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shown in FIG. 3 in cross-section for purposes of descrip 
tion, any desired type of coaxial connector 14 and 15 can 
be used according to the needs of the particular appli 
cation. 

In the operation of the strip transmission line 10, RF 
energy fed to one of the connectors, for example, con 
nector 14, propagates along the transmission line 10 pro 
vided by the line conductor 12 and the planar conductor 
11 to the other one of the connectors, for example, con 
nector 15, from where the RF energy can be coupled to 
a utilization circuit. An electromagnetic field is dis 
tributed between the opposed surfaces of the conductors 
11, 12 with a fringe field extending from the side and top 
portions of the line conductor 12 toward the planar con 
ductor 11. A strip transmission line per se is known, and 
a detailed discussion of its operation is not deemed neces 
Sary. 
. A cylinder 25 constructed of dielectric material may be 
molded of glass cloth impregnated with high temperature 
thermosetting epoxy-resinor may be constructed in any 
other suitable manner. A resistive member (FIG. 4) 
is formed by evaporating or otherwise placing a thin but 
uniform metallic film of resistive material 26 on a thin, 
flexible, transparent sheet 27 constructed of dielectric 
material. The sheet 27 is, for example, 002 inch thick 
and can be formed of polyethylene terephthalate resin 
identified as Mylar or other suitable material. The resis 
tive film may be in the order of millionths of an inch thick. 
The sheet 27 with the resistive film 26 placed thereon is 
Wrapped around the cylinder 25 and can thenbe, for 
example, thermally bonded to the cylinder 25 with the 
resistive film 26 between the surface area of the cylinder 
25 and the sheet 27. 
i The thickness of the sheet 27 and of the resistive film 
26 are exaggerated in the drawing for purposes of illus 
tration. From the dimensions given above by way of ex 
ample, it is apparent that the actual thickness of the resis 
tive film 26 and of the sheet 27 placed on the cylinder 25 
can be made considerably smaller than indicated in the 
drawing. The width of the sheet 27 is determined so that 
it does not overlap the edges of the cylinder 25. The 
length of the sheet 27 is determined so that when wrapped 
around the cylinder 25 the adiacent edges 28, 29 of the 
sheet 27 do not meet or overlap, leaving a gap 30. For 
eXample, the sheet 27 may be dimensioned so that it wraps 
around the cylinder 25 for approximately 330 degrees. 
The cylinder 25ispositioned over the strip transmission 

line 10 by means of shafts 31, 32 located at the opposite 
ends thereof. The shafts 31, 32 are supported bybearing 
blocks 33 and 34, respectively, so that the longitudinal 
axis of the cylinder 25 isparallel to and equally spaced 
from animaginary line, not shown, drawn along the center 
of the line conductor 12. 
As shown in the cross-sectional view of FIG. 2, a sec 

tion 37 at the base of the bearing block 33 is removed, 
permitting the bearing block 33 to be mounted across the 
line conductor 12. The height at which the cylinder 25 
is supported above the line conductor 12 by the shafts 31, 
32 and the bearing blocks 33, 34 is determined so as to 
allow touching but free rotative movement of the cylin 
der 25 over the line conductor 12. The bearing blocks 
33, 34 canbe constructed of brass or other suitable mate 
rial. The bearing block 33 is indicated in the cross 
sectional view of FIG. 3 as including a ball bearing 
assembly 35 for supporting the shaft 31. The bearing 
block34is also indicated as includingaball bearingassem 
bly 36 for Supporting the shaft 32. In practice, any type 
of Suitable bearing assembly may be used. The bearing 
blocks 33, 34 are securely fastened to the strip transmis 
sion line 10 in any desired manner. For example, a pair 
of bolts 38 are shown in the cross-sectional view of FIG. 2 
Which pass through the planar conductor 11, the dielec 
tric layer 13 and into matching holes, not shown, in the 
bearing block 33. The bearing block 34 is fastened to 
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4 
the bolts 39 indicated in the cross-sectional view of 
FIG. 3. 
A simplified arrangement for rotating the cylinder 25 

