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10 Clains. 

This invention relatesto electrical Wave tran3 
mission networks and more particularly to net 
Works adapted to dissipate Wave energy at Vey 
high frequency. 
The principali object of the inventionisto stabi 

lize and othe1Wise improve resistance elementS 
operating in high frequency SystemaS. 
Another object is to pl'opery terminate inigi. 

frequency transmission lines Such as are used in 
Short Wave radio Systems, So that 'eSOnances, Ol' 
standing Waves are substantially suppressed. 

In making tests on a line employed in trainS 
mitting very high frequency signals, it is often 
desirable to terminate the line by a resistance 
equal to the characteristic impedance of the line. 
Under this condition resonances or Wave l'efiec 
tions Within the lineare Substantially daImped and 
the maximum annount of power is tranSmitted. 
It is also desirablesometimesto employ resistanceS 
in connection With antennae used in Short Wave 
radio stations for the purpose of improving the 
directivity. These resistances should be char 
acterized by stability of resistance value, virtual 
freedom from reactance at the operating fre 
quency, ability to dissipate considerable amountS 
of power, a high degree of mechanical Strength 
and ability to Withstand the Weather. 

Difficulty hasheretofore been experienced in the 
use of resistance elements at high frequency, due 
to the presence of appreciable amounts of induc 
tance, and to the uncertainty of the “skin effect”. 
Graphite rods have been employed aS resistance 
elements in high frequency Systems and by Virtue 
of the high resistivity, are fairly free from Skin 
effect and excessive reactance; but the resistance 
value of the graphite is not always stable, the 
contact resistance is uncertain and the mechani 
cal strength is notgreat. 

In accordance With this invention, thelreis pro 
vided a resistance element suitable for use at a 
Single high frequency, for example, in the Orde 
of twenty megacycles, Which is primarily depend 
ent upon the geometric dimensions of the device 
and only to a smaller extent upon the electrical 
resistivity of the conducting material. The re 
sistance value can be regulated by Suitably fixing 
the Size and Shape; So there canbe Selected a con 
ducting material which has a low, stable, resistiv ity. 
The device comprises a pair of parallel con 

nected, uniform lines, the remote ends of Which 
are terminated for the condition of full Wave re 
flection, that is, in an open circuit ora short cir 
cuit. The parallel lines are in general of unequal 
length, one being Shorterthan the length required 
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for the condition of resonance, the other being 
longer than the reSonance length. It is Well 
understood that a line shorter than the resonance 
length has a reactance opposite in sign to that of 
a line longer than the resonance length. Accord- 60 
ingly, it is contemplated to maintain the lengths 
of the two ines in such relation to each other 
that these opposite reactances are Substantially 
equa, and thereby annul each other; the input 
impedance is then substantially resistive. 
A substantially non-reactive input impedance 

can be obtained by eimploying a pair of Open cir 
cuited lines the combined length of Which is a 
nalf Wave length, or by usinga, pair of closed cir 
cuited lines having an overall length equal to a 70 
ful Wave length. By Varying the lengths of the 
individual lines While maintaining the Overall 
length constant, the input resistance may be 
Varied at Will and Will remain Substantially free 
from reactance. 5 
The resistance value is dependent upon the 

characteristic, or surge, impedance of the lines; 
and since this is determined by the distributed 
capacity and inductance, the input resistance is 
dependent primarily upon the physical dimen- 80 
Sjons of the line. 
In the preferred form, the two parallel lines 

are composed of concentric conductors Which are 
integral members for the two lines. The mem 
ber which serves as an outer conductor for both 85 
lines is a hollow cylindrical conductor, and the 
inner conductor forboth linesis a concentric rod. 

e remote ends of the line are preferably Open 
circuited. 
A feature of the invention is the means for 90 

mounting and making connection to the inner 
conductOr. 
Another feature is the mounting of the inner 

conductor in a, contact bushing Which permitS 
adjustment of the effective lengths of the tWO 95 
parallel lines, thereby permitting the adjustment 
of the resistance Vaule. 
The resistance elementS of this invention are 

enclosed Within an outer shell, and are well 
adapted to withstand the Weather; which makes 100 
them Suitable for Gut-doo' USe, Such a Sfor termi 
nating Wave antennae and other out-door lines. 
The invention Will be more clearly understood 

from the folloWing detailed description and ref 
erence to the dra Wing, of Which 

