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8'Claims,
1 |

The present invention relates. .fo. improve-
ments in attenuating apparatus. for ultra-high—
frequency energy.

Ultra-high-frequency energy (that.is, energy
of wavelengths of one meter or shorter) . is gener-
ally conducted. by means.of a.hollow conductor of
either the coaxial line or wave guide type of.con~
struction. For measuring and testing. purposes,
there is a need for simple apparatus that can be
interposed along the hollow conduictor to attenu-
ate the energy in the conductor. (that is,.to.reduce
its. energy level) 'by adjustable and. known
amounts. One known kind of apparatus. makes
use.of a wave guide and a rounded card of resis-
tive. material inserted to an adjustable.degree
into the wave guide, in the portion of theelectro-
magnetic field within the guide havmg the great-
est voltage gradient.

It would be desirable to have similar simple
attenuating apparatus for coaxial lines. In a
coaxial line, operating in the conventional trans-
verse electromagnetic (TEM) mode, the electric
field is radial with respect to the inner:conductor.
However, radial insertion of a resistance card

with a rounded edge permits only a small’ area of :

the resistance card to:be put in the high intensity
portion of the field (which is close to"the inner
conductor) even at maximum insertion; because
the amount of insertion is:limited’ By the pres-
ence of the inner conductor.. Therefore, even gt
maximum insertion, there is a very -limited
amount of attenuation. »

Accordingly, it is an object of the present in-
vention to provide simple a;ttenuati‘ng gpparatus
for high frequency energy in- coaxial lines that
overcomes the' above defects and effects com-
paratively high amounts of attenuation.

Another object is to provide simple attenuat-
ing apparatus for hlgh frequency’ energy:in -co-
axial lines that minimizes energy reflections,
while effecting comparatively high amounts of
attenuation.

Yet another object'is to provide simple: vari-
able attenuating: apparatus  for  high' freguency
energy in coaxial lines’that mininiizesvarigtion

in reflected energy with variation in-attenuation,.

while permitting a comparatively large'maximum
value of attenuation.

A further object-is to provide:simple -attenuat-
ing apparatus for high frequency -enery‘gyf"i'n
transmission lines- having  inner and:-oufer con-
ductors that provide minirhuni: variation: of re-
flected energy with  variation in: frequency’ of
the: applied energy, while permitting. compars-
tively large amounts of attenuation; arid:which
is:useful- over: a. wide range -of frequencies..
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A further object is. to. provide variable coaxial
Iine. attenuating apparatus. that provides: a.sub-
stantially. linear relation between. insertion .of
attenuating material into the coaxial line.and
amount. of attenuation effected. by: the attenuat-
ing material.

The. invention: in another of its aspects relates
to. novel - features of the instrumentalities- de-
scribed. herein: for achieving. the principal objects
of the invention-and to novel principles _employed
in.those instrumentalities, whether. or. not: these
features and. principles are used.for . the -said
principal: objects or.in the said. field.

A. further object of the invention.is to.pro-
vide improved apparatus. and .instrumentalities
embodying novel featlires.and principles, adapted
for use ih realizing the above objects and-also
adapted for use in other fields.

These. and. other objects are achieved by the
provision of attenuating apparatus that comprises

.a. section of a coaxidl transmission line.and means

for inserting a. card of resistive material into and
through the. high intensity field close to the.in~
ner conductor.. In one form of the invention,
there is provided a.section of coaxial litie and: a
resistance card, with. a rounded. edge, inserted
substantially tangentially to the inner conductor.
In another form of: the invention, theré is pro-
vided a.section of coaxial line with an inner con-
ductor having a slot therein and a resistance
card with a rounded edge,. passing through the
slot. It is thus made possible to pass a sub-
stantial amount of the resistive material mto and

‘through the high intensity part of the field,
“thereby securing & wide range of . attenuation.

At the same time the construction of the pres-
ent ihvention minimizes energy reflection’;: mini-
mizes variations in'the amount of energy reflec-
tion” with variation of amount of  attenusdtion;
minimizes variation of amount: of energy refikc-
tion with variation of the frequency’ of- the
energy; and provides' an approximate linear
relation between amount of insertion' of -the
resistance into the transmission line and- decibels
of attenuation produced.