through its positions of adjustment is shown in the draw 
ing. A calibrated disc 40 is shown fastened to the bear 
ing block 34. A tuning knob 41 is mounted on the end 
of the shaft 32. By turning the knob 41, the cylinder 25 
can be rotated to any desired position with respect to the 
line conductor 12. The disc 40 and knob 41 can be re 
placed by a complex gear box or by any other tuning 
means arranged to rotate the cylinder 25 on the shaft 32. 
The tuning means can be designed to provide the degree 
of accuracy and precise adjustment desired. If needed, 
suitable means canbe provided forlocking the cylinder 25 
against further rotation once an adjustmenthas been made. 
Such locking means can, for example, take the form in 
the case of the disc 40 and knob 41 shown in the drawing 
of a lock nut, not shown, arranged to hold the knob 41 
tightly against the disc 40 and the block 34. In normal 
usage, the frictional engagement of the cylinder 25 at the 
Mylar sheet 27 with the line conductor 12 taken with the 
resistance to movement presented by the bearings 35, 36 
serves to prevent miscellaneous movement of the cylin 
der 25. 
A pair of U-shaped metallic braces 42, 43 are shown in 

the cross-sectional view of FIG. 2. The braces 42, 43 
serve to provide rigidity to the strip transmission line 10. 
The brace 42 is fastened onto the planar conductor 11 of 
the strip transmission line 10 by the bolts 44, and the 
brace 43 is fastened to the planar conductor 11 of the 
strip transmission line 10 by the bolts 45. The braces 
42, 43 are positioned at opposite edges of the strip trans 
mission line 10 so that they each extend in a direction 
parallel to the line conductor 12. Thus, the brace 42 is 
shown in the cross-sectional view of FIG. 3 as extending 
Substantially the length of the strip transmission line 10. 
The braces 42, 43 tend to prevent warping of the strip 
transmission line 10, particulary, along a line crossing 
the line conductor 12 which would result in variations in 
the spacing between the resistive film 26 and the line con 
ductor 12. The braces 42, 43 also provide a means for 
readily mounting the strip transmission line 10 on a wall 
or other support. The braces 42, 43 may be replaced by 
any suitable means designed to strengthen the strip trans 
mission line 10 or, if not needed, such structure can be 
eliminated. A cover, not shown, can be provided which 
fits over the cylinder 25 and fastens to the dielectric layer 
13. In the alternative, the attenuator including the cylin 
der 25 and the strip transmission line 10 can be assembled 
in a housing, not shown, of the type which comprises a 
cover and a base plate. 

In designing the variable attenuator for use in a partic 
ular application, the attenuation versus angular rotation 
curve desired is determined. The resistance value of the 
Tesistive film 26 and the shape of the resistive film 26 are 
Selected to provide the proper response curve. A simple 
triangular shaped resistive film 26 is shown in the embodi 
ment of FIG. 4 and indicated by the dashed line in FIG. 1. 
ASSuming that the cylinder 25 is rotated in a clockwise 
direction so as to cause the film 26 to move in the direc 
tion of the arrow 50 shown in FIG. 4, past the line con 
ductor 12, a gradually and continuously increasingamount 
of the resistive film 26 intersects the fringe field of the 
line conductor 12. Since the attenuation is a function 
oflength of resistive material over the line conductor 12, 
the amount of attenuation imparted to RF energy propa 
gated along the strip transmission line 10 increases a cor 
responding amount. Upon the cylinder 25 being rotated 
in a counter-clockwise direction, the amount of resistive 
film 26 and therefore the amount of attenuation decreases 
a corresponding amount. The tuning knob 41 can be 
operated to set the cylinder 25 at the desired position 
of adjustment for the amount of attenuation desired. 
The presence of the gap 30 formed on the cylinder 25 

the strip transmission line 10 in a similar manner as by 75 by a break in the resistive film 26 and in the Mylar sheet 
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27 serves to space the operating point of the attenuator 
at which the minimum amount of the resistive film 26 is 
present from that at which the maximum amount of the 
resistive film 26 is present. By this construction, a clear 
and abrupt change in the resulting attenuation takes place 
between the two operating points or positions of adjust 
ment. Without the gap 30, both the maximum amount 
of the resistive film 26 and the minimum amount of the 
resistive film 26 could appear at the same time over the 
line conductor 2, distorting the amount of attenuation 
achieved at this setting of the cylinder 25. 
The Mylar sheet 27 positioned between the resistive 

film 26 and the line conductor 12 serves to prevent abra 
sion of the resistive film 26 by the line conductor 12. 
Instead of positioning the Mylar sheet 27 on the cylinder 
25, the Mylar sheet 27 can be bonded to or otherwise 
placed on the dielectric board 13 over the line conductor 
12. In this case, the resistive film 26 is placed directly 
on the surface area of the cylinder 25 by any suitable 
technique. 

