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RADIO RECEIVING APPARATUS

Application :ﬁled May 5, 1923. Serial No. 637,024,

The present invention relates to radio
receiving apparatus and particularly to an
arrangement which may be readily used by
a person comparatively unskilled in the

5 use of radio signalling apparatus to ac-
complish reception of damped, undamped
or interrupted continuous waves of long a,nd
short wave lengths. Certain features of the
apparatus to be disclosed herein are de-

19 geribed and claimed in a copending appli-
cation of A. N. Goldsmith, Serial No.

619,847 filed February 19, 1923 and pat-
ented on April 9, 1929 as U, S Patent No.

1,708,539.
16 In various kinds of service, such as that

of the Marine and Signal Corps it is desir-
able to be able to receive signals of the
various kinds mentioned above and to shift
from the reception of one to the other with-
out delay. Tt is also desirable in the interest
of economy and portability to accomplish
this without duplication of apparatus. 1t s
furthermore desirable to simphify the tun-
ing so that the adjustments necessary are
as few as possible and the operation is sufli-
ciently simple so that little training 1s re-
quired.

One of the objects of the present invention
i to secure an arrangement fulfilling the

above requirements. Further objects of the
invention are to secure improved structural
features such as the inductance and coupling
units, the arrangement and structure for
95 varying the tuning, the disposition of the
component parts and other arrangements
which will be referred to in detail here-
inafter.
The novel features which I believe to be
46 characteristic of my invention are particu-
larly set forth in the appended claims, the
invention, itself, however, both as to 1ts con-
struction and mode of operatlon together
with further objects and advantages thereoi
45 will best be understood by reference to the
{ollowing description taken in connection
with the accompanymﬂ drawings 1n which:
Fig. 1 is a diagram of the circuit ar-
rangement.
56 Jig. 2 is a simplified diagram showing the

0

€
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30

circuit arrangement when recelving continu-
oS waves.

Iig. 3 is a simplified diagram showing the
circult arrangement when receiving inter-

rupted or modulated continuous waves and

spark or damped waves.

Fig. 4 is plan view of the receiving ap-
Iaratm with the top, sides and rear end
removed.

Fig. 5 is a side view of the arrangement
shown in Kig. 4.

Fig. 6 1s a front view.

Fig. T is a detail view showing the pointer
construction.

Fig. 8 1s a Tragmentary cross section show-
ing a sultable construction of the main ad-
"luStlhﬂ‘ knob, bearing and gear.

F1g 9 1s a detail of a collar used 1n the
adjusting mechanism of Iig. 8.

Hig. 10 1s a fragmentary view of the gear-
ibefey amangement

Fig. 11 1s a detail illustrating a suitable
construction of a switch for the circuits.

Fig. 12 is a plan view of one of the coil
units used in the arrangement for the pri-
mary and secondary coupling, the feed back,
and as a shield.

F1g. 13 is an end view of the unit of Fig.
12.

I'ig. 14 1s a plan view of the coil and Fig.
15 13 a diagram showing a convement
method of Wlndm the coil.

Fig. 16 1s a view of the sheet for holding

the coal.

Fig. 17 1s a view of one of the panels be-
tween which the coil units are mounted.

If:g. 18 1s a plan view ot a shield plate
nsed for Varymﬂ‘ the 1inductance of the coils
i tuning, parts of the supporting and gear-
ng mechanism being shown.

ig. 19 1s a detail view partly in cross
section showing certa:n features of the con-

struction of the condenser.

Figs. 20 and 21 are views of the condenser.

F:s, s. 22 and 23 are plan views showing
the Spe cia! shape of the stationary and mov-
able plates of the condenser.

I'ig. 24 1s a diagram of a modified shield
for a coil for use with a variable condenser

having any desired shape .of plates, and
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Figs. 25, 26 and 27 show the shield and coil
n succeqswely different positions.
Fig. 28 1s a front view and Fig. 29 1s a
side view of a 1110d1ﬁcat10n in which the
condenser and shields are on the same shaft.
Figs. 30 and 31 are curves showing induct-
ance of the shield and the capamtv of the
condenser for varicus angular positions.
The arrangement in @ccordance with the
invention is adap*ed to receive teleﬂraph
signals either on continuous waves or spark
transmission. As is well known a receiver
of spark transmission 1s also adapted to
receive radio telephony and 1‘1terrupted
continuous wave t.ﬂ‘efrmph communications
and the arrangement is therefore a universal
receiver as far as the kind of transmission

is ‘concerned. ‘Means are also provided for

readily receiving short or long waves of
‘As shown in Fig. 1, only
a single adjuster 1s utilized for mmng
This consists of the. adjusting knob 1 wh:ch

1s' mechanically connected to a variable con-

denser 2 and a variabie inductance 3 (I‘ifrs

2 and. 3) con51st1ng of a number of coil

un:ts 351’ 08 3L1 3L2 nLa 3L4 3La 3L6 31;:
3“3 3t and 'gL10 (Flg 1) formmﬂ' the an-
{enna couphing co:l.

