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My pleseut invention, which is a division
of my aPphg tion, Serial No. 420 1‘91 filed
Oct. ‘)9 1520, relates to ap Darmus for selec-
tively receiving and making a record of

5 small current nnpulses ‘and mole particu-
latly for recording pnoyooraphm%lly im-
pu dses cormspondmo to rapidly transmitted
signals,

In my Patent No. 1,456,5 595, issued May 29,

10 1923, T have described an apparabus for re-
el Uno radio signals, the same compr rising
means for causing a current whose vari.
ations correspo*ld io the signals received to
traverse a series of coils which sure ound a

15 vibratory reed or diaphragm of magnetic

material. This reed or dlabhraom Is sup-
ported between the poles of two permanent
magnets in such a manner that by varying

Lho magnetic field produced } by the currents

m the coils the diaphragm is caused o vi-
ate. Means is provided to achusb the ten-

Q’ n of the diaphragm to cause 1t to assume

a natural pe rlod of vibration corresponding

to the period of the received signals. Tt was

O'&P d that the disturbing eﬁ"eﬂts due to stray

bulses could be eliminated to a large ex-
ten' lx operating with frequencies above
uOO and 1 tuning the dia aphragm accordingly.

My present invention seeks still further o

\hnmme these disturbing effects by 1ntro—

ducing in shunt to the operatwo coils for
the l‘???ﬂ“tl" diaphragm W\hm may  be
ternied a tone trap. This CO‘BU“ISGS an in-
ductance and capacity, each of which is con-
x5 nected across the operating coils and which

together may be qd]ustea so that the loeal

circuit in which they are mcluﬂed may be
tuned to a frequencv corresponding 5 that
of the signals recel“ed

One obiect of the present mvenuon is to
provide an improved receiving. svstem
wherein an alternating current whose inton.
sity ¢ 0*‘1esnonds to the received sionals is
rectified and’ alternate rectified impulses are
passed throungh each of two coilg surround-
ing’ the diaphracm of the oalvanometer in

such & manner that the effect of each im-

pulse is to move the diaphragm in the same
divection.

& Other objects nad advantages of my in-
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Divided and this application filed

"Berial No. 593,615,

vention will
ceeds.

appear as the description pro-

accomraﬂ)]no drawings,
iew of an appardtus em-
21 'ion with the end wall re- 5
o the reﬁechmﬁ galva 211013-
unf nu, the. source of hfb’f and
ng lenses; Fig. 2 is a plan view of
mﬂiel hnd its n)ounmlo, Fig. 3

1 view of a mounting of the (mL 60
flmshnc rod; Tig. 4 is a per-
ive view of g poruon of the vibr ating
weagm of the galvanometer and the vi.
1111‘01 ‘md its moeunting; Fio. 5 is
1 plen view, QhO\VlI}O a poi ion . of
ture omblospd in Tw 4; Wig. §

§ is
ai 1 e‘vl view of the tralv'rlomﬂnel. certni of

e parts being shown in a sec tmn on the
1 18 *i——M of Tig. 2; Fig. 7 &s a side 3
41
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the gal x*a.lodeter certqm of the parts be. 70
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hown in a section Laken on the line

ok

rms
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i~
12-—12 of Fig. 2 : Fig, 8'is an enl arged de-
tail of the mq&ensmo lenws and itg stp-
porting bracket; Fig. "9 is a diagramma

¥

\'1ev' of a 1ec01vmo cireuit with the 0‘71‘.’21-—
neter connected knerﬂto Rio. 10 shows o
Oebtlop of photographic record. Py oa“(nd by
apparatus_employing the receiving cirenifs
ohown 'n Fig. 9: Fig. 11 is a dia agrammat
view of g lnorhﬁed form of receivine eir- so
cnits Fig. 12 shows a section of ahogoorq’a}m'
record produced by apparatus em;ﬂovm o the
recelving cirenit ¢ hovn n Hig, 11: and 7
13 152 view snmhr to Fig. 11 but %howu‘ o
wlifled civenit arrangeme
Referr mo fo an 1 of ¢
represen
a lower cb‘%mher 11 v“’vm Com ains the ea!
vanometer. This galvanometer which =11
be more pa Jumﬂ‘ulv described heveafter i
mounted upon trunnions 13 pivoted in
brackets 14 extending from the sides of the
svm)oﬁmo plate 15. The galvanometer m ay
be iur‘lﬂa n a horizontﬁl pl‘mo on the t
fnans 18 by operation of the screw 18, T
15 is mvoted at 34 to the base 17 and 1
be turned in a vertical plane on the e pivot
rotation of the rod 18." This vod ic 100 ely
coupled to the bracket 19 formed on the sun-
porting plate 15 and is threaded fo o eollar
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90 formed on the outer end of the shaft 21

