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My invention relates broadly to radio receiving
apparatus and more particularly to an improved
construction and method of assembly for a radio
receiving apparatus.

One of the objects of my invention is to pro-
vide an improved construction of radio ‘receiving
apparatus having a high electrical efficiency re-
sulting from the substantial elimination of inter-
connecting buses or lead wires in the chassis of
the receiver,

Another object of my invention is to provide a
simplified construction of radio receiving appa-
ratus in which the parts of the receiver are so
assembled as to be readily accessible for repair
and replacement,.

Another object of my invention is to provide a
construction of radio receiving apparatus which
is' inexpensive in manufacture and production
and which is readily adaptable for standardiza-
tion in the industry to allow compact assembly
and distribution of radio receiving apparatus.

A further object of my invention is to provide
a construction of radio receiving apparatus in
which improved units may be substituted for ob-
solete units from time to time for maintaining
the apparatus modern in all respects and capable
of including the improvements in the art with-
out the necessity of abandoning the original re-
ceiver.

A further object of my invention is to provide
a construction of radio receiving -apparatus
which embodies a heart adapted to provide re-
movable interconnection for separable units con-
stituting the radio receiving apparatus for estab-
lishing extremely short interconnections between
parts of the units for substantially reducing the
losses and improving the electrical efficiency of
the apparatus.

Still another object of my invention is to pro-
vide a construction of radio receiving apparatus
having a centralized interconnection member
with respect to which removable compact units
mé,y be readily assembled and electrically inter-
connected for completing the circuits of the radio
receiving apparatus, tuning equipment and sound
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reproducing system, with' minimum interconnect-
ing leads or buses.

A further object of my invention is to provide
8 construction of radio receiving apparatus
adapted to be assembled by means of coacting
compact replaceable units in which selected units
are provided with electrical indicators energizable
from the normal operating current used for ex-
citation of the respective units for indicating the
operative condition of the units so that upon fail-
ure of the electrical indicator in any one of the
units, such unit may be readily removed and re-
placed, allowing for quick and inexpensive serv-
icing of the apparatus.

Still another object of my invention is to pro-
vide a construction of radio receiving apparatus
composed of and constituted by a number of co-
acting replaceable units assembled in such man-
ner that failure of any one of the units may be
readily localized and the apparatus serviced and
repaired and replacements made at minimum
cost and with minimum expenditure of time.

Still another object of my invention is to pro-
vide a construction of electron tube apparatus
constituted by a multiplicity of coacting replace-
able units in certain of which protective devices
are included for substantially eliminating the ef-
fect of destructive currents upon the elements of
the unit in the event of emergency or abnormal
conditions for the protection of the parts of the
unit and coacting parts of relateq units.

A further object of my invention is to provide
protective means for the power supply circuits
and related parts therein of a radio re-
ceiver such as the windings of the power trans-
former, condensers and reactors of the main
filter circuit and the field of the electrodynamic
sound reproducer generally employed in the
sound reproducer circuit of a radip receiving ap-
paratus.

A still further object of my invention is to
provide a radio receiving system constituted by a
multiplicity of coacting replaceabie units having
electron tube circuits therein and in which se-
lected electron tube circuits have the elements
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thereof protected by means of electrical fuses
and visual indicators which also serve in coaction
with resistor elements in the electron tube cir-
cuits for deriving the proper bias and voltage
potentials for the correct operation of the tube
circuits.

A further object of my invention is to provide
a system of replaceable units for assembling a
radio receiving apparatus in which individual ele-
ments constituting the replaceable units are also
readily replaceable for facilitating servicing and
repair of the individual units.

Other and further objects of my invention re-
side in the construction of heart, replaceable
units, indicators, chassis and the assembly of the
replaceable units with respect thereto as will be
set forth more fully in the specification herein-
after following by reference {o the accompany-
ing drawings in which:

Figure 1 is a schematic wiring diagram of the «
radio receiver system of my invention; Fig. 2

is a plan view of the radio receiver of my inven-

tion; Fig. 3 is a side elevational view looking in -

the direction of arrow A in Fig. 2; Fig. 4 is a side-
elevational view looking in the:direction of arrow .

B in Fig. 2; Fig. 5 is a perspective view: of the
heart of the radio receiver constituting my inven-

tion; Fig. 6 is a schematic view of one form of:

tuning unit which may be employed in the sys-

tem of my invention; Fig. 7 is a view of a differ-

en form of tuning unit which I may employ in
the system of my invention; Fig. 8 is a plan view
of the chassis for the first detector unit; Fig. 9
is a schematic circuit diagram of the apparatus

carried on the chassis shown in Fig. 8; Fig. 10 3

is a schematic view of the condenser-resistor
arrangement of the apparatus shown in Fig. 8;
Fig. 11 is a longitudinal sectional view through

the first detector unit; Fig. 12 is a transverse sec-
tional view through the first detector unit; Fig. 13

is a plan view of the first intermediate frequency
unit; Fig. 14 schematically shows the arrange-
ment of the condenser-resistor units. on. the
chassis illustrated in Fig. 13; Fig. 15 is a sche-
matic circuit diagram of the equipment carried
by the chassis illustrated in Fig. 13; Fig. 16 is
an end elevational view of the second inter-
mediate frequency - -amplifier unit; Fig. 17 is a
longitudinal sectional view fthrough the second
intermediate frequency amplifier unit; Fig. 18
is a bottom plan view of the second intermediate
frequency amplifier unit; Fig. 19 is a. transverse
sectional view taken on line 19—I{3 of Fig. 18;
Fig. 20 is a plan view of the chassis of the second
intermediate frequency amplifier unit; Fig. 21
shows the arrangement of the condenser-resistor
elements on the chassis of the secend interme-
diate frequency amplifier unit; Fig. 22 shows a
circuit arrangement of the equipment carried by
the chassis iliustrated in Fig. 20; Fig. 23 is a
plan view of the chassis of the second detector
unit; Fig. 24 shows the arrangement of the con-
denser-resistor combination employed on the
second detector unit; Fig. 25 is. a schematic cir-
cuit arrangement of the elements carried by the
chassis illustrated in Fig. 22; Fig. 26 is. a plan
view of the chassis of the first audio frequency
amplifier unit; Fig. 27 shows the arrangement of
the condenser-resistor units carried by the
chassis illustrated in Fig. 26; Fig. 28 is a sche-
matic circuit arrangement of the equipment car-
ried by the first audio frequency amplifier stage

{llustrated in Fig. 26; Fig. 29 shows, in plan

view, a preferred form of chassis for the second
audio frequency amplifier stage; Fig. 30 ius-
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trates the condenser and resistor arrangement
for the elements carried by the chassis shown in
Fig. 29; Fig. 31 shows a circuit arrangement of
the elements carried by the chassis shown in Fig.
29; Fig. 32 is a plan view of the modified form
of second audio frequency amplifier stage; Fig. 33
shows the schematic arrangement of the con-
denser-resistor units carried by the chassis illus-
trated in Fig. 32; Fig. 34 illustrates the circuit
arrangement of the equipment carried by the
chassis illustrated in Fig. 32; Fig. 35 is a side ele-
vational view of one form of sound reproducer
embodying my invention; Fig. 36 is an elevational
view of the scund reproducer shown in Fig. 35;

5 Fig. 37 is an elevational view showing the de-

tachable arrangement of the input transiormer;
the sound reproducer and the mounting for the
sound reproducer; Fig. 38 is a view showing a
modified methed of mounting the scund repro-
ducer of my invention; Fig. 39 is a plan view of

‘the chassis of one form of rectifier and filter unit

employed. in the system of my invention; Fig. 40
shows the circuit arrangement of the rectifier
and: filter’ unit illustrated in Fig. 39; Fig. 41 is
an elevational view of the replaceable condenser
unit: employed in the rectifier and filter unit of
Fig. 39; Fig. 42 is- a plan view of the condenser
unit shown in Fig. 41; Fig. 43 shows a modified
form of chassis for mounting the modified ar-
rangement of rectifier and filter unit employed
in my-invention; Fig. 44 is a side elevational view
of a form of carton mounting for the condenser
unit employed in the chassis illustrated in Fig. 43;

Fig. 45 is an end view of the condenser unit illus-

trated in Fig. 44; Fig. 46 is a perspective view
of the power transformer.employed in the system
of my invention; Fig. 47 is a.top plan view par-
tially broken away showing a carton unit for the
condenser-resistor elements employed in certain
of the units of the equipment of my invention;
Fig. 48 is. a transverse section on line 48—48. of
Fig. 47; Fig. 49.is a transverse section -on line
49—49 of Fig. 47, Fig. 50 is a detail of one method
of mounting and. establishing electrical connec-
tion with the condenser-resistor units; Fig. 51
is a longitudinal cross sectional view:through. the
carton taken on. line 5i—51 of Fig. 47; Fig. 52
is a bottom plan view. of the carton unit; Fig. 53.
is a.view illustrating a modified arrangement of
condenser or resistor mounting having recesses in
the end caps on-the units; and Fig. 54 .is a: de-
tailed sectional. view showing the manner: of
mounting a condenser oy resistor unit:with: a re-
cess in the end cap therecn in lieu of a rounded
protuberance. of the form iliustrated in Fig. 50.
My invention is directed broadly to a con-
struction of radio receiver adapted for both tele-
vision and sound broadcast reception in- which.
the construction of the receiver is greatly sim-
plified to permit quantity production at relative-
ly low cost. The receiver of my invention is
characterized by. extreme: simplicity and com-
pactness and high electrical efficiency. The con-
struction of the receiver-of my invention departs
widely from radio-receiver construction hereto=
fore known as I provide an arrangement where-
by various coacting units constituting the radio.
receiver may be removably interconnected
through a heart-which substantially reduces the
length of interconnecting busses or leads and
eliminates the customary-wiring- in the chassis
of the usual type of radio receiver as heretofore
known. 'The radio.receiver of my invention may
embody. a- variety. of electrical circuits. and the.

