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39 Claims.
This invention rela.tes to an electrical inductive

element, adaptable to concentric conductor
transmission lines, the physical dimensions of -

which are not necessarily related to the wave
length of oscillation and in which the currents
and potentials may be distributed symmetrically
about an axis.,

In the following descrlption there is disclosed

In detall the functioning of this inductive device
and arrangements of this inductive device in |

combinations with capecitive and resistive ele-

ments to form terminating, oscillatory and trans-

lation circuits.

The various arrangements of the electrical cir-
cuit elements may be classified into three groups:
First, the terminating circuits, second, the oscil-
latory circuits and third, the translation circuits
which may be further classified into simple series

circuits, T networks, pi networks and series ar-

rangements of parallel or anti-resonant circuits.

In the drawings, Figure 1aq illustrates a simple
concentric conductor circuit; Figs. 1b, 1c and 2

'lllustrate forms of the inductive device of the
- bresent Invention; Figs. 3a to 5 inclusive illus-

trate various combinations of the inductive de-

vice with other circuit elements such as resist-
ances and capacities to forms terminating cir-

cuits for concentric conductors: Figs. 6a to 13
inclusive illustrate various combinations of in-
ductive devices, resistances and capacity ele-
ments to form oscillatory types of circuits for
concentric conductor systems:; Figs. 14 to 17 in-
clusive show translation circuits of the T type:

- Figs. 18 to 23 inclusive show pi type translation

35

circuits; Figs. 24a to 26 inclusive show parallel

or anti-resonant types of translating circuits:

- Figs. 27 to 30 inclusive illustrate still other forms
~ of translating circuits; Figs. 2’ to 30’, inclusive,

410

designate simplified electrical diagrams equiva-
lent to the arrangement shown in Figs. 2 to 30,

- 16°’, 22°’, 24b’’, 27"’ and 28” are end views to

45
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show the cross-sectional shape of the enclosing
vessels. Also, Pigs. 2°’’, 5’'’, 8’’’ and 13’’’ are

-enlarged diagrams with more indication of struc-

ture, these figures corresponding to Figs. 2, 5, 8
and 13 respectively.
An important feature of the inductlve element

disclosed in this application is that its longitudi-

nal dimensions are not directly related to the
wave length of oscillation. Fig. le illustrates a
section of concentric conductors short-circuited

. at the far end and of a length L. It is readily

apparent that the input impedance Z of this
section 18 a function of the length as the con-

- takes in this circuit is as follows.
inclusive; while Figs. 2’*, 3a’’, 3b’’, 6b’’, 8'’, 15’",

—— RElSSUEB

stants of the circuit are distributed smoothly

" along the circuit. In Fig. 1b is shown the induc-
tive- element of this invention, the functioning

of which will be described later in more detail.

In this structure the constants of the concentric 5

conductor circuit may be obtailned in greater

magnitude; thus the physical dimensions of the

enclosing vessel, which is large in comparison
with the concentric conductors, may be so chosen
as to result in the input impedance Z’ being equal
to Z, but Z’ is not necessarily a function of the
physical length of the element (L’)\).

The proportionality of the various dlmensions'

of the inductive element is variable. Fig. 1c illus-
trates an inductance element in which the radius

of the enclosing vessel (assuming a hollow cir-

cular cylinder) is la.rge in comparison with its

- length.
The manner in whleh the encloaing vessel func- -

tions as an inductance will now be described in

detail. The inductive device is fllustrated in Fig.

2 and somewhat more in detall in Fig. 2’'/. To
the left of Fig. 2 is shown the equivalent electri-
cal circuit. ‘This device consists of two concen-
tric conductors 1 and 3 projecting into a closed

cylindrical vessel 2 of conducting material which

forms the reactive element. ‘This cylindrical ves-
sel or “tank”, as it will henceforth be called, is
coaxial to the concentric system, the central con-
ductor of which makes contact with the ce.ater of
the opposite face 2a of the enclosure, while the
external conductor which projects some distance

" into the tank is connected to the near or left-hand

face 2¢. ‘The size of this tank and the relative
distance that this outer conductor, section 2d,

‘projects into the tank are the determining Iac-

tors of the amount of induetance obtainable from
the tank circuit.

The path that the radlo-frequency current
Let it be as-
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sumed that the wave coming down the concentric

conductor is such at the instant under discussion

that current flows to the right on the inner con-

ductor 1 and to the left on the inner surtace of the

- outer conductor 3, as indicated by the two arrows
at 100 In Fig.

2’'’, When the current on |
reaches the end of this conductor, it will flow out-
ward along the face of the cylindrical enclosure
2a, then to the left on the inner side of the walls

-~ of the tank 2b, inward on the inner side of the

left-hand face 2¢, to the projecting section of

.conductor 3, which is labeled 2d, to the right along
- the outer surface of 2d to its end and thence to the
inner surface of 3 and to the left. The currents .

at all these different points will not necessarily

50




2 | _ _
be exactly in the same place. In a high fre-
quency conductor pair the average motion of the
electrons at any one place along the conductor
pair is oscillatory and this motion is wave-like in

progression along the length of the conductor.
The current which followed the path described

- above, around the Interior surfaces of the cylin-
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drical vessel, will be seen to have flowed as a
current sheet which formed the surface of some-
thing resembling a toroid. The magnetic field

associated with this current would consist of cir-

cular lines of force lying within the vessel, concen-
tric to the concentric tube conductor and coaxial

with it. It is evident that the inductive effects of

this current with its associated magnetic fleld
represent the inductive element of the equivalent
circuit. |
Itisalsoevidentthattherewﬂlhecerl;ﬂndls-
tributed capacity effects in this structure, for ex-
ample, the capacity between the internal surface

‘of the terminating vessel and the external surface
of the concentric tube structure projecting into

- it. ‘These stray capacities will, in general, be of

25
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. the inside conductor a.nd r2 is the inside radius

the same character as the distributed capacity in
an ordinary inductance coil and will be mini-
mized to the extent that the physical dimensions
of the system are small in comparison with the
wave length of the currents involved. Therefore,
the exactness with which true capacities and true
inductances can be simulated will be subject to
the same difficulties as are involved with ordinary
coils and condensers, although they may be of ::

_different order of magnitude.

While several ways of viewing the tra.nster of

energy through the device of this invention are

permissible, if one looks at the phenomenon in
terms of a flow of current, then the action of
the device may be understood more clearly by
pointing out that the tank cylinder 2 and con-
ductor | act effectively as a one-turn toroid of
rectangular cross-section in which, as previously

-stated, the current may be considered as

ing on conductor {, spreading out radially over
the remote disc end, passing longitudinally along

the inner surface of 2, coming in radially on the
inner surface of the other disc end. flowing on

the outer surface of the portion 2d towards the
right, and then flowing to the left on the inner
surface of 2d and continuing on the inner sur-
face of 3.

tance the value of which can be obtained ap-

proximately from a well known formula for the

mnductance of a toroid of rectangular cross-sec-

tion. Among other places, this formula is given
page

251, as: |

L—=.004606nh log..“’

in which L is expressed in microhenrim n is
the number of turns (in this case, one), k is the
inside the length of the tank, r1 is the radlus of

- of cyvlinder 2.

