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To all'u'hom it may concerni 
Beit known that I, LoUIs A. HAzELTINE, 

a citizen of the United States, and a resident 
of Hoboken, in the county of Hudson and 
State of New Jersey, have invented certain 
new and useful Improvements in Shielding 
Radio Apparatus, of which the following 
is a specification. M 
This invention relates to radio apparatus 

and has particular reference to means for 
eliminating the disturbing effects on the 

i tuning caused by movements of the human 
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body, or of other conducting or insulating 
bodies, in the immediate neighborhood of 
radio sending and receiving apparatus. It 
is sometimes sought to reduce such effects 
by providing the adjusting devices with 
long handles, butsuch expedients arenot 
satisfactory in general, and are of little 
orno use in sending and receiving systems 
employing oscillations whichare to be kept 
in or very near synchronism in order to op 
erate. 
This invention comprises a shieldingar 

rangement interposed between the radio fre 
quency circuits and apparatus and the audio 
frequency and direct current apparatus, and 
so connected to each circuit that radio fre 
quency currents will be isolated from the 
audio frequency circuits through a path or 
paths of relatively low impedance without 
diverting the audio frequency or direct cur 
rents from their normal path. In its broad 
aspect, the invention comprises an imped 
ance in series between high frequency ap 
paratus, such as the plate circuit of an 
audion, and low frequency or direct cur 
rent apparatus, such as a telephone re 
ceiver, combined with a shunting capacity 
across the impedance for carrying the high 
frequency current away from the low fre 
quency apparatus. Thereby, the conditions 
in the high frequency circuit are not sub 
ject to variations introduced by the added 
capacity, impedance, etc., introduced by the 
low frequency apparatus, thereby permit 
ting of better tuning. For special condi 
tions, such as portable apparatus for teleph 
ony or telegraphy, such a circuit is com 
bined with a screen containing most of the 
apparatus, and may be in the form of a 
grounded sheet metal or mesh box partially 
or wholly inclosing the apparatus and cir 
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circuittobe protected, and having aper tures through which pass the outside wires 
and adjustmentrods for interior apparatus. 
This system effectually prevents radiofre 
quency currents from flowing in the tele 
phone receivers, batteries and other audio 
frequency or direct current apparatus which 
is electrically connected to the radiofre 
quency circuit, and at the same time does 
noti shunt away the audio frequency ordi 
rect currents that should flow from one 
side of the Screen to the other through the 
She WireS. 

For removing the deleterious effects of 
body movements on the antenna system, the 
antenna circuit is provided with a series 
coil and condenser and the antenna is made of Such dimensions relative to the wave 
length to be employed, that a potential node 
Will eXist at the point where the antenna 
circuitis nearest the operator's position, and 
Such portion of the antenna circuit includ 
ing the series coil and condenser is placed 
within the Screen aforesaid. The antenna 
circuit may be grounded through the screen, 
or may be connected to a counterpoise 
ground of Such dimensions as to give a 
potential node on the counterpoise near the operator's position. 

In the accompanying drawings, 
Figure 1 is a diagrammatic representa 

tion of the shielding means, 
Fig. 2 is a modification, 
Fig. 3 is a further modification, and 
Fig. 4 shows one station of a sending and 

receiving apparatus embodying the inven 
t1On. 

Referring to Figs. 1, 2 and 3, W repre 
sents a conducting screen which may be in 
the form of a copper or aluminum sheet 
metal box entirely inclosing the internal 
parts from the externa parts, or only par 
tially inclosing Such parts on the side at 
which the externai disturbances occur. 1 
represents a radio frequency conductor con 
nected to radio frequency apparatus with 
in the Screen. and 2 is a wire passing out of 
the screen through a bushing to any suit 
able audio frequency apparatus, and coupled 
within the screen to the radio conductor 1 in 
any suitable way, asby impedance 5. Be 
tween the radio conductor and the screen 
is connected a condenser 3, which shunts 
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most of the radio frequency current entering 
wire 1, causing it to flow to the screen in 

i stead of out through wire 2. Toninsure 
that none of the radio frequency will pass 
to wire 2, a series inductance 5is inserted 
between wires 1 and 2 and beyond condenser 
3, and another condenser 6 is inserted be 
tween the inner portion of wire 2 and the 
screen. Amy radio frequency current which 
might pass inductance 5 vill be shunted 
to the screen by condenser 6, and this ar 
rangement might be continued by additional 
inductances between wires 1 and 2 and con 
densers connected to the screen, but one in 
ductance and one condenser is usually suffi 
cient. 