78 circuit I have-selected. for illustration of my. in-



2,268,619

vention herein is not to be regarded in the lim-
iting sense but is to be considered only as ex-
planatory of my invention and as illustrating
one form of circuit to which my invention is
adapted. The circuit illustrated includes a tun-
ing unit, a unit comprising an oscillator, a radio
frequency amplifier and a mixer tube circuit,
one or more units comprising intermediate fre-
quency amplifier circuits, a unit comprising a
sound detector circuit, which also provides for
automatic volume control of the system, a unit
comprising the first audio frequency amplifier
stage, and a unit comprising the second audio
frequency amplifier stage, a separable electro-
dynamic sound reproducer unit and g replaceable
rectifier and filter unit, and a replaceable power
transformer. I have termed the means by which
the several coacting units constituting the radio
receiver of my invention are assembled as the
heart.

The assembly of the apparatus of my inven-
tion may be described as comprising:

1. Main chassis:
a. Chassis envelope
b. Heart

2. Units:
a. Chassis heart
b. Plugs or sockets

3. Parts:
a. Secured to the main chassis
b. Secured to the heart
¢. Secured to the unit
For convenience I have described the parts
noted above as follows:

1. (@) The main chassis is composed of a base
and vertical metal envelope in which
apertures are cut for access to connec-
tions.

(b) The heart is composed of insulation
plates between and on which are placed
conductive plates and straps having
plugs or sockets. These plugs or sock-
ets extend outward to both sides of the
heart so as to facilitate connections
from the outside.

2. (a) The units are composed of insulation
plates between and on which are placed
conductive plates which make proper
electrical connections between the vari-
ous parts of the circuit.

(b) The units are designed to have plugs or
sockets to facilitate the connection in-
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to the chassis heart (I—b) through the .

apertures in the chassis envelope (I—a)
thereby making proper electrical con-
nections which complete the circuit or
circuits for which it is designed.

3. (@) Parts of the apparatus such as the elec-
tro-dynamic speaker, tuning unit, ete.,
can be held to the main chassis by se-
curing means such as plugs and sock-
ets. :

() Parts of the apparatus such as the elec-
tro-dynamic speaker, tuning unit,
bower transformer, wave band switch,
etc., can be connected electrically and
held to the main chassis by the use of
plugs or sockets which engage plugs or
sockets in the heart thereby complet-
ing the ecircuit or circuits for which
it is designed.
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(¢) Parts of the radio such as the resistors
and condensers are held in their proper
position within the units by clips.

The use of the heart referred to ahove permits
electrical connection to be established between
coacting parts of the receiver with a minimum
length of electrically conductive path between
the parts, thereby increasing conductivity of the
paths extending between the parts with the re-
sulting increase in electrical efficiency of the ap-
paratus and allowing minimum distributed ca-
pacity and induction between inferconnecting
conductors, a reduction in feed back, interaction,
local interference and other undesirable effects
incident to the wiring in the chassis of the usual
type of radio receiver. By use of the heart con-
sisting of a few small plates and metallic tubes
with which the parts and the units are closely
aligned, a great mass of interlocking or inter-
mingling and complicated wires and soldered
connections are dispensed with, thereby reduc-
ing the manufacturing cost to a minimum while
increasing the electrical efficiency and compact-
ness thereof. The fact that the several units
constituting the radio receiver are independent-
1y removable and replaceable permits the mod-
ernizing of the radio receiver from time to time
by substitution of an improved unit for an ob-
solete unit, This is particularly desirable at the
present state of the art with respect to television
receivers.

In order to set forth the special advantages
arising out of the manufacture and use of the
radio receiver of my invention, I have summar-
ized the advantages as follows:

Accessibility

1. Main chassis:

a. Heart connections, electrical and secur-
ing means—The heart that connects up
the various circuits in the units makes
Possible the accessibility to the wunits
and their parts.

2. Units:

a. Electrical connectors and securing
means—Every unit having its own elec-
trical connecting and securing means
makes possible the quick removal and
access to all of its parts.

b. Ease of construction on flat surface—
Each unit has an open bottom, making
quick repair possible.

¢. Parts removably connected to unit—Al
small parts connected to the units such
as resistors and condensers can be
quickly removed due to each having its
own electrical and securing means.

3. Parts removably connected to main chassis—
are accessible and quickly detachable be-
cause each has its own electrical connec-
tions and holding means—viz: speaker and

* tuning unit:

G. Parts removably connected to heart—
such as viz:—Wave band switch, power
transformer, etc. are accessible and
quickly removable and replaceable be-
cause each has ifs own electrical and
securing means. :

Simplicity
1. Construction:
@. Heart—The heart. consisting of so few

parts saves many feet of complicated
wiring and soldered connections,




4
B. Units—TUnits: are constructed.of so few
parts.and constructing -material that
they: are: very simple to assemble and

connect: up.

¢. Parts—Such as transformers; speaker,
condensers; etc., are very easily at-
tached or removed because each has
its- own eleectrical connections: and
holding. means: thereby: requiring no
soldering- or bolting or long con-
nectors.

2. Design:

a:. Few parts—Due to simplicity oi de-
sign, fewer  and less’ complicated
parts.are used.

b. Consolidation of parts—The units and
other large parts are so compactly
arranged. on.the main chassis, that
comparatively a. very small space is
required..

¢. Parts marked for identification and
position in. the units to. make re-
placement simple and quick.

d. Units and parts are not interchange-
able with each other on the main
chassis: due. to the position of the
connectors.

Standardization..
1. Parts:

a: Standard connections are used to
facilitate. quick replacements.

b. Standard sizes and shapes to facilitate
ready replacements.

c. Replacements of obsolete parts can be
made for. substitution of improved
or modern parts.

2. Chassis is standardized so. that new. improve-
ments in units:and parts-can:be utilized.

a.. All large parts-and small parts as well
as: those contained in- units are
standardized so that improvements
can be easily adapted.

b: Chassis and all parts are standardized
so that new- circuits can be im-
mediately installed.

Cheapness.of manufacture

1. Chassis:

a. Construction — The. chassis can be
stamped out, both the conductor and
insulation plates by machines. The
tubes or plugs can also be attached
to conductive plates. automatically.
The chassis envelope is readily made
by machine.. To. put together the
few:parts that complete a chassis is
a simple matter of assembly only.

b. Simplicity—It is easy to.see:the sim-
plicity of this chassis in comparison
to' the complicated. wired: chassis of
other radio sets.

2. Units:-

¢. Construction—The units can be manu-
factured cheaply by machine as the
insulation plates and conductors
can be stamped out and quickly as-
sembled.

b. Simplicity—The units. are simple in
construction as there: are few parts
and easily assembled.

2,268,619
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Adapiability

1. To- apparatus using electron emission tubes:
a: Television- systems,
b. Telephone repeaters, ete.
¢: Radio broadcast receivers.
d. Automobile receivers:
e: Radio transmitters:

2. Additional circuits in: unit form may be added

when increase in power of the radio is de-
sired: This is. accomplished by utilizing
twin units or a double heart. An oversized
chassis may contain the double heart which
will allow the use of additional units.

Repairability.

1. Detachable parts:

Each part large and small contains: its
own- electrical connections and holding
means by which elements are quickly
and easily detachable. The parts are
clearly marked and quick substitution
by inexperienced persons is very simple,

2. Compactness:

Due to the arrangement of the various
parts and units on the chassis and the
small area occupied by the heart to
which they are connected, the complete
set is very compact. The units them-
selves being very small in size and
simple, add greatly to the complete
compactness of the apparatus.

Centralization:

Centralization of the wunits and large
parts around the connecting heart
make extremely short connections be-
tween themselves possible. Centralizing
the parts and units makes possible the
use of a few conductor plates in the
place of many feet of intermingled
wires.

