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The present invention relates to Switches for 
high frequency electrical oscillations. By a 
SWitch is meant a device by which the impedance 
betWeen a pair of terminals can be inade alter 
natively Very large and very Small. 
The invention is concerned with Switches in 

Which the desired change of impedance is ob 
tained without making and breaking electrical 
Contacts. One Such SWitch, which forms the 
Subject of Patent No. 2,404,832, conprises a uni 
form transmission line With distribution induc 
tance and capacity, With Substantially Zero atten 
luation constant, of characteristic impedance Zo 
and of length. Substantially equal to px/4. Where A 
is the Wavelength (Or the mean Wavelength) in 
the line of the OScillations to be SWitched and p 
is an odd integer. The Outer and inner members 
of the line are connected at One end to the pair 
of terminals between Which the impedance is to 
be changed, means are provided for approaching 
a conductor to the other (open) end of the line 
to provide a capacity C shunting the Open end 
and a condenser of capacity C, connected per 
manently between the said pair of terminals, is 
made substantially equal to 1/47 f220C, f being 
the frequency of the OScillations. Preferably p is 
made equal to unity. 
When the capacity C shunts the open end, the 

inpedance between the said pair of terminals is 
substantially infinite and when the conductor is . 
withdrawn to reduce C to a negligibly Sinall value 
the said impedance is substantially Zero. 

It is found difficult in practice to arrange that 
the air gap between the conductor and the open 
end of the transmission line is Sinall enough, and 
hence that C has a large enough Value, to avoid 
the necessity for an inconveniently large value for 
C. Moreover, the path of current at the open 
end is somewhat in determinate and Inay include 
parts of the mechanism by which the conductor 
is moved towards and away from the Open end. 
This presents difficulties in design. The present 
invention has for its object to provide an in 
proved Switch in which these difficulties are 
avoided or Substantially reduced. 
According to the invention a Switch for high 

frequency electric oscillations of wavelength or 
mean wavelength. A comprises a Substantially uni 
form line of electrical length px/4, where p is an 
integer, connected at one end to a pair of termi 
nails between which SWitching is required, a Sec 
ond transmission line which at the Wavelength N 
has a reactance X and a conductor by Which the 
other (open) end of the first-named transmis 
sion line can be coupled to the Second line by a 
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reactance which at the wavelength X is Substan 
tially equal to -X, the conductor being capable 
of being withdrawn to render the coupling be 
tween the lines negligibly Small. In this Way, if 
p is an odd integer, When the conductor is in the 
approached position in which coupling between 
the lines is effected, the reactance at the Open end 
of the first-named line is Substantially Zero and 
hence the impedance between the said terminals 
is substantially infinite. If on the other hand 
the conductor is Withdrawn and the coupling be 
tWeen the lines is made negligibly Small, the in 
pedance at the open end of the first-named line is 
Substantially Zero. 

if p is an even integer, When the COnductor is 
in the approached position the impedance be 
tween the said terminals is Substantially Zero and 
when the conductor is withdrawn the impedance 
at the said terminals is substantially infinite. 
The invention will be described, by Way of 

example, With reference to the accompanying 
drawing in Which 

Figure 1 is a diagrammatic illustration of one 
embodiment of the invention, 

Figure 2 contains at (a) and (b) two curves 
illustrating the determination of the appropriate 
length for the said second transmission line, 

Figure 3 is a diagrannatic illustration in cross 
section of one embodiment of the invention, 

Figure 4 is a diagrammatic illustration in CrOSS 
section of a part of a further embodiment of the 
invention and 

Figure 5 shows diagrammatically an applica 
tion of the invention to two-Way Switching. 

Referring to Figure 1, the first co-axial trans 
mission line it has a length A/4, that is to say p 
is made equal to unity, and the Second co-axial 
transmission line has its outer conductor con 
tinuous With that of the line . A capacitive 
coupling C-1/cox, Where c is the pulsatance cor 
responding to A and X is positive, can be pro 
Vided by bringing a member 2 close to the inner 
conductors of the two lines and and C can 
be made very low by removing the member 2. 
The end 3 of the line remote from the cou 
pling C is ShoW Open-circuited. The end A of 
the first transmission line has terminals 5 
and 6 between Which SWitching is desired. 
In Figure 2 there is shown at (Q) a curve of 

Ireactance of the line plotted against its length 
as a function of the Wavelength. A. Since the line 

is required to have a positive reactance X, its 
length must be between A/4 and x/2, if a mini 
murn length is required as is usually convenient. 
It could have a value between 3X/4 and A or even 
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a greater length if desired. The length, if be 
tween X/4 and A/2, will usually be chosen fairly 
near to X/2 since, as is seen in Figure 2(a), the 
value of the positive reactance X is then rela 
tively large and consequently the required value 
of C can be made relatively Small. 

