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This invention relates to terminations for
transmission lines and particularly to a tunable
high frequency transmission line matched re-
sistive termination.

It is frequently desirable to terminate a high
frequency transmission line, for example, a co-
axial transmission line with a substantially per-
fectly matching termination which will absorb
substantially all of the energy transmitted
through the line to the termination without the
formation of reflections or standing waves. Such
transmission line terminations are frequently dif-
ficult to construct, and when constructed, are
often suitable for use at only one frequency. Fur-
thermore, some of these terminations are long
and consequently awkward to handle, and com-
baratively expensive to construct, with a special
termination being required at each frequency em-
ployed.

It is an object of the present invention to im-
prove the termination of s high frequency trans-
mission line.

Still another object of the invention is the pro-

vision of a high frequency transmission termina-

tion which will be suitable over a wide range of
frequencies.

Another object of the invention is to provide a
high frequency transmission line termination
which shall be compact, inexpensive, and readily
constructed.

These and other objects, advantages and novel
features of the invention will be more fully ap-
parent from the following description taken in
connection with the accompanying drawing in
which:

Fig. 1 is a transverse cross-sectional view of a
transmission line termination in accordance with
the invention; and

Fig. 2 is a plot showing the high degree of per-
fect matching and absorption possible with the
termination of Fig. 1.

In accordance with the invention, a first length
of coaxial fransmission line is arranged and
adapted to be connected to the coaxial transmis-
sion line to be terminated. The first length of
line includes a lossy material between the con-
ductors thereof to absorb energy from the elec-
tromagnetic field between the conductors, and a
capacitive element such as a projection or pro-
tuberance is provided between the line conductors
which, in effect, provides a lumped capacitance at
a chosen point along the line. By suitably posi-
tioning the lumped capacitance, an impedance is
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reflected at the connecting end of this length of
transmission line having a resistive component
which is equal to the impedance of the transmis-
sion line to be matched. A second transmission
line is inserted in series with the first length of
transmission line and which is substantially en-
tirely reactive and of opposite sign to cancel the
reactive component of the first length of trans-
mission line. The line is thus substantially per-
fectly matched by the termination at any desired
frequency over a relatively wide range, .

Referring now to Fig. 1, an adapter 10 has an
outer threaded conductor 12 and an inner tapered
conductor (4. Thus means or terminals are pro-
vided for connection to the line to be matched.
The adapter 10 illustrated is designed for easy
connection to a standard 52 ohm characteristic
impedance coaxial line.  Conductor 12 is con-
nected to a cylindrical outer conductor 16 term-
inating in a short-circuiting portion 18 which
short-circuits conductor 16 to an inner conductor
in the form of a sleeve 20 surrounded by the con-
ductor 6. Sleeve 20 surrounds conductor 22
which is an extension of conductor 14. Sleeve 20
and conductor 22 form a coaxial line short-cir-
cuited by a shorting plug 24 longitudinally ad-
justable therewith. Between conductors 16 and
20 is a capacitive projection or protuberance, in
this instance a ring 26 of conductive or dielectric
material, as desired, connected to conductor 6.
The ring may be moved longitudinally (as indi-
cated) along conductor 16 by a longitudinal slot
therein (not shown) or by removing end plate 3
from its connection with conductor 16 by taking
out screws 28, and then replacing the parts.
Short-circuiting plug 24 may also be slid longi-
tudinally (as indicated) of the structure and may
be reached through the inactive open end 30 of
sleeve 20 at the back of the structure. Conductor
20 is surrounded by or has a heavy coating of
lossy or resistive material 32 distributed along the
length of line section 16, 20, as shown. In fact,
the structure may be formed by taking an or-
dinary conventional 50 watt resistor, of tubular
form, such as are in common commercial manu-
facture, and inserting the tubulay sleeve 20 within
it. The particular termination of Fig. 1 is about
eight inches long overall, and about 134 inches
in outside diameter. :

In operation, the adapter 10 is inserted into a
mating connection in the coaxial line. The ring
26 is moved to a suitable bosition, at which point
there is reflected at the adapter end 10 a heavily
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resistive component, due to the resistive ma-
terial 32 in the electromagnetic field between con-
ductors 16 and 290, in shunt with the capacity in-
troduced by the ring 26. The amount of resist-
ance thus reflected at the adapter 10 may be
controlled by positioning of the ring 26. There
will then be presented at adaptor (0 an im-
pedance comprrsrng a resistive component and
a reactive component. The short-circuited length
of transmission line formed by condugtors 20 and
22 is effi ively in sories with this reﬁected im-
pedance etween the adapter ‘terminals. By
suitable adjustment of the shorting plug 24, the
reactive component of the reflected impedance
may be tuned out or balanced out, by a reactance
of the same magnitude but opposite in sign,

As well understood, the reslstance of ‘the ma-
terial 32 will change with frequency However,
it is a simple matter to readjust the termination

device to properly terminate the line at the new:

operating frequency.