Elimination of wires:

By-using a hieart as constructed of a very
few  small conductor plates and units
containing a minimum of conductor
plates, there is marked improvement in
electirical efficiency and a substantial
reduction in induction, local interfer-
ence, of sapping of circuits, high re-
sistance connection, of distributed
capacity and induction, feed back, in-
teraction, etc. By the use of a heart
consisting. of 'a few small plates to
which the parts and units are closely
aligned, a great mass of interlocking
intermingling and complicated wires
and soldered connections are dispensed
with, thereby cutting the manufactur-
ing cost to a minimum as well as in-
creasing the efficiency of the radio.

Indication of trouble, localization of same,
protection of parts:

By using indicators in the various cir-

~cuits it is possible to acquire a com-
prehensive condition of the various
parts of the set and which by being
permanently connected in the circuit,
immediately discloses and localizes a
defective or weak part or tube, which
can be immediately replaced thereby
keep_ing: the efficiency of the radio at a
maximum,
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Referring to the drawings in more detail, I
have illustrated my invention applied to a super-
heterodyne type of radio broadcast receiver al-
though it will be understood that various circuit
arrangements may be employed and details are
immaterial. I have indicated the tuning unit of
my invention generally by reference ‘character
" connected through selectively tuned circuits 2
to the antenna system 3 and the ground system
4. The first of the sectionalized units includes
the first detector oscillator and amplifier tube
indicated generally at 5. The tube 5 includes a
heater element 5. and a cathode 5b. Adjacent
the cathode 5», there is provided the oscillator
grid Go. The anode grid Ga is located adjacent
the oscillator grid Go. The screen grid Gs is
connected as indicated. The control grid is in-
dicated at G and the anode is shown at P. I
provide in the cathode circuit leading from cath-
ode B, the indicator and safety fuse A disposed
in series with bias resistor R: which connects
to the ground lead 6. It will be observed that
condenser Ci is connected in shunt with the
safety indicator A and resistor R1 for by-passing
high frequency currents. The circuit from the
oscillator grid Go extends through selected wind-
ings of the group of inductances indicated at
1 and through voltage limiting resistor R3
through safety indicator C to the high potential

supply lead 8 indicated at B+. Resistor Ra is ¢

by-passed to ground by condenser Cs. In circuit
with the screen grid Gs, I provide voltage limit-
ing resistor Rz and safety indicator lamp B. The
Tesistor Rz is by-passed by means of condenser
C2. The indicator lamp B is by-passed by means
of condenser Cs. The indicator lamp B is con-
nected in series with the output circuit of tube
5 leading from plate P through inductance 9
tuned by condenser 10, constituting the primary
winding of intermediate frequency transformer
.

In the circuit arrangement for tube 5 as de-
scribed, three indicators A, B and C serve to
locate any defect which may exist in different

parts of the circuit, such as in the case of indi- «

cator A, an open resistor Ry, 3 shorted condenser
Ci, or a defect in other parts of the cireuit; in
the case of indicator C, an open resistor Rs will
be shown, or a shorted condenser C3 will he
indicated; and in the case of indicator B, an
open Tesistor Rz will be indicated, a shorted con-
denser C2 can be located, or a shorted condenser
Cs, or an open path in the primary winding 9
of intermediate frequency transformer i i will be
indicated.
relied upon to show the operating condition of
tube & and will grow dimmer as tube 5 ages.
Indicators A, B and C will also show conditions
of shorts between the tube electrodes.

The next removable section of the receiving set
contains the first intermediate frequency ampli-
fier tube 12 which contains heater 14s and cath-
ode 14y, control grid G’, suppressor grid Sy, screen
grid Gs’, and anode P’. The control grid G’

connects to the secondary winding of interme- ©

diate frequency transformer I, indicated at (5
in the input circuit of tube 12. Safety indicator
lamp D is connected in a series path with the
suppressor grid Su and cathode 14s, and in series
with bias resistor R«. Condenser Cs provides a
by-pass path around safety indicator lamp D and
resistor Re. The screen grid circuit leading from
electrode Gs’ includes current limiting resistor
Rs and indicator lamp E connected to the high

Indicators A, B and C can also be 3
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potential lead indicated at 8 as B+. Condenser
Cs provides a by-pass around resistor Rs. Con-
denser C7 by-passes safety indicator lamp E in
circuit with the plate electrode P’ through pri-
mary winding 16 of the second intermediate fre-
quency transformer (1. Primary winding 17 is
suitably tuned by means of condenser 18. The
safety indicator lamps D and E serve to indicate
a condition of an open resistor R« or a shorted
condenser Cs in the case of safety indicator lamp
D and in the case of safety indicator lamp E,
an open resistor Rs is indicated or a shorted con-
denser Cs is at once localized or a condition of
short in condenser Cv is shown. Indicator lamps
D and E also enable any shorts between tube
electrodes to be readily observed or any condition
of open circuit in the primary winding 16 of the
second intermediate frequency transformer 17
to be indicated. As tube 12 ages the safety in-
dicator lamps D and E grow dimmer.

The third replaceable section of the receiver
contains a second intermediate frequency ampli-
fier tube which I have indicated generally at
19 a5 including a heater 19 and a cathode 19
with a control grid G/, a suppressor grid S’'’u, a
screen grid G’’s, and a plate electrode P’’. I
provide in circuit with the suppressor grid S'’u
and cathode 19, the safety indicator lamp F in
& series path with bias resistor Rs. The combi-
nation of the safety indicator lamp F and bias
resistor Rs is shunted by by-pass condenser Cs.
I provide in circuit with the screen grid G’’s,
a voltage limiting resistor Rt arranged in series
with safety indicator lamp Gi. Condenser Cs
forms a by-pass around the voltage limiting re-
sistor Rv. Condenser Cio provides a by-pass
around safety indicator lamp Gi. The safety in-
dicator lamp Gu is also disposed in the output
circuit of the second intermediate frequency am-
plifier tube 19 and in series with primary wind-
ing 20 of intermediate frequency transformer 21
and connected with the plate P’’. Primary wind-
ing 20 is suitably tuned as indicated at 22. Indi-
cator lamps F and Gi serve to show in the case
of indicator lamp F, an open resistor Rs or a
shorted condenser Cs; and in the case of safety
indicator lamp Gi, an open condition of resistor
Rq is indicated, a shorted condition of condenser
Cs is shown or a shorted condition of condenser
Cuw is indicated. Safety indicator lamp Gi also
shows a condition of open circuit in primary
winding 20 of intermediate frequency transform-
er 21, As tube 18 ages, indicators F and Gi
grow dimmer. The indicator lamps F and Gh
also enable any condition of short circuit between
the tube electrodes to be promptly detected.

The next replaceable section of the radio re-
ceiver is indicated generally as including an elec-
tron tube 22 connected to function as a diode
detector. Tube 22 includes heater 22., cathode
22, and control grid G”’’ and plate P’"’. The
control grid G’’’ and plate P’"’ are intercon-
nected to serve as one electrode forming the sec-
ond electrode of the diode with respect to cathode
22p. The output or secondary winding 23 of the
intermediate frequency transformer 21, tuned by
means of condenser 24 connects with the diode
detector circuit and with the grid circuits of the
preceding tubes § and 12 through resistor 25 for
purposes of autcmatic volume control. Con-
denser 26 is providead for filtering the energy sup-
plied to the automatic volume control circuit. I
provide the velume control potentiometer 27 in
association with resistor 25 as shown and asso-
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ciated with filter condenser .28 forming part .of
the filter network with condenser:26.

The unit including. the automatic volume con-
trol circuit just described has been disclosed -with-
out the insertion .of safety indicator lamp, but
it should be understood that safety :indicator
lamps may be employed. I have found that the
parts of the automatic volume control circuit
are very substantial in practice and the danger
of faults occurring in this portion of the circuit
are not.as serious -as is the situation in other
uynits making up the replaceable sections of the
set.

The next replaceable unit for the apparatus of
my invention is constituted by the first audio
frequency amplifier stage indicated generally as
including tube 30. Tube 30 contains heater 30a
and cathode 30y, control grid GV and plate PI¥.
The variable tap 29 on resistor 27 enables the
energy at the selected amplitude to be impressed
on the audio frequency .amplifier stage and con-
trol grid GV thereof -for insuring the impression
of energy at desired amplitude on the audio fre-
quency amplifier system. Control grid GV is
‘maintained .at the proper potential for amplifi-
cation of energy.on the straight portion.of the
amplification characteristic curve of :the .tube
through bias resistor 32 connected in series with
bias-cell 83. The output circuit of -tube 30 -in-
cludes coupling resistor Rs-and condenser Cu
associated therewith. -Safety -indicator lamp H
is disposed in series with coupling resistor Rs.
Any failure of coupling resistor Rs or :shorting
of condenser Cu is at once indicated by safety
indicator lamp H. Moreover, the condition of
shorts ‘between tube electrodes in tube .30 may be
indicated by safety indicator lamp H. As tube
30 ‘ages, the indicator lamp H grows dimmer.