Fig. 1 illustrates a transmission system in 
cluding an adjustable concentric line resistance 
element in accordance With the invention, in 
Which the lines are open circuited and the cen 
tra conductoi novable; 
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Fig. 2 shows a non-adjustable resistance ele 

i ment embodying the invention in Which the Con 
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centric lines are closed circuited; 
Fig. 3 shows a side elevation, partly in Section, 

of a resistance element embodying the inven 
tion, in which the position of the terminals is 
adjustable; and 

Fig. 4 is an end view of a section of the elementi 
in Fig. 3, taken at line 4-4. 
The resistance device illustrated in Fig. 1 com 

prises a hollow, cylindrical tube 10, of a non 
magnetic, conducting material and a non-mag 
netic, conducting rod 11 held concentrically With 
in the tube by means of insulating guide bush 
ings 12, 13 and 14, the bushing 13 being centrally 
located with respect to the ends of the pipe. The 
rod is free to be moved lengtinwise Within the 
tube. To enable the rod to be thus moved there 
is provided a longshaft 15 of Small Cross-Section 
having a handle 16 at one end and threaded at 
the other end to permit engagement With cor 
responding threads tapped into a hole 17 drilled 
in one end of the rod. The shaft 15 need notbe 
in place except when adjustments are being 
made, but if it be made of a non-conducting ma 
terial there is no objection to leaYing it in the 
position shown. Plugs 18 are inserted in each end 
of the tube to prevent rain and other foreign 
material from entering. The plug at the end at 
which the adjusting shaft is located is provided 
with a concentric hole of Sufficient diameter to 
permit the free passage of the Shaft. This hole 
may be closed by a plug or other Suitable means, 
upon Withdrawing the Shaft. 
Connection to the inner conductor is made by 

means of a terminal screw 19 threaded into bush 
ing 13 and making contact With conductor 11, 
a clearance hole being provided in the outer tube 
around the terminal SCreW. 
A terminal lug 26 is threaded into the tube at 

a point opposite the lug 19. The end of lug 26 
projects slightly within the pipe shell and into 
a recess 27 cut in the insulating guide bushing 
13, thereby acting as a set pin for the bushing. 
The resistance device is illustrated as termi 

nating a transmission network 60 of any Sort 
requiring a resistance termination. The output 
leads 62 from the network 60 are connected to 
the screw 19 and lug 26, respectively, as shown, 
and a Source 61 of high frequency WaVes is COn 
nected to the input side of the network. 
The resistance device in Fig. 1 consists effec 

tively of a pair of uniforim transmission lines 
connected in parallel at terminals 19 and 26, One 
side of the lines being constituted by the tube and 
the other Side by the inner rod. The lengths of 
the lines are the distances of the ends of the 
inner rod, from the central contact points. Since 
the ends do not make electrical contact With the 
outer tube, the lines are open circuited at their 
ends. The overall length of the tWo lines, that is 
the length of the concentric rod, is made pref 
erably equal to half the length of the electrical 
Wave With Which the deVice is to be UISed. The 
impedance at the input terminals of the shorter 
of the open circuited linesis eXpresSed by: 

Z'=Zo coth pl. (1) 
Where Z' is the input impedance of the shorter 
of the lineS; 
Zo is the characteristic impedance of the line, 

that is, the impedance of an infinite length of the 
ine; 
p is the propagation constant per unit of 

length; and 

1,935,313 
lis the length in centimeters of the line. 
The impedance at the input terminals of the 

longer of the open circuited lines is eXpressed by: 
Z''=Zo coth p(L-l) (2) 

Where Z'' is the input impedance of the longer 
of the lines; and 
Lis the total length in centimeters of the two 

parallel connected lines, that is, the length of the 
inner rod. 