In Fig. 2, a non inductive resistances 
used instead of the inductance 5, and in Fig. 
3, non inductive resistances 8, 9, are used in 
stead of the condensers 3, 6.. The arrange 
ment of Fig. 1ispreferable, but all three ar 
rangements satisfy the general requirements 
that the shunt paths 3, 6, or 8, 9, shall have 
relatively low impedance for the radiofre 
quency currents as compared with the direct 
pathi, 2, and that the latterpath shall have 
a relatively low impedance for audio fre 
quency ordirect currents compared with the 
shunt paths, 3, 6, or 8, 9. » w 
In Fig. 4, the invention is embodied in a synchronous telephone or telegraph set for 

simultaneoussending and receivingin which 
the screen Vincloses a radio frequency de 
tector, tuning apparatus, and Sending Source, 
while the audio frequency receiving and 
sending devices, together with batteries and 
their adjusting devicesare outside and read 
ily accessible. Vith this apparatus radio 
communication by either telephone or tele 
graph has been had without interference due 
to movements of the operator, etc. 
The antenna circuit 11 is externally con 

nected to an antenna or other oscillator, and 
leads through an insulating bushing into 
the screen, thence to a series coil 12 which 
is variable for tuning, thento a variable 
series condenser 13, and is then connected 
to the screen at its lower terminal, and the 
screen may be grounded as at 14. Thean 
tennais chosen of such dimensions relatively 
to the wave length to be employed, that a 
potential node may exist at the point Nfor 
example nearest the operator's position. For 
use with undamped waves as in the system 
herein shown, a straight vertical oscillator 
has a high decrement, power factor, and ra 
diation resistance, and hence radiates more 
energy than othertypes, of given height, 
besides giving a voltage node near the oper 
ator, orground, when oscillating at its nat 
ural frequency. This is accomplished by 
placing the series coil 12 and condenser 13 
in the antenna circuit within the screen. 
Upon proper adjustment, it will be found 

65 that the frequency of the antenna circuit 
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will not be affected by necessary movements 
of the operator's head, hands, etc., in ad 
justing and operating, thus showing that a 
potential node exists externally of the screen 
at or adjacent to the point, such as N, near 
est the operator. The antenna should oper 
ate at or near its own natural frequency, 
so that the lead 11 entering the screen has 
a node at this point. 
The screen should preferably be located 

near the ground soasto avoid a long ground 
wire. If the wire is long, it should have in 
series with itat the ground end a coil or 
condenser, or both, similar to 12, 13, so that 
a potential node will exist at the portion 
nearest the operator's position. 

In cases where a counterpoise ground is 
used instead of a conductive ground, the 
counterpoise is connected to the lower ter 
minal of the antenna circuit by a wire lead 
ing through an insulated bushing in the 
screen. The dimensions of the counter 
poise should be such as to give a potential 
node near the operator's position, which node 
may be varied if desired by providing a 
series coil and condenser similar to 12,13; 
above described. In both cases, the screen is preferablygrounded as at 14. 
Variably coupled to the self-inductance 

12 is a coil 15 having one terminal connected 
by wire 16 to the plate 17 of an audion or 
other suitable relay device 18. The vari 
able coupling of these coils may be obtained 
by pivoting one coil relatively to the other 
so that their axes can be varied in relative 
relation. 
By audion is meant any evacuated vessel 

having one hot and one ormore cold elec 
trodes and acting as a relav, whereby a rela 
tively, small alternating current and voltage 
supplied between one cold electrode and the 
hot electrode produces a relatively large 
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alternating current and voltage in a circuit 
or circuits connected between the other cold 
electrode or electrodes and the hot electrode. 
As commonly used, the audion has a recti 
fying action in addition to this relay or am 
plifying action, but for the purposes of this 
invention, a separate rectifieror detector 
may be employedif desired. 
The other terminal of coil 15 is connected 