The next unit of the replaceable unit system
of the radio receiver contains the second audio
frequency amplifier -stage constituted by tube 34
containing ‘heater 34a and cathode. 38e, control
grid- GV, screen grid G's and a plate electrode PV.
The tube 34 has.its input circuit coupled through
condenser Ciz with the output of the first stage
of audio frequency :amplification constituted by
tube 30. A bias resistor R is arranged for im-
pressing the required operating potential on grid
GV. Bias resistor Rs is connected in circuit -with
resistor Rie which -connects to ground. A mid-
tap -85 between resistors Rs and 'R connects to
the negative side of the main filter system as in-
dicated at 38. The output circuit from plate PY
includes the primary winding 37 of output trans-
former 38 -and the safety indicator lamp I fo the
positive side of the power supply system at 8 and
to the positive terminal 39 of the main filter. A
safety lamp J is connected in shunt with re-
sistor Ru. The -safety lamps I and J indicate
respectively an open condition in the primary
winding 37 of output transformer 38 or a con-
dition of short in tone control condenser Ci3 in
the case of safety indicator lamp I or in the case
of safety indicator lamp J an open condition in
resistor Rio. Indicator lamp I indicates any con-
dition of ‘short-circuit between tube electrodes
-and will also grow dim as tube 34 ages.

The rectifier and the main filter system are
inclided in-an independently replaceable unit. I
have shown the elements of the main filter gen-
erally as.including condensers Cius+ and Cis and
the reactance 40 of the electro-dynamic sound
reproducer, which ‘I have indicated generally at
4!, The main filter includes safety indicator
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lamps K and L connected as shown, in circuit
with -the elements of the full-wave rectifier tube
42. Safety indicator lamp K indicates a condi-

‘tion of open circuit in the speaker field 40 or

a condition of short in condensers Cis or Cis.
The condition of illumination of safety indicator
lamp K also shows any condition of leakage in
condensers .Cis or C15 or any condition of ageing
of .rectifier tube 42. Safety indicator lamp L is
disposed in the negative lead of the rectifier and
provides a further method of indicating the con-

.dition of the circuit through the speaker field and
‘the condition of the condensers Ciz and Cus.
Safety indicator lamp L also protects the filter
.elements in the event of a short within the recti-

fier tube 42,

The main power transformer is mounted with
respect to the other units making up the appa-
ratus -so -that it may be readily removed and
replaced in the event of an open or short circuit
in any one of the several windings. I have shown
the main power transformer at 43 arranged as
a replaceable unit and provided with a primary

winding 44 energized from any suitable alter-
nating -current source connected at 435.

The
transformer is provided with suitable secondary

-windings such -as the plate supply winding 46

connected with full-wave rectifier tube 42, the

-cathode heating winding 47 connected with the
cathode of rectifier tube 42 and winding 48 con-
-nected.to supply the heaters of the several tubes

5,12, 19, 22, 30 and 34 of the radio receiver.
“Throughout the radio receiver where I have

indicated the safety indicator lamps A, B, C, D,

E, F, Gl, H, I, J, K and L, I proportion the fila-

-mentary element of each of the lamps for pro-
‘tecting the associated elements against destruc-

tive effects of -excessive currents while being so

‘proportioned as-to permit the passage of desired
normal operating current and also being so pro-

portioned that such normal operating currents
will excite the safety indicator lamps to a-condi-
tion of luminosity whereby the several indicator
lamps serve as individual assurances that the
circuits of the respective units are operating
properly ‘and in normal manner. Any safety in-

‘dicator lamp which is not energized at once gives
.an indication as to the location of the defect in
the circuit.

Inasmuch as the several replace-
able .units carrying the safety indicator lamps
may be readily replaceable, an entire unit or
part thereof is replaced in the circuit upon re-

‘moval of the defective unit and the set imme-

diately restored to operative condition with min-
imum expense and without the skill normally re-
quired of a service man in attending the usual
type of radio receiver,

In order to .summarize the functions of the

‘indicator lamps, I have tabulated the several

conditions which exist, assigning to the several
replaceable units.references-as.follows:

Unit #(’—first detector, oscillator, mixer and
radiofrequency amplifier stage

Unit #2'—first intermediate frequency amplifier
stage

Unit #3'—second intermediate frequency ampli-
fier stage

Unit #5'—first audio frequency amplifier stage

Unit #6’—second audio frequency -amplifier
stage

Unit #1’—rectifier and main power filter
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The tabulation of the results shown by the in-
dicators in the several units, is as follows:

7

lishing and completing the connections through
the high frequency circuits of the receiver in ac-

Unit # | Indicator; Indication | Indicator| Indication Replace part
A B & C | Bright..._! G, (short)
A B Bright-...| Cs (short)
A B&C {Out_______ Ry (open)
A i B Out_._____ Rs (open)
A i C Bright._._| Cs (short)
A i C Qut....___ Rs (open)
A i B Burnt out.| C4 (short)
A i B Out_._.._. L F. T. #1’ (open)
A Dim..___.. B&C | Dim__.___. Tube #5 (weak)
D B Bright.___| Cs (short)
D E Bright.___| Cs (short)
D E Out____.._ R4 (open)
D E Dim______ R; (open)
D E Burnt out.| Cy (short)
D E at. L F. T. #2’ (open)
D E Dim_.____| Tube #12 (weak)
r Gr i _| Cs (short)
F Gi __| Cy (short)
¥ Gr Rs (open)
¥ Gy R~ (open)
F Gr Chp (short)
F Gr I. F. T. #3 (open)
F Gy Tube #19 (weak)
H ! Bright____|[.__.__.._._ Ci (short)
H {out..__j _________ R (open)
H | Dim.____.{._._______ Tube #30 (weak)
I Out______. ¥ -| Transformer #38 (open)
I Burnt outt. T Ciz (short)
I T Bright__._| R (open)
I J Dim._____ Ciz (short)
1 Dim...___ J o e Tube #34 (weak)
K Out...____ L Out...____ Speaker Field (open)
K Burnt out L Burnt out.{ Cis (short)
K Out.._.__. L Burnt out.| Cis (short)
X Bright. L Bright__._| Cit (leaky)
K Dim.____. L Bright____| Ci5_ (leaky)
K Dim L Dim......|{ Tube #42 (weak)

Referring to Fig. 2 of the drawings, I have
shown a plan view assembly of the radio receiv-
ing apparatus which embodies the circuit of
Fig. 1, heretofore described. The assembled
equipment is shown in side elevation looking in
the direction of arrow A in Fig. 3 and in side
elevation looking in the direction of arrow B in
Fig. 4. For convenience, I have shown the equip-
ment mounted on a main base 59 which supports
the heart shown generally at 5. The heart may
take a variety of forms but in the particular em-
bodiment of my invention as illustrated, the
heart extends in a substantially vertical plane
and receives the several units in quick detacha-
ble and replaceable arrangement by insertion
from opposite sides into the heart. In the plan
view shown in Fig. 2, the units which appear in
the figure are 3’, the second intermediate fre-
quency amplifier stage; 4’, the second detector:
5’, the first audio frequency amplifier stage; and
6’, the second audio frequency amplifier stage.
The heart 51 also has engaged therewith the de-
tachable and replaceable volume control unit 52
controlled through shaft member 53 from control
knob 54 on one side of the heart. On the other
side of the heart, the tone control switch unit 55
may be engaged or disengaged with respect to
the heart. The tone control unit 55 is controlled
through suitable shaft 56 from knob 57 project-
ing to a control position adjacent knob 54.

The wave band switch or frequency control
unit is engaged within a recess 58 adjacent one
end of the heart 51 and is indicated as a unit at
59. The entire unit 59 is insertable into of re-
movable from the recessed portion 58 of the
heart 51 and carries terminal connectors thereon
which engage with correspondingly aligned ter-
minal connectors within the heart 5i for estab-

40

50

cordance with the diagram illustrated in Fig. 1.
The wave band switch and wave band unit in-
dicated at §9 has provision for the connection of
the sets of inductively coupled units indicated
at 2 in the wiring diagram at the set of con-
tacts 60 (Fig. 3). The sets of oscillator inductor
coils T in the diagram in Fig. 1, are connected

. to the unit 59 through sets of contacts indicated

at 61 in Fig. 4. The selector switch for the sets
of coils 2 and T connected respectively through
sets of contacts 60 and 61, is controlled through
shaft 62 from knob 63 adjacent the volume con-
trol and tone control knobs 54 and 57 respec-
tively.

The sound reproducer 41 illustrated in diagram
in Fig. 1, is schematically shown in position with
respect to the receiving apparatus at 41 in Fig. 2,

.connected through sets of leads 64 with the cir-

cuits of the radio receiving apparatus. The tun-
ing unit comprising adjustable condensers |
shown in diagram in Fig. 1, is illustrated in posi-
tion with respect to the receiving apparatus in

-Fig. 2, connected through leads §5 with the wave

change unit 59.