In a typical example of a variable attenuator con 
structed according to the embodiment shown in FIGS. 1 
through 4, the attenuator was designed to provide a 
change in attenuation of 0 to 20 db (decibels) at an oper 
ating frequency within the frequency range of 4.4 to 5 
kmc. (thousand megacycles per second). The cylinder 
25 including the two shafts 31, 32 was seven inches long 
with the cylinder 25 itself being five inches long. The 
cylinder 25 was three-quarters of an inch in diameter, and 
the shafts 31, 32 were each one-quarter of an inch in 
diameter. The resistive film 26 was composed of chro 
mium, nickel and rhodium mixed to provide a resistance 
value of fifty ohms per square inch +10 percent. The 
resulting construction was found to permit rigid mounting 
of the cylinder 25, while at the same time permitting ac 
curate and precise setting of the attenuator to provide 
the amount of attenuation desired. 

Since the resistive film 26 is at any setting of the at 
tenuator backed by the thickness of the cylinder 25, the 
resistive film 26 is maintained substantially free from 
vibration. This construction is to be contrasted to that 
in which the resistive member is formed as a thin, flat 
sheet-like member mounted in a plane perpendicular to 
the line conductor for lateral movement past the line 
conductor. Since in the latter case the resistive member 
is both thin and wide, it is particularly susceptible to 
vibration. The use of Such a resistive member has re 
quired additional structure Which is often compleX and 
costly to implement for reducing the tendency of the 
resistive member to vibrate. The need for such addi 
tional structure is avoided by the present invention. 
A variable attenuator constructed in the manner shown 

in FIGS. 1, 2 and 3 can be adapted for use in a Wide 
range of applications. By determining the diameter and 
length of the cylinder 25 so that the cylinder 25 supports 
a resistive film 26 of given resistance value and shape, a 
desired attenuation versus angular rotation curved for 
the attenuator is achieved. The cylinder 25 is not limited 
to the dimensions given above. Assuming that a triangu 
larly shaped resistive film 26 as shown and described in 
connection with FIG. 4 is used and that the attenuator 
is to be operated at a higher range of frequencies than 
cited above by way of example, a greater loss per unit 
length of the resistive film 26 takes place since more 
wavelengths are present along the resistive film 26. 
Therefore, notas much resistive film is needed to achieve 
a given amount of attenuation. The axial length of the 
cylinder 25 and of the resistive film 26 can be corre 
spondingly reduced. 
Any desired response curve is readily achieved. A 

simple design has been described in connection with FIG. 
4 by which the amount of attenuation continuously in 
creases or decreases according to the direction in which 
the cylinder 25 is rotated. Applications exist in which 
a more compleX response curve is desired. it may be 
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6 
desirable for the attenuation to change irregularly and 
in different directions for succeeding settings of the at 
tenuator so as to compensate or otherwise offset some 
characteristic of the RF energy. By way of example, 
a resistive film 5 is shown in FIG. 5 which can be 
evaporated or otherwise placed on a Mylar or other suit 
able sheet 52 in the manner previousy described. As 
suming that the resistive film 51 and the sheet 52 are 
placed on the cylinder 25 and that the cylinder 25 is 
rotated in a direction to cause the resistive film 51 to 
pass over the line conductor 12 in the direction of the 
arrow 53 shown in FIG. 5, the attenuation achieved 
Will increase to a first value, then decrease to a lower 
value greater than zero, and finally increase to an even 
higher value. Any desired amount of attenuation at 
the different settings of the attenuator can be obtained 
by shaping the resistive film according to the needs of 
the particular application. 