A single member 4, such as a knob enables
the receptmn to be changed to either con-
tinuous wave telegraphic reception (C. W.),

to spark reception or its equivalent. Simi-

larly a single. member 5 enables reception ot

either long ‘or. short waves. The adjust-

ments. mentmned are all that are es Sential

although with vacuum tubes it is also ad-
vantageous to provide an adjustment of the
filament voltage, for example by means of

member 6 which acts i1n' conjunction with
rheostat T
double -thmw switches the

As. the members 4 and 5 are
y do not require
tedious adjustment by trial. The operation

of the apparatus therefore require trial ad-

justment of knob 1 and ad]ustment of rheo-

stat 7 to secure the.opt'mum signal strength.

As oniy one main adjustment is “eqmrefi I
term my device a “Unicontrol receiver”.
- The particular embodiment of the mven-
tion illustrated by the apparatus shown in
the drawings comprises terminals 8 and 9 to
which the anterna 10 and ground 11 are

respectively connected.. The antenna ter-

minal 8 is connected to one terminal of the
variable condenser 2 through lead 8" and the
ground terminal 9 through lead 9 to the
negative ferminals of a filament battery 12
and a plate battery 13 for supplying cur-
rent to vacuum fubes 1n a manner which
will ‘be more- fully described hereinafter.

Between the antenna and ground the an-

tenna circuit i1s through variable condenser
2 leads 27, 28 and coﬂs 351, 3%2 and 3% to a
pivot terminal 14 of a double pole double-
throw switch 15 which 1is controlled by the
member 5. For short waves the antenna

24 of two
switch termmal 26 when the arms of said

heterodyne.

1,907,594

circuit will be completed to the ground ter-
minal when the arms of switch 15 are moved
upward, the connection being through switch
terminals 16, 16" which are connected by a
short circuiilng wire, pivol terminal 14’ a,nd
conducters 17, 18 and 19.

‘The antenna circuit for long waves is the
same. as for short waves except that by
throwing the arms of switch 15 downward
the additional coil units 311, 312, 313 3L4 3Ls
3Ls 8L7 3L 3Lo gnd 3810 aye inserted between
texmmals 20 and 20" by way of conductors
21 and 22.

Three vacuum -tubes are utilized for the
reception, prefera,bly of a miniature type
(peanut tubes ) requiring a small filament
current which may be obfained, for example
from two standard one and one-half volt
six inch dry cells. The first tube in accord-

ance with the invention is utilized for C. W.

reception as an osclillator for generating a
heterodyne to give & beat note and for spark
recaptlon as :a radio Irequency amplifier.
All of the filaments are heated from battery

{2 by connecting one end of each filament

to conductor 18 which leads to the negative
terminal by way of conductor 19 and by
connecting the other ends of the filament to
conductor 49 which leads to rheostat contact
6. The filament circuits are opened and
closed by means of one arm of a three pole
double throw switch 31 which has a pivot
ernunal 30" connected through conductor
70 to the positive terminal of the filament
battery 12. Conductor 70 is connected to

conductor 7 1 by either terminal 32"" or 72"

of switch 31, the latter terminals being con-
nected: together The theostat is connected
between cenauctm 71 and conductor 49.
Tor the four possible combinations, viz.
gl) short wave C. W., (2) long wave C W.,
3) short wave-spark and (4) long Wave-

spark, the circuits are as follows:—

(1) Short wave, C. W.—From orid of tube
23 through conductor 78 to pivot terminal
pole double throw switch 25 to

switch are moved up by member 4, through

conductor 28 to and through primary coﬂs

3%, 3% and 3% and to ground through the
short ‘wave switch 15 the circuit ther

through being the same as that of the a,n-
tenna As simplified in Fig. 2 the circuit
is from grid of tube 23 through coil 3 to
ground. . The condenser 2 and the antenna
capamty to darth’ together with the primary

colls form an: oseillation circuit in the orid

circuit’ which "determines the frequency of
the oscillations generated by the valve. This
1S one Importa,nt feature of the invention

as by this means a single tuned circuit de-

of the aerial and the

It a frequency of 600,000 cy-
(500 meters)

termines the- tunin

cles

is belng received and a |
note of 1,000 cycles is des:tred the heterodyne
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frequency-determining circuit which also de-
termines the antenna funing, is tuned to
099,000 cycles. It will be seen that the
antenna 1s sheghtly detuned, but this i1s unim-
portant compared to the simplification ob-
tained by using only a single tuned circuit.
The output or plate circuit of tube 23 in
which the heterodyne frequency is repeated
comprises conductor 29, pivotal terminal 30
of a three pole double throw switch 31 con-
trolled by arm 4, upper terminal 32 of switch
31, conductor 383, coil units 34™, 83472, 34T
3414, 347, and 347 1in inductive relationtocoils
gtt, 3t2, 31 and 3™ to provide a feed back
between the grid and plate circuits, coil unit
35 torming additionzl feed back coupled to
primary coil 3%, conductor 36, terminal 32’
of switch 31, conductor 37, plate battery 13,
conductor 19 and conductor 18 connected to
the filament of the valve 23. It will be
noted that transformer 38 between the first
and second tubes i1s not utilized for this con-
nection. The received signal with the super-
mmposed heterodyne is impressed on the grid
of a second tube 39 serving as a radio fre-
quency amplifier through the following cir-
cuit; grid of 39, conductor 40, pivot terminal
24" of switch 25, terminal 26, conductor 41,
secondary coil units 42, 43 inductively cou-
pled to primary coil unit 3%, conductor 44,
pivot terminal 45 of a second double pole dou-
ble throw switch 46 controlled by member 5,
upper terminals 47, 47" connected by a short-
Ing wire, conductors 48 and 49, to the fila-
ment of valve 39. An additional coil unit
62 which serves as a shield between the pri-
mary and secondary is arranged between
the coil umit 3%, and coil unit 43 and has one
terminal open and the other connected to
ground through conductors 63, 64 and the
conductors 18 and 19. This method of
shielding which is especially convenient and
efficient prevents undesired capacity cou-
pling effects. The output or plate circuit
of the second valve 39 1s coupled to the input
or grid circuit of a third valve 50 by means
ot a second transformer. The primary 51
of the latter 1s connected to a lead 53 extend-
1ing from the plus terminal of plate battery
13 and 1ts secondary 52 is connected to con-
aductor 49 extending {from the potentiometer
contact 6. The primary and secondary
windings are preferably connected by means
of condenser 54, the transformer for exam-
ple, being made of resistance wire in accord-
ance with the invention disclosed in the ap-
blication of H. J. Round, Serial No. 370,175,
filed March 31, 1920, U. S. Patent 1,759,593,
1ssued May 20, 1930, which provides resist-
ance and inductive coupling between the
tubes. The third tube is connected to oper-
ate as a detector, for example by utilizing
a grid condenser 55 and a grid leak 56. Tel-
ephone terminals 57 and 58 are connected
respectively to the plate of valve 50 and con-