The details of the heart are shown more par-
ticularly in Fig. 5. Referring to Fig. 5, the con-
struction of the heart will be understood by con-

;- sidering these views collectively in superimposed

relation. The heart is constituted by two lami-
nations of insulation material indicated in Fig. 5
at 686 and 67. The laminations 68 ang 67 carry
the electrically conductive members forming the
corbining means for the circuits through the
heart. Insulated plate members 68 and 69 serve
as confining supporting and spacing means for
the laminations 66 and 67 and for the conductive
elements carried thereby. The entire structure
of the heart is suitably secured togsther by means
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extending through the laminations-and -is. elec-
trically. shielded by means of ‘a metallic casing
represented generally at ¥0. The conductive ele-
ments carried by the laminations 66 and &7 are
in the form of short transversely extending me-
tallic tubular members, certain of which are elec-
trically bonded by buses carried by the lamina-
tions. ‘

The arrangement of the electrically conductive
members on the laminations 66 and 87 is shown
more clearly in the perspective view in Fig. 8
from ‘'which it will be observed that lamination
66 carries tubular conductive members illustrated
at T1, 12 and 18, tubular conductive members 71
and 72 being interconnected by bus 13%; lamina-
tion 871 of the heart carries transverse tubular
members {8 and #!1 interconnected by bus 12
and transversely extending tubular members 114
and 115 interconnected by bus {{§; lamination
66 carries short tubular transversely extending
members 15, 16 and 17, tubular members 75 and
18 being interconnected by bus {39; lamination
67 carries tubular member 14 interconnected by
bus {{8 with tubular member {17 projecting in a
direction opposite to the direction of projection
of member 14, the member {17 being transversely
aligned with member 77; lamination 66 also car-
ries transverse tubular members 78, 73, 80 and 81,
tubular members 78 and 79 being interconnected
by bus 138; lamination 67 carries transversely
extending members {19 and 128 interconnected
by bus §2¢ and also transverse tubular members
122 and 123 interconnected by bus 124; lamina-
tion @71 carries transversely extending tubular
members 82 and 83 interconnected by bus {3{;
lamination 6§ carries tubular members 84 and
85; lamination 68 also carries transversely ex-
tending tubular members 86, 89, 90 and 91, mem-
bers 88 and 9! being interconnected by bus 125;
lamination 87 carries tubular members 87 and &8
interconnected by the substantially square plate
128, The tubular members 87 and 88 extend
transversely through the entire heart; lamina-
tion 87 also carries tubular members {27 and 128
interconnected by bus {29; lamination 6§ also
carries. transversely extending tubular members
92, 5, 88 and 87; lamination 67 carries trans-
versely extending tubular members 93 and 84
interconnected by plate {26 which pass entirely
through the heart. It will be observed that the
transversely extending members 82 and 85 also
pass wholly through the heart as is the case also
with respect to the tubular members 82 and 83
carried by lamination 87; tubular members 87
and &8 are carried by lamination 87; and tubular
member 85 is carried by lamination 66; lamina-
tion 87 also carries transverse tubular member
128 which is interconnected through bus 129 with
tubular member {27; lamination €6 also carries
transversely extending tubular members 98, 160
and {8¢; lamination 67 carries tubular member
99 and also tubular member {29 connected there-
with through bus {3{. Tubular members {89
and I0i are interconnected through bus 132;
lamination 68 also carries transversely extending
members {82 and {03 interconnected by bus 1883;
3 separable connector {34 is arranged fo fit with-
in a groove {3d. in lamination 68 and pass
through an aperture 135 in lamination 86 and
support a tubular member [€5. The opposite
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ber 184 and to tubular member $8; lamination 66
also carries transversely extending tubular mem-
bers 186 and {97 interconnected by bus 13§; and
lamination 68 carries transversely extending
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tubular members 188 and 102 interconnected by
bus {37. The lamination 66 is recessed as indi-
cated at 4! to receive the right elbow connector
shown at 147,

It will be understood that the tubular conduc-
tive members which are carried by lamination
67 project through aligned apertures in lamina-
tion 66. I hgve illustrated, for example, aper-
ture 14. in lamination 66, aligned with conduc-
tive member 74, supported by lamination §7.
Similarly, apertures 82a, 83., 87» and 88. in
lamination 66 allow for the passage of tubular
conductive members 82, 83, 87 and 88 carried by
lamination 61. Lamination 66 is apertured at
832, 8942 and $9. for the passage of tubular con-
ductive members 93, 94 and %9 on lamination 87,
respectively. Lamination 67 is apertured at 86a,
92. and 95. for the passage of the projecting ends
of tubular members 88, 92 and $5, carried by
lamination 66. The member interconnecting tu-
bular conductive members 86, 83, 92 and 95 on
lamination 66 is shaped as shown at 149. The
member interconnecting tubular conductive mem-
bers 82, 83, 99 and (38 is shaped as represented
at 131 and is insulated from interconnecting
member {88 by virtue of the. fact that it is dis-
posed in a plane spaced from the plane of inter-
connecting member 140. As has been hereinbe-
fore noted, certain of the tubular members pro-
ject in opposite directions transversely of the
heart while others of the tubular members are-
selectively arranged so that some of the tubular

_members project in one direction from the heart

while others of the tubular members project in
the opposite direction from the heart. The lami-
nations 66 and 67 are recessed in front thereof
as represented at 88. The parts of the lamina-
tions which interengage are provided with semi-
cylindrical recesses indicated generally at (41 in
lamination 66 and 142 in lamination $7 which
are aligned with each other to receive between
them the conductive tubular members 143, 144,
These. tubular members 143—147
inclusive, are each provided with right angular
bends and extend transversely with respect to
and - away from lamination 67 and through the
confining, supporting and spacing plate €3. The
tubular members 183—I47 inclusive terminate
within the recess. 58 and receive quick detachable
connecting means from the wave change unit 58

As heretofore noted, tubular members 73 and
80 are interconnected by bus {48; tubular mem-
bers 11 and 84 are interconnected by bus 148;
tubular members 8! and 96 are interconnected
by bus 159; and tubular members 85 and 97 are
interconnected by bus {5f. The several buses
heretofore described are suitably housed within
recesses provided in the laminations.

The entire unit as heretofore noted, is con-
tained in the metallic shield or casing 10 and
care is taken to cut away the metallic shield
around each of the connecting means to avoid
any possibilities of short-circuit. I have shown
the two interior plates 66 and 67 of the heart
carrying tubular members aligned with coacting
apertures and arranged. in cooperation with
aligned apertures in the confining, supporting
and spacing plates 88 and €9; but it should be
understood that plugs instead of tubes may be
used interchangeably or other forms of connect-
ing devices may be employed and the tubular
members have merely been selected as one illus-
trative embodiment of my invention.

For convenience, I have tabulated the func-
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tlons of the transverse connectors carried by the
laminations$6 and 67 as follows:

Ti-T12—plate output (Fig. 32) or voice coil of
] speaker (Fig, 29).
13—tone control.
T4—grid input to first audio frequency am-
) plifier stage.
15-16—field return from speaker.

1T—tone control. ,

T8—plate output to second audio frequency
amplifier stage.

T9—plate input to second audio frequency
amplifier stage (in common with 78).

80—cground to tone control (in common
with 13).

8t —output from switch to power trans-
former.

82—heater input to first audio frequency
amplifier stage (82 projecting from
lamination 67 through plate 69 serves
as the heater input to the second
intermediate frequency amplifier
stage).

‘83—heater input to second audio frequency
amplifier stage (83 projecting from
lamination 67 through plate 69 serves
as the heater input to the second
detector stage).

‘B4—output to tone control (in common
with T1).

85—input to switch for alternating current
power supply.

88—positive B voltage input to first audio

frequency amplifier stage (in common -

with 89, 92 and 95), (85 projecting
from lamination 67 through plate 69
'serves as the positive B voltage input
to the second intermediate frequency
amplifier stage).

81—ground -and heater input to first audio
frequency amplifier stage.

‘88-—ground ‘and heater input to second au-
dio frequency amplifier stage (88 pro-
jecting - from lamination 61 through
plate §9 serves as the heater and in-
put to second detector stage).

88—positive B voltage input to second audio
frequency amplifier stage (in common
with 86, 92 and 95).

9C-91—voice coil of speaker (Fig. 29) or posi-

tive B voltage (Fig.32).

92-—rectifier cathode input and positive B

voltage output to all stages (92 pro- :
‘Jecting from lamination 68 through

plate 89 serves as the positive B volt-
age input to the first intermediate

_ frequency amplifier stage).

£3—-ground input to rectifier (83 projecting
from lamination 87 through plate 69
.serves as the ground and heater input
to the first intermediate frequency
amplifier stage).