16

el

(see Fig. 8 of the drawing). Shaft 21 is
pivotally mounted in a bearing 22 and is
prevented from moving longitudinally in
the bearing by engagement of a screw 23
with the walls of an annular groove 24
formed in the shaft 21.- The upper portion
of the casing A is formed with an enlarged
portion 25 divided at its center by a parti-
tion 26 into two compartments 27 and 28"
In compartment 27 are located two incan-
descent lamps 28 and 29 and acress the bot-

“tom of this compartment is secured a plate

.
{5

40

2]

30 provided with openings 51 and 32. . In
the compartment 28" is the cylindrical lens
33. One of the sources of light in the com-
partment 27 is employed to furnish the op-
erating beam to trace the desired curve upon
the. photographic tape. The other source
of light is applied for the purpose of indi-
cating the position of the galvanometer and
also to enable the operator to make the nec-
essary adjustments in the receiving circuit

to insure the proper recording of the signal.

The beam of light from this latter source
is reflected from the galvanometer mirror
through a spherical lens (not shown) which
is located in proximity to the reflecting mir-
ror onto a ground glass plate located at the
top of the casing A and by the position of

-the spot-of light on this plate the operator

is enabled to ascertain the adjustment of the
galvanometer. This indicating means Is
clearly disclosed in my prior application
above referred to and as the same forms no

‘part of the present invention, it will not be

further described. = The photographic tape
or film may, by suitable apparatus which 18
described In the parent application, be fed
along continuously and exposed to the beam

- of light from the source 28.
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<N
414

© 60

In Fig. 9 T have indicated a wireless ve-
ceiving apparatus which comprises a vacuum

‘tube detector 70 having- coupled to its grid

cireuit 71 an antenna cirenit 72. - Included in
the plate circuit of the vacuum tube device
is the source 73, the variable inductance 74
and in parallel with the inductance the con-
denser 75. Bridging this inductaiice and
condenser are the coils 76, 77 and 78 of the
galvanometer. ‘These coils are arranged in
series and the middle coil is wonnd to op-
pose the end coils as shown in the drawing.

79 and 80 are two permanent magnets and
‘81 is a metallic reed or diaphragm secured

at its ends and extending between the poles
of the permanent magnets. Coils 76, 77 und
78 surround the diaphragm 81 and: when
current is flowing thervethrough cerve to pro-

“duce in the diaphragm consequent north and

south poles as is indicated in the drawing.

The permanent magnets are arranged so.

that opposite poles occur on the same sides 3
Attached to the dia-
phragm and movable therewith is a mirror e

of the diaphragm.

1,658,680

89 which serves to reflect the light from the
source 28 onto.the moving tape.
Impulses received in the antenna circuit

“cause a varying potential to be applied to
the grid of the vacuum tube device. 70 and

this produces a corresponding change in the

_current of the plate circult which includes

the coils 76, 77 and 78 of the galvanometer
19. As the current in these coils varies the

strength of the poles produced in the dia- 75

phragm 81 by the coils varies and thus the
portions of the diaphragm upon which these
poles are formed and. which as previous!y
stated lie between the poles of the permanent
magnets, are attracted toward certain of the
poles of the permanent magnets to a greater
or less extent depending upon. the intensity
of the current of the coils.
of the diaphragm 81 moves the mirror 82

which is attached . thereto and the reflected "

beam of light from the source 28 which acts

The movement

30

upon the photographic tape to produce when

the tape is developed a line of the form sin-

ilar to that shown in Fig. 10. By means.

