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5 Claims. (Cl 178-44) 
This application: is a division of our copend 

ing U. S. application Serial No. 522,830, filed 
February 17, 1944, entitled: “Electric circuit ar 
rangements,' and assigned to the same assignee 
as the instant application. 
The present invention relates to electric cir- . 

cuit arrangements for use at high frequencies 
and to apparatus for use in Such arrangements. 

It is Sometimes desired to measure or com 
pare impedances at high frequencies and con 
ventional bridge circuit arrangements such as: 
are normally used at lower frequencies are found 
to be unsuitable, more particularly due to the 
fact that at high frequencies radiation tends to. 
occur and also undesired couplings take place 
between different portions of the circuit, thus 
giving rise to instability and errors in measure 
ment. 
These difficulties may be overcome-by suitable 

screening, but such screening is frequently found 
to decrease the efficiency of the arrangement, 

It is therefore an object of the present inven 
tion to provide electric circuit arrangements suit 
able for the measurement or comparison of im 
pedances at high frequencies in which undesir- . 
able effects due to radiation or couplings are 
avoided Without loss of efficiency. 
ACCOrding to one feature of the present inven 

tion there is provided an electric circuit arrange 
ment for use at high frequencies comprising a 
Coaxial feeder having an internal conductor and 
a Surrounding, screen, a further conductor 
branching from said screen at a point intermedi 
ate its ends and extending therefrom substan 
tially parallel to said screen to a point, adjacent 
One end thereof So that the impedance at the op 
erating frequency between said end of said screen 
and the end of said further conductor is high, a 
connection between Said internal conductor and 
a point on Said further conductor, a sheath Sub 
stantially enclosing said feeder and said further 
conductor and connected to the other end of said 
screen, a source of high frequency oscillations 
and a detector of high frequency oscillations con 
nected respectively between said internal con 
ductor and Said Screen and between said sheath 
and Said branch: point or a point on said screen. 
intermediate said branch point, and said other 
end thereof at which the impedance is relatively 
high, or vice. Versa, the arrangement being such:50 
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that if an impedance is connected between said 
end of said screen and said sheath and a further 
impedance is connected between said end of said 
conductor and said sheath an electrical bridge 
network is formed. 

It is a further object of the present invention 
to provide a variable resistance Specially adapted . 
for use in an arrangement according to the above 
mentioned feature. 
According to a further feature of the present 

invention, there is provided a variable resistance 
for use at high frequencies comprising a coaxial. 
line having a central conductor and a surround 
ing Screen. Substantially one quarter of a Wave 
length long at the operating frequency and effec 
tively terminated at its end by resistances which 
are inverse about the characteristic impedance of 
said line, the arrangement being such that the 
impedance at any point on the inner conductor 
of Said line is always a substantially pure resist 
ance, the magnitude of which is dependent upon 
the position of said point. 

If desired, said variable resistance may form 
part of a variable impedance comprising a vari 
able reactance in the form of a coaxial line hav 
ing a movable short-circuiting piston adapted to 
control the value of said reactance. 
In order that the invention may be more 

clearly understood and readily carried into effect, 
it will now be described in greater detail by ref 
erence to the accompanying drawing of which 
Figure 1 is a schematic circuit diagram of one 
embodiment thereof; and Figure 2 is a schematic 
circuit diagram of a modification thereof. Simi 

, lar reference numerals are applied to similar ele 
ments throughout the drawing. 
Referring now to Figure 1 of the drawing, it 

Will be seen, that the arrangement comprises a 
CoaXial feeder having an internal conductor 
and a Surrounding screen 2 which branches at 
point 3 into portions 4 and 5 forming a U-shaped 
structure, the internal conductor continuing 
Within the portion 4 and emerging therefrom at 
the upper end thereof to make contact with the 
upper end of portion 5 at the point 6. Alter 
natively, Said internal conductor may emerge at 
a point intermediate the point 3 and the upper 
end of portion 4 and make contact with the por 
tion 5 at a point intermediate points 3 and 6. 
A. Cylindrical-sheath a surrounds the coaxial 
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feeder referred to and is closed at its lower end 
by a conducting annulus 8 which is joined to the 
screen 2 as shown. The upper end of said sheath 
7 divides into the two side tubes 9 and 0 form 
ing together with conductors and 2 connected 
to the upper end of portions 4 and 5 of the Screen 
2 respectively coaxial feeders to the outer ends 
of which impedances 3, 4 which are to be 
compared or balanced are respectively connected 
as shown. A source of high frequency oscilla 
tions 5 is connected between the conductor 
and the screen 2 outside the sheath as ShoWn 
and a high frequency detector 6, such as a diode, 
is effectively connected between the point 3 and 
an adjacent point on the sheath. as shown. Al 
though the detector 6 is shown inside the sheath 
7 it may, if desired, be arranged externally of the 
sheath and connected to the point 3 and the 
screen 7 over a coaxial feeder. Any conventional 
signal indicator fi providing suitable sensitivity 
may be connected to the detector 6. 