‘88—ground output to rectifier (94 project-

ing from Iamination 67 through plate
89 serves as the ground and heater

) input to the first detector stage).
95—cathode output to rectifier (85 project-

ing from lamination 6§ through plate -

‘69 serves as the positive B voltage
input to the first intermediate fre-
quency amplifier stage).

98—input from switch to power transformer
(in common with 81).
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9T1—alternating current power supply input
to switch.
98—center tap input to rectifier.
98—heater output to tubes (99 carried by
lamination 87 and projecting there-
from through plate 69 serves as the
input to the first detector stage) .
180-101—alternating current input to power
transformer.
[02—cathode input to rectifier.
103—cathode output to rectifier.
104—center tap output to rectifier and speak-
er field.
105—input to speaker field.
106—high voltage input to rectifier.
10T—high voltage output to rectifier.
108—high voltage input to rectifier.
109—high voltage output to rectifier.
1 10—output to second detector.
i Li—input to second detector.
114—output to volume control.
t15—input to volume control.
{11—grid input to first audio frequency am-
plifier stage.
[ 18—output to second detector.
120—input to second detector.
122-123—ground to volume control.
121—A. V. C. output to second detector.
128—A. V. C. input to first detector.
130—heater input to first intermediate fre-
quency amplifier stage.

The detachable tuning unit indicated generally
in Fig. 2 is shown schemadtically in different em-
bodiments in Figs. 6 and 7. In Fig. 6 I have
shown the manner of mounting the frame 152 of
the tuning unit which includes condensers | con-
trolled by adjustable shaft operated from knob
I53. The frame (52 of the condenser carries a
socket member 154 supporting pin-like contacts
{55 in insulated relation and electrically con-
nected with the tuning condenser units | and
also -electrically connected with indicator lights
for illuminating the indicator dial if desired. The
entire tuning unit may be readily inserted into
or removed from a suitable receptacle providing
means for both mechanically supporting the tun-
ing unit and establishing electrical connection
therewith.

In lieu of the electrical connections through
the sets of pins 155, I may mount the tuning
unit directly upon legs as represented at 156 in
Fig. 7 which are insertable into or removable from
a suitable socket mounting, but in which the legs
156 do not perform the funciion of completing
electrical circuit connections. In this arrange-
ment the flexible leads indicated at €5, connect
the tuning unit with the wave change unit 59 as
shown diagrammatically in Fig, 2,

The details of the first detector, oscillator, mix-
er and radio frequency amplifier stage heretofore
designated at 1|’ are set forth more clearly in
Figs. 8, 9, 10, 11 and 12. In order to make clear
the structure of each of the units, I have shown
each of the units in plan view with parts flat-
tened out to illustrate the relation of the ele-
ments. For example, in Fig. 8, the chassis of
insulation material for unit I’ is designated gen-
erally at 15T with the sides thereof folded out-
wardly. Chassis 187 serves as insulated mount-
ing means for buses of minimum length which
are secured to the insulation material comprising
the chassis 157 in proper position for mechani-
cally mounting the resistor and condenser units
and establishing a connection with the plug con-
nectors which interengage with the tubular mem-
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bers carried by the heart. The chassis of insu-
lation material indicated at 157, when folded
into such limits as will allow the insertion of the
insulated chassis into the casing 158 which sup-
ports the socket members 159 and 160 which
permits soldered connections to be established
between the terminals of the socket devices and
the buses carried by the insulated chassis 157.
The insulated chassis 157 is apertured at 189
and 1602 immediately below the receptacle devices
159 and 160 for permitting access of the buses to
the soldered terminals of the sockets 159 and 160
supported by the casing 158. While I have men-
tioned soldering the connections I realize that

there are many methods of establishing the de- 1

sired connections and I intend no limitations with
respect to any particular method of establishing
such connections. The buses which I have illus-
trated as carried by the insulated chassis 15T may
pass through slits formed in the insulation ma-
terial of the chassis in order to provide the short-
est and most direct connections possible. This
procedure also enables one bus to be passed on
the exterior of the insulated chassis while the
other bus is passed on the interior of the insu-
lated chassis for thereby enabling the connec-
tions to be made within a compact space and at
the same time a high degree of insulation main-
tained between the buses. The insulation chassis
157 in unfolded arrangement shows the bust con-
nectors carried beyond the limits of the insulated
chassis. 'This is necessary becatse the buses serve
to establish connection with contact members
supported with respect to the casing, which con-
tact members engage with corresponding conduc-
tive members in the heart. In order to make
clear the manner in which the contacts carried
by the first detector unit engage with the tubular
connectors within the heart, I have indicated by

prime letters the contacts on the unit which-

coact and cooperate with the tubular members
in the heart. That is to say, contacts 143’, 144,
145, 148’ and (47’ on the unit establish connec-
tion with the transversely extending ends which
project normal to plate 69 of the heart as con-
tinuations of tubular members 143, 144, 145, 146
and 141.- Contacts 128’ and 95’ establish con-
nection with tubular members 128 and 95 re-
spectively. Contacts 94’ and 99’ establish con-
nection with tubular members 94 and 89 respec-
tively. A flexible feed line extends from the sec-
ondary winding 15 of intermediate frequency
transformer {1 which is received in the socket
159 to the control grid of the tube 12 in unit 2’.
The signal energy delivered to the tube 8 is trans-
ferred from unit 59. I have shown the connect-
ing means for the safety indicator lamps A, B
and C at the spaced ends of adjacent bus con-
nectors carried by the insulated chassis 157. The
safety indicator lamps are insertable through
an insulated sleeve in the casing and establish
connection with the bus members in the posi-
tions I have indicated in Fig. 8.

In order to make clear the circuit elements con-
tained in unit 1/, I have detailed the arrangement
of the units in Fig. 9. In order to show the ar-
rangement of the resistor and condenser ele-
ments within the unit I’, T have detailed these
in Fig. 10. Fig. 11 shows a longitudinal section
through the unit 1’ while Fig. 12 shows a trans-
verse section through the unit 1’ making it clear
that a substantial double depth is provided in
unit 1’ as distinguished from other unifs here-

-inafter described.
Fig. 13 illustrates unit 2’ constituting the first
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intermediate frequency amplifier stage from
which it will be observed that the same general
plan of the insulated chassis is carried out with
respect to this unit as well as the other units.
The insulated chassis is shown at 161 forming a
carrier for the bus bar connections which sup-
port the resistor and condenser elements in the
first intermediate frequency amplifier stage. The
sheet of insulation material 161 is apertured at
{82 and 163 within which the bus bar connec-
tions terminate for providing connection means
for the tube 12 and the second intermediate fre-
quency transformer {71 as shown. As explained
in connection with Fig. 8, the insulation sheet 161
forming the chassis for unit 2’ is suitably slitted
to permit passage of the bus bar connectors on
opposite sides of the insulation sheet so that the
bus bar connectors may be compactly assembled
put insulated one with respect to the other. The
bus bar connectors terminate in connections for
plug connectors which I have indicated at 827,
63’ and 136’ adapted to establish connection with
the tubular members 92, 83 and 130. I show pro-
vision on the chassis in Fig. 13 for establishing

= connection with safety indicator lights D and E

which bridge the gaps between the bus bar con-
nections as illustrated.

Fig. 14 represents the electrical arrangement
of the condenser and resistor elements which are
carried by the bus bar members supported by the
insulation material of the chassis 161, corre-
sponding reference characters being applied to
the condenser and resistor elements as those ap-
pearing in Fig. 1 in the first intermediate fre-
guency amplifier stage.

Fig. 15 illustrates the circuit arrangement of
the unit 2’ showing the elements carried by the
unit 2’ and corresponding to the circuit elements
illustrated in Fig. 1.

I have shown unit 3" which is the second in-
termediate frequency amplifier stage, in Figs. 16,
17, 18, 19, 20, 21 and 22. The insulated chassis
for unit 3’ is represented at 164 serving as a sup-
port for the bus bar connectors. The insulation
sheet is apertured at 165 and 166 to provide ac-
cess for the intermediate frequency transformer
2{ and electron tube {9. 'The bus bar connectors
on chassis 164 terminate in connections 82°, 86’,
81’, 118’ and 119’ which connect to correspond-
ingly numbered resilient plugs indicated in Figs.
16, 17, 18 and 19, at 118%a, 119%a, 82’», 8T% and
86’.. The insulated casing for unit 3’ is indicated
at 167 within which the insulated chassis 164 car-
rying the bus bar connectors is mounted. The

' exterior portion of each of the units is covered by

metallic shields which are represented in the cas-
ing unit 2’ by reference character 168 serving to
electrically shield the elements within the unit

, and support the socket devices 169 and i70.

Socket devices 169 and 170 respectively receive
the transformer 21 and the tube 19 respectively.
The bus bar connectors terminate in resilient

‘tongues which are shaped as represented at 171
5 to receive the conductive ends of the resistor and

condenser elements. I have shown the condenser
elements Cr, Cos and Cz and resistor elements
Rr and Re in position ready for immediate re-
placement in the event of an open circuit through
5 resistor or a short-circuit through a condenser.
Unit 3’ carries safety indicator lamps Gi1 and F
which connect across the gaps in the buses as
shown in the plan arrangement in Fig. 20. The
safety indicator lamps are carried by the casing
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but connect with the buses supported by the
chassis 164.