by wire 19 to self-inductance 20, which is 
ariable as shown for tuning this circuit. 
The other terminal of coil 20 is connected 
by wire 21 to the positive terminal of plate 
battery 23. The negative side of the battery 
is connected through an ammeter or other 
suitable current indicator 24 and the tele 
phone receivers 25 to the screen. A ca 
pacity coupling is also provided between 
the antenna circuit 11 and the plate circuit 
by vire 26 through adjustable capacity 27 
to the antenna circuit between coil 12 and 
capacity 13. 28 is a capacity connected be 
tween wires 16 and 21 around coil 20, to be 
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used in case the inherent capacity of the 
audion and connected apparatus is insuffi 
cient to make the circuit resonant. 
The shielding inductance coil 5 is inter 
posed between the coil 20 and the plate bat 
tery 23 and within the screen, vhile the 
shielding condensers 3 and 6 are connected 
in shunt to the screen on opposite sides of 
inductance 5. The circuit of grid 30 is con 
nected by wire 31 to variable inductance 32 
which is variably coupled to inductance coil 
20, so as to constitute a variable gridcou 
pling, then by wire 33 passing through the 
screen to adjustable grid battery 34, then by 
wire 35 to grid potentiometer, 36, and by 
wire 37 to filament 39through adjustable 
filament resistance 40 and wire 41. Byvary ing battery 34, the strength of oscillation 
isvaried, and the potentiometer 36 gives 
fine control of the grid potential, coarse 
control being obtained by varying the num 
ber of cells in battery 34. 42 is the heating 
battery connected on one side to the screen 
and on the other to filament 39through re 
sistance 40 and wire 41. 
- The sending system comprises microphone 
transmitter 46 and primary 47 of an induc 
tion coil inserted between wire 37 and the 
screen, the primary 47 and the secondary 
49 being inductively related by the core 48. 
Secondary 49 is connected between wire 33 
and the grid battery 34. The grid coil 32 is 
shielded by means of condensers 51, 52 con 
nected around secondary 49 to the screen 
through wire 53, it being found that the 
secondary 49 serves sufficiently well to be 
used instead of a radio frequency coil such 

In so using an audio frequency coil 
having relatively high self-inductance and 
inherent capacity, it is necessary to insure 
that the inherent capacity is not too high 
because if so it would then afford too good 

º a path for the radio-frequency current and 
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ermit it to leave the inside of the screen. 
for radio telegraphsending by the compen 
sating wave method, a condenser 55iscon 
nected by wire 56 to key 57, which is con 
nected to the Screen by wire 58. 
The shielding condensers 3, 6, and induc 

tance 5 serveto separate the radio frequency 
current in the plate circuit of the audion 
from the audio-frequency and direct cur 
rents, the audio frequency current taking 
the path from the filament of the audion to 
the screen, thence to the shielding con 
densers 3, 6, thence to the radio frequency 
coils 20, 15, thence to the plate of the audion 
and back to the filament, without having 
left the inside of the screen. The audio 
frequency and direct currents take the path 
from the filament to the screen, thence out 
side the screen to the telephone receivers 25, 
thence to the ammeter 24 of the plate bat 

65 
tery 23 to the inside of the screento coil 
5 and finally through the coils 20, 15 and the 

piate 17 to the filament 39. It is desirable 
to place the telephone induction coil of the 
transmitter inside the screen in the grid cir 
cuit, because of better shielding, which is 
permitted by making the secondary 49 of 
proper proportions and associating it with 
shielding condensers 51, 52. 

In order to permit audions at separated 
stations to operate in synchronism, and to 
stay so, it is desirable that the receiving 
audion oscillating in synchronism with the 
incoming signal oscillation, be able to 
readilychange its frequency so as to ac 
commodate itself to changes in the incoming 
frequency. The generaltype of audion re 
ceiving circuit herein described accom 
plishes this result, and also permits sending 
and receiving by the same audion without 
changes in adjustments. If the audions are 
not in synchronism, a beat note will be pro 
duced, or if the beat note be outside the 
audible range, the voice is umintelligible. 
To enable the extremely small energy trans 
mitted from one station to the otherto hold 
the audions in synchronism notwithstanding 
variation in the strength of the oscillation 
due to the voice vibrations, conditions such 
as the electrostatic capacities in the oscillat 
ing current circuit must be very constant. 
The shielding andantenna circuit arrange 
ments herein described prevent such varia 
tions in capacities by isolating the radio fre 
quency currents from the low frequency ap 
paratus and preferably within the screen 
and by preventing variation of the antenna 
frequency as are caused for exampleby body 
movementS. 
The general type of audion circuit in 

