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57 ABSTRACT 

A rotary vane attenuator is described, comprising two 
stators and an intermediary rotor, each with a resistive 
card. The rotor, in addition to the resistive card, in 
cludes an orthogonally disposed card of dielectric 
material which has no resistive film thereon. 

4 Claims, 3 Drawing Figures 
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1. 

ROTARY WANEATTENUATOR WHERENROTOR 
HASORTHOGONALLY DISPOSEDRESISTIVE 

AND DELECTRICCARDS 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per 
formance of work under a NASA contract and is sub 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85 
568 (72 Stat. 435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to attenuators and, 

more particularly, to a rotary vane attenuator of 
reduced size and weight and which exhibits small phase 
shift over the attenuator's dynamic range. 

2. Description of the Prior Art 
At present various attenuators for energy in the 

microwave range are well known. These include the ro 
tary vane (RV) attenuator. Basically such an attenua 
tor consists of three sections of a waveguide arranged 
in tandem. The two outer sections are fixed and are 
known as stators and the middle section, which is free 
to rotate axially with respect to the stators, is known as 
the rotor. The latter is generally a round or cylindrical 
guide of short length, while each of the stators is 
generally a rectangular-to-round waveguide. In each 
section a resistive film card is placed across the guide. 
In the stators the resistive film cards are normal to the 
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field of the applied wave. The construction is symmetri 
cal and the device is bidirectional. 
Two of the basic disadvantages of such an attenuator 

is its significant length and the phase shift which varies 
as a function of signal frequency. These two disad 
vantages greatly complicate attenuation calibration 
which is very undesirable whenever precise attenua 
tion, as a function of rotor rotation angle, is required. 
OBJECTS AND SUMMARY OF THE INVENTION 
It is a primary object of the present invention to pro 

vide a new improved rotary vane attenuator. 
Another object is to provide a compact precision ro 

tary vane attenuator. 
A further object of the present invention is to pro 

vide a new rotary vane attenuator in which phase shift 
is substantially independent of signal frequency. 
These and other objects of the invention are 

achieved by providing a rotor in which, in addition to 
the resistive card, a dielectric card is placed 
orthogonally with respect to the resistive film card. It 
should be stressed that the dielectric card does not 
have any resistive film, deposited thereon. It has been 
discovered that the addition of the dielectric card ena 
bles the reduction of the attenuator length, and the 
phase shift is substantially independent of frequency. 
That is, any phase shift which is experienced is substan 
tially constant over a significant portion of the attenua 
tor's dynamic range. 
The novel features of the invention are set forth with 

particularity in the appended claims. The invention will 
best be understood from the following description 
when read in conjunction with the accompanying 
drawings. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of a prior art rotary vane 
attenuator; 

FIG. 2 is a diagram of Efield vectors; and 
FIG. 3 is an isometric view of the attenuator of the 

present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is an isometric view of one type of a conven 
tional rotary vane attenuator 10, shown comprising sta 
tors 12 and 13 between which a rotor 14 is positioned. 
The three sections are aligned along an axial axis 15. 
Positioned in each section is a resistive film card. The 
three cards in sections 12-14 are designated by nu 
merals 22, 23 and 24, respectively. 
The operating principle of this type attenuator may 

be described in conjunction with FIG. 2 wherein the E 
field vectors at the input and output of each section are 
shown. When all resistive film cards are aligned, the E 
field of the applied wave is normal to the card. Thus no 
current flows in the resistive film and no attenuation 
occurs. If however, the rotor 14 is rotated so that card 
24 forms an angle 8 with cards 22 and 23, the E field 
can be considered as split between two components; E 
sin 6 in the plane of card 24 and Ecos 0 at a right angle 
thereto. The E'sin 8 component is absorbed in card 24 
while the Ecos 8 component passes unattenuated to 
stator 13. When it encounters card 23, the Ecos 6 com 
ponent is split into two components; Ecos 0 sin 6 in the 
plane of card 23 and E cos' 8 perpendicular thereto. 
Thus the Ecos 6 sin 6 component is absorbed by the re 
sistive film on card 23 and the Ecos 8 emerges from 
stator 13 at the same orientation as the original wave 
which entered stator 12. Thus ideally attenuation is 
proportional only to angle 8 at which the center card 24 
(or rotor 14) is rotated about axis 15 with respect to 
stators 12 and 13. However, in practice it has been 
discovered that attenuation is frequency dependent 
due to the phase shift which is a function of frequency. 