Fig. 23 represents in plan view the chassis for
the second detector unit containing the elements
illustrated schematically in Fig. 24, electrically
connected as shown in Fig. 25. The insulated
chassis for the second detector is indicated by
reference character 112 apertured at (13 to allow
access to the connections of tube 22. The bus
bar members carried by the chassis 172 terminate
in plugs 1227, 114’, 127’, 88’, 83’, 120’ and {ii".
The plugs carried by the bus bars thus described
engage with the tubular members of the heart
indicated at 122, 114, 127, 88, 83, 120 and (11,
respectively. The tongues formed by the bus bar
connections serve as mounting means for the cir-
cuit elements shown generally in Fig, 24. Elec-
trical circuits for the second detector tube 22 as-
sociated with the elements carried by the sec-
ocnd detector unit are shown more clearly in
Fig. 25.

The first audio frequency amplifier stage or
unit 5, is illustrated in detail in Figs. 26, 27 and
Z8. TFig. 28 shows in plan view the arrangement

of the insulated chassis 174 apertured at 115 for -

the connection of the circuits of electron tube 30.
As ‘before noted, the bus bar connections carried
by the sheet of insulation 174 may pass through
the insulated sheet so that the bus bars may
extend on opposite sides of the insulated sheet
without short-circuit therebetween. The unit 5’
has provision for the connection of safety indi-
cator lamp H therein by virtue of the gap pro-
vided between the bus bar connectors carried by
the chassis. 'The bus bar connectors terminate
in plugs 14, 78’, 82’, 81’ and 86’ adapted to
establish quick detachable connection with tubu.
lar members 14, 18, 82, 87 and 86 in the heart,
respectively.

Fig, 27 illustrates the arrangement of the ele-
ments carried by the unit 5. In Fig. 28 I have
shown the connections between the elements with
the tube 38 connected into the first audio fre-
quency amplifier stage. '

The second audio frequency amplifier stage or
unit 6’ may take either of two forms. The pre-
ferred form is shown in Figs. 29, 30 and 31 in
which the output transformer is carried directly
by the second audio frequency amplifier unit.
However, it is entirely possible and sometimes
desirable to detachably mount the output trans-
former on the sound reproducer, in which event
the second audio frequency amplifier stage is
modified to take the form illustrated in Figs. 32,
33 and 34. The choice of either form also de-
pends upon the choice of form of speaker unit
as will be hereinafter explained. The flexibility
permitted by this arrangement is desirable be-
cause of the improvements which may be adapted
to the chassis of the radio receiver of my in-
vention from time to time.

Referring particularly to Fig. 29, the chassis
is illustrated as being constituted by the insula-
tion sheet 178 which is apertured at (77 and 178
respectively for the connection of transformer
38 and tubs 34 respectively. Provision is made
for mechanically supporting the circuit elements
in position by means of tongues formed by the
bus bar connectors. Provision is made for the

connection of safety indicator lichts I and J. 7

The bus bar connectors are brought out to plugs
which I have indicated at Ti’, 1T5’, 80’, 84’, 90’,
89’, 88’, 83’ and 19’, which are adapted to estab-
lish quick detachable connection with tubular
members 11, 15, 80, 84, 90, 89, 88, 83 and 79.
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In Fig. 30, I have shown the arrangement of
elements connected in the unit 6’ and in Fig. 51
I have shown the connection of such units with
tube 34 using corresponding reference characters
as set forth in Fig. 1. It will be understood that
the insulated chassis 176 is mounted within a
casing of the same general character as here-
tofore explained.

In the modified form of unit §’, as shown in
Fig. 32, the output transformer is not mounted
on the unit so that there is but one aperture 179
provided in'the insulated chassis 180 for receiv-
ing the terminals of electron tube 34. Pro-
vision is made for the inclusion of the safety indi-
cator lights I and J in the circuit and similar
provision is made for mounting the circuit ele-
ments in the tongues provided by the circuit con-
recting means. The terminals are brought out
in a similar manner as explained in connection
with Pig. 29. :

In Fig. 33, I show schematically the elements
carried by the second audio frequency amplifier
urit arranged as in Fig. 32.

In Fig. 34, I have shown diagrammatically the
connection of the secend audio frequency ampli-
fier stage of unit 8’ with the sound reproducer,
which will ke more fully described hereinafter.

"The sound reproducer may be mounted in the
position illustrated at 41 in Fig. 2 and may com-
prise the arrangement shown in Figs. 35, 36, 37
and/or 38. In Fig. 35, the sound reproducer is
illustrated as having a frame support 181 and a
magnetic system 182 which directly carries the
socket device 183. Pin terminals 184 on socket
device 183 -are adapted to establish connection
with contacts represented at 185 contained with-
in receptacle {86. The field magnet system of
the sound reproducer is indicated at 40 and
adapted to be connected through pin terminals
with a set of contact members 185. The output
transformer 28 dirvectly carries a socket device
187 with pin terminals thereon indicated at 188,
adapted to engage removable connection with
receptacle 188 carried by frame §82. Receptacle
189 includes contact members 188 through which
connection is made with pins 184 to complete
the input circuit from the last audio frequency
amplifier stage to the output transformer 38 and
irom which connection is made from the sec-
ondary of .the cutput transformer to the voice
coil of the sound reproducer 41,

Figs. 35 and 36 show side elevation and rear
views, respectively, of the sound reproducer
mounied in the socket receptacle.

Pig. 37 shows the manner in which the sound
reproducer is removed from the socket for quick
replacement and also the manner in which an
outrut transformer may be readily removed or
inserted in the event that the output transformer
appears defective.

In Pig. 38 I have shown an arrangement in
which magnetic system 182 of the sound repro-
ducer is provided with pin supports {31. The pin
supports 191 engage socket receptacles 192 in g

7 suitable base permitting the sound reproducer to

be readily removed and replaced. In this form
of the invention however, connections to the field
winding 48 and to the primary winding of input
transformer 38 are made through sets of leads
represented at 84, the connections being taken
to the heart, as represented in Fig. 2.

I have illustrated unit T/, that is the rectifier
and power filter, in Figs. 39-42 in one form and in
Figs. 43-45 in a modified form. The unit 1’ is
also flexible in its construction and arrangement
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because the unit may employ a tubular con-
denser of the electrolytic type according to the
arrangement of Figs. 39, 41 and 42, or a carton
type insertable condenser according to the ar-
rangement illustrated in Figs. 43, 44 or 45.

In either form of rectifier and filter unit 7', the
wiring diagram illustrated in Fig. 40 remains the
same.

In the form of the rectifier and power filter
illustrated in Pig. 39, the chassis of insulation
material is represented at 192 apertured at {93
and 184. The aperture 193 provides space for
the termination of bus bars fo which electrical
connection is established by tube 42. Aperture
194 provides space for the termination of bus bars
to which connection is established by the con-
tacts of the replaceable condenser unit shown
generally at 195, which houses the condensers
Cis and Cis. The bus bars carried by the in-
sulated chassis 192 are separated at the positions
indicated at K and L for receiving the safety
indicator lights indicated in diagram in Fig. 1,
the lights being carried by the casing of unit 7’
within which the insulated chassis {62 fits. I
have represented the buses carried by insulated
chassis 192 as terminating in connectors 92°, 93’,
98’, 102’, 106’ and 1088’. This form of the unit T
provides for the detachable condenser 185 having
contact members carried by the end thereof
adapted to established connection with corre-
spondingly aligned contacts carried by insulated
chassis {92.

In the modified arrangement of the unit 1’ il-
lustrated in Pigs. 43-45, the insulated chassis {96
is provided having a single aperture 187 therein
operative to receive the contacts of rectifier tube
42. In this form the condenser is not replaceable
through the top of the casing, but instead each
condenser is formed into an insertable carton
198, one of which contains condenser unit C’u
and the other of which contains condenser unit
C’15. That is to say, condenser C’14 iIs housed in
one carton 198, and condenser C’ss is housed in a
similarly shaped carton, not shown, but identified
as 199 so that the two cartons may be readily in-
serted in the holding and connection means, on
insulated chassis 186, 198’ and 189’, respectively.
The insulated chassis 196 carries terminal con-
nectors on the ends of the buses as indicated at
K and I, electrically connected as indicated in
Fig. 40. The left hand resilient members 198’ and
199’ serve as securing means for the removable
cartons 198 and 199, while the right hand spring
means 198’ and 198’ serve not only as holding
means, but also as connecting means. The buses
carried by chassis 196 terminate in connectors
which connect to plugs as represented at 927,
93’, 98’, 102’, 166’ and 108’.