It can be shown from Equations (1) and (2) 
that the impedance measured at the terminal lugs 
of the device in Fig. 1, is eXpressed by the equa 
tion: 

80 

85 

90 
Zº 227Il l 22 l Z= cos X +4R (1 ) sin X 

(1-: J2 L 

Where Z is the impedance of the device, 
X is the Wave length, and 
Ro is the impedance which the device Would 

have if the two parallel lines were of equal length, 
that is, if l=L-l. For the concentric type of line 100 
Such as that of Fig. 1 the values of Zo and Ro 
are expressed by the following equations: 

sin (3) 
95 

Z=138 log10 b ohms, (4) 
a 105 

where b is the inside diameter of the pipe shell 
in cm.; and 

a is the outside diameter of the concentric rod 
in cm. 

110 
1 -/ 1 , 1 R=Vpr(+)L10 9 ohms, (5) 

approximately, Where 
p is the resistivity of the pipe and rod material 

in electro-magnetic unitS; 
u is the magnetic permeability of the metal, 

equal to unity in the case of the non-magnetic 
material; 
fis the frequency of the electrical Waves in 

cycles per second. 20 
So long as the dissipation is Small, the imped 

ance of each of the parallel-connected linesis Very 
largely reactive. The impedance of the shorter 
line, since it is less than one quarter wave length, 
is capacitative and that of the longerline, which 125 
is greater than quarter wave length, is inductive. 
Since the two lines differ from a quarter Wave 
length by equal amounts, the reactances of the 
two lines are very nearly equal in magnitude, and 
therefore neutralize each other. Actually the 130 
neutralizing is not complete, asmay be seen from 
Equation 3, but in practice it is found that the 
residual reactance is only about one per cent of 
the resistance. By making the total length of 
the two lines very slightly greater than One half 135 
Wave length complete neutralization can be ob 
tained. 

Fig. 2 illustrates a resistance element in accord 
ance With the invention in Which the parallel 
connected lines are closed circuited and their 140 
lengths fixed. The device comprises a hollow 
electrical conducting tube, 30, closed at its ends 
by tight fitting metallic caps 31 firmly held in 
place by nuts 32 tightened down on the threaded 
ends of a concentrically located metallicrodi 33. 146 
The input terminals of the device are terminal 
lugs 34 and 35 to Which are attached leads 62 
Sothat the device may be connected to the output 
of a transmission network aS in Fig. 1. The latter 
of these lugs screWS into the tube and is held 15 
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in place by a locknut 36; and the forner screws 
through an insulating bushing 37 and into a 
recess 38 in the rod 33. The bushing 37 is forced 
through a hole in the tube opposite terminal lug 
35. The terminal lugsare located at a point on 
the tube unequally distant from the two ends, the 
exact location being determined by the desired 
value of resistance. 
The device of Fig. 2 differs from that of Fig. 1 

in that the lines effectively connected in parallel 
at the input terminals, instead of being open 
circuited, are short circuited at their ends by the 
metallic caps 31. A further difference is that 
the device of Fig. 2 is non-adjustable, and is de 
signed to have but a single value of resistance, 
The impedance of the shorter of the two closed 

circuited lines of Fig. 2 is expressed by the equa 
tion: 

Z'=Zo tanhpli (7) 
and the impedance of the longer of the lines is 
eXpresSed by:: - 

Z'=Zo tanhp (L1-li) (8) 
where Z1' is the input impedance of the shorter 
line; - 

Z1'' is the imput impedance of the longer line; 
Lis the overall length of the two lines, that is, 

of rod 33; and 
li is the length of the shorter of the lines. 
The length of the line in Fig. 2 should betWice 

the length of rod 11 in Fig. 1, for signal Waves 
of the Same frequency. 

