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... This invention relates generally to electrical 
attenuators, and more particularly to high fre 
quency attenuators of the type designed for in 
sertion in a coaxial transmission line. 
In general, an attenuator should reduce the 5 

amount of energy transmitted past the point 
where it is inserted in a system, without altering 
the amount of energy arriving at that point. In 
low frequency systems, an attenuator. is generally 
a circuit having lumped constants which are Se- 10 
lected to give the attentuator the required chair 
acteristic impedance and the desired attenua 
tion. In high frequency or microwave Systems, 
it is not practical to employ such a circuit for an 
attenuator, because the physical dimensions of lis 
the elements of the attenuator Would be too. Small. 
Accordingly, attenuators at high frequencies are: 
more commonly made of sections of transmission 
lines having distributed constants. These are 
constructed to have high attenuation factors 20 
through the use of conductors or dielectrics caus 
ing high distributed losses. 

If an attenuator, which is inserted in a trans 
mission line, is to reduce the amount of energy 
transmitted without altering the amount received, 25 
it must act as an absorber of energy and must not 
refect any energy. To function in Such a man 
ner, the attenuator must have a characteristic 
'impedance substantially equal to the character 

it is inserted. As is well-known, if the chara.0- 
teristic impedance of the attenuator differs from 
that of the line, there will be a reflection of en 
ergy at the input of the attenuator. The re 

ceived energy and will affect the current to Voltage 
ratio at the source, or in other Words, it Will have 
the highly undesirable effect of changing the in 
pedance which the transmission line presents at 
the Source. 40 
Two types of attenuators for insertion in high 

frequency coaxial transmission lines have here 
tofore been in common use. The first type Con 
sists of a section of coaxial line in Which the 
inner conductor has been replaced by a resistive 45 
rod of approximately the same dimensions. The 
second type of attenuator consists of a section of 
transmission line in which a high loss dielectric 
has been inserted between the inner and Outer 
conductor to replace the air which is normally 50 
present. Both of these attenuators Suffer from 
the difficulty of having a characteristic imped 
ance which varies with frequency. Although 
such attenuators are used in transmission lines, 
they operate effectively only at the frequency for 55 
which they have been designed. At any other 
frequency, a matching transformer is required to 
transform the characteristic impedance of the 

attenuator to that of the line. It is thus ap 
parent that the usefulness of these two types of 
attenuators is limited. 
The principal object of my invention is to 

provide a high frequency transmission line at 
tenuator which will have a characteristic imped 
ance and an attenuation substantially independ 
ent of frequency throughout its operating range. 
Another object of my invention is to provide a 

high frequency transmission line attenuator hav 
'ing a construction essentially suited to dissipate 
a large amount of energy. 
A further object of my invention is to provide 

an attenuator for insertion in a high frequency 
transmission line which provides a very high at 
tenuation and a very low reflection factor in a 
Smaller physical construction than heretofore 
pOSSible. 

For additional objects and advantages, and for 
a better understanding of the invention, atten 
tion is now directed to the following description 
and accompanying dra Wing, and also to the ap 
pended claims in which the features of the in 
vention believed to be novel are particularly 
pointed out. 
In the drawing, Fig. 1 is a longitudina Sec 

tional view of a coaxial attenuator embodying my 
invention: Fig. 2 is a cross-sectional view of the 
attenuator of Fig. 1 at Section 2-2, illustrating 

ristic impedance of the transmission line in which 30. certain of the dimensions utilized in mathe 
matical equations; Fig. 2A is a similar cross 
sectional view at section 2A-2A; Fig. 3 repre 
sents certain operating characteristics of the ap 
paratus of Fig. 1; and Fig. 4 is a longitudinal Sec 

flected energy will return to the source of the re- 85 tional view of a modification of the attenuator 
of Fig. 1. 
My invention is based on the adaptation to 

microwave frequencies of certain principles, well 
known in the telephone and low frequency arts, 
for insuring a distortionless transmission line. 
In the description of these physical principles, the 
significance of the symbols employed is as fol 
OWS 
For the transmission line electrical character 

istics: 

Zo-characteristic impedance in ohms. 
or-attenuation in nepers/meter. 
Z-impedance in ohms/meter. 
Y-admittance in mhos/meter. 

, Leinductance in henryS/meter. 
Reresistance in ohms/meter. 
C-capacitance in farads/meter. 
Gisconductance in mhos/meter. 

For the transmission line dimensions: 
d-outer diameter of inner conductor. 
b=inner diameter of outer conductor. 
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For the line dielectric: 

e1=dielectric constant in farads/meter. 
p1=permeability in henrys/meter. 
a1=conductivity in minoS. 

General: 

f=frequency of operation in cycles per second. 
oy-2ttf-angular frequency in radians per second. 
1n =natural logarithm. 
The characteristic impedance of a line is de 

fined as the ratio of current to Voltage in a Wave 
traveling along the line in One direction. For a 
transverse electromagnetic wave, which is the 
type used at present in all commercial power and 
low frequency System, the characteristic imped 
ance of a line is given by the equation: 

Since the term w enters this equation, it follows 

(I) 

() . 