65

As an 1llustra.tion we may take h—-—- 100 cen-

timeters, r1=—.25 centimeters and r3—50 centi-

meters, whereupon calculation readily shows that

L=—1.06 microhenries. It will be evident from the
formula that a wide variety in the length and
radial dimensions of the tank circuit will pro-
vide the same value of inductance L.

The extent to which conductor 3 extends into
the fank has an effect on the constants of the
circuit, but precise formulae therefor are not
available. In general, however, if one considers

This sets up a magnetic field entirely
- enclosed in the tank and introduces an induc-

S,OM,I'?B

the transmission lmé as including the portion !d
and terminating at the end thereof, then the
inductance of the tank circuit is approximately
proportional to the area of the longitudinal cross-
section of the tank reduced by the area of the lon-
gitudinal cross-section of the portion of the
transmission line extending into the tank. Thus
it is seen that lengthening the portion of the
conductor 2d decreases the inductance of the de-
vice to a small extent. Another consideration
in this connection, however,

one hand and the tank circuit on the other, the
salid coupling being determined by the extent to
which the conductor 2d extends into and covers
the conductor . With the outer conductor barely
entering the tank the full inductance of the tank
is common to both the line and the tank cir-

euit, a.nd thus the coupling is a maximum. If

the whole of the inner conductor is covered by
the outer conductor it is obvious that no energy
can be transferred from the inner conductor to
the tank circuit and thus the coupling is zero.
For a partial covering of the inner conductor a
portion only of the tank inductance is common
to both circuits and the coupling takes on an in-
termediate value. Furthermore, to obtain im-
pedance matching between the two circuits a

particular value of coupling is necessary, and

this corresponds to a particular length of un-
covered portion. It is thus seen that adjustment

of the uncovered length is important for the most

effective functioning of this device in its circuit.

- For the high frequencies contemplated here it de-

velops that the impedance of the tank circuit

" is usually very much greater than the impedance

of the transmission line to which it is to be at-

tached. For proper impedance matching, then,

the coupling should be quite small, and this is
accomplished by having only a small portion of
the inner conductor exposed. Various means by

1s the degree of
coupling between the transmission line on the

10
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which the amount of inner conductor uncovered; . -

and therefore the degree of coupling, can be al-
tered, are shown in Figures 5’’’, 8’’’ and 13°’’,
but obviously many other methods will suggest
themselves to those skilled in the art.

It should be emphasized again that the use

"of the tank circuit is not dependent upon the

frequency to be impressed upon the line and that,

‘in fact, the value of the inductance, as calculated,

will be substantially independent of frequency so
long as the wave length corresponding thereto
is large compared to the dimensions of the parts
of the device. In certain cases, however, as in
Figure 3b, some of the dimensions may approach

those of the wave length or be simply related

thereto, in which event certam specm.l results
are obtained.

Fig. 3a illustrates the means of obtammg a
capacity and an inductance in series. This ar-
rangement consists of two concentric conduectors
1 and 3 projecting into a closed cylindrical vessel
of conducting material, entering at the center of

45
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one of the cylinder faces and perpendicular to it.

The inner conductor fans out into a disc close to
the opposite wall making one plate of a condens-

- er; the wall serving as the other plate. The size of

this dlsc and the spacing between it and the wall
of the enclosing vessel determine to a grea; ex-

tent the magnitude of the capacity of this series:

condenser. In the illustrations that follow- the
capacity element will be designated as being ad-
justable. However, it is to be understood that
the type of this capacity, e1ther fixed or variable,
1s optional.

65

70

5



. particular instant is such as to be to the right
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Assuming that the direction of current flow at

on the inner conductor and to the left on the
inner surface of the outer conductor of the con-

centric conductor system, the current on the
inner conductor then travels to the disc which
~ is one plate of condenser 4. Here it passes as a

displacement current through the condenser to

the opposite face 2a, thence outward along the:
inner surface of the tank 2 to the inner surface
of conductor 3 in the same manner as described.
The type of dielectric used in this con-
denser is optional. |

- In Fig. 3a the series condenser 4 Is shown as
being variable. It is, therefore, evident that this
circuit . may become a serles resonant circuit.
- However, a simpler method of obtaining a series
resonant circuit without the use of the series
condenser, is illustrated in Fig. 3b. Herein is

above.

applied the knowledge of the property of a trans-

Zero) .

- sides of the circuit and the circular wall the

shorting element. The radius of: this enclosing

~ vessel, which is large in comparison to the length

30

L of the structure, is made approximately equal
{0 a half-wave. Theoretically this dimension

should be a half-wave; however, due to end ef-
fects this length is usually a little shorter than

& half-wave.

3b

Fig. 4 illustrates an arrangement of inductance ‘

and resistance in series. The resistance in this
arrangement may be either in the inner conduc-

tor or the outer conductor. If placed in the in-

Figs. 5 and 5’’’ 1llustrate a series arrangement

of resistance 5, capacity 4 and inductance 2. As

mentioned above the resistance element may be in
either the inner or the outer conductor. A se-
ries resistance may also be inserted in either con-

“ductor of the tuned circuit of Fig. 3b. The im-

- pedance of this arrangement would be a pure re-

50
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gistance equal to the magnitude of the series re-
The capacity
- of the condensér -4 may be adjusted by sliding _
.- the vessel 2 longitudinally, thus varying the spac-.

sistance at a particular frequency.

ing between the two plates of this condenser.
For this purpose, as shown in Fig. §’'’, a slid-

ing connection is provided at .102 for the vessel
~ 2 on the outer concentric conductor shell 3 and
. 8 handle by which to make this adjustment is

shown at 101.

Fig. 6a illustrates the arrangement of a ca-
pacity and an inductance in parallel to form an
‘oscillatory circuit. In this arrangement the os-

cillation energy is confined to the interior of the

“tank” circuit. The arrangement consists of two

concentric conductors | and 3 which project into

' 65 - closed cylindrical vessel 2 of conducting ma-

70

- out into a disc close to this opposite wall, making

terial, entering at the center of one of the cylin-

der faces 2c and perpendicular to it. The cen-

tral conductor of the concentric system makes
contact with the center of the opposite face 2a
of the tank 2 while the external conductor fans

one plate of the condenser 1, the other plate of

which is the opposite face of the enclosing vessel.
Let it be assumed that the wave is traveling

g over the concentric conductor system in such a

" ment is the tank circuit described above.

outer conductor 3. When the current on the in-
ner conductor | reaches the end of the conductor,
it will flow out onto face 2a of the cylindrical

. enclosure and part of it will return as displace-
. ment current through the condenser formed be-
‘tween this face and the fanned out end of the
external conductor 3 to the inner surface of 3
- and thence to the left.
of current will follow a path to the left around.
. ‘the interior surface of tank 2 and then to the

The remajning portion

right on the outer surface of the portion of
the outer conductor which projects into the

tank. This surface is labeled 2d. When this

3
| -djrectlon at the instant under diacussion that

- current flows to the right on the inner conductor
| and to the left on the inner surface of the

10

15

portion of the current reaches the flange on the .

end of 2d it joins that portion of the current which

is flowing through the condenser as a displace-
- ment current. The value of the capacity of con-
mission line short-circuited at one end and of
& length equal to a half-wave. The input im-

pedance of such a line is very low (substantially
In Fig. 3b the inner surface of the two
“end walls of the “tank” are considered the two

denser 1 is a function of the size of the flange
and the spacing between it and the opposite wall

of the tank. As in the case of the series con-

denser in Fig. 3a, the dielectric used in this

- condenser is optional.