Referring now more particularly to Fig. 2 there
is shown a curve of standing wave ratio plotted
against frequency for a standard 52 ohm coaxial
transmission line terminated with the device of
Fig. 1. This curve was derived experimentally
for an adjustment of the shorting plug 24 and
ring 26 of the termination of Fig. 1 for a proper
termination at 333 megacycles. Similar curves
may be derived with a unity standing wave ratio
at other frequencies by. readJustment of the plug
and ring.

1t will be noted that the resistive or lossy ma-
terial employed may- be a thick coating, and is
not necessarily. a thin or- surface coating. There-
fore, I may use standard resrstors to make the
line, instead: of having the dlﬁicultres associated
with preparing sprays and the like for forming
a lossy material surface coatmg on conductor 29,
as is necessary in some prior matching termina-
tions. Moreover, no comphcated logarrthmlcally
curved surfaces need be formed, as in some prior
ars terminations.

It wrll be apparent that Thave provided a trans-
mission line termlnatron Wthh may be. readrly

nd suitably adJusted for dlﬂerent ranges of high
frequency and which is compact and economlcal
No separate or new construction is necessary. to
arrange the device to match a desired transmis-
sion line at drfferent high. frequencies, only &
simply and readuy made. ad;ustment being re-
quired for that purpose

What I claim is:

1 A telmrnation for a first transmission line.

co;npnsmg a first portion havmg inner and outer
conductors terminated for connection to. said lme,
a second portron having an innermost conductor
contmued from said first portion inner. conductor-
and havmg a sleeve surrounding said second por=
txon lnnermost conductor and short-circuited
thereto at a poxnt drstant from said first portmn.
sg,id second portion having an outermost. con-.
ductor extended from said first portlon outer con-,
ductor sald sleeve ‘being surrounded by said
outermOSt conductor and short-crrculted thereto.
at a point distant from said first, portlon, ‘said
second portmn thereby comprlsmg serially con-.
nected short crrculted inner and outer trans-
mission lines each with inner and outer con-

ductors the said sleeve berng the outer conductpr i

of said inner line and the inner con,ductor of saxd
outer line, one of said short- -circuited. transmis-
sion lines havlng an element in capacxtlve rela—
tionship between the condugtors thereof and hav-

ing a lossy material distributed. along the lenzth 75
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of said one transmission line between the con-
ductors thereof, said short-circuited lines having
cancelling reactances.

2. The termination claimed in claim 1, said
lossy material being a resistance coating on one
of the conductors of said one short-circuited
transmission line.

3. The termination claimed in claim 1, said ele-
ment being metallic and ring-shaped and con-
nected directly to one conductor of said one short-
circlutod line.

4. The termination claimed in claim 1, said ele-
ment being adjustable in position along said one
short-circuited transmission line.

5. The termination claimed in claim 1, said one
short-circuited transmission line being the outer
one, the short circuit of the other inner trans-
mission line being, adjustable whereby said other
inner short-circuited transmission line is adjust-
able in length.

6. A termination for a first two conductor
transmission line, said termination comprising an
innermost conductor an intermediate conductor
surroundlng said 1nnermost conductor, and an
outermost conductor surr oundmg said intermedi-
ate conductor to form an inner transmission line
section and an outer transmission line section,
said- 1ntermedrate conductor serving as both the
outer conductor of said inner line section ‘and the
inner conductor of sard outer line sectlon means
to connect one end of said 1nnerm05t conductor
to one conductor of said first line, means to con-
nect said outermost conductor at its one end ad-
jacent said mnermoyc conductor one end to the
other conductor of sard first line, sard innermost
conductor at a point remote from its said one end
being short circuited to said 1ntermediate con-
ductor, said: outermost conductor at a pomt re-
mote from its said one end bemg short circmted
to said: 1nterrned1ate conductor the sald hne sec-
tlons being thereby serially connected, one of'
said line sections having a lossy material dis-
tributed: along the length of the sectlon between
the conductors thereof, said one line sectron hav-
ing a capacity element between its conductors,
said line sections having cancelling reactances,
thereby to present a purely resistive termination
to said first line on connection thereto.

7. The termination claimed in claim 8, said line
section conductors being coaxral

8. The termination claimed in claim 6; said line
section conductors being coaxial, said capacity
element being a ring shaped capacrty pro,]ect.ion
from one of- the conductors of said one section.

9. A termlnation for a ﬁrst two conductor
transmission line, the termmation comprising
three condtctors, the second being positioned be-
tween the first and third thereby to form two
transmissron line sectrons of which said second
conductor is a conductor for each means to con-
nect said first conductor at one end thereof to
one conductor of said ﬁrst transmlsslon line,
means to connect the one end of said third con-
ductor adjacent said one end oi' sald ﬂrst con-
ductor to the other conductor of said ﬂrst trans-
mrssxon line sard second conductor bemg short-

.ﬁrst conductor one end. said second conductor

being short-circuited to said third conductor at &
point, remote from sald third conductor one. end».
a lossy materral between those two conductora
forxmng one of said line sections effective to. ab-
50rh. energy in the electromagnetic flelds there-.
between. said material being distributed along the.
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5
length of said one section, the line sections hav-
ing cancelling reactances, thereby to present a
pure resistive termination to said first line on
connection thereto further comprising a shunt
capacity element between the conductors of said
one line section.
OAKLEY M. WOODWARD, J&.
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