which the audions tend to remain in synchro 
nism is one whereina local oscillating cir 
cuit, such as the plate circuit above de 
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scribed, is coupled to the antenna circuit in 
such mannerthat the coefficient of coupling 
is equal to the power factor of the antenna 
circuit With mutually inductive coupling, 
this relation is expressed by the equation: 

where Mis is the mutual inductance be 
tween the antenna and local circuits, whose 
inductances are Le, L, respectively; and 
where ris the resistance and C, the capac 
ity, of the antenna circuit and where pais 
the power factor of the antenna circuit. 
With otherforms of coupling, such as com 
mon capacity, the coefficient of coupling 
(ka) is expressed by other formulas, but it 
should still be made equal to the power fac 
tor, or substantially so. This coupling I 
call transition coupling, because it is the 
loosest coupling at which the oscillations 
maintained by the audion can have either 
oftwofrequencies. If the couplingis closer 
than this transition value, the frequency of 
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oscillation will suddenly change by a finite 
amount when the natural frequency of one 
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of these circuits is gradually changed and 
passed through the value for the other cir 
cuit. If the coupling is looser than this 
transition value, the frequency of oscillation 
will change gradually when the natural fre 
quency of one of these circuits is changed. 
To determine experimentally when the 

coupling has the desired transition value, 
the natural frequency of one of the coupled 
circuits is continually varied through the 
turning point (i.e., the point at which the 
two circuits have the same natural fre 
quency); and the couplingis slowly de 
creased. As longas the coupling exceeds the 
transition value, at the instant when the 
tuning point is passed a momentary “beat 
noteº or click will be heard in the tele 
phone receivers 25 connected in the plate 
circuit and at the same time ammeter 24 
connected in the plate circuit will show a 
sudden jump. When the coupling is 
loosened So that the click or beat note and 
the jump in the ammeter reading just dis 
appear, transition coupling has been at 
tained. This procedure is the same no mat 
ter what form of coupling or what audion 
connection is employed,so longas the con 
nections are of the type described above. 
By plotting the voltage in the antenna 

circuit required to maintain synchronous op 
eration against the relative natural fre 
quency for which the receiving system is 
adjusted, Ihave found that with the natural 
frequency out of adjustment by of 1% 
(when ka=0.005 or 002), fifteen times the 
antenna voltage for ka=0.005, and seven 
teen times the antenna voltage for k=0.02, 
is required to maintain synchronous opera 
tion oftwo audions at distant stations, as for 
telephone receiving and sending with a sin 
gle audion, as is required to maintain syn 
chronous operation where the transition cou 
plinghas the value of ka=0.01. Synchron 
ous operation with transition coupling thus 
not only enables the same audion to be used 
for receiving and sending, but decreases the 
required transmitting power, and in con 
junction with the shielding system hereinde 
scribed provides an advantageous system for 
either simultaneous telephony, or telegraphic 
receiving by damped waves, or by sustained 
waves according to the heterodyne or beats 
method. 

Preferably, a receiving set will have 
means fortuningboth the antenna and local 
circuits in a single operation by a positive 
mechanical connection asby having the mov 
able elements of the tuning condensers insu 
lated from each other on the same shaft, 
which adjustsboth together, because with 
transition coupling, the circuits do not have 
to beso accurately tuned to an incoming 
signal, as with other values of coupling, or 
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with separate adjustments for each, since 
with transition coupling, the receiving sys 
tem is least affected bybeing slightly out 
of tune as a whole with the incoming signal 
oscillation. This relieves the operator of the 
necessity of highly accurate tuning to in 
coming signals, as would be the case with 
out transition coupling. 
What is claimed, is: , 

91. An antenna having dimensions propor 
tioned according to the wave length and in 
cluding a series coil and condenser, where 
by to produce a potential node ata point 
near the operators' position, means for pro 
ducingo oscillations coupled to the antenna 
circuit between said nodal point and the 
ground, and an electrostatic screen inclosing 
said series coil and condenser, and said oscil 
lation producing means. 