15 

that the characteristic impedance will in general 
depend upon the frequency of operation. The 
attenuation of the line will be given by the foll 
lowing equation: 

oy--- (E. +GZ) 
Since the characteristic impedance also enters 
this equation, the attenuation will similarly vary 
With frequency. By making the phase angle of 
the impedance Z equal to that of the admit 
tance Y, which can be achieved by choosing the 
characteristics of the transmission line so that 
LG=RC, the term as is eliminated and the equa 
tion reduced simply to the ideal line equation: 

L 
Z=y C 

This principle has been utilized in telephone 
transmission lines and cables to reduce the dis 
tortion inherent in certain types of telephone 
lines. For instance in a telephone cable, the 
inductive reactance instead of being very large 
in comparison with R, as it is at micro-wave fre 
quencies, is of a proportional magnitude, whereas 
(wC is generally very much larger than G. The 
Solution then has commonly consisted of con 
necting lumped inductances in series with the 
line at critical points along its length, and in 
the telephone art, this practice is known as load 
ing a line. 

(III) 

At micro-Wave frequencies, the inductive and : 
capacitive reactive terms of the characteristic 
impedance equation are so large in comparison 
with the resistive and conductive terms, that the 
latter are generally neglected. Accordingly, at 
micro-Wave frequencies, the characteristic im 
pedance equation reduces to that of the ideal line 
Equation III. 
The high frequency transmission line attenu 

ators which have been used heretofore, provide 
attenuation by increasing either R. or G. If 
either R or G is increased individually, or with 
out any attempt to maintain a definite propor 
tion, the term a will be present in the charac 
teristic impedance equation. In accordance with 
my invention, the attenuator is constructed to 
maintain LG-RC So that the frequency does not 
enter the characteristic impedance equation. 
The following equations determine the capaci 
tance, inductance, and conductance of the line 
per unit length: 

25 

(II) 
30 

35 

40 

45 

65 

O 

S. 

4. 
Cas 2, farads/meter (IV) 

In() 
L=gin() henrys/meter (V) 
Gs Z-Ta1 mhos/meter (VI) 

1() 
An inspection of these equations will reveal that 
all three of the above line characteristics are de 
pendent both upon the ratio of the diameters of 
the coaxial conductors and upon the character 
istics of the dielectric. If now either the inner 
or the outer conductor of a coaxial line is made 
of a material which has a high resistivity so as 
to increase R, the ratio LG=RC could be 
achieved by employing a dielectric having a high 
conductivity and the same dielectric constant 
as was used before. In practice, however, di 
electrics having a higher conductivity, in general 
have a higher dielectric constant. Accordingly, 
to maintain the characteristic impedance con 
stant, the capacitance per unit length of the line 
must be reduced, and this is achieved by increas 
ing the ratio of diameters 

b 
o 

either by increasing the size of the outer con 
ductor or by decreasing the size of the inner 
conductor. 

Referring now to the drawing, Fig. 1 illustrates 
an attenuator embodying my invention in ac 
cordance with these principles. The assembly 
consists of an outer conductor O along the axis 
of which an inner conductor is disposed. Two 
dielectric spacers 4 and 5, cemented to both 
the inner and outer conductors, provide a Small 
chamber hernetically sealed from the remainder 
of the Structure. The inner conductor does 
not project through this chamber but instead 
is terminated at both spacers, and a glass rod 3 
is bonded to the ends. The glass rod is coated 
With a suitable metallic coating 6 of relatively 
high resistance, Such as a thin platinum film, for 
example, which makes contact with the inner. 
conductor at both ends. The resistance of the 
inner conductor, in a typical construction of an 
attenuator in accordance with my invention, 
Would be of the same order of magnitude as the 
inductive reactance of the line. The space be 
tWeen the glass rod and the outer conductor in 
side the chamber is filled with a suitable dielec 
tric material T. For example, glycerine is suit 
able for the purpose because it has a compara 
tive high conductivity at micro-wave frequencies 
and its dielectric constant is not too high. How 
ever, the dielectric constant of glycerine is higher 
than that of air. Accordingly, to maintain the 
characteristic impedance in the chamber equal 
to that in the end portions, the diameter of the 
glass rod 3 is reduced from that of the inner 
conductor , while that of the outer conduc 
tor is increased, as shown in Fig. 2 and Fig. 2A. 
The choice of dielectric determines the exact 
value of the resistance of the inner conductor. 
For instance, with glycerine as the dielectric, the 
ratio 

R 
oL 

Would be approximately 0.5 at a frequency of 
1000 megacycles per second, and the resistance 
R. Would be calculated therefron. 
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Other substances besides glycerine may be 
used as a dielectric for the purposes of this in 
Vention. Ethylene glycol and various Solutions 
Of inorganic compounds have been found effec 
tive for different applications. Also a wide 
choice of Substances is available for providing 
an increased resistive component R in the atten 
uator. A resistive paint consisting of Silver and 
graphite powder with a resin binder can be 
employed, as also a Straight carbon rod in cer 
tain circumstances. In general, however, it is 
preferable to use a liquid dielectric having a high 
thermal conductivity. This insures that the 
heat generated in the inner conductor and in the 
dielectric is rapidly conducted to the outside 
conductor. Thereafter, it is an easy matter to 
provide adequate cooling for the Outer conductor 
either by means of a forced air current or by 
means of a water jacket Sulrounding it. This 
permits the dissipation of large amounts of power 
in an attenuator of Small physical size without 
overheating either the inner conductor or the 
dielectric. Also, as shown in the modification of 
Fig. 4, the liquid dielectric may be circulated 
between the attenuator chamber and a con 
ventional heat exchanger unit 8. This further 
increases the power capabilities and the rating 
of the attenuator. 