In Fig. 6a the shunt' condenser 1 is shown as
being variable. It is, therefore, evident that this

cuit. Again applying transmission line theory to
this device an equivalent anti-resonant circuit,

arrangement, illustrated in Fig. 6b, is similar to

~ that illustrated in 3b with the exception that the
radius of the enclosing tank, which is large in
" comparison with the length, is made approxi-
- mately equal to a quarter-wave.
- ner conductor it may consist of a graphite rod;

'if placed in the outer conductor, as illustrated in
Pig. 14, it may consist of a hollow cylinder of any
‘suitable resistance material.

- As explained
in reference to Fig. 3b, the dimension is slightly

less than the theoretical dimension because of end
- eflects.

- high for the frequency corresponding to wave A.

The impedance. of the circuit is very

Fig. 7 {llustrates a parallel arrangement of re-
sistance and inductance. The inductance ele-
The
shunt resistance element 6 is a hollow circular

cylinder of suitable resistance material lying co-

20

25

- eircuit may become a parallel anti-resonant cir-

30

' simulating a short-circuited transmission line a
quarter-wave in length, can be obtained. This

35
40

45

axially between the inner and outer conductors

and making contact with both. The thickness

- of this hollow cylinder is equal to the difference
“between the inner radius of the outer conductor

and the radius of the inner conductor. The po-

50

sition of this resistance affects only the amount

- of lead resistance between the point at which it

shunts: the circuit and the other elements of the

circuit. It may be advantageous from a con-

struction viewpoint to place it in that portion of
- the concentric conductor system which is en-

* closed by the tank, preferably near the end of the

projecting coaxial conductors. Current will flow
across and through this resistance in a rad: a]

. direction.

¢
ot
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Plgs. 8 and 8’ illustrate an arrangement of -

inductance, capacity and resistance in parallel..

This arrangement is a combination of the ar-

rangements illustrated in Figs..6a and 7. The
vessel 2 can be displaced longitudinally in rela-

tion to the parts of the concentric conductor

system 1—3, for which purpose a sliding joint is
- shown at 102 and another sliding joint at 103.
- This displacement can be made by means of the

handle 181. By such displacement the plates of

the condenser T are spaced more or less apart and
thereby the capacity ot the condenser 1s adjusted

accordinsly.
l"lg 9 mustrates the series arrangement of a

75
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canacltr d a.nd an inductance 2 shunted with a
resistance §. The arrangement is a combination
of the arrangements illustrated in Figs. 3a and 1.

Fig. 10 illustrates the paraillel arrangement of
resistance and inductance in series with a CaAPAC-
ity 8. In this arrangement the capacity is ob-

tained by inserting a gap in the outer conductor

of the concentric conductor system and attaching
flanges or hollow circular discs to the two adja-
cent ends. The capacity of this condenser may
be varied by changing the size of the flanges or

their spacing. The series capacity shown in the |

outer conductor of Fig. 10 could with equal effec-
tiveness be inserted in series with the inner con-
ductor opposite point 8.

Fig. 11 illustrates a parallel arrangement of

capacity and inductance in series with a resist-
ance,

the inner conductor i. This resistance can also
be placed in the outer conductor. In this arrange-
ment the resistance element would be tubular in
construction, as illustrated in Fig. 14, and the cur-
rent would flow along the inner surface.

Fig. 12 illustrates -a series arrangement of re-
sistance 9 and inductance 2 shunted by & capacity
1. This arrangement differs from that in Fig. 11
in that the shunting capacity 7 is placed ahead
of the resistance 5. Current traveling to the right

along conductor | flows outward on the disc which |

comprises one plate of condenser 1. Part of the

~current passes through the gap as displacement

- current to the flange attached to the projection

of conductor 3 and thence to the left on the inner

surface of conductor 3. The remainder of the

current flows around the disc and to the resistance
5, then through the inductance 2 in the manner
described above, back along 2d to the inner face

of the flange of condenser 7 where it joins that

portion of the current which is Howing through
condenser 1 as dISplacement current.

Figs. 13 and 13’’’ illustrate a series arrangement
of capacity 4 and inductance 2 shunted by an-
other capacity 7

This ‘a.rrangement is & com-
bination of the elements of the circuits illustrated
in Figs. 3a and 6a. This arrangement is obtained

by adding a flange to the end of the section of
the outer conductor, which projects into the tank,.

- near the disc which is attached to the end of the

60
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inner conductor. Thus current flowing to the

right on the inner conductor divides at the dise,

part of it flowing across to the flange, condenser 1,
to the inner surface of conductor 3 and the re-
mainder flowing as displacement current through

the series condenser 4 around the inductance ele-

ment and thence to the inner surface of con-

ductor 3. Each of the two capacities T and # can

be adjusted independently of the other. The

‘vessel 2 is longitudinally displaceable by virtue

of a sliding connection at 102. This displace-
ment may be made by means of the handle {01.
Also, the intermediate plate which is common to

both condensers T and 4 is mounted with a slid-
- ing connection at 104 on the end of the axial con- -
It can be displaced in and out by mea.nsf |

ductor |{.
of the handle 105.

A simple T network consisting of res:lsta.nce

- elements is illustrated in Fig. 14. Assume that

70
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the current flow at a particular lnstant Is to the

right on the inner conductor and to the left on -
the inner surface of the outer conductor. Cur-
rent on la travels to the hollow cylindrical re-

sistance 6 where part of it leaks across to the in-

ner surface of the outer conductor where it passes

to the left across the resistance 10a. The remain-

- The resistance consists of some suitable
‘material such as a graphite rod in series with

'8,080178 -

ing portion continues to the right to the termI-
nating circuits and on returning on 3% flows

that portion which is ﬂowing through 6, thence
across 18a and to the left along the inner surface

- of 3a.

In Fig. 15 the series reslstances of Fig. 14 have
been replaced by inductances. This arrangement
is obtained by placing two tanks, illustrated in

Pig. 2, back to back and continuing the central

conductor through the two tanks. Current trav-
eling to the right on ta reaches the hollow cylin-
drical resistance 8, where part of it leaks across

- to the left-hand face of the central partition 2a,
thence around the interior of tank 2A to the

inner surface of the outer conductor 3a where it
proceeds to the left. The remainder of the cur-

rent flows along Ib and returns on 3b, where it
passes around the interior of tank 2B, by the way

of 2¢, 2f, 29 and 2h, thence to face 2a and around.
the interior of tank 2A with that portion of the
current that is flowing across resistance 6.

