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16 Clmms.

This invention re]ates generelly to ‘microwave
transmission and more particularly to improved
methods of and means for generating acoustic
waves in response to microwave energy obsorp-
tion in certain gases. o

The invention utﬂlzes the charsoterlstlos of var-
ious gases which are substantially perfect dielec-
trics at most radio frequencies but which absorb
considerable energy at certain other predeter-
mined microwave frequencies.
an article by Cleeton and Williams in Physical
Review 45, 234 (1934), observations on microwave
absorption in ammonia gas indicated that radia-
tion having s,_m_f.a:velength_ of 1.25 centimeters will
lose approximately 63 percent of its initial energy
upon passing through 1.1 meters of ammonia gas
in a non-metallic container at. atmospheno pres-
sure.
frequency band is relatively wide since the ab-
sorption coefficient falls to. spprommotoly ohe-
half of its maximum value at wavelengths of 1
centimeter and 1.5 cent1meters “The _obserya-
tions described in the article identified hereto-
fore were inspired by earlier general theoretic
work on the energy levels of the: ammonia mole-
cule together with observations on the infra-red
spectrum of this gas, but.in all such prior experi-
‘ments no attempt was made to determine, ex-
plain, or utilize the effect upon the gas of mlcro—
wave absorption by said gas.
~ The instant mventlon relates to o,pplloant’s co~

pending application, Ser. No. 537, 060, filed on May
29, 1944 mnow Patent No. 2,471 744 wherein a mi-
crowave absorptive gas, enclosed wrthm a cavity
resonstor which is coupled to a microwave trans-
mission system, is heated by absorbed microwave
energy to provide direct indications of transmit-
ted microwave power as a a function of the varia-
tion in gas pressure provided by the absorbed
microwave energy. In said' copending applica-
tion, the microwave absorptive gas also comprises
the thermometrzc medlum Whereby the gas pres-
sure may be ascertained. . S

The present mventlon also relates to s,pph-
cant’s invention described in-his copending appli-
cation Ser. No. 540,428; filed June 13,1944, now
Pstent No. 2 451 732, Wherem the ebsorptwn of

certain gsses is employed to prov1de :-m ad;:ust-'

able light velve which comprises a gas prism pro-
viding variable refraction of a light beam direct-

ed through said light valve The ve,nsble refra,o-

tive proper’ues of the gas pr1sm compnsmg the

light valve are due to the variations in pressure

mthm predetermmed reglons of the enclosed m1-,

For example, in
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Tt was noted further that the. absorption

a definite frequency or frequencies.

crowave e,bsorptwe gas in response to the irrad1-'
ating microwave energy. - -

It is believed that the tempera,ture e.nd pressure
changes in the microwave absorptive gas, due to
selective dissipation therein of the irradiated mi-
crowave energy, is the result of molecular reso-
nance effects incidental to excitation of the en-
ergy levels of the gas molecules. As employed
herein, the term “molecular resonance” defines
the characteristics or properties of an aggrega-
tion of gas molecules which give rise to the selec-
tive absorption of electromagnetic microwaves of
The micro-
wave ensrgy absorption in the gas proper. In-
creases as the gas pressure is increased.

- The instant invention depends upon a,pphoant’
observations that microwave absorptive gas when
irradiated by modulated microwaves provides

- sonic or supersonic waves characteristic of the

2(}

microwave modulation. Therefore, a source of
microwaves modulated at audible or supersonic

- frequencies may be employed as an indicating

25

device for indicating the presence of various mi-
crowave absorptive gases since any appreciable
quantity of said. gas present will generste corre-
sponding audible or supersonic waves.

Another embodiment of the 1nsto,nt 1nvent1on
comprises a cavity resonator including a micro-
wave absorptive gas and having a microwave-

3 opaque, acoustic wave-permeable window Ifor

- transmitting acoustic waves generated in the en-
- ¢closed gas to a surroundmg medium. This em-
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bodiment of the invention provides a convenient
and relatively efficient loud speaker, or sound
generator, wherein the enclosed microwave ab-
sorptive gas is irradiated by microwaves modu-

Jated at the desired acoustic frequency.