Other objects and advantages will become ap-
parent from the specification, taken in connec-
tion with the accompanying drawings wherein:

Fig. 1 is an elevation view, with some parts
in cross-section,; of one form of the invention;

Fig. 2:is an elevation: view;: partly- ins: cross-
section, taken: along: line:2=—2: of Fig:: 1. .

Fig. 3 is a view’in’ cross=secticn;. to anzenlarged
scale, of the coaxial; line .of: Fig. '1,.showirg-tHe
electric field: lines in the conventiongl transverse
electromagnetic' (TEM):: mode of gperatiofi--axd



the relation of the resistance card to both the
field lines and the inner conductor;

Fig. 4 is g fragmentary elevation view in cross-
section of another embodiment showing a modi~
fication of the apparatus below line ¢—q of Fig. 2;

Fig. b_is a fragmentary plan view of the inner
conductor of the apparatus of Fig. 4, showmg the
rectangular configuration of the slot in the inner
conductor; and

Fig. 6 is a similar view showing a modlﬁcatlon

of the configuration of the slot. of Fig. 5.

Referring to Figs. 1, 2 and 3, the apparatus em- "
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bodying the present invention includes a.section , .

of coaxial line 4 comprising an outer conductor 5 .

and an inner conductor 6. A resistance card 1
formed of attenuating material upon a non-con-

4
In the section of line 4 in which the shunt con-
ductance per unit length of line 4 is gradually
increased, the characteristic impedance of in-
finitesimal lengths of the section is gradually de-
creased as the shunt conductance is gradually

_increased. Accordingly, it. may be said that the

sectlon of resmtance card ‘T'that produces a grad-

‘ually ‘increasing shunt’ ¢onductdnce per unit
.length of line 4 along the axis of line 4, also pro-
"duces a gradually decreasing characteristic im-
~~pedance along the axis.

C"In'the transverse electromagnetic (TEM) mode
.of propagation of energy along line 4, the inten-

" sity of ‘the €lectrie component of the electromag-

ductive carrier, such as provided by a resistive
coating 8 upon a flat lJaminated Bakelite base or ..

carrier 8, is carried on a guide member 10 con-
nected to a rack il, and passes through, an axial
slot 14 in outer. conductor 5. The rack Il en-
‘gages a pinion {2 that is operable by a knob i3
to adJust the ‘amount of insertion of the resist-
ance card 1 through slot 14. The path of the
insertion is along a non-diametric chord that is
displaced a small distance, such as of the order
“of .005 inch, from the inner conductor 5, as shown
in 'Figs. 2 and 3. It is thus substantially tangen-
tial to the inner conductor.

slot 14 to prevent electromagnetlc energy from
‘radiating into space from coaxial line 4. Also
included in the apparatus are conventlona,l one-
quarter Wavelength stub supports {6 and {7 for
supportmg inner conductor 6 coaxially of outer
conductor 5, and suitable coupling means 18 and
19 for connecting the apparatus to other circuit
elements.

When resistance card T is inserted into the co-

‘axial line 4, the shunt conductance per unit’

length of the portion of line 4 containing the card
'T'is increased by an amount dependent upon the
degree of insertion. Because of this increase in

shunt conductance, the attenuation effected by
that section of the coaxial line 4 is increased, and .

‘desirable attenuating action is produced.

' The edgé 20 of the resistance card is rounded

- in order to minimize reflections of energy by the
_resistance card. Because of the rounded edge

20, the shunt conductance per unit length of the ;

»transmlssmn line 4 is gradually increased along

its axis from the shunt conductance of the line.

"in advance of the resistance card to the point
‘where the increase of shunt conductance effected

by the resistance ¢ard 7 is maximum and then is

_gradually decreased from that maximum point to
‘the shunt conductance of the line 4 beyond the
resistance card . 7. 'Thus, there is no abrupt

15
=t

A shielding enclo-
‘gure 15 is ‘placed about the rack 11, pinion 2, and "

‘change in unit shunt conductance along. the axis:

.of the line 4 and, therefore, energy reﬂectlon by

.. .the resistance card T is minimized.