3

ductor 53 by means of conductors 59 and 60,
a telephone condenser 61 also being connect-
ed between said terminals. To summarize
the circuit for short wave C. W. utilizes (1)
an oscillator for generating a heterodyne,
the oscillating circuit thereof being the same
as the oscillating circuit of the antenna; (2)
a radio frequency amplifier and (3) a de-
tector.

(2) Long wave . W.—When the con-
trothing member 5 is moved so that the arms
of the switches 15 and 46 are down the varia-
ble 1inductance 3 1s increased through swite
15 by including the coil units 317 {o 3817
hetween the terminals 20 and 20" as previ-
ously deseribed. thus giving the necessary
inductance for long waves to the antenna
cireuit, which 1 this case is also the hetero-
cdyne oscillator circeuit as deseribed with ref-
erence to short wave C. W. By means of
switch 46, additional secondary ceil wunits
00, 66 and 67 mductavely related to coil unit
341" are connected between pivot switch ter-
minals 45 and 45°. The latter connect
through the arms of switch 46 with switch
terminalis 68, 68" and m this manner the in-
ductaice of the secondary circuit is in-
creased.  The secondary civeuit is othoerwise

the sanie as tor short waves. A second
sitetd coil unit 69 having an open terminal

and a grounded terminal is located betwee:
co1l units 67, and 3%°, Said coil unit 69 is
connected m the same manner snd serves
the same purpose as coil unit 62. The same
seven coitl units 34T, 3472 3478 34T+ 3475
34*% and 35 are used for the feed back or
tickler for the long as well as the <hoit
waves, As the circuit arrangement and the
operation on long wave C. W. iz the same
as on short wave C. W. except in the par-
ticulars deseribed, further description will
be unnecessary.

(3) Short  wave, spark—When the
memper 4 15 moved so that the arms of
double pole double throw switch 25 and
three pole double throw switeh 81 are moved
down to the position for spark reception,
the following changes will be made in the
cireult as compared with that for short wave,
C. W.

(¢) The grid of tube 23 will be discon-
nected from the circuit of the primary coil
units 3% ete. and connected through con-
ductor 73, pivot terminal 24, terminal 74,
conductor 75, terminal 267, conductor 41 o
the secondary coil units 43, 42, conductor 44,
through the short wave switech 46 to the
rheostat 7, conductor 71, terminals 32" and
30”7 of switen 51 to the positive terminal of
the filament battery 12.

(6) The plate of tube 23 will be discon-
nected from the feed back coil units 35,
3470, 3470, 34™, 347, 3472 34T, leaving the
circuit of the tickler element open between

cerminals 30, 32 and 30%, 32" and out of -’
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service. The plate will be connected through
conducter 29, terminal 72 conductor 76 ’m
the primary 28 of transformer 38 which 1
connected to the plus terminal ot the lh‘i.{z
battery 13.

Changes (@) and (b) convert the first
tube from an oscillator into a radio fre-
quency amphifier.

(¢) The grid of the second tube 15 dis-
connhected from the sccondary COi‘f‘* 49
and the conductor 40 leading from ‘his r‘*‘zd

L_

is connected to terminal 747 which has a iead
T7 connecte:d to the secondary 38" of trans-

i

former 3‘%’ Transformer S8 18 a radio ire-
quency transformer or the same type as 5l

52, 54 anu hkewmﬂ has a condenser 78 201663
the windings.

The gud plate and filame “‘a’z it Clilt% ol
tube 50 are the same ior 5p 1g Tor con-
tinuous wave signals and the function is

the same.

Briefly stated the cirveuit arrangements
convert ‘the tube cricoriy i““"m (“-:jiﬂﬂfhl‘,
ampuﬁﬂr and detector i‘m . %W.to am phhpr
amplhitier and detector ior spaii: s-'t,; 1als, and
utilize all of the elemen fc; mt 1 O, W, and
spark except the feed back enils and one
radio frequency transformer.