Also, it is not essential that a gap in the manner of 
the gap 30 shown in FIG. 1 be provided. Mechanical 
stops can be provided at the settings of minimum and 
maximum attenuation to limit rotation. In other ap 
plications, the resistive film can be shaped so that it 
forms a succession of attenuator settings completely 
around the cylinder 25. In such an application, the 
turning of the attenuator provides attenuation for the 
full 360 degree angular rotation of the cylinder 25. Since 
the possible appearance of different amounts of the re 
sistive film over the line conductor A2 at the same time 
in an objectionable manner is not encountered, no gap in 
the resistive film or provision of mechanical stopsis neces 
Sary. 
What is claimed is: 
1. A variable attenuator for transmission lines of the 

type including a first conductor, a second conductor, and 
means disposing said conductors in close dielectrically 
spaced parallel relation using a flat board of dielectric 
material comprising, in combination, 
a solid cylinder constructed of dielectric material, 
a thin, flexible sheet of dielectric material having a 

resistive film thereon wrapped around and bonded 
to said cylinder with said resistive film between said 
cylinder and said sheet, 

support posts mounted on said fiat board of dielectric 
material, means for mounting said cylinder to said 
support posts for close but free rotative movement 
over said first conductor with the longitudinal axis 
of said cylinder being parallel to and equally spaced 
from said first conductor. 

2. A variable attenuator for transmission lines of the 
type including a line conductor, a planar conductor, and 
a flat board of dielectric material spacing said conduc 
tors in close parallel relation comprising, in combina 
tion, 
a solid cylinder constructed of dielectric material, 
a thin, flexible sheet constructed of dielectric material 
and having a resistive film evaporated on a portion 
thereof Wrapped around and secured to said cylin 
der, 

means mounted on said board for supporting said 
cylinder for free rotative movement over said line 
conductor with the longitudinal axis of said cylinder 
being equally spaced from and parallel to said line 
conductor, and a tuning means connected to one end 
of Said cylinder arranged to rotate said cylinder and 
thereby determine the amount of said resistive film 
present over said line conductor. 

3. In combination, 
a first conductor ribbon-like in configuration, 
a second conductor wider than said first conductor to 

present thereto a planar surface, 
a fiat board of dielectric material interposed between 

Said conductors to maintain them in close, dielectri 
cally spaced parallel relation, 
Whereby an electromagnetic field is distributed be 
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with a fringe field extending from side and top 
tween the opposed surfaces of said conductors 
portions of said first conductor toward said 
second conductor, 

a solid cylinder of dielectric material, 
a thin flexible sheet of dielectric material having a 

resistive film evaporated on only a portion thereof 
wrapped around and secured to said cylinder with 
said film between said sheet and said cylinder, sup 
port posts mounted on said board, means formount 
ing said cylinder to said support posts for close but 
free rotative movementover said first conductor With 
the longitudinal axis of said cylinder being equally 
spaced from and parallel to said first conductor and 
with said cylinderbeing spaced to cause said resistive 
film to intersect said fringe field as said cylinder is 
rotated, 

and means secured to said cylinder for rotating said 
cylinder over said first conductorso as to determine 
the position of said cylinder and said film relative to 
said first conductor. 

4. A variable attenuator comprising, in combination, 
a section of transmission line of the type including 

a first ribbon-like conductor, a second conductor 
wider than said first conductor to present a planar 
conducting surface to said first conductor, and a fiat 
board of dielectric material disposing said conductors 
in close dielectrically spaced parallel relation, 

a first coaxial connector mounted on said line in a 
manner to couple radio frequency energy to said 
line and a second coaxial connector mounted on said 
line at a point removed from said first connector in 
a mannerto couple said energy from said line, 
whereby an electromagnetic field is distributed be 

tween opposed surfaces of said conductors upon 
said energy being coupled to said line with a 
fringe field extending from side and top portions 
of said first conductor toward said second 
conductor, 

a solid cylinder of dielectric material, 

0 

5 

20 

25 

30 

35 

8 
a thin, flexible sheet of dielectric material having a film 

of resistive material on a portion thereof wrapped 
around and secured to said cylinder with said film 
between said sheet and said cylinder, 

said film being arranged in a definite pattern on 
said sheet so that differing amounts of said film 
occur at succeeding positions around said 
cylinder, 

two support posts mounted on said board, means 
for mounting said cylinder to said support posts 
for close but free rotative movement over said 
first conductor intermediate said first and second 
conductors with the longitudinal axis of said 
cylinder being equally spaced from and parallel 
to said first conductor and with said cylinder 
being spaced to cause said resistive film to in 
tersect said fringe field as said cylinder is ro 
tated, 

and means secured to said cylinder for rotating 
said cylinder over said first conductor to deter 
mine the position of said cylinder relative to said 
first conductor and thereby the amount of said 
film present in said fringe field of said first con 
ductor. 
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