In a particular construction of an attenuator 
embodying my invention, which was of the form 
shown in Fig. 1 and designed for use in the fre 
quency range from 1800 to 3800 megacycles, the 
dimensions and the characteristics of the more 
important elements employed were as follows: 
Outer coaxial conductor O: silver-plated brass 

Inner diameter b : 0,198 inch 
Inner diameter b: 0.412 inch 

Inner coaxial conductor : copper 
Diameter d' : 0.086 inch 

Dielectric washers 4, 5: polystyrene, cemented 
in place 

Thickness: 0.030 inch 
Resistive element 3: Pyrex glass, coated with 
platinum to yield 140 ohms per inch resistance 
and bonded to the inner coaxial conductor at 
both ends 

Length: 0.55 inch 
Diameter d: 0.060 inch 

Dielectric 17: chemically pure glycerine 
Referring to Fig. 3, curves 30 and 3 represent 

respectively the attenuation and the voltage 
standing Wave ratio obtained on test with this 
particular construction of a coaxial attenuator 
embodying my invention. These resultS were 
obtained by inserting the attenuator in a stand 
ard 50 ohm coaxial line terminated in 50 ohm 
load. The curves illustrate that the variation 
in attenuation was less than 10% over a two-to 
one frequency band. The culves also show a 
very low variation in reflection over this broad 
band of frequencies. This construction illus 
trates the high attenuation achieved in a very 
Small structure. The actual length of the atten 
uating section was approximately 5% inch and at 
attenuation in excess of 13 decibels was achieved. 
This amounts to an attenuation of approximately 
8 decibels per centimeter of line length. The 
board band attenuators employed in the art, at 
present, are often 10 times as long to obtain an 
equivalent attenuation with the same low re 
fiection coefficient. 
While a specific embodiment has been shown 

and described, and certain illustrative values 
have been given, it will, of course, be understood 
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6 
that various modifications may be made without 
departing from the invention. The appended 
claims are, therefore, intended to cover any mod 
ifications which are within the true spirit and 
Scope of the invention, 
What I claim as new and desire to secure 

by Letters Patent of the United States is: 
1. A Coaxial Section having an input and an 

Output for connection respectively to a source 
and to a receiver of electromagnetic energy, said 
Section comprising an outer conductor, an inner 
Conductor, and a dielectric medium between 
them, Said inner conductor being a non-con 
ductive rod coated with a thin film of conducting 
material having a relatively high resistance in 
co., arison with that of Said inner conductor, 
said dielectric being a liquid with a relatively 
high conductivity in comparison to that of air 
whereby the amount of energy transmitted to 
said receiver at Said output is Substantially less 
than the amount received from Said Source at 
said input and the amount reflected at Said Sec 
tion is Substantially constant over a wide range 
of operating frequencies, 

2. A coaxial attenuator comprising an outer 
conductor and an inner conductor, Said inner 
conductor being replaced through a portion of 
said attentuator by a non-coinducting rod, a pair 
of dielectric washers mounted at both ends of 
said portion and arranged to hermetically Seal 
said portion, said non-conductive rod being 
coated with a high resistive film bonded at both 
ends to said inner conductor, a dielectric Com 
prising a glycerine Solution inserted in the 
empty Spaces of Said portion. 

3. A coaxial transmission attenuator adapted 
for insertion between an ultra-high frequency 
source and load and capable of providing Sub 
stantially reflectionless absorption of energy Over 
a very wide band of frequencies lying above 500 
megacycles per second, said wide band including 
at least a two-to-one range of frequencies, com 
prising a tubular outer sheath and an inner 
coaxial conductor adapted to be interposed in a 
transmission line interconnecting Said Source and 
load, said inner conductor comprising a high. 
resistance material providing a high resistance R 
per unit length of line and having a very Small 
effective cross-sectional area, for currents of Said 
frequencies So as to maintain Said resistance Sub 
stantially constant over Said Wide band, and a 
dielectric medium interposed between Said 
sheath and inner conductor providing Substan 
tially uniform high values of Shunt Conductance 
G. and of shunt capacitance C per unit length of 
line as compared to air, said attenuator also 
having a series inductance L per unit length of 
line which is Substantially uniform Over Said 
wide band, Said resistance, conductance, capaci 
tance and inductance being proportioned Sub 
stantially to maintain the relationship LG=CR 
at all frequencies within Said wide band. 

RUDOLPH. A. DEH.N. 
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