Long wave, Spari— La CIYeiL arrange-
ment In this case is the same sg that der

short wave i ark, Q‘XLGPU that the nductance
3 is Inereased by conned :1115_ coil units 8t
341 1n the antenna circuit by means ot
switch 15 as deseribed for long wave . W.;
and likewise by 1ncreasing *h: inductance
of the secondary by connectln .;3; co1l UniLs
05, 60, 67 in the secondary circiii by maeans
of E-;’Wlt(‘ h 40.

By means of thie wave lrn;i:h and the wav
character switce iw 3:@ FOT "
readily changed to pormit recept
waves of the desired chﬂmc er In fa‘i_t lew the
range deslgns tel 85 8 ) to B(
ters) or that des itk
3,000 meters}).

The move accurats ftwuns  the
done by adjusting the knch 1. This wiﬁ
simultaneousiy varv the ca p.;wiL v and i
dnmanca The vu“atl(“} of the capac t*f,f 1S

tained by rofation m one act of he con-
denmz platf:._ by means of gears 79, 50 ana
the variation of the in d{l(‘f“imt‘ 3 by means

A

of the rotation of ;m{ﬂ onducting <heet
metal shields connected to gearng 73, 81,

In the 1liusiration hve .uhl ld' aie used,
viz. 82 located beiween eo!i un. s 3% ;mf“; :i“’*“
38 located between 55 and 3% 84 lceated i
tween 3Y* and ‘-”‘f’: ""-3"} [ento i iw*”w:: :--Ef-'
and 3V and 80 located betworn 55 ond 37,
Shields 82 and & 1 Site t" ‘*l variation of the
inductance of the short wave primasy coil
and 84, 85 end 86 come mio ag o nly for
fong wave reception.

t description an 1mproved
t usetul for this type of va-

Tn the subsequent
type of coil unit

1,907,594

riable inductance as well as for other pur-
poses will be described in detail as 1t consti-
tutes an important feature of the invention.
The apparatus shown 1n the diagram may
all be convenientiy contained 1n a rectangu-
lar box 80, (Figs. 4, 5 and 6) the top, sides
and rear being removable from the tront 91
and base 91" upon which the apparatus 1s
mounted 1n order to permit of i1nspection.
A convenient arrancement for fastening
the separate portions comprises a long rod
02 (preferably one on each side of the Case)
e: ctendmg from the front to the rear where
t passes “ioosely v throuch a hole 1In a mem-
ber 93 which is fastened to a frame work 94.
The end of the rod is threaded and screws
ipt(} a sultably located nut 1n the rear end
the ecasing. This arrangement permits
thﬂe rods to be loosened to allow the separa-
ticn of the casing, without withdrawing and
I"&jﬂ““l'ﬁﬂg the rods which is a troublesome
matier in a casing containing numerous
wrug and considerable apparatus
Ags shown in Yig, 6, two knobs are pro
vided 1 the upper p"‘t*‘t on the front panel
of the ea :‘;1112. one for shifting to "‘Sp*ul

O and “Co W7, and the other to Long
\J::.E'i-"iﬁ'?-i” “OR” and “Short waves” as indi-

cated on the piates 95, 96. As the knobs
xmla?m;m‘m to members 4 and 5 of Ifig. 1
they are de mgﬂated by the same reference

ja'izuneh . A dial 97 mounted on the front

i the cabmet is rotated by the adjusting
E o> L and has two scales, one for long
waves and the other for short waves, the d1~—

visions belmy substantially equal for equal
wave length differ eﬂum. A pointer Y8 coop-
eratos w 1th the scale and 15 moved up and
aowil by means of the knob wmch has a
pivotal ez tb‘“lbl(rﬂ 99 (1N1g. ﬂ*) aid pivot
AN Ihl()l] 15 connected by a link ﬁh) 1O P1v-

oted linlk 101 (fig. 7) attached to the point-
er and also a ink 102 (3ig. 11) having a roll-
e 105 for operat ing a structure 104 embody-
‘_Jg both switches 15 and 46 of i1g. 1. In Fig.
il a side view of two double throw switches
1S :huﬁ-ﬂ the six wires fastened 1n the in-
SRR block 105 of a Il'l%ﬂlb*“l 106 com-
prizing one nail of each of switches 156 and
16, Phe other six wires are like those siiown
and the same ‘t‘q;e of switch 1s used for the
two i thiee pole double throw switches
25 end 1.

The kaeb 4 also has a pivoted extensien
107 connected to a ini 108 (INig. 4) whien
o wrols o switeh ﬁti‘u&*‘m‘{* 109 i1y the rear
1 the cabinet, whieh eorresnonds to switches
25 and 31 of ¥ig. 1.

Pl two te.a,.-ptmne terminals 57, 58 are
onnted on the front of the cabinet. Be-
<o the parts mentioned as shown in Fig.
nd kneb 110 1s provided for fine ad-
The front view of the apparatus

i

1

3’“ Gy
fq w1 :-131-.-‘{..;

justm ems.

(Iig. 6) shows clearlv the simplicity of the 130
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adjustments compared with that of the usual

commercial device for similar purposes.

In IFig. 7 a detall of a convenient form
of index pointer and connection 1s shown
comprising a housing 111, pointer 98 shid-
ting 1n ‘me housing said pomter nav-
ing a porticn cut away ab the top and drilled
to receive & ﬂta*:)lb 112 which connects with
Ihink 101. This 51mp],e arrangement permits
the
link to be retained Ly thie hiousing wien 1t 13
attached to the casing.

