 
fifter between the deflecting plates f. 2 (for the 
filters BPF, BPF2, BPF3), or the plates 2, 3 (for 
'the filters"BPF4, BPF5, BPF6), or the plates 3. 
4 (for the filters BPF7, BPFB, BPF9), or the 
plates 4, (for the filters BPFlo, BFF , BPF 2), 
determines the angular deflection or's line of idi 
rection of the oscilloscope energy ray or beam; 

- and the intensity or mag .de of the voltage 
output of the particular band-pass filter deter 
mines the radial locationi or 6utward extension 
of the luminescent spot developed by the beam on 
the oscilloscope screen. Given a screen of appro 
priate retentivity of luminescence, and selection 
of appropriate rate of repeated sweeping or scan 
ning of the filter outputs by the commutative 
means, a visual pattern characteristic of a spe 
cific complex wave may be obtained, or a succes 
sion of visual patterns be produced as the com 
plex wave undergoes successively different spe 
cific frequency contents. If the energy contents 
of the successively swept or seanned component 
freqtency bands are the same, the radial dis 
placement of the cathode ray or electron beam 
will be the same and the pattern developed on 
the screen for the particular speech sound will be 
substantially symmetrical in outline. In general, 
however, the energy content for a particular 
"Speech sound varies in distinctive mainer" with 
frequency over the frequency band for Such 
Speech sound, and the radial displacement of the 
electron beam will be different for the Successive 
component frequency bands, whereby the Visual 
pattern for each speech sound will have a dis 
tinctive irregular outermost outline about the 
center of the viewing area, on the screen, or, al 
ternatively phrased, about the normal or idle po 
sition of the luminescent spot developed by the 
electron beam on the screen in the absence of 
speech sound input to the system. The input in 
pedances to the deflecting plate circuits are pref 
erably high relative to the values of resistances 
R. . . . R5, so that no appreciable change in the 
voltages will occur when the oscilloscope plate 
circuits are connected across these output termi 
nations of the filter circuits. 

It is apparent that any number of segments and 
associated discrete or component band filters may 
be suitably arranged and Operated in the man 
ner described. In fact, a large number of discrete 
or component frequency bands might be used to 
increase the detail in the visual pattern. To the 
same end, the number of segments in the commu 
tative means could be increased with respect to a 
given number of band-pass filter circuits. The 
twelve band-pass filter circuits, for example, 
might be arranged to operate twenty-four, thir 
ty-six or forty-eight SegmentS in the Commuta 
tive connector, to provide corresponding num 
bers of equally angularly Spaced radial lines and 
consequent Smoother pattern outlines. The vis 
ual patterns so far described are in the nature of 
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- from the commutative means. 

6 
"areas whose apparent boundaries are defined by 
the outer extremities of the radial lines, with the 
latter appearing to fill in or shade the areas. If 
it is desired that only the outline of the pattern 
area. Should be shown, that may be accomplished 
by filtering out the alternating components, first, 
in the energy Supplied to the commutative means 
from the rectifier means, and then in the energy 
Supplied to the cathode ray tube-deflecting plates 

It is to be under 
stood that the length of the segments in the corn 
mutative means and the Spacing between adja 
cent segments are not necessarily critical. 
What is clained is: 
1. In combination with a receiver of complex 

Waves, a multiplicity of frequency selective means 
for separating the received waves into a corre 
sponding multiplicity of component frequency 
bands, an OscilloScope including means for pro 

: ducing an energy ray and two deflectors adapted 
to deflect the ray in respective different directions, 
and means including a commutative connector 
'between said selective means and said deflectors 
for defecting said ray in a multiplicity of differ 
ent directions in cyclically repeated SEccession 
and, in each said direction, to an extent depend 
ent on the intensity of the waves in a respectively 
corresponding component band. v 

2. In combination, a source of complex electric 
wave corresponding to a speech sound; frequency 
selective means for dividing the frequency con 
stent of said wave into a plurality of discrete fre 
quency bands; means for deriving a plurality of 
direct currents representative of the energy con 
tents of the respective frequency bands; visual 
indication means comprising an electron beam 
source, a luminescent screen against which the 
beam is directed, and deflecting elehaents to de 
flect the beam in accordance with control signals 
'applied to said elements; and means for convert 
ing said currents Successively and cyclically iiito 
control signals and for applying said control sig 
nals to said defecting elements to deflect said 
beam in a plurality of different directions indi 
vidual to the respective frequency bands, in cycli 
cally repeated Succession, and in each said direc 
tion, to an extent representative of the energy 
content of the respectively corresponding fre 
quency band, to produce a visual pattern on said 
Screen representative of said speech sound. 