If the line. f is short-circuited at the end 
f3, its reactance will be related to its length as 
shown in Figure 2(b) and the length may then 
be chosen below A/4 and preferably near to A/4. 
If this length is too short for convenience a value 
between A/2 and 3X/4 may be used. m 
A convenient form which the device of Figure 1. 

may take is illustrated in Figure 3. In this form 
the inner conductors of the two lines O and 
at their adjacent ends 7 and 8 are made of in 
creased area in order to increase the capacity 
between them for a given spacing. At the lower 
end of the outer conductor of the line is pro 
vided a bellows 9 of conducting material and 
the inner conductor 20 of this line is mounted 
upon an insulating support. 2, since it is again 
assumed that the end 3 is to be open-circuited. 
A guide plate 22 of insulating material is pro 
vided to guide the inner conductor 20. By ap 
plying suitable tension or compression at the end 
13, the capacitance C between and 8 can be 
made negligibly small or equal to -1/ax respec 
tively. An insulating plate 4 is provided be 
tween the opposing faces of 7 and 8 to ensure 
that the desired value of C is obtained when 
pressure is applied to the end 3. When a short 
circuited line is desired for the line if, the Sup 
port 2 may be made of conducting material. 
The desired increased area of the opposing ends 

of the inner conductors of the lines O and 
may be obtained by simply attaching plates to 
these ends. 
The outer conductor of the line may be 

extended below the Support 2 as shown at 24 in 
Figure 3 in order to prevent appreciable energy 
loss from the open end 3 and its lower end may 
be closed. The design of lines to attain this 
result is well understood. The Space Within the 
bellows and the remainder of the Outer conductor 
of the line (and if desired also the Space 
within the outer conductor of the line 0, the 
end 4 being, if necessary, Suitably closed With 
insulating material), may be filled with any de 
sired atmosphere or liquid. 
Many other means for varying the coupling at 

C may be used. Thus for instance the inner con 
ductor 20, or an insulating extension thereof, 
may be made slidable through an aperture in 
the member 2 and the bellows 9 may be dis 
pensed with. The two inner conductors may 
be fixed and a third member may be approached 
to the gap between their adjacent ends when 
coupling is desired as described with reference 
to Figure 1. 
In the embodiment shown in Figure 4, the 

capacity C is formed between a Spigot. On One 
end of the inner conductor 23 of the line and 
a recess in the adjacent end of the inner Cons 
ductor 2 of the line 0. There is fixed to the 
inner conductor 23 a contact member 34 having 
a number of spring fingers 35 making contact 
With the inner surface of the Outer Conductor of 
the line . The inner conductor 23 passes 
through a guide 36 in which it is slidable and 
has a flange 37 to which is fixed One end of a 
belows 38, the other end of which is fixed to 
the outer conductor. The bellows may be of 
metal or insulating material such for example 
as rubber. The guide 36 is preferably of metal. 
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4. 
The inner conductor 23 may be moved, when 
the capacitive coupling is desired, by means of 
an eccentric 39 rotatable on a spindle 40, or Oth 
erwise. The bellows 38 forms a hermetic Seal 
for the arrangement. 

Figure 5, shows how the invention may be ap 
plied to provide two-way switching whereby a 
line 25 may be placed in effective connection with 
either of two lines 26 and 2. In this example 
a Switching System comprising four Switches 
according to the invention is provided as shown 
at 28, 29, 30 and 3. The line 25 is connected 
to the lines. 26 and 27 by two lines 32 and 33 re 
spectively, each X/2 in length. The switches 
29 and 3 are arranged at a distance X/4 On 
either side of the line 25 and the SWitches 28 and 
3 are arranged at a distance of X/4 from the 
SWitches 29 and 30 respectively. The couplings 
C in the four Switches are represented by COn 
densers C1, C2, C3 and C4 respectively. 

If C1 and C2 are operative and C3 and C4 are 
Withdrawn, the impedances at the terminals 51 
and 52 in parallel across the line 26 are ap 
proximately infinite and those at the terminals 
53 and 54 are approximately Zero. Since the 

points 52 and 53 are spaced A/4 from the line 
25, the impedance presented by the line 32 to 
the adjacent terminals of the line 25 is the nor 
inal inapedance of the line 26 and the impedance 
presented by the line 33 to the same terminals 
is approximately infinite. Hence the two-way 
SWitch is Set to couple line 25 to line 26, and to 
disconnect it effectively from line 27. Obviously 
a reversal of the conditions of the four Switches 
reverses the two-way switch. . 