hereinafter to be described the tension of
the diaphragm 81 is adjusted. so that its
natural rate of vibration .corresponds to the

60 .

frequency of ‘the waves which 1t is degired -

to receive. o -
I have found that it is desirable that the

rate of vibration of the diaphragm be as
‘high as it may conveniently be made. Ex-

periments have shown that when the dia-
phragm vibrates at a -frequency of 2000
cycles per second, the effect of stray atmos-
pheric impulses or the so-called “static” is
very much less than when the diaphragm is

The elimination of the effect of static on the

vibration of the diaphragm 81 is further in-

creased by the parficular arrangement and

adjustment of the receiving circuits herein
disclosed. - The inductance 74 and the capac-
ity 75 should be so adjusted that the local
civenit in which they are included is “reso-
nant” to the frequency of the current pro-

“duced in the plate civeuit by the. signals.

This Tesults in-a much greater portion of the
current - of signalling frequency - passing

through the cild 76, 77 and 78 than through

the inductances aind capacity, whereas cur-
less frequency ave almost entirvely

rents of
short ¢ireuited by the inductance and capac-
ity and therefore do not have an appreciable

influence on the coils of the galvanometer.

o

i on RO :
Tu choosing the proper values for inductance

and capacity, it-has been found necessary to

use 2 rather small capacity and a large in-

ductance, the latter preferably having as
small a resistance as possible. In this axr-
rangement it is to be noted that the vacuum
tube and hattery T3-act as'a source of cur-
 Having a high impedance. This induc-
A oo L NSNS IR 4 3 a .
74 acts as a short circuit for the di-

i
4
[ as

5 -

omi
. )3

“vibrated at the rate of 1200 per second..
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Referring particularly to F igs. 2, 6 and 7,
the reflecting galvanometer which 1 propose
to use preferably comprises a base member
160 formed with two uprights 161. Secured
to these uprights by serews 162 is top plate
163 formed with end strengthening ribs 164
and a central slot 163, Depending from the
plate and guided by the slot 165 are supports
for the permanent magnets 79 and 80.
These supports comprize blocks 166 upon
which ave secured guide strips 167 by means
of screw 168, Screws 169, provided with
washers, cerve to vetain the guide strips 167
within the slots 165. Each of the magnets
Is clamped between bloeks 170 and 171 by
nreans of a Lolt which passes through both
blocks into block 168, Serews 179 mounted
m the ends of blocks 166 and Tormed with
disc-shaped engagements 173 adapted to pro-
ject within slots 174 in the plate 163 serve
to provide means for moving the magnets 79
and 80 toward or away from one another.
These magnets are each formed of a bar of
steel of rectangular cross section and bent as
outlined in dotted lines in g, 2. Sheet
metal pole pieces 175 which are secured to
the ends of the bars extend downwardly and
are provided with lateral offzet portions ar-
ranged to lie in close proximity to the dia-
phragm 81, This diaphragm is securely held
between lips 176 formed at the ends of mem-
bers 177, Members 177 are arranged to slide
in cpenings 178 formed in the uprights 161,
Adjustable serews 179 engage threaded epen-
Ings 186 formed in the ends of the members
1ese screws are provided with oper-

g beads 181 formed with bearing sur-

taces 182 adapted to engage the outer faces

th ri In practice the fension of

diaphragm 81 will be adjusted so that its
i

o
iy

ural pertod of vibration will correspond
the frequency of the current to be record-

48 86 constructed the lines of stress set
up i said diaphragm by vibrations are sub-
stantially a1l in the same direction. Sur-
rounding the diaphragm are the coils 76, 77