i The resistance device of Fig. 3 is an adjust 
able type, but differs from that in Fig. 1 in hav 
ing a movable pair of contacts instead of a mov 
able concentric rod. The advantage of the mov 
able contact type is that the total length of the 
device is only about half the length of the nov 
able rod type. The device comprises a tube 40 
and a concentric rod 41 held firmly in place by 
end bushings 42 of insulating material. Termi 
nal lugs 43 and 44 for connection to an exter 
nal circuit are screwed into radial holes in a 
bushing 45 of insulating material and are sup 
plied with leads 62. Lug 43 makes electrical 
connection With rod 41 by a disc 46 held against 
the rod by a compressed Spring 47. Bushing 46 
is fitted Within the pipe and over the rod so 
that it is free to Slide longitudinally. To al 
loW the bushing and the terminal lugs to be thus 
moved, slots 49 and 50 are provided, extending 
on opposite sides of the tube for the length over 
Which it is desired to move the bushing. This 

i construction is more clearly seen with the aid 
of Fig. 4, Which is a cross-Sectional view at line 
4-4. To prevent terminal 43 of the inner rod 
from touching the outer pipe shell and thus short 
circuiting the resistance element, the sides of the 
slot 49 are: covered With an insulating material 
51, Which may be a rubber strip cemented to 
the pipe. Terminal lug 44 is provided with a 
projecting metallic flange 52 for the purpose of 
making contact With the shell of the pipe. 
The adjustable resistance device of Figs. 3 and 

4 is electrically equivalent to the element in Fig. 
1 When the length of the pipe 40 and rod 41 is 
equato the length of rod 11 in Fig. 1 and When 
the diameters of the pipes and rods are the Same 
for the tWO lineS. 
The devices of Figs. 1 to 4 ordinarily occupy 

considerable Space; for example, for use With a 
16 meter Wave, the length of the inner rod of 
the device in Fig. 1 is 8 meters, and the length 
of the outer pipe is about 16 meters. For the 

3 
same 16 meter wave, the device of Fig. 2 is 16 
meters long and the device of Fig. 3 is 8 meters 
long. The outside diameters of the pipes will 
usually be in the order of 1 inch. It is evident, 
then that the figures are drawn much out of 
proportion, but this is necessary for a proper 
showing of the details. 

In designing one of the open-circuited types of 
elements, the length of the device is determined 
by the wave length, the totalline length being 
made equalto a quarter Wave length. In fiX 
ing on the diameters of the pipe and of the con 
centric rod, Values can be assigned which Will 
give any convenient Valle of characteristic im 
pedance, Zo. For example, if the pipe has an 
inside diameter of '75 inch and the concentric 
rod an Outside diameter of 23 inchit is found 
from Equation (1) that Zo is equalto 70.7 ohms. 
Where the conducting material of the element 
is bronze, it is found from Equation (6) that 
the mid-point resistance Rois.25 ohm. It is to 
be noticed that the thickness of the material is 
not important, only the Surfaces being used at 
the high frequencies of radio communication. 
By substituting the numerical values for Zo, Ro 
and X in the first two terms of Equation (4), 
the length lfor any desired resistance value can 
be determined. In the case of the adjustable 
types of resistance elements, the length l can be 
adjusted Until the deSired resistance value is 
obtained; the desired value can be observed by 
measurement. 

In the case of resistance elements composed 
of short-circuited lines, the design procedure is 
the same as in the case of the open-circuited 
type, except that the short-circuited lines are 
twice the length of the open-circuited lines. The 
greater length of the closed-circuited type gen 
erally makes the open-circuited type more de 
Sirable. M 

It is to be understood that the resistance device 
of the invention may be employed as a two 
terminal circuit element in a variety of arrange 
mentS and is not limited to use aS a termination 
for a transmission network as shown in Fig. 1. 
What is claimediS: 
1. An electrical resistance element for use at 

a Single frequency comprising tWo lines having 
equal characteristic impedances, the input ends 
of Said lines being connected in parallel and the 
output ends terminated for the condition of full 
Wave reflection, lengths of Said lines being pro 
portioned With reSpect to each other to have 
Substantially equal and opposite reactances. 

2. A high frequency electrical resistance ele 
ment for use at a pre-assigned frequency com 
prising a conducting cylindrical shell and a con 
ductor located concentrically Within said shell, 
the length of Said inner conductor being one 
half the Wave length at Said frequency and the 
ends of the conductors being terminated for the 
condition of full wave reflection, the input termi 
nals of Said element being a point on said shell 
and an adjacent point on said inner conductor, 
Said pointS being intermediate the ends of the 
conductors. 

