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This invention relates to electrical apparatus 
of the type adapted to operate at frequencies so 
high that the dimensions of the apparatus are 
greater than or not very much less than the wave 
length corresponding to the frequency of opera 
tion, and especially to such apparatus adapted to 
transmit or receive or both transmit and receive 
Wavelengths between 50 and 1 cm. 

It is sometimes desirable that the direction to 
which the apparatus emits radiation, or from 
which it receives radiation, should be easily vari 
able; it may then be desirable that one part of 
the apparatus should be rotatable relatively to 
another part with which it is in electrical con 
nection. Connection through slip rings or other 
rubbing contacts is undesirable at these high 
frequencies; the object of this invention is to pro 
vide a suitable form of connection. 
The invention depends upon a principle which 

will now be explained with reference to the ac 
Companying drawing, in which 

Figure 1 shows one form of the improved con 
nection permitting relative movement of two con 
Centric lines, 

Figure 2 is a diagram of a circuit comparable 
to the connection shown in Figure 1, and 

Figures 3,4 and 5 show respectively three modi 
fications of the arrangement shown in Figure 1. 

Figure 1 shows a concentric line with outer 
Conductor and inner conductor 2, these con 
ductors being joined at a closed end, but not con 
nected at the open end; the length of the line 
is M4, where a denotes the wavelength corre 
sponding to a frequency at which the apparatus 
is adapted to operate. Near the closed end there 
enters a side concentric line with outer conductor 
3 and inner conductor 4, connected respectively 
to the outer and inner conductors and 2. It 
is known that this arrangement is equivalent in 
many respects to one half of the band-pass filter 
Section shown in Figure 2, consisting of an in 
ductor 5 tuned by a condenser 6, oscillations hav 
ling the frequency to which the combination is 
tuned being injected by the leads 7 and 8 both 
near one end of the inductance. It is further 
known that if leads ' and 8' are connected cor 
respondingly to the other half of the section, 
consisting of inductor 5’ and condenser 6', the 
transfer impedance between 7, 8 and 7", 8" is 
much less than if these leads were connected 
directly through the condenser 9, joining the two 
halves of the section; in other words the con 
denser 9 acts as if it were a Condenser of much 
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and strictly sinusoidal voltages applied to them, 
the transmission loss between 7, 8 and 7", 8' would ... 
be 2ero, however small the capacity of the con 
denser 9. 

. Suppose then that a system f', 2',3', 4' similar 
to , 2, 3, 4 in Figure 1 is placed with its open 
end opposite to that of f, 2, 3, 4. The arrange 
ment is then analogous to that of Figure 2, the 
capacities between the conductors , f' and 2, 2’ 
playing the same part as the condenser 9. Ac 
cordingly, though the systems , 2, 3, 4, f', 2',3', 4' 
are only connected through small capacities, they 
behave, in respect of the leads 3, 4, 8', 4' as if 
they were connected by a much larger capacity; 
if the side line 3, 4 is near enough to the closed 
end of , 2, this apparent capacity will be so great 
that the connection of 3, 4 to 3', 4' is almost 
equivalent to a conductive connection. 
The object of this invention is attained by in 

troducing the lines to be connected into the con 
Centric lines , 2, '', 2', and these concentric lines 
are arranged with their open ends facing each. 
other so that they are rotatable relatively to each 
other about their common axis. One of the said 
lines to be connected leads to a directional aerial 
and the other to an oscillator (or receiver) from 
(or to) which oscillations pass to (or from) the 
aerial. Of course the same apparatus may be 
used for both receiving and transmitting. 

It is not necessary that the concentric lines 
should have a closed end near the entry of the 
side line or that its length should be A/4. The 
necessary and sufficient condition is that the side 
line should enter near a voltage node and that 
the distance from this voltage node to the open 
end presented to the open end of the other con 
centric line should be p A/4, where p is an odd 
integer. Thus the position of the voltage node 
in Figure 1 would be unchanged, and conse 
quently the operation of the arrangement, if the 
closed end of a line , 2 or f', 2' were replaced 
by a line open at each end and of length p A/4, 
where p is an odd integer. 
Again the side lines need not make metallic 

connection with the main lines; the necessary 
coupling may be made in known manner by a 
magnetic loop. 