Phase shift and finite attenuation in the rotor vane 
can be measured and accounted by the expression 

A. c 

cos 2 cos 2 

wherein A = attenuation factor 
L = power ratio between the normal and tangential 
components at the rotor output 

(b= electrical phase shift difference between the nor 
mal and tangential components in the rotor in 
degrees. 

In practice d is frequency dependent. Generally L is 
made as large as possible so that equation (1) ap 
proaches 

Sin? 0 cos? 6+ sin' 6 (1) 

A = 1/cos' 8 

In situations where this is not possible, for example, in a 
precision rotary vane attenuator, where the highest ac 
curacy is required or reduced weight and/or size is im 
portant, equation (1) is especially valuable. However, 
since b is frequency dependent, calibration of the ro 
tary vane attenuator is very difficult. 
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It has been discovered that significant improvement 
in the attenuation 10 is achieved by inserting an addi 
tional card in the rotor 14 which is orthogonally posi 
tioned with respect to the resistive film card 24. The 
added orthogonally positioned card however does not 
support a resistive film, as does card 24. Rather, the 
added card is of dielectric material without any con 
ductive film thereon. Such an arrangement is shown in 
FIG. 3 in which the added card without a resistive film, 
is designated by numeral 30. 
The incorporation of the dielectric card in the rotor 

has resulted in substantially constant phase shift with 
frequency, particularly with X-band attenuators. It has 
been discovered that with the knowledge of phase shift 
d and L in equation (1), the length of the attenuator 
need not be made great as is the case in the prior art. 
Thus, the overall size of the attenuator can be greatly 
reduced without sacrificing precision in attenuation. 
Also once the phase shift is known, the attenuator. can 
be easily calibrated for the entire dynamic range. 
Although a particular embodiment of the invention 

has been described and illustrated herein, it is recog 
nized that modification and variations may readily 
occur to those skilled in the art and consequently it is 
intended that the claims be interpreted to cover such 
modifications and equivalents. 
What is claimed is: 
1. in a rotary vane attenuator of the type including 

first, second and third waveguide sections aligned along 
a selected axis, with said first and third sections being 
stationary and said second center section being rotata 
ble about said axis, with said first and third sections 
supporting electrically conductive means in a common 
plane extending through said axis and said second sec 
tion supporting electrically conductive means in a 
plane extending through said axis, the improvement 
comprising: 

dielectric means in said second section extending 
orthogonally to the electrically conductive means 
which is supported in said second section, in a 
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4. 
plane which passes through said selected axis. 

2. The arrangement as recited in claim 1 wherein the 
electrically conductive means in each of said sections is 
a flat card with a resistive film thereon, and said dielec 
tric means in said second section is a card of dielectric 
material which is not coated by a resistive film. 

3. The arrangement as recited in claim 2 wherein 
each of the cards extends the length of the section in 
which it is supported, and at least the second section is 
cylindrical with its longitudinal axis coinciding with 
said selected axis. 

4. A rotary vane attenuator comprising: 
a first waveguide section having a longitudinal axis 

extending along and coinciding with a preselected 
axis; 

a first card with resistive film thereon, supported in 
said first waveguide section in a first plane which 
extends through said preselected axis, said first 
waveguide section being fixedly positioned about 
said preselected axis; 

a second waveguide section, spaced from said first 
section, and having a longitudinal axis extending 
along and coinciding with said preselected axis; 

a second card with a resistive film thereon, supported 
in said second section in said first plane which ex 
tends through said preselected axis; . 

a third waveguide section between said first and 
second sections and having a longitudinal axis 
which extends along and coincides with said 
preselected axis, said third section being rotatable 
about said preselected axis; 

a third card with a resistive film thereon, supported 
in said third section in a plane which extends 
through said preselected axis; and 

a fourth card of dielectric material, which does not 
include a resistive film thereon, supported in said 
third section in a plane perpendicular to the plane 
in which the third card is supported, and which ex 
tends through said preselected axis. 
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