2. Means for confining a high frequency 
current to a desired circuit and at the same 
time permittinglow frequency and direct 
current to flow in a portion of said high 
frequency circuit, comprising a high fre 
quency impedance in the lead between the 
high frequency and low frequency circuits 
and capacities in the remaining portion o 
the high frequency circuit connected to said 
lead on opposite sides of said impedance. 

3. Means for preventing variation of elec 
trostatic capacity in an antenna circuit by 
movements of adiacent bodies comprisinga 
grounded conducting screen inclosing the 
lower portion of saidantenna circuit, a se 
ries coil leading outside the screen to low 
frequency apparatus, and a capacity in Said 
circuit within said screen connected between 
the high frequency side of said coil and the 
SCee. 

4. Means for isolating a high frequency 
current on one side of a screen from low 
frequency or direct current apparatus on the 
other side having connections leading past 
the screen to the high frequency circuit, 
comprising an impedance coil in series be 
tween the high frequency and low frequency 
circuits, and a capacity connected from each 
side of said coil to the screen. 

5. Means for separating high from low 
frequency or direct current comprising an 
inclosing screen containinga high frequency 
conductor, a low frequency or direct current 
conductor passing through the screen, anim 
pedance coil in series between the conduc 
tors, and a capacity connected from each 
side of the coil to the screen. 

6. A radio apparatus having an antenna, 
means for producing a potential node in the 
antenna circuit at the point near the opera 
tor's position, radio responsive apparatus 
coupled to saidantenna circuit between said 
nodal point and the ground, an electrostatic 
screen inclosing the lower portion of said 
antenna circuit and said radio responsive ap 
paratus, connections between said screen and 
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said apparatus for confining radio fre 
quency current within said screen, and com 
munication controlling means outside said 
screen connected to said radio responsive 
apparatus. 

7. A radio apparatus havingan antenna, 
i means for : a potential node in the 
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antenna circuit at the point near the opera tor's position, radio responsive apparatus 
coupled to saidantenna circuit between said 
nodal point and the ground, an electrostatic 
screen inclosing the lower portion of said an 
tenna circuit and said radio responsive ap 
paratus, connections between said screen and said apparatus for confining radio-frequency 
current within said screen, and a telephone 
outside said screen connected to said radio 
responsive apparatus. 

8. A radio apparatus comprising, means 
for generating radio-frequency oscillations, 
an electrostatic screen inclosing said means, 
an external radio-frequency conductor hav 
ing transition coupling within the sereen to 
the circuit of said oscillation generator, con 
nections between said oscillation generator 
and the screen confining the radio frequency 
current in the circuit of said generatorwith 
in the screen, and communication controll 
ling means outside the screen connected to 
said oscillation generator. 

9. A radio apparatus comprising, means 
for generating radio-frequency oscillations, 
an electrostatic screen inclosing said means, 
an external radio conductortuned to the same frequency and - coupled within the 
screen to the circuit of said oscillation gen 
erator, means between said oscillation gen 
erator and the screen confining the radio 
frequency current in the circuit of said gen 
erator within the screen, and audio-frequency 
apparatus outside the screen connected to 
said oscillation generatorbeyond said means. 

10. A tuned antenna having means for 
producing a potential node at the point near 
the operator's position, in combination with 
a circuit tuned to the same frequency as the 
antenna circuit and coupled to the antenna 
circuit between saidinodal point and the 
ground, means in said coupled circuit for 
generating high frequency oscillations, an 
electrostatic screen inclosing said coupled 
circuit and the antenna coupling and con 
nected to said circuit by means passing only 
high frequency current, and audio respon 
sive apparatus outside of said screen and 
havingseriesimpedance connection to the 
circuit of said oscillation generator beyond 
said latter means. 

11. A radio apparatus comprising a 
grounded inclosing screen, radio responsive 
means within said screen directly connected 
thereto on one side and on the other side 
connected thereto by means passing only 
radio-frequency current, and an externa 
low-frequencyor direct current circuit con 

nected on one side to said screen and by 
series impedance on the other side to the 
circuit of said radio responsive means be 
yond. said latter means. 

12. Meansfor separating a radio current 70 
from an audio-frequencyor direct current 
having paths partly in common, comprising 
a radio frequency conductor, a low-fre 
quency or direct current conductor, anin tervening series impedance, a conducting 75 
screen through which said low-frequency 
conductor passes, and means within the 
Screen connected between the high frequency 
end of said impedance and said screen pass 
ing only radio-frequency current from the 80 
radio conductor to the screen without pre venting passage of low-frequency current 
through said impedance and a portion of the 
radio frequency circuit. 