It will be observed that the principle of the 
invention, heretofore explained with reference 
to Figure 2 and underlying the invention, depends 
on the fact that the impedance between the open 
ends of lines 1, 2, f', 2' in Figure 1 is a pure 

- capacitative reactance large compared with the 
larger capacity connecting the leads directly. In 
deed, if ideal falter sections could be constructed 66 is no upper limit to the magnitude of this im 

input impedance of a sideline. In principle there. 



pedance; but in practice it is desirable to reduce 
it as far as possible, for thereby the width of the 
frequency band that can be transmitted without 
appreciable loss is increased. It can be reduced, 
for example as shown in Figure 3, by providing 
the ends of the members of the lines with flanges 
O, O' and , f' facing each other. Alter 

natively the said impedance may be reduced by 
longitudinally overlapping the ends of the mem 
bers of the lines as shown in Figure 4, where a 
sleeve 2 connected to the member 2 surrounds 
the free end of the member 2, and a flange fo 
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on the member ' is partly enclosed in a chan 
nel-section ring 3 on the member . If there 
Were no limit to the reduction that could be ef 
fected by such means, the problem to which the 
invention relates would not arise; it is to be as 
Sumed therefore that a limit is imposed. 
Now the reactance in question may be regarded 

as the Sum of two reactances in series, namely 
that between the inner members of the lines and 
that between the outer members of the lines. 
The limit is likely to arise from the former rather 
than the latter; thus a limit is imposed on the 
width of the flange that can be attached to the 
inner member by the internal diameter of the 
Outer member; but no limit may be imposed on 
a flange attached to the outer member. Thus, 
as shown in Figure 5, a pair of flanges 4 and 4' 
attached to the outer members constitute a res 
onator which may have zero input impedance, 
So that the second of the two said reactances is 
abolished. It is even possible to adjust these 
flanges SO that the input impedance inparted to 
them is an inductive reactance and partially neu 
tralises the capacitative reactance between the 
inner members. The input impedance to this 
resonator is negative, zero or positive according 
as the dimension l is respectively between M/4 
and 0, equal to A/4, or between A/4 and A/2. All 
such methods of reducing the impedance between 
the lines may be adopted in apparatus according 
to the invention so long as the condition is full 
filled that the resultant impedance between the 
two lines is substantially a pure capacitative re 
actance large compared with the input imped 
ance of either side line. 

In view of the specification of my patent ap 
plication Serial No. 397,016, filed June 7, 1941, 
it is desirable to point out that the principle 
there described for reducing to zero the imped 
ance between corresponding members of a pair 
of relatively rotating coaxial lines may be appli 
cable to the outer members when it is not appli 
cable to the inner members. For since the char 
acteristic impedance of a concentric line depends 
on the ratio between the diameters of the mem 
bers, a clearance permissible between a pair of 
Outer members forming a concentric line. Would 
often not be permissible between a pair of inner 
members. 

Finally it is to be observed that it is generally 
desirable, if other considerations permit, to fill 
the space between the pair of concentric lines 
(together probably with the interior of the lines) 
with a dielectric liquid of high dielectric strength, 
For thereby the minimum clearances permissible 
are reduced, and the capacity corresponding to 
any given clearance increases. 

I claim: 
1. Electrical apparatus of the type. Specified 

comprising a pair of concentric lines, wherein 
each said concentric line is fed by a side line, 
wherein the distance of the entry of each said side 
line from an Open end of the associated concentric 
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4 
line is so adjusted that at some frequency at 
which the apparatus is adapted to operate, cor 
responding to a wavelength. M, the said entry is 
near a voltage node whose distance from the said 
open end is pX/4, where p is an odd integer, and 
wherein the said pair of concentric lines are co 
axially arranged in such a manner that they are 
rotatable relatively to each other about their 
common axis and that the impedance between 
their said open ends which face one another is 
substantially a pure capacitative reactance large 
compared with the input impedance to either 
side line. 