Figs. 8 and 9 show details of an assembly
of the main dia! kneb. 113 15 a bearing

fitting 1n the front end 91 of the cabinet.

The bLearing has a snoulder 114 beneath the
dial and a threaded end 115 protruding into
the cabinet. A nut 116 cooperating with
the threaded end permits the bearing to be
the cabinet. The dial 1 has a
central circular opening somewhat smaller
than shaft 117 and a projection 118 flattened
on opposite sides extends through said open-
me. Two diagonally-opposite, threaded

" nins 119 are riveted at one end to the dial

,,_ rhmpmﬂ' nuts 123 threaded on

and iiled off smocthly. It i1s desirable to
acdjust tine dial without rotating the shaft
and moving the “members geared thereto
to enable proper imtial %ettTHgs to be made.
An advantageous structure for this pur pose,
as shown, utilizes a collar 120 provided with
cemi-circular slots 121 (Fig. 9) for the pins

119 and has an opening 122 registering
_ pins.
* 119 arc fastened to the dial and are moved

The

with projection 118 of the shaft.

in slot 121 to the desired“position so that
tne dial indicates the exi%i}ing wave length
and toe position 1s then fixed by means "of
pins 119.
The kneb is then attached to the shaft by
means ot a screw 125 by registering the nuts
{23 with suitable depressions drilled in the
snob. A collar 126 1s threaded on the bear-
ing and a gear 79 which actuates the ad-

justable elements as hereinafter deseribed is

fixed cn a small diameter. end 128 of the
shaft. The longitudinal position of the
sha’t relative to the bearing 1s adjustable

. by changing the location of collar 126 which
* 1s fixed to the bearing by means of set screws

127. To prevent these from being entirely
removed and lost the threads of the open-
ings in the collar may be burred inwards
after the set screws, which are short ones,
have been inserted.

The fragmentary view of Flg 10 shows
the wearing arrangement. The gear 79 con-
nected :o the main adjusting knob 1 meshes
with a larger gear 80 (about two to one

ratio) connected with the variable condenser

2. Asappr oximately 180° of rotation of the
variable condenser is required for chang-
g from maximum to minimum, the rota-

tion of the knob from maximum to minimum
will be almost 360° and the dial 97 will be

graduated around substantially the entire
periphery. A smaller gear 128 meshing
with the large condenser oear 80 enables
fine adjustments to be made by means of

the knob 110 which 1is connected to 1t. A

Sea momri ocar 81 which contrcis the move-

rrieni o1 LhL chieids 8. 83 84, 85, 85 also

5
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meshes with gear 79. The shields are fitted

between the pivot shaft 81" and a bar 817

which 1s bolted to the middle of the segment

sear, siol 129 being provided to permit ad-
sustment oi the bar.

In the assembled structure as shown 1in
¥igs. 4 and 5, the coll unmits are mounted

in a rack in the front of the upper portion
of the cabinet. Fig. 17 shows the front

panei 130 by means “of which the units are
secured to the front 91 of the cabinet. The

frame has four slots 131 for receiving bolts
132 which pass through the front of the

cabinet and tubular spacers 133 thus sup-

porting the rack some distance from the
front of the cabinet. All of the coil units
described with reference to Fig. 1 are held
between iront panel! 130 and a rear panel
134: by means of bolts passing through suit-

¢ holes 135 1n the panels A number of
tubular spacers 136, 137, 138 and 139 (Fig.
4) are placed on the bolts to separate the
various sections of the coil unit assembly.
The pivot shait 81" for segment gear 81 is
fitted in bearings in the front and rear

panels 130 and 134 and projects through the

tront sufficiently to permit the segmental
gear to be clamped thereto. To mesh the
gear (9 and Segment 80 1n a proper manner

the entire coll rack and segment gear may

be moved due to the provision of the slots
131. An insulating bushing 140 surrounds
certain portions of the pivot shaft 81" to
prevent electrical connection with the shields
82, 83, 84, 85 and 86. At one side each of

the panels 130 and 134 are slotted at 141 to

recelve an 1insulating strip 142 having a
number of holes in which conductors are in-
serted for making connections to the coil
units and with the other palts of the elec-
trical circuits.

A vparticular feature of the mechanical

construction cof the receiver is the method_

of construction of the coil units which is
shown 1n Figs. 12 to 16. The coils are flat
preferably of a single layer and spirally

wound as shown in Fig. 14. A convenient
method of winding such coils shown in Fig.
15 utilizes a pair of adjacent circular plates

143, 143" bevelled on the periphery of the
adjacent faces. The plates are slidably
mounted on a rotatable shaft 144 'and

pressed together by means of springs 145,

145’ fitted between the plates and collars-

1406, and 146" on the %haft A turn of wire
which bhas a thin covering of insulation will

be coiled on the shaft Wthh will then be
rotated at a suitable speed and the wire will

(f5)
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be pressed into the space between the plates

and drawn down agalnst the preceding
turn. The spring p*"essed plates eff ectumly
prevent overlapping of the turns and a flat
5 coil may be qumkly wound to the desired
size. A portion of the inner turns will be
unwound to formn a lead 155 as shown and
the second lead 156 will also be bent to L%
position shown. The relative locafion of

10 these leads will be carefully fixed. The
coil will then be removed and impregnated
with a suitable compound such as rosin and
beeswax to give 1t suflicient mechanical

. strength to permit handling.