A third embodiment of the invention comprlses
means for employing one or more such acoustic
wave generators to provide standing or traveling
supersonic waves in an enclosed supersonic re-
sponsive medium such as, for example, xXylol. The
variation in pressure in the supersonic responsive
medium provides corresponding variations in the
light transmitting characteristics thereof which
may be employed to provide an extremely effi-
cient, flexible and convenient light valve for oscil-
lographlo or sound film recording purposes.

It should be understood that the terms “acous-

tlo” or “supersonlo” as employed herein includes

" all vibrations in gases, liquids, or solids which oc-

cur in elther the sudlble or supersomo frequency

spectra.
Among the objects of the invention are to pro-

5 vide an improved method of and means for em-
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ploying modulated microwave energy to provide
acoustic waves of frequencies corresponding to
the microwave modulation. Another object of
the invention is to provide an improved method
of and means for indicating the presence of pre-
determined gases. A further object of the inven-
tion is to provide an improvéd acoéustic wave
generator. Anbdther object is to provide an im-
proved method of and means for converting su-~

personically modulated microwaves to supersonit j

waves in a desired elastic medium.

Other objects of the invention 1ﬁclude an im-

proved method of and means for mﬁdula,tmg a
light beam as a function of thé modulation ehgr=
acteristics of a source of miodulated iniérowaves.
An additional object of the invention is to pro-
vide an improved method of and means for mak-
ing oscillographic measurements. Another ob-

ject is to provide an improved method 6f and

means for measuring miérowave PoOwer.

- "The inventien will be described with reference
10 the accompanying drawings of which Figuté 1
iz 4 sthemaitie blotk diagram of one embodiment
thereof suitable for indieating the preserice of
predetermined gases, Figlre 2 is 4 cross-sectional,
elevgtional, partly-schematic view of a second
efhbodiment of the invention providing an atous-
tic wave generator, Figure 3 is a cross-sectiondl,
elevational, partly-schematic view of g third em-
bodirmietit of the invertionh providing meang for
modulating a light beam, and Figure 4 is & pldn
view of the light screen forming a portion of said
third embodiment 6f the invention. Similar réf-
efeénce cliardeters are applied to similar elemeinits
throughout the drawing.

Referririg to Figure 1, an efficient, flexible, and
ét}'rivéﬂiéht ’dét'et:tb'r fdi' mifcrowave absorptive
ah output Iréquency corresponding to the abSorp—
tion freguehcy of the gas to be detected. The
microwave generator 1 1§ modulated by any €6t~
veritional audible or supersonic sighal soureé 3
cotpled therefo. The fnodulated microWwaves de-
rived from the generator 1 are apphed to a eon-
ventienal microwave antehna such, for example,
as a dipole T Wthh may include, if desired,
wave reflector 9.

The modulated mi¢rowave energy radiaied Irom
the antenna 7 is directed toward a space in which
the microwave absorptive gas 11 is believed to be
presént. If any apprééiable quantity of §aid
microwave absorptive gas iS subjected to the
modulated microwave radiation, acoustic Waves
i3 will be generated, afid may be detected eithef
by ear or by any known acoustic wave detecting
apparatus having the required sensitivity. Tt
should be understood that the microwave gener=
ator, the modulating signal source, and the miero-
wave radiating means ay be combined in a
sulta,bly portable structure to provide convenient
irradiation of any desired external region.

Referring to Figure 2, the modulated thicto-
wave output of the generator 1 is coupled to the
input of a waveguide 11, which includes reactive

tuning plugs 19, 21, for matching the surge im= ¢

pedance of the wavegulde to the impedanceé of &
cavity resonator 23 which is coupled to the output
end of the wavegulde A flange 25 on the out-
put end of the waveguide 11 is bolted or other-
wise fastened to a complementary collar 21 Ol
one side of the cavity resonator 23. 'The open-
ing from the waveguide 17 into the cavity reso-
nator 23 is sealed by a microwave-permeable, ga3-
tlght window 29 which is maintained under pres-
sure against a rubber gasket 31 by means of a

29
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threaded annular ring 33. The énd of the cavity
resonator remote from the window 29 includes a
substantially microwave-opaque, acoustic wave-
permeable screen 35 clamped in a supporting
frame 3T secured to the ends of the walls of the
cavity resonator 23.