2 (0, (4
and T8 suitably mounted upon sheet metal

& Yt e

(OBl
oy 5]
T e = (D

clips. - AL supporting parts for the dia-
phragm, coils and permanent magnets are

preferab
the diap
and 184 i

material.  Hee Tigs, 4 and 5.
the member 184 s flattened at
Is secured to the shaft 185 so as to provide
in effect a flexible connection therewith
which will permit the shaft to rotate about
its bearings without any lost motion. Shaft
185 is held against V-shaped jeweled bear-
ings 187 by means of a permanent magnet
183, these bearings being formed adjacent
the poles of the magnet. Mi rror 82 which
cerves to reflect the heams of light from the
sources 28 and 29 is mounted upon the shaft

formed of brass. Connected to
am 81 by means of members 183

trinngular shaft 185 of magnetic

ﬁ The end of
186 where it

’

185, A casing 190 secured hy screws to the primary of the ¢

3

base 160 is provided with suitable openings
for the passage of the incident and reflected
beams of light.

In Fig. 11 which shows a modified forn

1
oY

of receiving cirenit the vlute 200 of the 70

thermioni ibe device is connected

to the primary ransiormoer 201, One

terminal of ¢ conda

er 201 is t rough the conder

202 aud rvesistunce 203 to the grid 204 of 75

the vacuum tube device 205 and through

the battery 206 to the grid 207 of the vac-

; : vice 208. e other levininal
fary of the former is

nected 16 one terminal ach of the 89

ments 200 and 210, The Hents aye sup-

plied with heating curres m a battery

211 which is connected iament 201,

210 though adjustable Sun-

piving the plate cireu

devices 205

18 connectad

galvanometer

LT 3

surrevnding
phragm of the galvanometer.
wound so vith current flowing from
the battery 2. < hocoll wil
to produce a pole of the same sion
conter of the diaphragm. Permanoent
nets 221 and 292 are arranged upon opj
site sides of the diapbragm. = Adjace
north and south poles ave positioned i
close proximity to the central portion of tli
diaphragm. The remaining  north ai
south poles are not active in producing a 105
movement of the diaphragm.
Alternations of current in the transfor.

er 201 produce changes of potentia
grid 204, 207. This resnlts in ol
or intermittent flow of direct
the filament 209, 210 to ¢l
and through the c¢oil 215,
nometer, each impulse of o
to create o magnetic pole of the eap
at the center of the diaphragm. During
time when the flow of current throwe]
acunm tube device 205 and coil 2(7
minimum, the potential of ‘he giid
the vacuum device 208 is snel

by
=
o
ezl
.. e @
=
m— e (D
-
5t

100

1o

& maximum current to flow from {he Sly. 120
ment 210 to plate 216 and through coil 217
of the galvanometer. 'Thig difference in
phase of the plate currents through two
vacuum devices is due to the presence of
the battery 208 in the circuit to the grid 125
207 which has the efiect of maintaining the
grid 207 at an initially different ntinl
irom that of the grid 204,
fore of an alternati he

fhe 130
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galvanometer  diaphragm to be uniformly
urged toward one of the poles of the per-
manent magnets 221 or 222. --A change In
the amplitude of the alternations in the
primary circuit of the transformer due to
the reception of signals results in a change
in the intensity of the intermittent or pul-
sating current through the plate circuits of
the vacunm tube devices 205 and 208 with
the result that the intensity of the magnetic
pole formed by these.currents through the
coils 215 and 217 is changed and the dia-
phragm is urged toward one of the poles
of the permanent magnets by a force of
greater or less intensity than before. The

- diaphragm will therefore assume a different

o
fes)

- 30

40
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position and the reflected beam will be

‘moved to form upon the tape an impression

corresponding - to the signal received.. In
this form of receiving apparatus it is desir-
able to have the galvanometer dead beat and
for this purpose the tension of the dia-
phragm should be -adjusted so that 1t is out.
of tume with the frequency of the receiving

signal. T have found with this type of ap-

“paratus when the diaphragm is adjusted -to
[l

»

the frequency of approximately 2000 and
the frequency of the incoming signals is.
from 20 to 509 higher that the signals ave

clearly recorded at a rate of approximately.

600 words per minute and this through ex-
tremely bad static conditions. The charac-
ter of record made by the apparatus with
the type of receiving circuit disclosed in
Fig. 11 is shown in Fig. 12. . .