15 The coil unit is held in a Support COmpris-
ing three sheets oi nsulation such as bakﬂ_
lite of about the same thickness as the coil
Fach sheet is provided with holes 135 +01‘*

~ the suporting rods to pass through and a

20 notch 147 for the shaft 817. To assemble
the unit one of the sheets having the contour
mentioned is placed on the bench ,and a sec-
ond sheet 148 (Fig. 16) is macarl thereon, a
layer of adhesive being :apnhed to the ad-

25 jacent surfaces. Sheet 148 which is the coil

holder has a circuiar opening 149 f‘ﬂapteu
to receive the coil and a pair of noiches 150,
151 at the side for outlets for the terminals.
The third sheet (Fig. 12) 152 has a smal
30 circular opening 153 and an inclined slot 154,
This sheet after applying adhesive thereto is
placed on the coil unit sheet 148. As shown
in Fig. 12, space for the terminal 155 ex-
- tending from the inrer turn of the coil 1s
89 provided by slot 154 so that the terminal
wire does not prevent the sheets from lying
flat against each other. As shown in Fig.
12 slot 154 of plate 148 and notch 150 overlap
slightlv and the terminal 155 15 drawn
46 through this overlapping space and thence
extends through notch 150 of the ceniral
plate to prmrlde a lead as shown in Fig. 13.
The other terminal 156 extends into open-
ing 1563 and similarly through an cverlap-
45 ping space between it and notch 151 and ous
through the notch 151. 1In this manner
flat durable coil unit is obtained witl: no ex-
posed wires except the leads. 'These coil
units: may be connected up 1 various 1"«&)u
90U and used for various purposes ior emmlpz._.,
as previously described. -
“Wherever movable conducting metal
shields are used these will bs placs d between
the units during assembly. “An improved
construction is shown in Fig. 18 -to prevent
binding and friction which occurs due to
shight variations-in the thickness of various
portions of an assembly of coil units. If
the shields are fixed to the shafts 81" or 81”
€0 1t has been found that even with good me-
chanicail Wovhmansmp it is difficult to move
the shields readily due to binding. 1In the
present construction the shields have lugs
157, 157 on opposite sides with VY-shaped
[t notches the distance between the notches

en
&

6 1,907,594

being such that the discs are quite loose be-
tween shafts 81" and 81", No rigid con-
nection will be utilized between the shields
and the shafis, so that the shields during
their rotation are free to assume a horizon-
tal position in which the friction is least.

In the iliustration the shait 817 1s the prv-
ot shaft about which 111{-3, shields are turned
by the movement of the stub shaft 3817
which is bolted to the seoment gear 81. This

enables the shield to be moved 1n such man-

» that 1t overlaps various sections ot the
coll. The shield acts as a short-circuited
secondary to the coil un:it and the inductance
1s progressively reduced as the shield is
moved to cover various secuons of the 0011

Although the variable condenser is qul
similar to the ordinary rotating plaf" > Vari-
able condenser it will be described more or
less in detail as several novel features are
embodied therein. It 1s fastened to the
front of tihe cabinet below the coil unit rack
by means of bolts 158 in much the same
manner as the coil unit. The boits pass
through slots 159 1n the front supwnort 160
of the condenser (¥ig. 21) which is spaced
irom the tront of the cabinet. The Provi-
sion of the slots permits the condenser to
be moved so that its gear 80 will mesh prop-
erly with the main gear 79.

Considerable d1fﬁeulty is encountered in
properly aligning the bearings of a variable
condenser and 1n some cases “When the bear-
ings in use get out of alignment the rotation
of the movable plates is serlouslv hindered.
In the construction shown the condenser
shaft 161 has two portions 162 which fit 1n
the bearings 163 located at each end. In-
stead of havmo* a considerable length of the
shaft in contact with the bearmws each end
162 is formed as a short stub which has for
example, a bearing surface only about 1/
of an inch long. ‘Should the bearings get
out of alignment slightly the binding effect
produced will be greatly minimized by hav-
ing a small bearing surtace.

e gear 80 1s fixed on the shaft 161 by
Eastemng it to an insulating plate 164 fixed
on one end of the shaft. The movable plates
165 (Fig. 23) are keyed to the shaft in the
usual manner and separated by washers 166.
The keys 167 being near the center of the
shaft conmderable force must be applied
thereto to rotate the plates and loose play
results in due time with the ordinary con-
struction which is undesirable in a condenser
for this purpose as the condenser setting
will not be correct for the dial reading.

This 1s avoided in the present construction

by providing a block of several plates 168
at one end of the condenser having openings
at some distance from the center of the shaft
for receiving a pin 169 which i1s screwed
into the openings. When the shaft 161 1s
rotated through gears 79 and 80 the force
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necessary to turn it will be applied through
the pin 169 and this being a considerable
distance from the center the wear will be
decreased and the loose play for a gnen
amount of wear will be lessened.