Suitable means are preferably provided for ap 
proaching the Conductors to form the capaci 
tances C1 and C2 and simultaneously withdraw 
ing those forming the capacitances C3 and C. 
The effectiveness of switching is, as already 

known, greatly increased by employing two or 
more Switches 28, 29 or 30, 3 spaced by A/4 
(or an odd multiple of X/4) rather than only a 
Single SWitch in each line 26 and 27. 

I claim: 
1. A SWitch for high frequency electric oscilla 

tion of mean wave length A, comprising a first 
transmission line of electrical length px/4 where 
p is an integer, a second transmission line having 
Such an electrical length, and being terminated 
at one end in an impedance of such a nature, 
that at the Wave length X it has an input imped 
ance measured at its second end which is sub 
Stantially a pure positive reactance, a coupling 
element, means guiding said coupling element 
for movement over a predetermined fixed path, 
and means for limiting the normal movement of 
Said coupling element over said path so that at 
One limit of the normal movement of the cou 
pling element said second end of the second 
transmission line is coupled to one end of the 
first transmission line by an impedance which 
at the wave length X is substantially a pure nega 
tive reactance of equal magnitude to said positive 
reactance and at the other limit of the normal 
movement of the coupling element said second 
end of the Second transmission line is substan 
tially decoupled from said one end of the first 
transmission line. 

2. A Switch according to claim 1, in which 
Said first and Second transmission lines are both 
coaxial lines and the outer conductors of the 
tWO coaxial lines are continuous. 

3. A SWitch for high frequency electric oscilla 
tions of mean wave length X, comprising a first 
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coaxial line of electrical length px/4, where p is 
an interger, a second coaxial line having an Outer 
conductor continuous with the outer conductor 
of said first coaxial line, said second coaxial line 
having such an electrical length, and being ter 
minated at the end remote from said first co 
axial line in an impedance of such a nature, that 
at the wave length. A it has an input impedance 
measured at the end adjoining said first coaxial 
line which is substantially a pure positive react 
ance, means guiding the inner conductor of Said 
second coaxial line for longitudinal movement, 
and means for limiting the normal longitudinal 
movement of the inner conductor of the Second 
coaxial line so that at one limit of the normal 
movement of said inner conductor the effective 
capacity between adjacent ends of the inner Con 
ductors of the two coaxial lines has at the Wave 
length X a negative reactance substantially equal 
in magnitude to said positive reactance and at 
the other limit of the normal movement of the 
inner conductor of the second coaxial line said 
effective capacity is substantially Zero. 

4. A switch according to claim 3, in which one 
of said adjacent ends is of smaller cross-Sectional 
area, than the remainder of the inner conductor 
of which it forms part, and the other of Said ad 
jacent ends is bored to permit entry of the first 
named adjacent end without electrical contact 
between the adjacent ends. 

5. A switch according to claim 3, in which both 
said adjacent ends are of greater croSS-Sectional 
area, than the remainder of the respective inner 
conductors of which they form part. 

6. A switch according to claim 3, in which said 
means guiding the inner conductor of the Second 
coaxial line comprises a bellows providing a me 
chanical coupling between the inner and outer 
conductors of the second coaxial line. 

7. A switch according to claim. 6, in which part 
at least of the space enclosed by the outer Con 
ductors of the first and second coaxial lines is 
hermetically sealed from the exterior thereof, 
said bellows forming part of the hermetic Seal. 

8. A two-way switch system for SWitching high 
frequency electric oscillations of mean Wave 
length. A between a main transmission line and 
either of two subsidiary transmission lines, ends 
of all said lines being electrically connected at 
a single junction, said switching system con 
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prising a first switch device connected to One of 
said subsidiary lines at a pair of terminals at an 
electrical distance pix/4 from said junction 
where p is an odd integer, and a second Switch 

- device connected to the other of said Subsidiary 
lines at a pair of terminals at an electrical dis 
tance p2A/4 from said junction where p2 is an 
odd integer, said first and second switch devices 
each comprising a first transmission line of elec 
trical length px/4 where p is an integer, Con 
nected at one end to the appropriate pair of 
terminals, a second transmission line having Such 
an electrical length, and being terminated at One 
end in an impedance of such a nature, that at the 
wave length. A it has an input impedance meaS 
ured at its second end which is Substantially a 
pure positive reactance, a coupling element, 
means guiding said coupling element for move 
ment over a predetermined fixed path, and 
means for limiting the normal movement of the 
coupling element over said path so that at One 
limit of the normal movement of the coupling ele 
ment said second end of the second transmission 
line is coupled to the end of the first transmis 
sion line remote from said terminals by an in 
pedance which at the Wave length X is substan 
tially a pure negative reactance of equal magni 
tude to said positive reactance and at the other 
limit of the normal movement of Said coupling 
element said second end of the second transmis 
sion line is Substantially decoupled from the end 
of the first transmission line remote from Said 
terminals. 

OENNIS CARK ESPLEY. 
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