13. Means for separating a radio-fre- 85 
quency current from a low-frequency ordi 
rect currenthaving paths partly in common, 
comprising a radiofrequency conductor, a 
low-frequency or direct current conductor including a series impedance, a conducting 90 
screen through which said low-frequency 
conductor passes, and connections within 
the screen between the ends of said imped 
ance and said screen for rendering theim 
pedance between the conductors to radio-fre- 95 
quency current greater than the impedance 
toradio-frequency current between said 
radio-frequency conductor and the screen, 
and increasing the impedance between said 
low-frequency conductor and the screen for 100 
low frequency current relatively to the im 
pedance between said conductors for low 
frequency current. 

14. A radio apparatus comprising an in 
closing conducting screen, an audion within 105 
said screen having its heated electrode con 
nected thereto, and a radio-frequency coil 
connected to one cold electrode of the audion 
and to said screen through a connection 
passing only radio-frequency current. O 

15. A radio apparatus comprising an in 
closing conducting screen, anaudion within 
said screen havingitsheated electrode con 
nected thereto, a radio-frequency coil con 
nected to the cold electrode of the audion 115 
and to said screen through means passing 
only radio-frequency current, anda low-fre 
quency circuit externally connected with said 
screen at one end and connected at the other 
end within said screen by series impedance to 120 
said radio circuit to pass only low-frequency 
current. 

16. Means for radio communication em 
ploying at a station a single electric oscil 
latorboth generating and amplifying oscil- 125 
lations, and contained within an electrostatic 
screen, and sending and receiving means 
outside the screen connected within the 
screen to the oscillator. 

17. Means for radio commuication em- 130 
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ploying at a station a single electric oscil 
latorboth generating and amplifying oscil 
lations, and said oscillatorbeing contained 
within an electrostatic screen, sending and 
receiving means outside the screen and con 
nected within the screen through impedance 
to the oscillator, and a condenser on each 
side of said impedance connected to said 
SC'ee. 

18. An antenna, a lead wire between said 
antenna and the ground, means for produc 
ing and amplifying oscillations coupled to 
the antenna circuit, an inclosed non-mag netic conducting screen surrounding said 
lead wire, said coupling and said oscillation 
producing means, and connections confining 

i radio frequency current within the screen. 
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19. Apparatus for two way radio com 
munication comprising a receiving circuit 
containing an electrici oscillatortuned in 
synchronism with an incoming signal, an 
electrostatic screen inclosing said oscillator, 
a receiver outside said screen connected to 
said oscillator, and sending means outside 
said screen connected to said oscillator. 

20. Apparatus for radio-telephone voice 
receiving comprising a receiving circuitos 
cillating at a substantially constant fre 
quency in synchronism with the incoming 
signal, an electrostatic screen inclosing said 
oscillating circuit, a telephone receiver out 
side said screen and connected within the 
screen to said oscillating receiving circuit, 
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and connections confining radio frequency 
current within the screen. 

21. Apparatus for radio-telephone voice 
receiving comprising a receiving circuitos 
cillating at a substantially constant fre 
quency in synchronism with the incoming 
signal, an electrostatic screen inclosing said 
oscillating circuit, and a telephone receiver 
outside said screen and connected within the 
screen through impedance to said oscillating 
receiving circuit, and capacity connections 
from each end of said impedance to the 
SCree, 

22. Apparatus for radio-telephone voice 
receiving comprising an antenna circuit re 
ceiving incoming signals, an electrostatic 
screen, a receiving circuit coupled to said 
antenna circuit within said screen in such 
manner that the coefficient of coupling is 
substantially equal to the power factor of 
the antenna circuit and oscillating at a sub 
stantially constant frequency in synchro 
nism with the incoming signal, and a tele 
phone receiver outside said screen and con 
nected within said screen to said oscillating 
receiving circuit. 
Signed at Hoboken, in the county of Hud 

son and State of New Jersey this twenty 
seventh day of October, A.D. 1917. 

LOUIS ALAN HAZELTINE. 
Witnesses: 

MARIUs A. CHARAvAY, 
L.A. BELDING. 
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