3. An electrical resistance device comprising 
tWo lines, the input ends of which are connected 
in parallel, the lengths of Said lines differing from 
the resonance length at a pre-assigned frequency 
by Substantially equal amounts, one being less 
than, the othergreaterthan the resonance length 
Whereby the reactances of said lines substantially 
annul each other and the input impedance is sub 
Stantially resistiVe. 
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4 
4. An electrical resistance device for use at a 

preassigned frequency comprising a conducting 
tube, a metallic rod the length of said rod being 
one-half the Wave length at said frequency, 
means for holding said rod in concentric position 
Within said tube, the ends of the system so formed 
being open for full wave reflection therefrom, a 
pair of terminals, one of said terminals making 
contact with said tube, the other of said terminals 
making contact With Said rod, said terminals 
being located adiacent each other at points in 
termediate the ends of said pipe and rod, and 
means for insulating the terminal connected to 
the rod, from the pipe. 

5. An adjustable electrical resistance device 
for use at a preassigned frequency comprising a 
conducting tube, a metallic rod the length of said 
rodi being one-half the Wavelength at said fre 
quency, means formaintaining said rod in con 
centric position Within said tube, the ends of the 
system so formed being open for full wave re 
flection therefrom, means for moving said rod 
longitudinally With respect to said tube, a termi 
nal connected to said tube at a point intermedi 
ate its ends, a second terminal fastened in an 
insulating bushing, Said bushing extending 
through said tube shell at a point opposite said 
first terminal, and means for causing said second 
terminal to make contact With said rod. 

6. An adjustable high frequency resistance de 
Vice for use at a preassigned frequency compris 
ing a cylindrical conducting shell, an inner con 
ductor concentrically located Within said shell, 
the length of saidinner conductor being one-half 
the wave length at said frequency and the ends 
of the system so formed being open for full wave 
reflection therefrom, a pair of terminals mounted 
in a bushing, said bushing being movable length 
Wise Within Said shell, and means formaking con 
tact between Said Shell and the first of Said ter 
minals, means associated With said bushing for 
effecting contact between the Second of Said ter 
minals and Said inner conductor, and means as 
sociated With said shell for insulating said Second 
terminal from Said shell. 
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7. An adjustable high frequency resistance de 

Vice according to claim 6 in which the means for 
making contact between the shell and the first of 
Said terminals comprises a longitudinal slot in 
the shell, through which said first terminal ex 
tends, and a protrusion on the terminal for 
engaging with the edges of said slot. 

8. A high frequency electrical resistance eles 
ment for use at a preassigned frequency compris 
ing a conducting cylindrical shell and a conduc 
tor located concentrically Within said shell, the 
length of said inner conductor being the Wave 
length at Said frequency and the ends of the 
system so formed being short-circuited for full 
Wave reflection therefrom, the terminals of sald 
element being a point on said shell and an adja 
cent point on said inner conductor, said points 
being intermediate the ends of the conductors. 

9. A high frequency electrical resistance ele 
ment for use at a preassigned frequency compris 
ing a conducting cylindrical shell, an inner con 
centric conductor free to move lengthwise With 
respect to said shell, the length of said inner 
conductor being one-half the wave length at said 
frequency and the ends of the system so formed 
being open for full wave reflection therefrom, the 
terminals of saidi elements being a point on said 
shell and an adjacent point on said inner conduc 
tor, said points being intermediate the ends of 
the conductors, and means formaintaining said 
inner conductor in its concentric position. 

10. A Variable electrica resistance element for 
use at a preassigned frequency comprising a con 
ducting cylindrical shell, an inner concentric 
conductor, the length of said inner conductor 
being one-half the Wave length at said frequency 
and the ends of the system so forned being open 
for full Wave reflection therefrom, a bushing 
fitted Within said shell, said inner conductor be 
ing free to move lengthwise through said bush 
ing, and means for electrically connecting to the 
inner conductor through said bushing and to the 
outer shell at a point adiacent said bushing. 

CAR. B. B. FELADMLAN. 
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