~ In Fig. 16 the shunt resistance of Fig. 15 has
- been replaced by.a condenser 1. 'This condenser

is made by attaching a disc to conductor fa

- near the central partition of the double tank.

Part of the current which is assumed to be trav-
eling to the left on conductor la passes through
condenser 1 to the face 2aq 'as displacement cur-

rent and along the interior of tank 2A and

then to the left on the inner surface of con-

‘across the resistance 100, then to 8 where it joins

10
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ductor 3a. The remainder of the current travels

along b to the terminating circuits and back

along the inner surface of 3b, then around the
interior of tank 2B to face 2a of tank 2A, where
it joins the current that is flowing as displace-
ment current through condenser 7. R
- Fig. 17 illustrates the manner in which re-

ries with the inductances by inserting hollow
cylindrical resistances in conductors 3a and 3b.
- Arrangements of the elements of this invention

39

- Sistances may be added in series with one side .
- of the circuit. Resistance may be added in se-

40

to obtain pi networks are illustrated in Figs. 18

to 23 inclusive. In Fig. 18 an arrangement con- 45‘”

sisting of an Inductance in one side of a line

- with two resistances shunting the line, one each

side of the inductanece, is illustrated. This ar-
rangement differs from that of Fig. 2 particularly
in that the concentric conductor enters the en-

the inner conductor, however, extending entirely

through the tank. In Fig. 18 also, resistances.
6a and 6b are ‘added, which may be in the form.

of hollow cylinders enclosing the inner conduc-

tors ta and 1b extending to the outer conductor'

3a or 3b as the case may he.
- This arrangement functions as follows:

50
closing vessel or tank 2 at each end wall thereof,

55.

If the current is flowing toward the right on

conductor la, part of the current passes through
. the resistance 6a to the conductor 3a. Part of:
" the current also flows over the inner conductor
to the resistance 6b where it again divides, part

of the current flowing through the resistance 6b
to the outer conductor 3b and part of the cur=

60

65

rent passing over the inner conductor to some

distant point and thence returning on the inner
surface of the outer conductor 3b, where it joins:
- with the current through the resistance 8b to
flow to the 1nner end of the inner surface of

the outer oonductor 3b, and thence over the

outer surface 2e, then over the inner surfaces.

2a, 2b and 2¢ of the enclosing vessel or tank 2,

thence over the outer surface 2d of the outer |

conductor la and ﬂnally over the inner su.ri'a.cc u
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cuit between the two

dencers and insert resistance §.

2,030,178

of the outer conductor 3z io joln the current
through the resistance ba, which then flows on
to the left on the inner surface of the outer
conductor 3a.

In Fig. 19 the shunt resistances of Fig. 18
have been replaced by shunt condensers. ‘The
condensers are formed by attaching flanges to
the ends of the two scctions of the outer con-
ductors which project into the tank from oppo-
Site directions and by attaching a disc to the
inner conductor of the concentric conductor sys-
tem, between these two flanges. Thus each side
of the disc forms a plate for one of the
condensers. |

The operation of the arrangement in Fig. 19
is as follows: Current Howing to the right over
conductor la divides at the disk associated with

the inner conductor, part of the current flowing

as a displacement current through the plates of
the condenser 7a and thence over the inner sur-
face of the outer conductor 3a to the left. Part
of the current flows as a displacement current
through the condenser 16 and over the outer
surface 2e of the outer conductor 3b to the inner
wall 2f of the tank 2. Part of the current also
continues over the inner conductor Ib at some
distant point and returns over the inner surface
of the outer conductor 3b to the end of said
outer conductor near the center of the enclosing
tank from which point it passes over the outer
surface 2e of the outer conductor along with
the displacement current previously described.
From this point the displacement current and
the returning current flow over the inner sur-
faces 27, 2b and 2¢ of the tank 2, over the outer
surface 2d of the outer conductor 3a and then
over the inner surface of the outer conductor 3a
to the left, .

Iig. 20 illustrates the manner in which resist-
ance may be inserted in one side of the system.
Resistances §a and 5b are inserted In series with
conductors la and {b both sides of the central
disc, the sides of which form the corresponding
plates of the shunt condenser. Resistance could
also be placed in the other side of the circuit
by placing hollow cylindrical resistances in sec-
tions 3¢ and 3b of the outer conductor.

Fig. 21 illustrates the manner in which a series
resistance may be placed in
shunt condensers. In this
arrangement it was necessary to spread the con-
Thus two discs
attached to the central conductor are required
rather than one as in Figs. 19 and 20. Assume
that the current in the system at a particular
instant ig traveling to
conducior fa. This current reaches the first disc
which is part of condenser 1a and divides, part
flowing through condenser 1g as displacement
current and back to the left on the inner side
of conduc’or 3a, the remainder flowing around
the disc and across resistance 5 to condenser

- 1, Here again the current divides, part of it

70
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fowing as displacement current through con-
denser 1b, and throush the inductance 2 by way
of <e, 2a, 2b, 2¢ and 2d. to the inner surface of
the flange of condencer Ta where it joins the
displacement current that is Nowing through
concenser Tc. The remaining portion flows along
I to the terminating circuits and returns along
3D to the flange of condenser 1b. Here it joins

‘"2 dizplacement current that is Hlowing through

1b and takes the path described above for that
current. |

Fig. 22 illustrates an al'rangement including

one side of the cir-

the right on the inner °

S

resistance in series with the induictance of the pi
network. These resistances are in two sections,
one each side of the point at which a shunt con-
denser is attached to that side. The inner and
outer surfaces of the hollow cylindrical resist-
ances which are placed in the two sections of the
outer conductors which project into the tank
constitute the two independent sections of the
resistance which is placed each side of the in-
ductances and between whose two sections the
shunt condenser is connected.

Referring to Fig. 22 and assuming that the di-
rection of current flow at a particular instant is
to the right on the inner conductor and to the
left on the inner surface of the outer conductor,
the various paths of the eurrent of the system
are as follows. Current flowing to the right on
la reaches the common disc of condensers Ta
and 7b. Part of this current flows as displace-
ment current from the left-hand face of the
central disc to the flange of Ia, thence to the left
along the inner surface of the hollow cylindrical
resistance in the left-hand section of the outer
conductor and along the inner surface of this
outer conductor 3a. The inner surface of this
resistance is designated 10¢. The remainder of
the current flows around the disc to the right-
hand face and some of it passes as displacement
current through condenser T while the re-
mainder travels along
passes through Tb will flow around the flange and
to the right across the outer surface of the hollow
cylindrical resistance situated in the right-hand
section of the outer conductor which projects into
the tank. 'This outer surface is designated 10d.
This portion of the current then passes through
the inductance 2 by way of 2e, 2a, 2b, 2¢ and 24,
to the right across the outer surface of the
hollow cylindrical resistance in the left-hand
section of the outer conductor, designated (0c,
part of this current penetrating to the inner sur-
face 10a and part of it flowing around the flange
of Ta where it joins the displacement current
that is flowing through e and thence along 10a
and 3a. The portion of the current which con-
tinues along b goes to the terminating circuits
and returns to the left along the inner surface
of the outer conductor 3b. Part of this current
penetrates through the resistance which is situ-
ated in the right-hand section of the outer con-
ductor to the outer surface 10d while the re-
mainder flows across the inner surface. desig-
nated 10b, to the flange of condenser 1b where
it joins the displacement current which is flowing
through condenser 71b.

