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the'aunalyms arid vistigl
ves; and, more par-
'ukl TeprEseHtation o spéech
sound waves® and he Tike,

It hasialieady Besn proposed o’ translate audxo 5
frequiency’ comblex’ waves, su .
speech’ sounds into ' vil gl -patterns off spectro-
grams'chatacteristic of o respectlve to particular
speech 'sounds Study of Si €h visiial patterns by
an observey, for example 8’ deaf person; -ahd
mental aSsocidbion ' of the’ appropriate’ spéech
sounds therewith; trnisHes” the -observer with
a vocabulary or ‘phabet of visual patterns.
So ‘equipped; the obs Tab enabled to compre-
Hend the content'of a'phrase r7sentence uttered
by anothet, or Hiiiself, arié Y be
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poraneously tranSlate by sultable -meéas into a
compléx electric-wave'shd donverted ffto: o suc-

cession of visual’ patteris’ representatWely cor=
respondmg to the spéech sounds of the orxgmal

Anl’ oBjéct -of the” iffvétition ‘
proved method ‘and:
ing a’ complex wave' such -a§- that of a’spééch
sound

20

ifig” ssag “or’ s1gna1
waves, and more'p‘artmlﬂarly*sp schisound w

a contemporanecus vistial b{3) V¥: f
of such a character as to revesl: relat1vely ‘readily
the message or signal content.

A feature of thev present 1nvent10n comprises
d1sp1ay1ng or visually representmg a speech sound
in the’ form -of &' patterniin which " appropnate
signals or indications correspond‘mg to compo-
nent fréquencybands of thie speech sound are dis- 4
played on a’viéwing area; along respect1ve ang_u—
larly dlsplaced lines ‘of ‘dir ]
mon origin or point of referen 5

Another feature” comprlses 'vzsually représent-
ing a speech’ sound, and in which the- outward
extension or pos1t10 of the nd1cat1on along the
respective’ line“of ditection i’ a measure of- the
energy content or intensity of the” “corfesponding
component frequency band:

In accordance with the: present invention, the
complex wave corresponding to a glven or par-
ticular’ speech ‘sound’ is d1v1ded mto a” plu.ral!ty
of discrete or. component frequency bands each‘ ‘of
which is a551gned for purposesof a visual repré-
sentation; one' of a. plurah y of angularly dis-
placed positions”of “linies  of direétion having a
common origin or referenceé’point in a viewing
area. These discrété bands aré scanned succes-
sively and cychcally a number of times each
secotid, aid thelr enbrey”cotitedits or ‘inteRsities
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(CL 179—1)

eommuytative : eonnectorw ;
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are traiislated 1nto radial- d1splacements of .an
energy ray. of elégtfon: Hedm at the respective
ahgles or along-the respective: lines of direction
for the individual frequency: bands, whereby, if
tHe energy ray is directed-against a luniinescent
or a fluofesceilt screen, a trace:representative of
the complex wave is produced thereon. Ina par-
ticular embodxmant the complex wave. is divided
into a multiplicity of discrete or. component fre-
quenty bands-by a-suitgble band-pass filter net-
work;-and the- alternat' g currents of the respec-
tive bands converted -into dlrect current control
signals.. These -signals. -arve a,pphed throuvh a
uccesswely and - cych—
cally to .the deﬁectmg -elements ‘or plates of a
cathode-ray tube -or: osculoscope, to deflect the
cathode: ray .or:-beam therein successively and
cyclically af the angle signed to the respective
om ] ands and {0 an extent or
d1sp1acement radlally etermmed by the energy
content or 1ntensxty of the- resiaectxve component
frequency band .

ures, will
brained. ; ied desenptmn that
follows taken m onjunction with' the appended

‘dra,meg, Whe

Fig, 1. trates a system for pra.ctlcmg thé
tion; and

) 'faccordance
tteis BEFL, BPF2

frex
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complex
r comp l;hen‘tf f¥gquéney” bahds,” or
stibbEnEss o sule‘ﬁénlﬁa‘,ﬁ‘y/ eqiaT b

In the-ilivstrative”
are: pro‘w.déd ahd;