3. In combination. With a source of complex 
WaWes; a multiplicity of frequency selective 
means for dividing Waves from Said source into 
a corresponding multiplicity of component fre 
quency bands; electronic means including an 
electron beam and a luminescent viewing area, 
against which the beam is directed; and means 
for deriving control signals individual to the 
respective component frequency bands, and for 
deflecting said beam in cyclical succession along 
a corresponding multiplicity of angularly dis 
placed lines of direction having a common point 
of reference on said viewing area, and, in each 
direction, to an extent dependent on the intensity 
of the Waves in a respectively corresponding com 
ponent band, to produce a visual pattern on said 
viewing area, representative of the complex waves. 

4. In combination with means for converting 
Speech Sound waves into an audio frequency elec 
tric Wave corresponding to said speech waves; 
means for dividing said electric wave into a plu 
rality of component frequency bands; means for 
deriving Successively and cyclically a correspond 
ing plurality of control signals from said compo 
nent bands; and means for converting said con 
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trol signals into respective visual indications lo 
cated. On a corresponding plurality of angularly 
displaced lines of direction having a common 
point of reference and each respective to one of 
the compenent bands, to produce a visual pattern 
representative of the speech sound waves. 

5. In combination with means for converting 
Speech Sound Waves into an audio frequency elec 
tric wave corresponding to said speech waves; 
means for dividing said electric wave into a plu 
rality of component frequency bands; means for 
deriving a plurality of control signals from said 
Component bands; and means for converting said 
control signals into a plurality of visual indica 
tions located on a plurality of angularly disposed 
lines of direction having a common point of ref 
erence, 

6. In combination with a source of complex 
electric Wave, means for dividing said wave into 
a plurality of discrete frequency bands, means 
for deriving a plurality of control signals from 
Said discrete bands, and means for converting 
Said control signals into a plurality of simultane 
Ous persistent visual indications located on a plu 
rality of angularly related lines of direction hav 
ing a common point of reference. 

7. The method of producing a visual represen 
tation of a complex electric wave that comprises 
dividing said wave into a plurality of component 
frequency bands; deriving successively and cycli 
cally a corresponding plurality of control sig 
nals from said frequency bands representative of 
the energy contents of the respective component 
bands; and converting said control signals into 
respective visual indications such that the visual 
indications are located at the outer portions of 
a plurality of angularly displaced lines of direc 
tion having a common point of reference and 
each respective to one of the component bands, 
and the relative distances of the indications from 
the point of reference being representative of the 
energy content of the respective component 
bands. 
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8. The method of producing a visual represent 

tation of a speech Sound that comprises generat 
ing an electric wave corresponding to said speech 
sound in frequency and energy distribution con 
tent; dividing said wave into a plurality of com 
ponent frequency bands; deriving successively 
and cyclically a plurality of control signals repre 
sentative of the energy contents of the respective 
component bands; and converting said control 
Signals into respective visual indications such that 
the visual indications are located at the Outer 
portions of a plurality of angularly displaced lines 
of direction having a common point of reference 
and each respective to one of the component 
bands, and the relative distances of the indica 
tions from the point of reference being represen 
tative of the energy content of the respective 
Component bands. 

9. The method of producing a visual represen 
tation of a complex Wave that comprises dividing 
Said Wave into a plurality of component fre 
quency bands, deriving a plurality of control sig 
nals from Said component bands, and converting 
Said control signals into a plurality of visual indi 
cations on a plurality of angularly related lines 
of direction. 

LIONEL SCHOTT. 
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1. 
This invention relates to new and useful lubri 

cating compositions and more particularly it 
relates to lubricants containing copolymers of 
trimethylene glycol or its derivatives with certain 
alkylene glycols, as well as the novel copolymers 
themselves. 

It is well known that certain alkylene glycols 
having two hydroxyl radicals on adjacent car 
bon atoms may be polymerized to form viscous 
liquids or wax-like polymers useful to a certain 
extent for lubrication purposes. The products 
obtained have the general unit configuration 

ol --- L , 
where n is an integer and R1 through R4 are 
hydrogens or organic radicals such as methyl, 
ethyi, isopropyl, etc. Alkylene oxides having the 
oxygen bridging two adjacent carbon atoms form 
similar polymers. Examples of alkylene oxides 
forming such polymers are ethylene oxide, pro 
pylene oxide, butylene oxide, etc. Glycols such 
as ethylene glycol polymers practically identical 
with those obtained from the alkylene oxides. As 
pointed out above, these monomers and polymers 
have at least one part of their configuration in 
common: the oxygen atoms as separated by only 
two carbon atoms, in each case giving, in the 
case of polyethylene oxide polymers of the con 
figuration: . . . . . . 