- Iminiédiately adjacent; to, parallel with, and ex-
terfrally of the screen 385, is secured a flexible
diaphragm 39, of sultable plastic material for
tfansmitting acoustic waves from the gas enclosed
within the cavity resonator 23 to g surrounding
medium 41. A convenient construction for sup-
porting the diaphragm 38 comprises a second
clamiping frameé 43 aiso supported by the ends of

- the camﬁ:p’ reSohigtor walls,

It is is desiréd to generate supersonic vibrations
of a sirigle frequienty in response to correspond-
ing supersonic modulation of the microwave
solirce, the cavity resonator 23 may be propor-
tioned to resonate at s&id supersonic frequency
in Gy mander Kaéwh in the art. Alternatively,
the cavity resonatoy 23 migy be proportioned to
resofiste to the microwave carrier freguency to
providé & Substantially perféect termination for
the waveguide transmission §ystem thereby pro-
viding maximuia abserption of microwave energy
in the micidwave ab3orptive gas enclosed within
said resonator. Two tuning plugs 19, 21, coupled
to thé waveguide 17, may be adjusted to match
the terminating impedance of the cavity reso-
nator 28 to the sige Impedance of the wave-
guide 171 ih order substantially to eliminate wave
réfléctiotis TFom the eavity resonstor. A further
modifieation of the device comprises 4 ¢avity reso-
nater proportioneéd so that g plurality of over-
lapping Mictowave miodes are eXcited therein,
and also proportioned 50 that no serious resonance
effects are obtained at the desired acoustic
modulatiohh fréguency.

The €avity résonator may bé rectangular, or of
any other eonvenient shape, and if rectangular,
may‘ be exeited so that its résonant frequency fem

2 )+ (1) 4 ()

(1)
where vy Is the speed of ¢lectromagtietic waves
in the gas éneclosed withih the cavity resonator,

nx, Ny afid 7z aré thé modal indices defining the
modes of oscillation, and Ik, Iy, and Iz are the
lihear dimensions of the rectangular enclosure.

For the same rectangular cavity resonator, the

frequencies fs of the supefsonic modes of oscilla-
tion are given by

@) fr—‘-"vwz[ )+(ﬂ) +(7) [

where VNH is the speed of sound in the gas en-

closed in the rectangular enclosure, mx, my and
mz are the nodal indices defining the acoustic
meode of operation, and Ix, Iy, and 7z have the sgme
significance as in Formula 1.

Bince the mitrowave freguency in the enclosed
gas is of the order of 105 times as large as the
acoustit frefguency ih said gas, the acoustic fre-
dueficy tay be conveniently selected so that the
cavity résonator résonates at both the microwave
and atoustié Trequeneies. For example, a carrier
frequency ‘of 2.3 times 1010 eyeles (corresponding
to a wavelength of 1.8 centimeters) may, by
reference to Formulas 1 and 2, be modulated by
an acoustic frequency ‘of the order of twenty-
thie thousand cyeies if both tybes of waves are
éxcited in the 1, 1, 0 mode. It should be under~
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stood that a large variety of other combinations

~'of ‘exciting frequencies and resonant character-

-

istics are possible by p

1S are ‘possible by proper choice of nz, 7y and
Nz,and mx, myandmz, - - |

- 'Thus it will' be seen that the cavity resonator

2,483,768

D

28, confining a microwave absorptive gas such as

‘ammonia, may be resonated either to the irradiat-
ing microwave  frequency, to the modulating
Supersonic or audible frequencies, or both, there-
by providing an extremely flexible source of

~ ‘audible or supersonic acoustic waves having a

single ‘acoustic frequency, or extending over any
desired band of acoustic-frequencies as is desir-
able in a loud speaker, - S

- - -

' Furthermore, the flexible membrane 39 may
- comprise either an acoustic wave-permeable ma-
Yerial which does not vibrate substantially with
the exciting acoustic waves, or it may comprise
@' vibrating diaphragm which vibrates sympa-

thetically with the waves generated in the cavity

resonator to generate corresponding acoustic
waves in the surrounding medium. | |

10

6

- Thus the third embodiment of the invention

- may be employed for recording sound, or other

sighal - intelligence, on g moving photographic
illm Dy applying the signal intelligence to modu-
late the supersonic signal source which further
modulates the microwave carrier source. -

- It should be understood that various modifica-
tions of the invention disclosed may be employed
in accordance with known microwave and acous-
tic wave technique, and that the invention may

be utilized for any desired type of oscillographiec,

television, or other light modulating apparatus,

- Por example, since the acoustic wave amplitudes
- area function of the microwave modulation char-

15

- characteristics.