Fig. 23 illustrates the manner in which a re-
sistance may be Inserted In one side of the circuit
opposite the inductance branch ang between the
shunting condensers. In this ararngement, as in
the one illustrated in Fig. 21, the two condensers
Ta and Tb are spread apart and a resistance 5
inserted in the central conductor between the two

A Tew fundamental arrangements of parallel
elements in series circuits are illustrated in Figs.
24a, 24b, 25, 26 and 28. Fig. 24a illustrates a
parallel combination of inductance and capac:ty
connected in one side of a continuous circuit.
This parallel circuit may be made anti-resonant
by the proper choice of the values of the indi-
vidual elements. |

The circuit of Fig. 24a consists of a concentric
conductor system, the outer conductor of which
Is divided into two sections separated by a small
gap. Flanges which consist of circular discs are

Ib. The portion that -
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attached to the adjacent ends of the two sections.
These flanges form the two plates of a condenser.

Enclosing this condenser and short sections of
the outer conductor both sides of the condenser,
§ and concentric with the conductors, is a closed
cylindrical vessel. The functioning of this ar-
rangement is as follows. Assuming the direction
of current flow to be such at the instant under
discussion that the current is traveling to the
10 right on the inner conductor and to the left on
the inner surface of the outer conductor, the cur-
rent returning to the left on the inner surface
of 30 comes to the condenser 8. Here part of it
flows across the condenser as displacement cur-
15 rent while the remainder flows around the right-
hand flange of condenser 8 and around the in-
terior of tank 2, the inductance element, by way
of 2e, 2a, 2b, 2c and to the right on 2d. When
this portion of the current reaches the left-hand
20 flange of condenser 8, it flows around it to the
inner face where it joins with the displacement
current flowing through condenser 8 and the total
current, from there, fiows to the left on the inner
surface of the outer conductor 3a. S
25 Another means of obtaining an anti-resonant
circuit in series is the arrangement illustrated in
Fig. 24b. This arrangement is constructed on

the same principle as the one illustrated in .

Fig. 6b with the exception that the circuit con-

30 tinues beyond the tank. Fig. 24b consists of a
plurality of recurrent structures, the radii of
which are large in comparison with their length
and equal approximately to a quarter wave length
at the frequency of oscillation.

35 These tanks or enclosing vessels may be sin-
gular units or may be set up end to end as shown
in Fig. 245, in which arrangement the adjacent
walls are common.

It is obvious that capacities and resistances

40 similar to those described in reference to pre-
ceding figures can be inserted either in series,
in shunt or in both arrangements in this circuit.

Fig. 25 illustrates the simple manner in which
resistance may be added to one side of the cir-

b C'lﬂ.t.

Fig. 26 illustrates the means of obtaining an
arrangement of Inductance and resistance in
parallel in a serles circuit.

A hollow cylindrical resistance is placed be-

80 tween the two sections of the outer conductor

which projects into the tanks and extends some

distance into them in such a manner as to per-
mit current flowing to the left on the inner sur-
face of the right-hand section of the outer con-

65 ductor 3b to divide at the resistance i, part of
it flowing over resistance {1 to the inner surface
of the left-hand section of the outer conductor
da, and the remainder flowing around the interior
of tank 2, the inductive element. This hollow

60 cylindrical resistance encloses but does not make
contact with the central conductor of the con-
centric conductor system. The current flows
across and through this resistance in a longitudi-
nal direction. A simpler resistance element would

65 be a tubular resistance connected between the
ends of the two sections of the outer conductor.

- Current would leave the Inner surface of the
outer conductor to flow around the inductance
clement by penetrating the resistance. A re-

70 sistive disc placed about the inner conductor, at

right angles to it, and connecting to the center

of the tubular resistance would result in a circuit
similar to the equivalent circuit of Fig. 26, but
with the mid-point of the resistance t{ shunted

through another resistance to the Opposlte side
of the circuit.

Fiz. 27 {llustrates a series arrangement of in-
ductance and capacity. The structure of Fig.
27 employs the same principle as that illustrated
in Fig. 3b with the exception that the circuit
continues beyond the tank. Fig. 27 conslsts of a
plurality of recurrent structures, the radii of
which are large in comparison with their length
and approximately equal to a half wave length
at the frequency of oscillation. These tanks or
enclosing vessels may be singular units or may be
placed end to end as shown in Fig. 27, in which
arrangement the adjacent walls are common. As
stated in reference to Fig. 24b, it is obvious that

capacities and resistances similar to those de-

scribed in reference to preceding figures can be
inserted, either in serles, in shunt or in both ar-
rangements, in such a structure.

Fig. 28 illustrates a series arrangement of in-
ductance and capacity In series, shunted by an-

other capacity. This circuit differs from that.

illustrated in Fig. 24a In that the tank forming
the inductance element has been divided circum-
ferentially into two parts and flanges attached
to the adjacent edges to form a condenser. The
particular point on the tank at which .this is
done is of little importance. In Fig. 28 the con-
denser, as shown, is in the center of the induc-
tive element. In the equivalent circuit at the
left, however, the inductance is shown as a
single unit.

Although in the above discussion the inductive
element was described as a closed hollow cylin-

drical vessel], it is not intended that this appli-

cation be limited to this particular system. Any
physical system which is symmetrical about an
axis ¢« ould be employed: for exampie, the enclos-
ing vessel might actually be a toroidal shape
rather than a section of a cylinder. The induc-
tance of this tank circuit may be made variable
by several methods. The distance that the outer
conductor projects into the tank may be made
variable by having the tank slip along the outer
conductor or by dividing this section of the con-
ductor into two parts, one of which slides into
the other. The length of the tank may also
be made variable by dividing it into two parts
one of which slides into the other.

Various other designs and arrangements of
structures, embodying the principle of the enclos-

ing vessel, are possible. For example, in Fig. 29

is 1llustrated a simple T network composed of se-
ries inductances and a shunt capacity. This cir-
cuit consists of two concentric conductors and a
hollow circular cylinder which encircles the in-
ner conductor, lies wholly within the outer con-
ductor and is coaxial to the concentric conductor
system. This cylinder Is connected to the inner
conductor by a circular disc which lies in a plane
perpendicular to the axis of the system and inter-
sects the inner wall of the enclosing cylinder.
This disc which completely fills the cross-sectional
area between the inner conductor and the en-
closing cylinder, divides the interior of the cylin-
der into two parts. The relative position of this
dividing disc within the cylinder determines the
relative Inductance in each of the two elements.
Aside from the difference in physical location
of the inductive element in relation to the con-
ductors, this arrangement differs from that illus-
trated in Fig. 16 in that only a part of a tank is
used for each inductive element and the shunt

"capacity is provided by the capacity between

.
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the wall of the cylinder and the inner surface of
the outer conductor.