H. H. 
O-C-C-O-C-C- 

B. B. B. B. 

Typical of lubricants comprising the higher 
alkylene oxides is polypropylene oxide, having 
the configuration 

. . . 

Polymers of butylene oxide and higher alkylene 
oxides differ in one respect from this latter Con 
figuration: the methyl substituent or one or more 
of the hydrogens is replaced by another hydro 
carbon group (or other substituent) such as 
ethyl, propyl, etc. Hence, this whole series of 
polymers comprises chains of pairs of carbon 
atoms linked by oxygen atoms. 

Polymers such as those of polypropylene ox 
ide, may replace mineral oil lubricants for cer 
tain purposes, such as in hydraulic brake fluid 
compositions, etc. When used as engine lubri 
cants it has two advantages Over mineral oil 
lubricants, namely, leaving substantially no 
engine deposit, and having a low pour point, 

4 Claims. (CI. 260-615) 
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However, the polyalkylene oxide and ethylene 
glycol polymers in general, and polypropylene OX 
ide, especially, have one serious drawback limit 
ing their utility as general lubricants. This is 
the serious susceptibility of polymers consisting 
of units of the general configuration 

-0---0--- 
to oxidation during normal use, such as in lubri 
cating compositions. This instability towards 
oxygen causes considerable loss of the product 
during its use, since, instead of forming guns as 
in the case of mineral oils, polymers of this con 
figuration decompose upon oxidation to form 
volatile materials which gradually escape from 
the lubrication system. 
This tendency to oxidize and subsequently 

volatilize can be controlled to a limited extent by 
incorporation in the polymer of certain anti 
oxidants. However, large percentages of these 
are required to maintain suitable stability. This 
causes undue lacquer formation on engine parts, 
apparently due to the stabilizer itself. Further 
more, even in the presence of considerable pro 
portions of anti-Oxidant materials, the polymers 
containing a predominating number of units hav 
ing the 

(-0---) 
configuration continue to oxidize and volatilize 
to an unsatisfactory extent. 

It is an object of this invention to provide poly 
mers which do not have this disadvantageous 
tendency to oxidize. It is another object of this 
invention to provide improved non-hydrocarbon 
lubricants. It is a further object of this inven 
tion to provide a process for copolymerizing tri 
menthylene glycol or its derivatives with alkylene 
glycols. It is still another object of this inven 
tion to provide copolymers having units of the 
general configuration 

-0--- 
as well as units of the general configuration 

-0---- 
It is a fifth object of this invention to provide 
stable polymeric materials useful as components 
in plastic compositions, lubricating compositions, 
rubber compositions, enamels, lacquers, etc. 
Other objects will be obvious from the following 
description of the present invention. 
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Now, in accordance with this invention it has 
been found that lubricants of excellent stability 
are formed by copolymerization of alkylene gly 
cols containing the essential structure 

- \v--J, 
where s is an integer, with trimethylene glycol 
or substituted trimethylene glycols of the general 
formula 

H-r o--- M. OB 
where it is an integer. The polymers so formed 
consist essentially of chains having units of the 
general structure 

Ao-i-A-(o-t-t-A --O-C-C---O-C-C- tv-f-7. V---Y7. 
wherein an and n are integers, the free carbon 
valences carrying hydrogens or organic substitu 
ents. 
The glycols which are polymerized with the 

trimethylene glycols to form the lubricating com 
positions of the present invention are generally 
called alkylene glycols and may be nonOmeric 
glycols or a lower polymer thereof. These gly 
cols have the general formula 

wherein s is an integer and the free carbon 
valences are satisfied with hydrogens or Organic 
radicals. Preferably s is a number from 1 to 10, 
and still more preferably from 1 to 4. While 
the carbon constituents may be hydrogen or any 
organic radical, it is preferred that each 

-O--d- 
group have at least 2 hydrogen substituents the 
balance being aliphatic hydrocarbon radicals. 
When s is 1, such glycols include ethylene glycol, 
propylene glycol, butylene glycol, etc. When 8 
is more than 1, the glycols include diethylene 
glycol, triethylene glycol, tetraethylene glycol, 
pentaethylene glycol, and the corresponding pro 
pylene, butylene, etc. glycols. When s is more 
than 1, mixed glycols useful in the present in 
vention include ethylene propylene glycol, di 
ethylene propylene glycol, diethylene dipropyl 
ene glycol, etc. as well as their substituted de 
rivatives, and polymerizable homologs and ana 
logS. 
The glycols having the general formula 