20

~ Figure 3 comprises an embodiment of the in-

‘vention which may be employed for modulating a
source of light for oscillographic or acoustic-wave

recording purposes. 'The output of the modulated -

generator | is coupled to the input of the wave-

guide |7 which includes branches 18 and 28. The

branch 18 transmits modulated microwave energy
- %o & first cavity resonator 23 and the branch 28
transmits the remainder of the microwave energy
to a second similar cavity resonator 24. Both
cavity resonators may be proportioned and de-
Figure 2, whereby they resonate simultaneously
to both the microwave carrier frequencies and a
supersonic modulated frequency. .
- ‘A source of desired signal intelligence 5 is con-
nected to modulate a supersonic signal source 3
which iIn turn modulates the microwave gener-
ator 1. The diaphragms 39, 40, of the cavity
resonators 23, 24 respectively, preferably are

signed substantially as described heretofore in

30

acteristics, an acoustic wave amplitude measur-

ing device may be employed in combination with

the device of Figure 2 to indicate directly micro~

wave power or microwave modulation percentage
‘Similarly, such measurements
may be derived by optical or electrical analysis of
the ;nod—Ulat’ed light beam of the device of Fig-

.~ Various other microwave absorptive gases have ,

been tested and found to be satisfactory for mi-
crowave applications in apparatus of the type de-
scribed heretofore. The following table indicates

-the microwave frequencies at which some of these

various gases have been found to absorb consid-
erable micromave energy as Indicated by the
absorption coefficients which have been mesas-
ured: | | o e

e I | Powei--%;-'-f |
| - o 1 | sorption 0o-
35 Gas _Wave Iength efficient per
' - - ¢m. - -
_ Cm. S
Hthyl Chloride._________________ m. 1.25 25104
Ethylene Oxide._______________ 777" 1.25 - 35X10+4
40 Freon22 ... __ . " Tttt 1.25 | -17X10-4
Monoethylamine . __._______ e | 1.25 | 6.7X10-¢
Ammonia._____ _— e { - L25 ) . 84axX10-4
T o B | IR 16X 10~

~ located any integral number of wavelengths apart

at the operating sipersonic modulating frequency.

These diaphragms form the end walls of a super-
sonic trough 45 enclosing a supersonic-responsive
fluid such as, for example, any type of xylol.
Thus, standing, or if desired, travelling super-
sonic waves will be excited in the xylol confined
~ within the supersonic trough 4% which will pro-
vide therein regions of varying fiuid density,
- Fluid-tight windows 47, 49 in opposite side
- walls of the supersonic trough 45 provide means
~ whereby a light beam derived from a light source
91 may be directed through the xylol to an image
screen 88. . %
. If standing waves. are established ‘within the
xylol in the supersonic trough 45, the light beam
directed through the xylol medium will provide
a pattern of varying density on the light sensi-
tive screen §3 as indicated in Figure 4. |
... If the supersonic signal source 3 is unmodulated
by signal intelligence, the pattern on the light

sensitive Screen 53 will comprise stationary ver--

tical lines which vary gradually from black to
white.. However, if the supersonic signal source 3

45

. Thus- the invention discloses several modifi-

- cations of an improved method of and means for

50

99

60

65

is modulated by signal intelligence such, for ex-

ample, as audible sound waves, the pattern on the

light sensitive screen 58 will comprise lines which
rapidly vary in intensity. The signal intellisence
“modulation characteristics however, may be re-
- corded upon a moving photographic film 55 dis-
posed behind the image screen 53, and illumi-
nated through an aperture 57 at ‘some predeter-