2he emént twelve ﬁlters
i1t 18 assuhded’ thiat the bt
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'dégree pos1 _qn seg”ents ""resistamces _of Rl ‘R2,

~érdtions ap] 1y For the

‘ters b0 the segments inthe vther thrde guadrants.
"Witeni & positive potential dsiapplied to ione ‘de-
fleeting " plate ﬁhrough a7 Gomimutative segmient,
‘the ‘opposite or’associated ‘deflecting plate’is ef-
fectively ‘connetted at négative potential through
the " groundmg Prishes 20,721, The dlstnbutlon
‘of ‘the VOltage ovtput *of’the particular bawd-pass

fitter between ‘the’ rdeﬂectmg Plates f,2: (for the.

-filters' BPF1, BRI2, BPF3); or the’ *platesz 3 (for
“the =ﬁ1"s’érs"'BPF4, BPF5 ,"iTBPEGi) ,“orthe plates 8,
4 (for the filters BPFI1, BPF§, BPF9), or the
~platesd, 1-:(For the Alters BPF 0, BPFI(; BPF!Z)
“determines the lansular ‘deflédtion or-lite 6f  di-
-rection of ‘the osc1llosc0pe ‘energy ray or beam;
~and the intensity -or ' mag ide -of ithe “voltage
‘outpu‘t ‘of the particuldr wand-pass ‘flter ‘deter-
‘mineds ‘the radial lecamon or-dutward ‘éxtension
‘ of the Tuminescent'shot developed by the besmion
the oscilloscope screen. Given a screen-of appro-
pridte retentivity of luminescence, and selection
of appropriate rate of repeated sweeping or scan-
ning of the-filter Gutplts by the commutative
means, g 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- unidergoes~successively” different spe-
cific frequency contents. If the energy contents
" of "thte "successively swept or-seamned component
“freqiency “bands are the same, the radial-dis-
“placemient - of the cathode ray or electron beam
will be the same and the-pattern developedon
the screen for the particular speech sound will be
Ssubstantially symmetrical inoutfine. Inh‘general,
“however, ‘the energy content for a “particular
“§péech sotind varies 'in distimetive mafiner 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 im~
pedances to the deflecting plate circuits are pref-
erably high relative to the values of resistances
Ri ... RS, 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 cemmutative nieans.

ing said currents Successively

6

-areas whose apparent boundaries sre! definet &y

the'outer extremities of theradial lines; with the

‘Tatter -appearing to All'in or shade the areas,  If

it 1s desired that-only the outline of thepattern
area should be shewn, that-may! be-accomplished
by filtering:out the dlternating ‘components; first,

inthe energy supplied tothecommitative méans

from:the rectifier means; and:then‘in the-energy
supplied to the cathode:ray tube-deflecting pldtes
It'is'to be under-
‘stood that:the length-of the segments in the com-

‘mutative means dnd -the 'spacing between adja-

cent ségments are not necessarily critical.

What is claimed is:

1.-Ih combination with a-receiver:of -complex
waves, a multiplicity -of frequency selective mearis
for separating the received waves into a-ecoerre-
sponding ~multiplicity of componént -frefjuéncy
bands, .an oscilloseope including means for:pro-

“ducing an.energy ray and two-deflectors adapted
‘o deflect the ray inrespective different directions,

and meansincluding a commutative “connector

-between said selective means and ‘said-deflectors

for defiecting said ray in o multiplicity ‘of-differ-
ent directions <in cyclically repeated strecession
and, in each said direction, to an:extent depend-

-ent:on the intensity of the wavesdin: arespectzvely

corresponding compconent band.