Current flowing to the right on conductor l a
flows through the inductance 2A in the following
manner, outward on 2a and then to the left on 2b.
The current then flows to the outside of the cylin-
der. Here part of it flows as displacement cur-
rent to the inner surface of the outer conductor
8a, the remainder passes through inductance 2B
by flowing to the left on surface 2d, then inward
on 2¢, thence to the right on 1b.

By rearranging this device and 'by combining-

with other elements it is possible to duplicate
practically all the above circuits. For example,
a pi network consisting of a serles inductance
and two shunt capacities can be obtained by turn-
ing the inductance elements about so that the
open ends of the tanks face each other as illus-
trated in Fig. 30. This circuit is similar to the one
illustrated in Fig. 19. In this arrangement, as
in the preceding one, the shunt capacity is the
capacity between the outer surface of the tanks
and the inner surface of the outer conductor.

In the above discussion I have shown means of

obtaining inductance, capacity and resistance in

a concentric conductor system. I have also shown
how these elements can be combined to give sim-
ple, series and parallel, terminating and oscil-
latory circuits, translation circuits, including sim-
ple series circuits, T networks and pi networks
and series arrangements of parallel or anti-reso-
nant circuits. Numerous other circuits, obtain-

able by various arrangements of the elements of

this invention, will be apparent to those skilled
ir the art. A great many of the various filter
combinations known to the transmission art can
be obtained by proper combinations of the above
circuits. These circuit elements may also be
used in oscillator and amplifier circuits.

What is claimed is:

1. In a concentric condut:tor system in which
an inner conductor is surrounded by a cylindri-
cal conductor concentric therewith and acting as
a return therefor, an electrical arrangement for
association therewith and having the electrical
properties of an inductance. said arrangement in-

cluding a conductive enclosure surrounding at

least one of the conductors and concentric there-

with. the outer conductor extending into said en-.
closure a substantial part of its length said en- .

closure having a diameter large as compared with
the conductor it surrounds and having a length
independent of the wave length of the alternat-
ing current transmitted, and the interior conduc-
tive surface of said enclosure forming a conduc-
tive part of the path for the transfer of wave en-
ergy from one conductor to the other.

2. In a concentric conductor system in which

an inner cond ctor is surrounded by a cylindrical

conductor concentric therewith and acting as a re-

turn therefor, an electrical arrangement for as-

socliation therewitli- and having the electrical

properties of an inductance, said arrangement in-
cluding a conductive enclosure surrounding said

conductors and concentric therewith, the outer

conductor extending into said enclosure a sub-
stantial part of its length said enclosure having a

diameter large as compared with the outer con-

centric conductor and having a length independ-

ent of the wave length of the alternating current
transmitted, and the interior surface of said en-

closure forming a conductive part of the path for

the transfer of wave energy from one conductor to
the other S -

3. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a

7 |

return therefor, an electrical arrangement for

assocliation therewith and having the properties

~of an inductance, said arrangement including a

closed vessel enclosing and coaxial with the ends
of the two concentric conductors, the outer con-
ductor extending into said enclosure a substan-
tial part of its length the inrer cocnducicr bhzing

i |

10

electrically associated with the opposite end of

the enclosing vessel, and the other end of said
vessel closing ¢n the outer conductor. |

4. In a concentric conductor system in whiﬂh
an inner conductor is surrounded by a cylindrica.l
conductor concentric therewith and acting as
return - therefor, an electrical arrangement for
association therm".rlth and having the propertics
of an inductance and a capacity, sald arrange-

-ment including a closed vessel enclosing the ends

of the two concentric conducters, the outer con-
ductor extending into said enclosure a substan-
tial part of its length the inner conductor being
elecirically associated with the opposite end of

the enclosing vessel, and the cther end of said ¢

vessel closing on the outer conductor, and a
flange on the end of one of the concentric con-
ductors, said flange being parallel with the first
menticned end of said enclosing vessel and form-

ing a capacity with a nearby conductive surface. ¢

5. In a concentric conductor system in which
an inner conductor is surrounded by a cylindri-
cal conductor concentric therew.th and acting as
A return therefor, an electrical arrangement for

association therewith and having the properties

of an inductance and a capacity, said arrange-
ment including a closed vessel enclosing the ends

15

20

of the two concentric conductors, the outer con- |

- ductor extending into said enclosure g substan-
tial part of its length the inner conductor being .

electrically associated with the opposite end of
the enclosing vessel, and the otheér end of caid
vessel closing on the outer conductor, and a
flange on the end of the inner concentric con-

ductor, said flange being parallel with the first -

mentioned end of said enclosing vessel and form-

ing a capacity with a nearby conductive surface.

6. In a concentric conductor system in which |

an inner conductor is surrounded by a cylindrical

“conductor concentric therewith and acting as a
return therefor, an electrical arrangement for as-
. sociation therewith and having the properties .

of an inductance and a capacity, said arrange-

- ment ircluding a closed vessel enclosing the ends

of the two concentric conductors, the outer con-
ductor extending into said enclosure a substan-

tial part cof its length the inner conductor being,

electrically associated with the opposite end of
the enclosing vessel, and the cther end of said
vessel closing on the outer conductor, and a
flange on the end of one of the concentric ccn-
ductors, said flange being parallel with and close

to the inner surfacs of the first mentioned end

of said enclosing vessel to form a capacity there-

with.

7. In a concentric conducior s,rstﬂm in whizh
an inner conductor is surrounded by a cylindrical
conductor con-entric therewith and acting as
return_ therefor, an elecirical arrangement for

association therewith and having the prcoper‘ies’
of an inductance in secries with a capacity, sail

arrangement including a closed vessel enclosinzy
the ends of the two concentric. conductors, the in-
ner corductor being electrically associated with

~ the opposite end of the enclosing vessel, and the

1
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other end of said vessel closing on the outer con-
ductor, and a flange on the end of the inner con-
centric conductor, said flange being parallel with

“and close to the inner surface of the first men-

tioned end of said enclosing vessel to form a
capacity therewith.

8. In a concentric conductor system in which

an inner conductor is surrounded by a cylindri-

- cal conductor concentric therewith and acting as
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a return therefor, an electrical arrangement for

asscciation therewith and having the electrical

properties of an inductance, said arrangement

including a conductive enclosure enclosing said
conductors, the outer conductor extending into
said enclosure a substantial part of its length

said enclosure having a diameter large as com-~

pared with the outer concentric conductor and
of length independent of the wave length of the
alternating current transmitted, and the interior
surface of said enclosure forming a conductive
part of the path for the transier of waves from
one conductor to the other, and a resistance
connected to one of sald concentric conductors.

9. In a concentric conductor system in which

an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement for as-
sociation therewith and having the properties of
an inductance and a resistance, said arrangement
including a closed vessel enclosing the ends of
the two concentric conductors, the outer con-
ductor extending into said enclosure a substantial

part of its length the inner conductor being

electrically associated with the opposite end of
the enclosing vessel, and the other end of said

vessel closing on the outer conductor, and a re-
sistance connected to one of said concentric con-
ductors.