0 

20 

The lengths of the portions 4, 5 are chosen. So . 
that at the frequency of oscillations provided by 
the source 5 a high impedance is presented be 
tween their upper ends. Thus, each of these 
portions 4, 5 may be arranged to be approxi 
mately a quarter of a wavelength long at the Og 
erating frequency. With this arrangement, high 
frequency voltages of large amplitude and oppo 
site phase are developed in operation at the up 
per ends of portions 4, 5, so that the portions 4, 5 
operate as high impedance bridge ratic arms. 

Further, the distance between the point 3 and 
the points at which the annulus 8 is connected to 
the screen 2 is so chosen that the screen 2, an 
nulus 8 and the sheath form a concentric line 
short circuited at one of its ends and presenting 
a high impedance at point 3. The distance be 
tween the point 3 and the point at which the 
annulus 8 is connected to the screen 2 may be 
for example a quarter wavelength. Thus, the 
sheath and the annulus 8 do not introduce any 
inconveniently low impedance in shunt With the 
detector 6. It will be appreciated that, if de 
sired, the distance between the point 3 and the 
points at which the annulus 8 is connected to 
the screen 2 may be longer than a quarter of 
a wavelength at the operating frequency and the 
detector f6 may be connected to an internediate 
point of suitably high impedance so that, as be 
fore, the introduction of the sheath and the 
annulus 8 do not give rise to any undesirably low 
shunt impedance. 

it will be appreciated that the arrangement 
described constitutes a high frequency bridge cir 
cuit arrangement which is suitable for the meas 
urement of high frequency impedance. Thus, for 
example, if the impedance f3 is an unknown im 
pedance, its value may be determined by adjust 
ing the impedance is until the detector 6 gives 
a minimum indication. As the apparatus is con 
pletely screened, no undesirable radiation takes 
place and errors in measurement which might 
otherwise be caused by such radiation are 
avoided. 
The positions of the Source of high frequency 

Oscillations i5 and the detector of high frequency 
oscillations S may if desired be reversed. 
Any form of adjustable impedance which does 

not radiate may be used as impedance in the 
arrangement of Figure 1 above referred to, but 
according to a further feature of the invention 
an impedance is provided which comprises a con 
veniently adjustable variable resistance. 

Referring now to Figure 2, the impedance com 
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4. 
prises a variable resistance element in the form 
of a terminated coaxial line and a variable re 
actance element also in the form of a terminated 
coaxial line. 
The variable resistance consists of the coaxial 

line comprising the cylindrical conductor 2i hav 
ing an internal conductor 22 supported centraliy 
Within it. The ends of conductor 22 are secured 
to conducting pistons 23, 24 which are slidable 
within the conductor 24, but the conductor 22 
is insulated from said pistons 23, 24. The ends 
of said conductor 22 are connected to said pistOis 
23, 24 by means of resistances 25, 23 respectively 
which may either be small resistances of the grid 
leak type or may be lengths of coaxial cable of 
sufficiently high attenuation to avoid reflections 
and therefore acting as non-inductive resistances 
of value equal to their characteristic impedance. 
The variable reactance comprises a furthel cy 

lindrical conductor 2 branching Out of the Wall 
of conductor 2 and has a central conductoi 28 
supported within it. A conducting piston 29 is 
arranged to slide on said conductor 28 within 
said conductor 29 so as to form a connection 
of low impedance between said conductors 2 and 
28. The conductor 28 is slidably connected to 
the conductor 22. 
A cylindrical conductor 36 and central conduc 

tor 3 are also preferably provided for effecting 
connection to the common point of conductors 22 
and 28. Thus, the conductor 30 preferably 
branches out of the wall of conductor 2 at a 
point opposite to the point at Which the conduc 
tor 27 branches therefrom so that conductors 2 
and 3 are coaxial and conductor 2 f is an ex 
tension of conductor 28. The variable impedance 
can then be conveniently connected to the air 
rangement shown in Figure 1 by connecting con 
ductors 30 and 3 to the conductors 3 and 2 of 
Figure respectively. 