(xear 128 1s Iccated in the cmﬂensel and

adjacent to the gear 80, the front panel 160
of the condenser, havmg a bearing 171 for
recelving the shaft 172 of this oear.
0 rear end of the shaft 161 has a pm]ectlwf
end 173 of small diameter slotted to receive
a coiled spring 174 which has its other end
fitted in a slot of the post 175 so that a
slight spring pressure is exerted against the
‘rotation of the condenser in one direction..

The stationary plates 176 are assembled
on rods 177 with spacers 178 so as to lie be-
tween: the movable plates.

Lf the condenser capacity and the induc-

. t1on . bothh vary 1n uniformity as they ave
rotated: through a certain angle the wave
length variation will not vary pr oportmnally-z

through the entire range. The markings on

the dial corresponding to equal changes o

5- wave length will therefore progressively
- change, being large at one end very small
at the ‘other. In Figs. 22 and 23 I have
shown one method of substantially equaliz- ¢
ing the spacings of the scale readings.
fixed plates 176 and the rotating: plates are
especially shaped so that for ezch spacing,
for example, 10°, om the scale the wave

length: changes, the same. amount, for ex-

&mple 100 meters.  That 1s, kflmmng the
5 1nductance of the tuning coil {which with

the shield inductance shown is not a straight
line function) at each point I compute the
necessary capacity for the wave length de-

sired at that position of the dial. A suit-

0 able shape of movable

vhich in various positions gives the neces-

sary owerlapping surface area in each posi-
Jn Figs. 22 and:23 both :the statien-

tion.
y and the movable plates are: specially

mental opening 177 and the movable plate

aving & somewhat sumilar segmental open-.

ing' 178. If the plates are in position: so

that the openings correspond the condenser

is 1n maximum position. During the first
part of the rotation toward the right the

capacity  decreases rapidly as the: forwardc
ends 179 and 180 are both: moving away from
-Adfter rear end U
181 passes edge 182 of the stationary plate-
the variation 1s more gradual as the move-

- their cooperating surfaces.

ment of the portion 180—181 has substan-
tially no effect. By
of the stationary plate.

movement then- proceeds at a slower rate.

The

The

plate or stationary
plate or combination of both 1s then- plotted

the time edge 180
% reaches the edge 183 the large cegment 184
only slightly overlaps the large segment 185
The variation of
capacity through the remainder of the 180°

with' a special sha:padz shield adapted to be

utilized with the ordinary variable con-
The

denser having semi-circular plates.
ge&"rtmg will be such that the condenser ro-
ates 180° while the: shield rotates approxi-

mately 270°. By this modification the sane
result may be cobtained as with the special
condenser just deseribad.
positieon (Fig. 24) the inductance 1s maxi-
mum as the shield scarcely overlaps any por-
tion of the coll. During the first 90° rota-
tion: -the inductance 1s. decreased as deter-
mined by the extent of overlapping shown
in Fig. 25. In the next 90° the inductance
decreases further as determined by the de-
gree of overlapping shown i1n Fig. 26 and

during the third 90° decreases rapidly to a.

minimumn,

In the modlﬁca tion shown in Flgs 28 and
29 the: movable shields for varying the in-
ductance and the movable condenser plates
for varying the capacity are both located
on the saine 'shaft. The movable shields are
of substantially the same shape as those
shown in Figs. 24 to 27 and a similarly
shaped movable condenser plate 1s also used
to secure equal wave length variations for

equal amounts of rotation. Such an ar-
rangement may be utilized in the apparatus
heretofore described to: eliminate the neces-
sity for gearing and may also be utilized as
a tuner in any receiving set. The arrange-
ment will also utilize 270° dial and have tht,

advantage of greater rotation -in passing

from minimum £o maximum and equal wave
length changes for equal rotation. The sta-

tionary condenser plates 200 and the coil

units 201 are mounted on two supporting
rods 202, 203. and spaced apart by suitabie

distances by washers 204. -Front and rear

end members 205, 206 are fastened to
threaded ends of the rods by means of nuts.
As shown 1n dotted lines in Fig. 28 the upper
ends of these stationary members are semi-
circular and the lowest ends are square so as
to permit the members to be fitted on the
supp“&rtmg vods.
are mounied on & Shaft 207 located in bear-
ings near the top of the end members and
spaced from the supporting rods a sufficient
distance to permit the rotatmg elements to

be turned. Any appropriate means may pe

used for fastening the shields and condenser
p}atess tothe shaft. The arrangement shown

ihilizes spacing W aShers 208 between the
coqdenqel plates 209 and clamping nuts 210
on a threaded portion of the shaft, which
obviates the disadvantage of--l{eywa;ys and
keys and permits lateral adju'stment. The
shields 231 which are keyed to the shaft are
then iocated in the proper position by means
of washers which may be loose enough to
permit some lateral movement, and avoid
binding.
may be similar to that shown 1n Fig. 12 and

In the initial

The rotatable ~elements

The construction o-sf.the-' coxl units
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therefore need not be particularly described.
A single adjusting knob 212 will be fitted to
the shaft in any appropriate manner.