10. In a concentrlc conductor system in which
an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a

return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance, capacity and resistance, sald

arrangement including a closed vessel enclosing

the ends of the two concentric conductors, the
outer conductor extending into said enclosure a
substantial part of its length, the inner conductor
being electrically associated with the opposite
end of the enclosing vessel, and the other end of
said vessel closing on the outer conductor, a fiange
on the end of one of the concentric conductors,

said flange being parallel with the first men-

" tioned end of said enclosing vessel and forming
a capacity with a nearby conductive surface, and

a resistance connected to one of sald concentiric

conductors.

11. Tn a concentric conductor system in which
an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a

return therefor, an electrical arrangement for

association therewith and having the properties

of an inductance, capacity and resistance, sald

arrangement including a closed vessel enclosing

the ends of the two concentric conductors, the

outer conductor extending into said enclosure a

substantial part of its length the inner conductor
being electrically associated with the opposite end
of the enclosing vessel, and the other end of said
vessel closing on the outer conductor, a flange on

- the end of the inner concentric mnduetor said

5

flange being parallel with the first mentioned end

of said enclosing vessel and forming 8 capacity
with a nearby conductive surface, and a re-

9,030, 178 | |
sistance connected to one 01' said concentrlc con-

ductors.
12. In a concentric conductor system in which

~ an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance, capacity and resistance, said
arrangement including a closed vessel enclosing
the ends of the two concentric conductors, the
outer conductor extending into said enclosure a

F
L7

11

substantial part of its length the inner eonductor

being electrically associated with the opposite
end of the enclosing vessel, and the other end of
said vessel closing on the outer conductor, a flange
on the end of one of the concentric conductors,

said flange being parallel with and close to the

inner surface of the first mentioned end of said

enclosing vessel to form a capacity therewith, and
a resistance connected to one of said concentric
conductors.

13. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement. for
association therewith and having the properties

of a resistance associated with a series combina-’

tion of inductance and capacity, said arrange-
ment including a closed vessel enclosing the ends

of the two concentric conductors, the outer con-

ductor extending into said enclosure a substan-

tial part of its length the inner conductor being
electrically associated with the opposite end of

the enclosing vessel, and the other end of said
vessel closing on the outer conductor, a flange
on the end of the inner concentric conductor,

said flange being parallel with and close to the

enclosing vessel to form- a capacity therewith,
and a resistance connected to one of said con-

centric conductors.

2

3

3!

inner surface of the first mentioned end of said

44

14. In a concentric | mnductor srsl:em in which

an inner conductor is surrounded by 2 cylindrical

conductor concentric therewith and acting as a
return therefor,.an electrical arrangement for

. association therewith and having the electrical

properties of an inductance and capacity, said
arrangement Iincluding a conductive enclosure
enclosing said conductors, said enclosure having
a length independent of the wave length of the
alternating current transmitied and radial di-

mensions which are effectively a submultiple of

the wave length, and the interior surface of said
enclosure forming a conductive path for the
transfer of wave energy from one mnductor to
the other.

15. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a

return therefor, an electrical arrangement for

association therewith and having the electrical
properties of an inductance and capacity, said
arrangement including a conductive enclosure
enclosing said conductors, said enciosure having
a8 length independent of the wave length of the

alternating current transmitted and radial di-

mensions which are effectively equal to one-half
of the wave length, and the interior surface of
said enclosure forming a conductive path for the
transfer of wave energy from one conductor .to
the other.

- 16. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
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association therewith and having the properties
of an inductance and capacity, said arrangement
Including a closed vessel enclosing the ends of
the two concentric conductors, the inner conduc-
tor being electrically associated with the opposite
end of the enclosing vessel, and the other end of
said vessel closing on the outer conductor, said

- vessel having a length independent of the wave

10

15

35

length of the alternating current transmitted and
radial dimensions which are effectively a sub-
multiple of the wave length, and the interior
surface of sald vessel forming a conductive path
for the transfer of wave energy from one con-
ductor to the other. |

17. In a concentric condueter system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance and capacity, said arrangement
including a closed vessel enclosing the ends of
the two concentric conductors, the inner conduc-
tor being electrically associated with the opposite
end of the enclosing vessel, and the other end
of said vessel closing on the outer conductor,
sald vessel having a length independent of the

wave length for the alternating current trans-

mitted and radial dimensions which are effective-
ly equal to one-half of the wave length, and the
interior surface of said vessel forming a conduc-
tive path for the transfer of wave energy. from
one conductor to the other.

-18. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a.
return therefor, an electrical arrangement for
association therewith and having the properties
of a plurality of resonant circuits each compris-
ing inductance and capacity, said arrangement
including a plurality of closed circular cylindrical
vessels the radial dimensions of which are large
compared to their length and effectively equal
to one-half wave length of the alternatmg cur-
rent transmitted.

19. In a concentric conductor system in which

an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance and a capacity, said arrange-
ment including a closed vessel enclosing the ends

- of the two concentric conductors, the inner con-

ductor being electrically associated with the op-
posite end of the enclosing vessel, and the other

end of said vessel closing on the outer conductor,
and a flange on the end of the outer concentric

conductor, said flange being parallel with the
first mentioned end of said enclosing vessel and
forming a capacity with a nearby conductive
surface.

20. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of a combination of inductance and capacity in

parallel, said arrangement including a closed

. vessel enclosing the ends of the two concentric

70

76 being paraliel with and close to the inner surface

conductors, the inner conductor being electrically
associated with the opposite end of the enclosing
vessel, and the other end of said vessel closing

_on the outer conductor, and a flange on the ead

of the outer concentric conductor, said flange

. 9
of the first mentioned end of said enclosing veesel
to form a capacity therewith.

21. In a concentric conductor system in whlch"
~ an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance, capacity and resistance, said
arrangement including a closed vessel enclosing
the ends of the two concentric conductors, the
inner conductor being electrically associated with

the opposite end .of the enclosing vessel, and the
other end of said vessel closing on the outer con- .
ductor, a flange on the end of the outer con-

centric conductor, said flange being parallel with
the first mentioned end of said enclosing vessel
and forming a capacity with a nearby conductor,
and a resistance connected to one of said con-
centric conductors. |

22. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance, capacity and resistance, sald
arrangement including a closed vessel enclosing
the ends of the two concentric conductors, the
inner conductor being electrically associated with
the opposite end of the enclosing vessel, and the
other end of said vessel closing on the outer
conductor, a flange on the end of the outer con-
ductor, said flange being parallel with and close
to the inner surface of the first mentioned end
of said enclosing vessel to form a capacity there-
with, and a resistance connected to one of said
concentne conductors.