- The characteristic impedance of a coaxial line
s a function of the shunt conductance per. unit
length of line, as can be seen from the formula

) where

o——charactenstlc impedance of the liné
R=series resistance per unit length '
Li=series inductance per unit length -
G=shunt conductance per unit length "
C—shunt capacitance per unit length - ‘
W=2r times the frequency. (F): of: opera,txon.i-
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‘tance from the inner conductor.
‘seén-in Fig:"1; which shows the apparatus in a

_dugctor.

7 by knob 13.

netic field decreases with increase of radial dis-
As it can be

position:for a large amount of attenuation, a
comparatively large area of the card 7 is close
to the inner conductor 6 in that position. Being

'close to the inner conductor 8, this comparatively

large area of resistance card is in the high inten-
sity field, and, therefore produces a large amount
of attenuatlon

The path of the insertion of the resistance card
T may be substantially tangential to the inner
conductor. In this form at maximum insertion,

2 large area of the resistance card would also be

in the hlgh 1ntens1ty field close to the inner con-
C This woiild result however, in physical
contact between th_e resistance card 1 and inner

ceonductor 6, and in an undesirable rubbing action

between the two during adjustment of the card
It is advisable, therefore, to have
the reslstance ‘card T as close as possible to ihner
conductor 6 without actual contact in order that
it may be in high intensity field.

....In actual use, a variable attenuator of ‘the type
shown in Figs. 1-3 ‘was connected between .a

‘matched load and a source of super-high fre-

quency energy, variable in wavelength from 5.0
to 7.2 cm. A standing wave detector was con-

-nected between the source and the variable at-
-tenuator, and power-measuring apparatus was

connected . to the matched load to measure the
power delivered. to the load. ‘The inner diameter
of the outer conductor of the coaxial line was
.561 inch. and the outer diameter of the inner
conductor was ,250 inch. The resistance card was
formed of material having. a resistance of 200
ohms per square, i. e., any.square of the material
has a resistance of 200, ohms, as measured from
edge to edge, regardless of the dimensions. of the
square..; The rounded edge was an arc of a circle
of 4 inch radius. . Standing waves between the

source and the attenuator apparatus were™

measured for various degrees of insertion. of the
card and for various wavelengths over the Wave-
length band of 5.0 $0 7.2 cms.

It was found that the average of the voltage
standing wave ratios was less than 1.112 for wave-
lengths.from 5.0 to 6.3 ems. and less than 1.25 for
wavelengths 6.4 cm. to 7.2 em. The maximum
attenuation effected over the same band of fre-
quencies: varied only 2.5 decibels. It was also

found that there was an approximately linear re-

lationship between attenuation in decibels and
degree of insertion of the res1stance card 1 into
the line 4. .

It will be understood that the values just given
representonly one set of operating conditions,
and ‘many-other values and dimensions of the
parts of the structure may be used. Thus, other
values of resistance cards may: be used. ~Gener-
ally,.it:may be stated that higher values of re-

™
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sistance produce smaller maximum amounts of
attenuation, while causing lower standing wave
ratios; and, conversely, lower values of resistance
produce larger values of attenuation while caus-
ing higher standing wave ratios.

In the modification shown in Fig. 4, the at-
tenuating card 26, similar to card 1, is inserted
radially into the electric field. It will be under-
stood that the structure shown in Pig. 4 is in-
tended to replace that portion of Fig. 2 which
is below line a—ua thereof. The advantage of wide
range of attenuation found in the embodiment of
Figs. 1-3 is present here also.