‘mined point on the screen 53, -

irradiating predetermined microwave absorptive
gases by means of modulated ‘microwaves of a
pPredetermined frequency to generate acoustic
waves in sald irradiated gases. The invention
may be employed, as described: heretofore, for
indicating the presence of certain gases, for gen~
erating acoustic waves characteristic of micro-

wave modulation, or for modulating g light beam

In accordance with said microwave modulation. -
- Iclaim as my invention: =~ -~ = |
R Ihe method of indicating the presence of a
microwave absorptive gas in a space comprising

generating modulated microwave ‘energy, irradi-

ating said space with said modulated energy to
excite molecular resonance in said £as, and indi-
cating the presence of said gas as a function of
the magnitude of sonic waves characteristic of
Sald modulation frequency which gre generated
by any of said gas present in response to said mi-
crowave energy absorbed thereby. . =
2. A reproducer for providing sonie vibrations
in a surrounding medium in response to applied

modulated ‘microwave energy including o cham-

ber for confining a microwave absorptive gas,

- means  for irradiating said gas by said modu-

7D

lated energy to excite selective molecular reso-
nance and thus to provide pressure variations in
sald gas characteristic of said microwave modii-
lation, and means forming g portion of said
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{
chamber for tratismitting said pressure variations
to said surrounding medium. |

3. Apparatus of the type described In claim 2
characterized in that said chamber is propor-
tioned to resonate electrically to said applied mi-
crowave energy. |

‘4. Apparatus of the type described in claim 2

characterized in that said chambper 1s propor-
tioned to resonate electrically to said applied mi-
crowave energy and simultaneously to resonate
acoustically to said microwave modulation.
- 5. In g system including a microwave energy
absorptive gas confined within g substantially
gas-tisht enclosure, the method of generating
elastic vibrations in a fluid medium comprising
irradiating said gas witi acoustically modulated
microwave energy. to excite molecular resonance
in said gas to generate heat therein in response
to said energy absorbed by said gas, sald gener-
ated -heat providing pressture variations in said
gas characteristic of said acoustic modulation of
said irradiating microwave energy, and acoustl-
cally coupling said gas to said fluid medium to
transfer said pressure variations thereto. .
- 6. In a system including a source of micro-
wave energy and a microwave energy absorptive
gas confined within a substantially gas-tight en-
closure, the method of generating elastic vibra-
tions in a fluid medium comprising modulating
said microwave energy source in accordance with
signal intelligence, applying said modulated mi-
crowave energy to irradiate said gas to generate
heat therein in response to said energy absorbed
by said gas, said generated heat providing pres-
sure variations in said gas characteristic of said
microwave energy modulation, and acoustically
coupling said gas to said fluid medium to transier
said pressure variations thereto.

7. Apparatus for generating elastic vibrations
in a Auid medium including a substantially gas-
ticht enclosure for confining a microwave energy
absorptive gas, means for irradiating said gas
within said enclosure with acoustically modu-
lated microwave energy to excite molecular reso-
nance in said gas to generate heat in said gas
in response to microwave energy absorbed there-
by, said generated heat providing pressure varia-
tions in said gas characteristic of said acoustic
modulation of said irradiating microwave en-
ergy, and means operative through said enclosure
for acoustically coupling said gas to said fluid
medium to transfer said pressure variations to
said medium. o | |
- 8. A receiver for translating modulated micro-
wave energy to sonic vibrations in a fluid medi-
um, including a substantially gas-tight enclosure,
o microwave absorptive gas confined within said
enclosure, means for microwave irradiating said
confined gas by said modulated microwave energy
to generate heat in said gas in response to the
microwave energy absorbed thereby, said gen-
erated heat providing pressure variations in said
gas at the modulation frequency of sald irradi-
ating microwaves, and means operable through
said enclosure for translating said gas pressure
variations to sonic vibrations in said fluid medi-
um. S | |
9. A sonic wave generator including a source
of microwave energy, means for modulating said
microwave energy in accordance with signal in-
telligence, a substantially gas-tight enclosure, &
microwave absorptive gas confined within said en-
closure, means including a microwave permeable
window in said enclosure for microwave irradi-
ating said gas by said modulated microwave en-
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ergy to generate heat in said gas in response to
the microwave energy absorbed thereby, said gen-
erated heat providing pressure variations in said
cas at the modulation frequency of said irradiat-
ing microwaves, and means including a substan-
tially microwave opaque-pressure responsive win-
dow in said enclosure for transmitting said pres-
sure variations through said enclosure in the form
of sonic waves. o o

10. A sonic wave generator including a source
of microwave energy, means for modulating said
microwave energy in accordance with signal in-
tellicence, a substantially gas-tight cavity res-
onator proportioned to resonate to said microwave
energy, a microwave absorptive gas confined with-
in said cavity resonator, means including a micro-
wave permeable window in said cavity resonator
for microwave irradiating said gas by said modu-
lated microwave energy to generate heat in said
gas in response to the microwave energy absorbed
thereby, said generated heal providing pressure
variations in said gas at the modulation frequency
of said irradiating microwaves, and means includ-
ing a substantially microwave opague-pressure
responsive window in said cavity resonator ior
transmitting said pressure variations through
said cavity resonator in the form of sonic waves.