‘Fig. 13 shows the somewhat simplified
form of circuit arrangement in which but
a single galvanometer ccil is employed. The
coil 250 is conmected from the plate -251
of the thermionic vacuum tube device 252
to an adjustable contact 2533 adapted to
move over a resistance 254 which latter is
connected to opposite terminals of the bat-
tery 255. A resistance 256 is connected :be-
tween the battery 255 and plate 251, as
shown. From the drawing it will be seen
that coil 250 in cffect constitutes the bridge
circuit of a wheatstone bridge of which two
of the legs are the path through the ther-
mionic device 252 and the lower portion. of

" the vesistance 254 and the remaining two

50

G5

legs ave the resistance 256 and the upper
portion of the resistance 254 o :
Tt is obvious that the current which in

“the form of apparatus, shown in Hig. 9,

passes through the galvanometer coils 76, 77
and 78 may be rectified and thence passes
around the diaphragm in the manner shown
in Figs. 11 or 13. L :
What I claim as new and desire to secure
by Letters Patent of the United States, is,—
"1. The combination in a signal receiving
system of a thermionic vacuum tube device
so connected that audio frequency signaling

.

currents will be produced in its output eir-.

£ L ~ - 1,858,680

cuit, an indicating device comprising perma-
nent magnets, a vibratory diaphragm of
magnetic material arranged between the
poles of said permanent magnets, means for
adjusting the tension of said diaphragm’ to
change its natural period of vibration, coils
connected. in the output circuit of said ther-
mionic device and surrounding said dia-

‘phragm, and an adjustable inductance and
“capacity each connected in shunt to said

coils-and adapted to be tuned to the same
frequency as that of the diaphragm. =
9. In an electrical apparatus, a movable

‘magnetic member arranged in a magnetic

field, two coils arranged end to end and sur-

70

76

80

rounding said magnetic member, two thermi- -

a plate, grid and filament, a source of cur-
rent, connection from each of the plates to
an outer end of each of said colls, a connec-
tion from said source of current to the inner
end of each of said coils, a connection from
said source to said filaments, means for iin-
pressing an alternating potential upon the
grids of each of said thermionic devices and
a source of potential included in the circuit
to one of said grids. ~

3. ‘The combination of a thermionic vacu-
um tube device having grid and plate, means
for impressing upon the grid varying po-
tentials corresponding to the signals Te-
ceived, a transformer, the primary of which
is in circuit with said plate, a second vacuum
tube device having a grid, plate and fila-
ment, the grid of said sscond device being
connected to one terminal of the secondary

‘onic vacuum tube devices each of which have -

90

100

of said transformer, a third vacuum tube de- -

vice having grid, plate, and flament, the
grid of said third device being likewise con-
nected to the above mentioned terminal of
the secondary of said transformer, a source
of potential included in the circult to said
last named grid, one terminal of each of said
filaments being connected together and to
the other terminal of the secondary of said
transformer, an indicating device compris-
ing a vibratory magnetic member arranged
in a permanent magnetic field, oppositely
wound coils surrounding said magnetic mem-
ber and arranged end to end the outer ter-
minals of each of said coils heing connected
to each of the plates of said second and third
dévices, and a connection between the inter-
mediate point of said coils and the other ter-
minals of each of said filaments, said last

105

110

115

made connection including a source of cur-

rent. 7 S

4. In a selective receiving apparatus, two
thermionic vacuum tube devices having plate
and grid circuits, an indicating device com-

‘prising a movable magnetic  member ar-
ranged in a permanent magnetic fleld, coils

surrounding said magnetic member and ar-

-ranged end to end, one of said coils arranged

in the plate circuit of one of said thermionic,

126
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vacuu devices and the other coil arranged
in the plate circuit of the other of said ther-
mionic tube devices and means for impres.
sing upon the grid cireuits of said thermi-
onic vacuum tube devices alternating poten-
tials whose amplitude corresponds to the im-
pulses it is desired to record, and means in

8,680 S

the grid circuit of one of said vacuum tube
devices for impressing thereon an additional
potential,

In witness whereof, I have hereunto set
my hand this 9th day of October, 1922.

CHARLES A. HOXIE.