In Figs. 4 and 5 a desirable arrangement
in the cabmet for all of the apparatus is
shown. The condenser and coil unit rack
with the gearing are located in the front as
described. At the rear the rectangular
frame 94 1z provided which is divided into
two parts by an intermediate V shaped strip
190. The plate battery 13 1s fitted i1nto the
lower portion in an upright position so that
it may be readily inserted and removed. In
the upper portion the two dry cells forming
the filament battery are inserted, these pref-
erably lying on their sides. Two shelves
191, 192 are attached on top of the frame 94.
The shelf 191 has the two transformers 38’
and 51, attached thereto and the condensers
54 and 54" are attached on top of the trans-
tformers. The switch 109 1s also mounted on
this shelf in the position shown. On the
other shelf are located sockets 193, 194 and
195 for the three vacuum tubes which are
mounted in an upright position. The fila-
ment rheostat 1s also fastened to 192 in an
upright position. The arrangement shown
oives a compact receiving unit and when the
top and sides are removed all necessary por-

‘tions are easily accessible.

Having described my invention, what 1
claim 1s:

1. A receiving system comprising a plu-
rality of electron discharge tubes, input and
output circuits connected to each tube, a de-
tuned antenna, the input circuit of one of
said tubes being inductively coupled to said
antenna, the output circuit of said tube be-
mg coupled to the input circuit of a suc-
receding tube thereby
acting as an amplifier of modulated waves,
and a single switching means for simulta-
neously coupling the output circuit of the
preceding tube to the antenna and induc-

-tively connecting its input circuit to the an-

tenna whereby the said preceding tube acts
as a heterodyne for detecting continuous
waves.

2. A radio receiving system comprising a
0t detuned antenna, a vacuum tube having an

input circuit coupled to said antenna and
an output circuit, a second vacuum tube, a
single switching means for coupling the out-
put circuit of the first tube having an in-
put and output circuit with the input
circuit coupled to the antenna or to the input
circuit of the second tube whereby said first
mentioned tube acts as a heterodyne for de-
tecting continuous waves when the output
circuit of said tube 1s coupled to the antenna,
or as an amplifier for the amplification of
modulated waves when its output circuit is
coupled to the input circuit of the said sec-
ond vacuum tube.

3. A radio receiving system comprising

1,807,504

an antenna, a pair of tubes, one of said
tubes having an input circuit comprising a
coil connected in the antenna, and a corre-
sponding output circuit coupled to said coil,
a second 1nput circuit coupled to the an-
tenna adapted to be connected {o the second
of sald tubes, a second alternative input cir-
cuit for said second tube, and switching
means when in one position for disconnect-
1ing the grid of said first mentioned tube
from said antenna and the input circuit of
sa1d second mentioned tube from said second
tube, and in another position for connecting
the mput circuit of said second tube as the
input circuit for said first mentioned tube
and for connecting said alternative input
circuit to said second tube, whereby said first
mentioned tube acts as a heterodyne when
sald switching means 1sin its first mentioned
position, and as a radio frequency amplifier
when sald switching means is in its second
mentioned position. -

4. In radio receiving apparatus the com-
bination of tunable receiving circuits, a
plurality of vacuum tubes, a single adjust-
ing member for selecting a desired tuning
in a given band and a single switch for
changing the circuit connections to receive
spark or continuous waves and utilizing all
of the tubes when either spark or continu-
Ous waves are received. _

5. In radio receiving apparatus the com-
bination of tunable receiving circuits, a
plurality of vacuum tubes, a single adjust-
ing member for selecting a desired tuning
in a given band, a switch for shifting the
tuning band and a second single switch for
changing the circuit connections to receive
spark or continuous waves and utilizing all
of the tubes when either spark or continu-
ous waves are received. _ -

6. In radio receiving apparatus the com-
bination of tunable receiving -circuits, a
single adjusting member for selecting a
desired tuning in a given band, a switch for
shifting the tuning band, a dial connected
with said adjusting member having a plu-
rality of scales, and an indicator connected

‘with said switch and cooperating with said

dial for indicating the band to which the
switch 1s shifted. o

7. In radio receiving apparatus the com-
bination of tunable receiving circuits, a
single adjusting member for selecting a de-
sired tuning 1n a given band, a switch for
shifting the tuning band, a dial connected
with said adjusting member and having a
plurality of scales, an indicator connected
by hink work with said switch indicating the
band to which the switch is shifted on said
dial, and a second single switch for chang-
ing the connections of the receiving circuits
to receive spark or continuous waves. _

8. A receiver comprising a source of radio
frequency signal energy, a detector stage in-
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cluding a tube, an amplifier stage, including
a tube, having its output coupled to the de-
tector input, a third tube arranged to couple
sa1d source to the amplifier input during de-
sired periods of reception, and means for
coupling both the amplifier input and the
input electrodes of the third tube to said
source during other periods of reception.

9. A receiver comprising a-source of radio
frequency signal energy, a detector stage in-
cluding a tube, an amplifier stage, including
a tube, having its output coupled to the de-
tector input, a third tube arranged to couple
sald source to the amplifier input during de-
sired periods of reception, and means for
coupling both the amplifier input and the
input electrodes of the third tube to said
source during other periods of reception,
sald last means additionally coupling the
output electrodes of the third tube to said
sourece.

10. A recelver comprising a source of ra-
dio frequency signal energy, a detector stage
including a tube, an amplifier stage, includ-
ing a tube, having its output coupled to the
detector input, a third tube arranged to cou-
ple said source to the amplifier input during
desired periods of reception, and means for
coupling both the amplifier input and the
input electrodes of the third tube to said
source during other periods of reception and
additional means for varying at will the sig-
nal range of said source.

LAZARUS SHAPIRO.
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