The main power transformer 43 is detachable
with respect to the heart and has been represent-
ed in perspective view in Fig. 46. The casing
for the power transformer is shown at 200 formed
from metallic material and supporting an in-
sulated plate 201 which carries a multiplicity of
plug connectors which I have illustrated at 96’
and 109’ constituting the connections for the
primary winding 44; plugs 107’ and 109’ con-
stituting the outside terminals of secondary
winding 46; and plug {04’ constituting the mid-
tap connection for winding 46; plugs 94’ and 99’
constituting the connections for cathode heater

-winding 48; and plugs 103’ and 95’ constituting
the connections for the cathode heater winding
41 leading to the cathode of rectifier tube 42;
plug 85’ is the B+ voltage. I do not intend that
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the arrangement shown in Fig. 46 is to be con-
sidered in the limiting sense, but it is merely one
arrangement which may be employed for the
power transformer.

Figs. 47-54 illustrate a modified form of re-
placeable carton unit which I may employ in lieu
of the individual arrangement of condenser and
resistor units illustrated in Figs. 17, 18 and 19.
In Figs. 47-54 the carton arrangement for the
several condenser and resistor units has been il-
lustrated to show the ease by which a defective
condenser-resistor combination may be readily
removed from the radio receiver unit casing and
replaced with g similar carton unit. I have illus-
trated the carton unit formed from insulation
material at 202. The insulation material of car-

-ton 282 has walls of sufficiently flexible material

to permit the condenser-resistor units to be
readily inserted and retained therein. The con-
denser-resistor units have been represented, for
purposes of explaining my invention at C, Ry,
Lo, Rs, and Cs corresponding to the individual
units in Figs. 17, 18 and 19. The side walls of

‘the carton 202 are apertured to receive the round-

ed or recessed ends of the condenser or resistor
units. For purposes of illustration in Figs. 48-52,
I have shown the condenser and resistor units as
having protruding capped ends of rounded con-
tour which ends are engaged by resilient mem-
bers 171 carried by insulated chassis 164 simi-

‘lar to the arrangement illustrated in Figs. 17,

18 and 19. However, in lieu of the rounded
protuberances of the end caps, I may employ end
caps as illustrated in Pigs. 53 and 54 at 203, each
of which are recessed or indented at 204 but with
the circular ends around the recessed portions
204 supported in the apertures provided in the
walls of the carton 202, While I have illustrated
a condenser in Figs. 53 and 54 provided with caps
having recessed ends, it will, of course, be under-
stood that similarly shaped caps may be applied
to the resistor units. In this arrangement, the
resilient members have the shape indicated at
{71’ with an inwardly directed protuberance
IT1’’ adapted to engage the recess 204 in the
end cap 203. Similar resilient engagements are
provided for each of the condenser-resistor units
supported by the carton. Thus it will be seen
that the entire carton 202 is readily removable
from the chassis of the unit in which the carton
is employed for replacement of an entirely new
carton or replacement of individual units within
the carton. The insulated carrier 202 provides
a convenient means for removing all of the units
and permitting replacement thereof quickly so
that at a subsequent time individual condensers
or resistors may be renewed in the carton and the
carton thus prepared for replacement into the
chassis at any subsequent time.

I have described my invention in certain pre-
ferred embodiments, but I fully realize that many
modifications will suggest themselves and I have
in mind other forms in which my invention may
be carried out. Accordingly, I desire that it be
understood that no limitations are intended or
shall be imposed upon my invention other than
set forth in the appended claims.

What I claim as new and desire to secure by

- Letters Patent of the United States is as follows:

1. Radio receiving apparatus comprising in
combination a substantially vertically extending
main chassis, connecting means extending trans-
versely of said chassis, certain of said connecting

‘means terminating at opposite sides of said chas-

sis, independent replaceable units incorporating
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parts of said radio receiving apparatus and ter-
minating in detachable connectors, said detach-
able connectors being connectible with said trans-
versely extending means on opposite sides of said
chassis for completing an electrical circuit
through all of the units constituting said radio
receiving apparatus, said main chassis having a
cut-out portion adjacent one end, connecting
means terminating in said cut-out portion and a
separable unit engageable within said cut-out
portion having circuit elements thereon con-
nected with said connecting means, said separable
unit projecting beyond the opposite sides of said
main chassis.

2. Radio receiving apparatus comprising in
combination, g circuit interconnecting member
extending in spaced substantially parallel planes
and carrying circuit terminals thereon and hav-
ing a recess formed in a portion thereof, coacting
members each including portions of a radio re-
ceiving circuit, terminals carried by said coacting
members, one of said coacting members estab-
lishing interfitting relationship with the recess
formed in said circuit interconnecting member
and projecting on opposite sides of the circuit in-
terconnecting member, and means for establish-
ing connection between the terminals on said
coacting members and the circuit terminals car-
ried by said circuit interconnecting member for
completing a radio receiving circuit through said
coacting members.

3. Radio receiving apparatus comprising g cir-
cuit interconnecting member extending substan-
tially in a plane surface and carrying circuit ter-
minals thereon, coacting members each including
portions of a radio receiving circuit, terminals on
said coacting members connected with the por-
tions of the radio receiving circuit, the end of
said circuit interconnecting member being re-
cessed transversely of the longitudinal axis of the
plane surface thereof and having certain of the
circuit interconnecting members carried thereby
terminating within the recessed portion and con-
nected to terminals therein, one of said coacting
members extending beyond the limits of said cir-
cuit interconnecting member and establishing in-
terfitting relationship with the transversely ex-
tending recessed portion of said circuit intercon-
necting member with the terminals thereof elec-
trically connected with the terminals within the
recessed portion of said circuit interconnecting
member, and means for establishing connection
between the terminals carried by others of said
coacting members with other terminals of said
circuit interconnecting member for completing a
radio receiving circuit through said coacting
members.

4. Radio receiving apparatus comprising in
combination with a casing, terminal members
disposed within the casing and extending along
opposite interior side walls thereof and electri-
cally connected with parts of an electrical circuit
carried by the casing, a removable carton sub-
stantially conforming with the interior contour
of said casing and carrying circuit elements there-
in, each having contact portions alignable with
and detachably engageable between the terminal
members extending along the opposite interior
side walls of said casing for completing a portion
of a radio receiving circuit through said casing.

5. Mounting means for electrical apparatus
comprising in combination with a substantially
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hollow casing open at the bottom thersof and
providing a support for electrical apparatus on
the top thereot, pairs of aligned resilient, terminal
members within said casing and electrically con-
nected with parts of the electrical circuit through
the electrical apparatus carried by the casing, a
removable carrier shaped to conform with the in-
terior contour of said casing, reactance members
each removably supported within said carrier and
each having terminals thereon shaped to con-
form with and be engaged by the resilient termi-
nal members within said casing when said re-
actance members are inserted through the open
bottom of said casing for completing a portion
of a radio receiving circuit through said casing.

6. Mounting means for electrical apparatus
comprising in combination with g substantially
hollow casing having an open bottom portion,
pairs of aligned resilient terminal members with-
in said casing disposed adjacent opposite interior
side walls thereof and electrically connected with
parts of an electrical circuit carried by the casing,
a carrier member insertable into and removable
from said hollow casing through the open bottom
portion thereof, and a multiplicity of reactance
members removably mounted in parallel spaced
relation in said carrier member and terminating
in shaped ends conforming with and engageable
by said resilient terminals within said casing for
completing a portion of a radio receiving circuit
through said casing.

7. Radio receiving apparatus comprising in
combination a main chassis constituted by a lam-
inated insulated sheet-like structure carrying bus
bar members intermediate the laminated layers
thereof, connecting means extending transversely
from said bus bars and terminating in opposite
sides of said chassis, independent replaceable
units incorporating parts of said radio receiving
apparatus and terminating in detachable con-
nectors, said detachable connectors being con-
nectible with said transversely extending connect-
ing means on opposite sides of said chassis for
completing an electrical circuit through all of
the units constituting said radio receiving ap-
paratus, a tuning unit extending substantially
through said main chassis normal to the axis
thereof, connecting means on said main chassis,
and coacting connecting means on said tuning
unit for completing electrical connections be-
tween said tuning unit and said replaceable units.

8. Radio receiving apparatus comprising a lon-
gitudinally extending chassis for connecting
means formed in the end thereof, a transversely
extending structure carrying tuning means and
having connecting means disposed centrally
thereof for establishing detachable electrical con-
nection with the connecting means carried by
said chassis, said chassis and tuning unit con-
jointly constituting a substantially T-shaped
structure, connecting means extending trans-
versely of said chassis, certain of said connecting
means terminating at opposite sides of said chas-
sis, and independent replaceable units incorpo-
rating parts of said radio receiving apparatus and
terminating in detachable connectors, said de-
tachable connectors being connectible with said
transversely extending means on opposite sides
of said chassis for completing an electrical cir-
cuit through all of the units constituting said
radio receiving apparatus.

JAMES R, REID,