2. Electrical apparatus of the type specified 
comprising a pair of concentric lines each of 
which is A/4 long, where A denotes the wavelength 
corresponding to a frequency at which the appa 
ratus is adapted to operate, and each of which 
has one end open and the other end closed, 
wherein each said concentric line is fed by a side 
line entering near said closed end, and wherein 
the said pair of concentric lines are co-axially 
arranged in such a manner that they are ro 
tatable relatively to each other about their con 
mon axis and that the impedance between their 
said open ends which face one another is sub 
stantially a pure capacitative reactance large 
compared with the input impedance to either side 
line. 3. Electrical apparatus of the type specified 
comprising a pair of concentric lines, wherein 
each said concentric line is fed by a side line, 
wherein the distance of the entry of each said 
side line from an open end of the associated Con 
centric line is so adjusted that at some frequency 
at which the apparatus is adapted to operate, 
corresponding to a wavelength A, the said entry 
is near a voltage node whose distance from the 
said open end is pa/4, where p is an odd integer, 
wherein the said pair of concentric lines are co 
axially arranged in such a manner that they are 
rotatable relatively to each other about their 
common axis and that the impedance between 
their said open ends which face one another is 
substantially a pure capacitative reactance large 
compared with the input impedance to either 
side line, and wherein the capacity between a 
member of one of said concentric lines and a 
member of the other of said concentric lines is 
increased, as compared with the capacity between 
the bare ends of said members, by the attach 
ment of said ends of portions which overlap each 
other. 

4. Apparatus as claimed in claim 3, wherein 
said portions that are attached to the ends of 
said members of the concentric lines overlap each 
other in directions transverse to the common axis 
of said concentric lines, 

5. Apparatus as claimed in claim 3, wherein 
said portions that are attached to the ends of 
said members of the concentric lines overlap 
each other in directions parallel to the common 
axis of said concentric lines. 6. Electrical apparatus of the type specified 
comprising a pair of concentric lines, wherein 
each said concentric line is fed by a side line, 
wherein the distance of the entry of each said 
side line from an open end of the associated con 
centric line is so adjusted that at some frequency 
at which the apparatus is adapted to Operate, 
corersponding to a wavelength A, the said entry 
is near a voltage node whose distance from the 
said Open end is pN/4, where p is an odd integer, 
wherein the said pair of concentric lines are co 
axially arranged in such a manner that they are 
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rotatable relatively to each other about their con- . 
mon axis and that the impedance between their 
said Open ends which face one another is sub 
stantially a pure capacitative reactance large 
compared with the input impedance to either side 
line, and wherein the Outer members of said con 
centric lines comprise co-operating subsidiary 
portions serving to render the reactance between 
said outer members much smaller than the re 
actance between the inner members of said con 
centric lines, 

7. Apparatus as claimed in claim 6, wherein 
said subsidiary portions serve to render the re 
actance between said outer members inductive. 

8. In electrical apparatus for operation at high 
frequency and including a directional aerial" and 

() 

5 

6 
a line associated with said aerial, the provision 
of a coupling in said line for permitting rotation 
of said aerial relative to other elements of the 
apparatus, said coupling including two co-axially 
disposed concentric lines having open ends face 
ing one another, wherein said concentric lines are 
fed respectively by two side lines entering said 
concentric lines in the neighbourhood of voltage 
nodes at a distance from said Open ends equal 
to pM/4, where p denotes an odd integer and M 
the wavelength corresponding to the said fre 
quency, the impedance between said open ends 
being substantially a pure capacitative reactance 
large compared with the input impedance to 
either of said side lines, 

DENNIS CARK ESPLEY. 