2."In combination, s source:6f complex: electrlc
wave ‘corresponding to g spbech sound ; freguency
selective means ‘for dividing the Trequency-con-

tent of said wave irto a plurality of-diserete fre-
“quency:bands; means for deriving a plurglity of

airect:currents representative of the- energy con-
tents -of the ‘respective frequency “bands; visual
indication meéans: comprising ‘an' glectron beam

- source; & luminescent scréen’ against “which ‘the

Peamis directed, ‘and:deflecting elementsito de-

‘flect- the beam in accordance with’control signals

wpplied to said elements; and means for ‘convert-
d cyelically itito
control signals'and for @pplying sdid controlsig-
nals to said deflecting elements to defleét=suid
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
waves; 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 confrol 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 info 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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“tirol signals into ‘respective visiial 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 ¥epreseri=
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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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

[, o]

0T

where n is an integer and Ri through R4 are
hydrogens or organic radicals such as methyl,
ethyl, 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: . AECSE SN
HH HE
0—C—C—0—C—C—
HHE HH

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 & low pour point,

4 Claims. . (CL. 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—b—d—o0-b-b—
[ [

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 gums 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-

igg the .
(-4

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

_o_+_+_
as well as units of the general configuration
ot

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. '



2,481,278

3
Now, in accordence with this invention it has
been found that lubricants of excellent stability
are formed by copolymerization of alkylene gly-
cols containing the essential structure

Lo b 4\
H—£{-0~C—C)-0H
BRI
where s is an integer, with trimethylene glycol
or substituted trimethylene glycols of the general
formula

Lo d b N
B—£-0—C—C~C-—0H
Ui 1rik
where ¢ is an integer. The polymers so formed
consist essentially of chains having units of the

general structure
Lo-b-3Lo-b-b4) ]
e 0—0— 0—C—C—
[ TR VAN I YN
wherein m and = 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 monomeric
glycols or a lower polymer thereof. These gly-
cols have the general formula :

T A

H0—0—

\" T 1/
wherein s is an integer and the free carbon
valences are satisfled 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—4—
I

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 s
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-

OH

logs.
The glycols having the general formula
Lo b4 &N
H—4-0—C—C— OH
\C 7T 0/

wherein £ 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 configu-
ration will be referred to herein ag the trimethyi-
ene glycols. When ¢ is 1, the trimethylene gly-
cols have the general formula

H 0-—r1£,]——011

LLL,

The monomeric trimethylene glycols having
the above general formula are derived from tri-
methylene glycol. Preferably, R: and Rz are
hydrogens. In such case, the polymers are
formed from trimethylene glycol itself. If Ri
and/or Rz are not hydrogens, they may be or-
ganic radicals such as alkyl, aralkyl, aryl, etc.
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Preferably if X\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 ely-
cols are the methylated trimethylene glycols, in-
cluding 1i-methylpropanediol-1,3; 2-methylpro-
panediol-1,3; 1,1-dimethylpropanediol-1,3; 1,2-
dimethylpropanediol-1,3; 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-
triethylpropanediol . 1,3; 1,1,2,2-tetramethyl-
propanediol-1,3; 1,1,3,3-tetramethylpropane-1.3;
1,2,3,3 - tetramethylpropanediol - 1,3; 1,1,2,2,3-
pentamethylpropanediol - 1,3; 1,1,2,3.3 - penta-
methylpropanediol-1,3; and hexamethylpropane-
diol-1,3.

-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 Ri: and
Rz, they have from 1 to 10 carbon atoms, and
still more preferably from 1 to 5. It will be un-
derstood that Ri1 and Rs 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
R; Ry Bs
HO~C—C—C—0H
o e By

wherein Ra 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-1,3 and 2,2-dimethyl-
propanediol-1,3 form excellent copolymers when
treated according to the method of the present
invention.

Other lower alkyl-substituted trimethylene

5 glycols which polymerize readily are 1-methyl-2-

ethylpropanediol-1,3; 2-methyl-2-ethylpropane-
dw\io]-l,a; 1-methyl-3-ethylpropanediol - 1,3; 2-
methyl-2-propylpropanediol-1,3; 1-methyl-2-iso-
propylpropanediol - 1,3; 2 - methyl-2-butylpro-
panediol-1,3; 2-methyl-3-butylpropanediol-1,3;
and the homologs, analogs and derivatives of the
same.

One or more of the substituents may be cyclo-
aliphatic radicals. Thus, Rs through Rs 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 containg 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

b
unit in addition to the

—o—b-4
[

units also may be prepared in order to vary the