In Fig. 4, coaxial line 21 comprises an outer
conductor 22, having an axial slot 23 therein, and
an inner conductor 24 having a rectangular axial
slot 25 preferably diametrically therein, as shown
in Fig. 5. The attenuating material, in the form
of resistance card 26 having a rounded profile as
in Figs. 1-3, is inserted through the slot 23 in the
outer conductor 22 along a path passing through
the slot 25 in the inner conductor 24. For small
values of attenuation, card 26 is inserted only
slightly into slot 23, and its lower edge remains
out of slot 25. For higher values of attenuation,
card 26 is inserted further through slot 23, even
into slot 25. For maximum attenuation, card 26
extends substantially fully across a diameter of
outer conductor 22.

As in Pigs. 1-3, a comparatively large area of
the resistance card 26 may thus be positioned in
the high intensity portions of the field close to
the inner conductor, at maximum insertion.
Therefore, a comparatively large amount of at-
tenuation is obtainable in this form of the in-
vention, also. This variable attenuator was con-
nected o the auxilary apparatus described above
in the tests of the embodiment of Figs. 1-3. The
results showed that voltage standing wave ratios
fluctuated between higher upper and lower limits
than with the embodiments of Figs. 1-3, for the
same frequency and attenuation ranges.

Referring to Fig, 6, there is shown a modifica-
tion of the apparatus of Pigs. 4 and 5. In this
form, g slot 27 of substantially rectangular shape
is formed in inner conductor 28, but its ends 29
and 30 are tapered axially. - Because of the taper,
there is a more gradua] change in characteristic
impedance between the coaxial line section before
the slot and the line section containing the slot;
and also between the latter section and the line
section beyond the slot. This serves further to
reduce standing wave ratios in the system.

I have therefore provided simple attenuating
apparatus for high frequency energy in coaxial
transmission lines that produces comparatively
large maximum amounts of attenuation with only
minimum amounts of energy reflection and with
maximum band-width.

Since many changes could be made in the
above construction and many apparently widely
different embodiments of this invention could
be made without departing from the scope there-
of, it is intended that all matter contained in the
above deseription or shown in the accompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

What is claimed is:

1. High frequency apparatus comprising a
transmission line having an inner conductor with
an opening therein and an outer conductor with
an opening therein, attenuating means, and
means for adjustably inserting said attenuating
means into said line through said opening in the
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outer conductor and along a path passing through
said opening in said inner conductor.

2. Apparatus as in claim 1 wherein the open-
ing in said inner conductor has a tapered portion
at each end of the opening.

3. Apparatus for adjustably attenuating high
frequency energy comprising a high frequency
transmission line including an outer conductor
and an inner conductor, said outer conductor
having a longitudinal opening therein, a re-
sistance card with a rounded edge and compris-
ing a non-conductive base and a resistive coat-
ing on said base, and means for slidably adjust-
ing said resistance card into said transmission
line through szid opening and in a plane sub-
stantially tangential to said inner conductor.

4. Apparatus for adjustably attenuating high
frequency energy comprising a high frequency
transmission line including an outer conductor
with an opening therein and an inner conductor
with an opening therein, a resistance card with
a rounded edge and comprising a non-conductive
base and a vesistive coating on said base, and
means for adjustably sliding said resistance card
into the transmission line through the opening
in said outer conductor and in a plane passing
through both said opening in the outer conductor
and said opening in the inner conductor.

5. High frequency apparatus comprising a
transmission line having an inner and an outer
conductor, a card-shaped resistance element, and
means for inserting a portion of said resistance
element into a longitudinal slot in said transmis-
sion line a distance transverse to the longitudi-
nal axis of the transmission line which is greater
than the distance between said inner and outer
conductors, the longitudinal axis of said resist-
ance element being coextensive with the longi-
tudinal axis of said transmission line.

6. The apparatus of claim 5 wherein the por-
tion of said card-shaped resistance element which
is inserted into said transmission line has a
rounded edge.

7. The apparatus of claim 5 wherein said re-
sistance element is inserted into said transmission
line along a plane which is substantially tangen-
tial to said inner conductor.

8. The apparatus of claim 5 wherein said lon-
gitudinal slot comprises aligned slots in said inner
and outer conductors and said resistance element
is inserted into said transmission line along a
diametrical plane which passes through said
slots.

JOSEPH V. HUPCEY.
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