11. A sonic wave generator including a source
of microwave energy, means for modulating said
microwave energy in accordance with signal in-

telligence, a substantially gas-tight cavity res- -

onator proportioned to resonate electrically to
said microwave energy and simultaneously to res-
onzte acoustically to said modulation signals, a
microwave absorptive gas confined within said
cavity resonator, means including a microwave
permeable window in said cavity resonator for
microwave irradiating said gas by said modu-
lated microwave energy to generate heat in sald
gas in response to the microwave energy absorbed
thereby, said generated heat providing pressure
variations in said gas at the modulation frequency
of said irradiating microwaves, and means in-
cluding a substantially microwave opadgue-pres-
sure responsive window in said cavily resonator
for transmitting said pressure variations through
said cavity resonator in the form of sonic waves.

12, Apparatus of the type described in claim
10 including variable reactive means for matching
the impedances of said modulated microwave
source and said cavity resonator to minimize
wave reflections from said resonator to said
source. | - |

13. A sonic wave generator including a source .
of microwave energy, means for modulating said
microwave energy in accordance with signal in-
telligence, a substantially gas-tight cavity resona-
tor proportioned to resonate to said microwave
energy, a microwave absorptive gas confined with-
in said cavity resonator, means including a micro-
wave permeable window in said cavity resonator
for microwave irradiating said gas by said modu-
lated microwave energy to generate heat in said
gas in response to the microwave energy absorbed
thereby, said generated heat providing pressure
variations in said gas at the modulation frequency
of said irradiating microwaves, an acoustically-
permeable substantially” microwave-opaque. grid
forming a second window in said enclosure, and
a substantially gas-tight membrane covering said
second window for transmitting said pressure
variations through said enclosure in the form of
sonic waves. |

14. The method of employing modulated micro-
wave energy for generating acoustic waves in a
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microwave absorptive gas comprising irradiating

said gas with said modulated microwave €nergy
" {0 excite molecular resonance in said gas to pro-

vide temperature variations therein and deriving
 geoustic wave energy characteristic of said micro-

9,488,768
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wave modulation in response to said temperature

varigtions in said gas.

15. A method of radio communication employ-
ing a microwave absorptive gas comprising gen-
erating microwave energy, modulating said en-

ergy in accordance with signal intelligence, irradi-
ating said gas by said modulated microwave en-

 ergy to excite molecular resonance in said gas o
provide temperature variations therein, and de-

riving sonic wave energy characteristic of sald

microwave modulation in response to said tem-
perature variations in said gas. _
- 16. In combination, a cavity resonator pro-

10

15

portioned to resonate simultaneously to electro- '

" magnetic. waves of a first predetermined fre-

quency and to acoustic waves of a second pre-
determined frequency, & microwave energy selec-
tively absorptive gas confined within said res-

onator, and means for introducing into said res-

onator electromagnetic wave energy of said first
frequency, said energy being modulated at said
second frequency, to excite selective molecular

20

25

resonance and thus to provide pressure variations -

~ in said gas characteristic of said second frequency
microwave modulation.. C .. ;
WILLIAM D. HERSHBERGER.
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2,129,669 Bowen — . Sept. 13, 1938
2,142,648 Linder o oo Jan. 3, 1939
2,155,669  Jeffree — e Apr. 25, 1939
2,155,661 Jeffree o ___ Apr. 25, 1939
2,193,102 Koch e ___ Mayr, 12, 1940
2,241,119  Dallenbach ——____.___ May 6, 1941
2241976  Blewelt oo _ May 13, 1941
2,265,796 Boersch oo Dec. 9, 1941
2,275,017 MceNaney e "Mayr. 3, 1942
2,281,550  Barrow —.——————_—____ May 5, 1942
2,315,313 BuchholZ —— .. —___ Mar, 30, 1943

24 13,939 Benware e -
FOREIGN PATENTS

a _Counti'y" .
Australia

Jan. 7, 1947

Number Da,‘l;é_
114,125 Nov. 6, 1941
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