H- -, 
wherein it is an integer and the unsatisfied car 
bon valences carry hydrogen or organic substitu 
ents, are all derived theoretically from trimethyl 
ene glycol. Hence, glycols of the above configul 
ration will be referred to herein as the trimethyl 
ene glycols. When it is 1, the trimethylene gly 
cols have the general formula 

B olon Ei 
The monomeric trimethylene glycols having 

the above general formula are derived from tri 
methylene glycol. Preferably, R1 and R2 are 
hydrogens. In such case, the polymers are 
formed from trimethylene glycol itself. If Ri 
and/or Ra are not hydrogens, they may be or 
ganic radicals such as alkyl, aralkyl, aryl, etc. 
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4. 
Preferably if they are not hydrogens, they are 
hydrocarbon radicals, especially saturated lower 
hydrocarbon radicals, but may also be groupS 
which contain olefinic or acetylenic portions. 
Typical of the trimethylene alkyl substituted gly 
cols are the methylated trimethylene glycols, in 
cluding 1-methylpropanediol-1,3; 2-methylpro 
panediol-1,3; 1,1-dimethylpropanediol-13; 1,2- 
dimethylpropanediol-13; 1,3-dimethylpropane 
diol-1,3; 2,2-dimethylpropanediol-1,3; 1,1,2-tri 
methylpropanediol-1,3; 1,1,3-trimethylpropane 
diol-1,3; 1,2,2-trimethylpropanediol-1,3; 1,2,3- 
triraethylpropanediol. 1,3; 1,12,2-tetramethyl 
propanediol-1,3; 1,1,3,3-tetramethylpropane-1,3; 
1,2,3,3 - tetramethylpropanediol - 1,3; 1,1,2,2,3- 
pentamethylpropanediol - 13; 1,1,2,3,3 - penta 
methylpropanediol-1,3; and hexamethylpropane 
diol-,3. 
in place of the methyl groups other alkyl 

groups may be utilized, such as ethyl, propyl, 
butyl, amyl, hexyl, heptyl, octyl, nonyl, decyl, etc., 
radicals, as well as their isomers. Preferably, 
when alkyl groups are the substituents R1 and 
R2, they have from 1 to 10 carbon atoms, and 
still more preferably from 1 to 5. It will be un 
derstood that R1 and Ra may be similar or dis 
similar groups. Thus, when expanding the gen 
eral formula given hereinbefore to its indicated 
number of carbon atoms, it then becomes 

Rs R. Rs 
Ho-5-0--OH 

, k s R. R. 

wherein R3 through Rs are either hydrogen atoms 
or similar or dissimilar organic radicals. Those 
derivatives of trimethylene glycol, other than 
trimethylene glycol itself, which give the most 
Satisfactory copolymers for general use have 
either one or two of the R's as lower alkyl groups. 
Thus, 2-methylpropanediol-13 and 2,2-dimethyl 
propanediol-13 form excellent copolymers when 
treated according to the method of the present 
invention. 
Other lower alkyl-substituted trimethylene 

glycols which polymerize readily are 1-methyl-2- 
ethylpropanediol-1,3; 2-methyl-2-ethylpropane 
diol-13; 1-methyl-3-ethylpropanediol - 13; 2 
methyl-2-propylpropanediol-1,3; 1-methyl-2-iso 
propylpropanediol - 1,3; 2 - methyl-2-butylpro 
panediol-i,3; 2-methyl-3-butylpropanediol-1,3; 
and the homologs, analogs and derivatives of the 
Sale, 

One or more of the substituents may be cyclo 
aliphatic radicals. Thus, R3 through RB may be 
Such radicals as cyclohexyl, methylcyclohexyl, 
dimethylcyclohexyl, ethylcyclohexyl, etc. How 
ever, open-chain alkyl substituents give polymers 
having preferred properties. 
The polymers have modified properties if the 

trimethylene glycol derivative contains other 
active groupS or elements such as additional hy 
droxyls, Carboxyls, carbonyls, halogens, sulfur, 
etc. 
While the copolymers formed may be prepared 

from trimethylene glycol alone, or from a single 
trimethylene glycol derivative, copolymers having 
more than one variety of 

-0---- 
unit in addition to the 

-0--- 
units also may be prepared in order to vary the 