23. In a concentric conductor system in which

an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a
return therefor, an electrical arrangement for
association therewith and having the properties
of an inductance and a resistance, sald arrange-

‘ment including a closed vessel enclosing the ends

of the two concentric conductors, the inner con-
ductor being electrically associated with the op-
posite end of the enclosing vessel, and the other

-end of said vessel closing on the outer conductor,
and a cylindrical resistance element concentric

with and surrounding a part of the inner con-

ductor and in electrical eonneetmn with the outer

concentric conductor.
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24. In a concentric cenductor system in which |

an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a

return therefor, an electrical arrangement for as-
sociation therewith and having the properties of
an .inductance and a resistance, said arrange-
ment including a closed vessel enclosing the ends
of the two concentric conductors, the inner con-
ductor being electrically associated with the op-
posite end of the enclosing vessel, and the other
end of said vessel closing on the outer conductor,
and a cylindrical resistance element concentric
with said concentric conductors and in electrical
connection with both the inner and outer con-

- ductors.
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25. In a concentric conductor system in which .

an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a

return therefor, an electrical arrangement for
association therewith and having the properties

- of an inductance, capacity' and resistance, sald

arrangement including a’' closed vessel enclosing

.the ends of the two concentric conductors, the
'lnner conductor being elect.rleally associated with 75
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other end of said vessel closing on the outer con~

ductor, a flange on the end of one of the concen-

tric conductors, said flange being parallel with
the first mentioned end of sald enclosing vessel
and forming a capacity with a nearby conductive

surface, and a cylindrical resistance element con-

centric with said concentric conductors and:in
electrical connection with both the Inner and
outer conductors:

26. In a concentric conductor system in whlch'_ |
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a

return therefor, an electrical arrangement for as-
sociation therewith and having the properties of

~an inductance, capacity and resistance, said ar-
| ra.ngement including a closed vessel enclosing the

ends of the two concentric conductors the inner
conductor being electrically associated with the
opposite end of the enclosing vessel, and the other
end of said vessel closing on the outer conductor,

- .a flange on the outer concentric conductor, said

flange being parallel with the first mentioned end

of said enclosing vessel and forming capacity with

‘a nearby conductive surface, and a cylindrical

resistance element concentric with said concen-
tric conductors and in electrical connection with

- both the inner and outer conductors.

27. In a concentric conductor system in which

an inner conductor is surrounded by a cylindrical

conductor concentric therewith and acting as a
return therefor, an electrical arrangement for as-
sociation therewith and having the electrical
properties of an inductance and capacity, said
arrangement including a conductive enclosure
surrounding said conductors, said enclosure hav-

" ing a length independent of the wave length of

the alternating current transmitted and radial di-
mensions which are effectively equal to one-
fourth of the wave length, and the interior sur-

~ face of said enclosure forming a conductive path

ot
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for the transfer of wave energy from one con-

ductor to the other.

28. In a concentric conductor system in which'

an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a
return therefor, an electrical arrangement for as-
sociation therewith and having the properties of
an inductance and capacity, said arrangement
including a closed vessel enclosmg the ends of the
two concentric conductors, the inner conductor

_ being electrically associated with the opposite end

of the enclosing vessel, and the other end of said
vessel closing on the outer conductor, said vessel
having a length independent of the wave length
for the alternating current transmitted and ra-

- dial dimensions which are effectively equal to

one-fourth of the wave length, and the interior

surface of said vessel forming a conductive path

for the transfer of wave energy from one con-
ductor to the other.

29. In a concentric conductor system in which
an inner conductor is surrounded by a cylindrical
conductor concentric therewith and acting as a

Jeturn therefor, an electrical arrangement for as-

- sociation therewith and having the properties of

70
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‘a plurality of resonant circuits each comprising

inductance and capacity, said arrangement in-

cluding a plurality of closed circular cylindrical -

vessels the radial dimensions of which are large

- compared to their lengths and effectively equal

to one-fourth wave length of the altematmg cur-
rent transmitted.

30. In a concentric conductor system in which
an inner conductior is surrounded by a cylindrical

ductors, both

2 030 178

-the opposlte end of the enclosing vessel, and the ~conductor concentric therewith and acting as a

return therefor, an electrical arrangement for as-
sociation therewith having the properties of an
inductance shunted by a capacity, said arrange-
ment including one end wall of an enclosing vessel

electrically connected to the inner concentric con-

ductor, a conductive surface associated with the
outer concentric conductor parallel to said end
wall and sufficiently close thereto to form said
capacity, an outer wall of said vessel electrically

w1
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connected to said outer concentric conductor and

the inner conductive surface of said vessel form-

ing a conductive part of the path for the transfer

of wave energy from one conductor to the other
to form an inductance in parallel to said capacity.

31. In a transmission system in which a trans-
mission conductor is surrounded by a hollow

‘member of conductive material separated from

said conductor by dielectric material, an electrical

arrangement for association therewith and hav-

ing reactive properties, said arrangement includ-
ing a conductive enclosure.surrounding a part
of said conductor and electrically associated with
said hollow member, said enclosure having a
cross-dimension materially different in mag-

nitude from the corresponding cross-dimension of

sald hollow member and having a length inde-

current transmitted
- 32. In a concentric conductor system in which

. &n inner conductor is surrounded by a cylindrical

15
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-pendent of .the wave length of the alternating -

30

conductor concentric therewith and acting as a

return therefor, an electrical arrangement for as-
sociation therewith and having the electrical
properties of a series lumped inductance, said ar-

- rangement including a conductive enclosure con-

centrically surrounding the two concentric con-
of said conductors extending
within said enclosure at least almost its entire

- length, the one end of the enclosure being con-

nected to the inner conductor and the other end
being connected to the outer conductor.
33. In a conductor system in which an inner

conductor is surrounded by a cylindrical con-
~ductor acting as a return therefor, an electrical
arrangement for association therewith and hav-

ing the properties of an inductance, said arrange-

‘'ment including a closed vessel enclosing the ends

of the two conductors, both of said conductors
extending at least almost the entire length of said

closed vessel, the inner conductor being electri-
" cally associated with the opposite end of the en-

closing vessel and the other end of said vessel
closing on the outer conductor.
34. In combination, a concentric conductor

pair, a coaxial cylindrical vessel with clased end

walls surrounding both conductors of said palir,
into 'said surrounding vessel a substantial part

of its length, one end wall of said vessel having
- close conductive fit around the outer conductor

. of said pair, and reactance means located within
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the closed vessel close to its opposite end wall. |

35. In combination, a concentric conductor

pair, a coaxial cylindrical vessel with closed end '

walls surrounding both conductors of said pair,

into said surrounding vessel a substantial part of

its length, one end wall of said vessel having
close conductive fit around the outer conductor
of said pair, and the inner conductor having elec.

trically continuous connection to the opposite end
wall of said vessel.

- 36. In combination, & concentric conductor'
_pair a coaxial cylindrical vessel with closed end

walls  surrounding both conductors of said pair,

into sald surrounding vessel a substantial part of 75
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its length, one end wall of sald vessel having
electrically continuous connection around the
outer conductor of said pair, and the inner con-
ductor having electrically continuous connection
to the opposite end wall of sald vessel.

37. The combination of claim 1 characterlzed
by the fact that the length of the uncovered por-

tion of the Inner conductor withln the tank is
adjustable.

11

38. The combinatlon of claim 3 characterlzed

by the fact that the length of the uncovered por-
tion of the inner conductor withjn the tank iIs

adjustable.
39. The combination ot clalm 38 characterized
by the fact that the length of the uncovered

portion of the inner conductor within the tank is
adjustable. |
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