It can be shown that if the length of Conduc 
tor 22 is such that it forms with conductor 2 
a coaxial line which is substantially a half wave 
length long at the Operating frequency and if the 
terminating resistances 25 and 26 are equal and 
have the value R different from the characteris 
tic impedance Z of conductors 2 and 22 con 
sidered as a coaxial line, then the impedance at 
any point in the conductor 22 is always resistive 
and has a value equal to 

R Z2 
-- 2 - - ein2 2 COS 8-2 Sin 69 

Where 9 is the electrical length between one of 
the pistons 23, 24 and the point at which the 
conductor 28 is joined to the conductor 22. Thus, 
by sliding the conductor 22 and the pistons 23, 24 
fixed thereto inside the conductor 2, the resistive 
impedance at the point of connection between 
conductors 22 and 28 will vary from 

R 72 
2 to 2 

according to the positions of the pistons 23, 24. 
It will therefore be appreciated that in order to 
obtain a wide variation of resistance R, should 
differ considerably froin Z. 

Also, by sliding the piston 29 within the tube 
27, the reactive impedance at said point of Con 
nection can be varied. Thus, the reactance and 
the resistance between the conductors 30 and 3 
can be varied independently at will. 

If desired, the pistons 23, 24 may be fixed with 
in the conductor 2 and the conductors 2, 30, 
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together with the conductors :28, 3 may be tar 
ranged to slide along the conductors 2 and 22 
so that the common point of the conductors 28 
and 3 successively makes contact with different 
points on the conductor 22 and thereby causes 
the resistive component of the impedance across 
conductors 39, 3 to be varied. It will also be 
appreciated that, the conductors 2 and 30 need 
not be coaxial and need not be arranged to be 
normal to the conductor 2 as shown. For exam 
pie, the conductor 2 may be cranked so as to 
have its axis parallel to the axis of conductor 22 
if desired. 

Further, although the conductor 22 has been 
stated to be preferably - a half wavelength long 
it may if desired be only a quarter of a wave 
length long providing that the terminating re 
sistances are arranged to be inverse about the 
characteristic impedance of the conductors 2 and 
22 considered as a coaxial line. Thus, if the ter 
minating resistance at one end of the conductor 
22 has a value R, the terminating resistance at 
the other end must have a value 

It will therefore be appreciated that the variable 
resistance is fundamentally constituted by a co 
axial line a quarter of a wavelength long and 
terminated by means of resistances R and 

Z2 - 
R 

which resistances may if desired be COInstituted 
by further lengths of coaxial line suitably termi 
nated. The half wavelength case which has been 
described with reference to the accompanying 
drawing may thus be regarded as a quarter of a 
Wavelength line terminated at One end by a re 
sistance R, and terminated at its other end by 
a resistance 

72 

in the form of a further quarter Wavelength of 
line in turn terminated by a resistance R. 

It will be understood that if the terminating 
resistances such as 25 and 25 have some small 
reactance component, this reactance component 
can be taken up by Suitably adjusting the length 
of conductor 22 So that the terminations effec 
tively become pure resistances. 
The above described variable impedance may 

be used as the adjustable impedance 4 in the 
arrangement previously described with reference 
to Figure 1. The lengths of the conductors 30 
and 3 may then conveniently be chosen so that 
the impedance between the upper end of the por 
tion is in the Figure 1 referred to and the imped 
ance 3 is equal to the impedance between the 
upper end of the portion 5 in said Figure 1 and 
the common point of conductors 22 and 23 in 
the accompanying drawing, so that when the 
bridge is balanced the impedance 3 will be equal 
to the impedance to which said variable imped 
ance is adjusted. 
Apart from its use as a high frequency bridge 

for the measurement of impedance at high fre 
quencies, the invention may also have other ap 
plications. For example, an aerial may be ad 
justed to match a feeder of some predetermined 
impedance by coupling One end of the feeder to 
the aerial and the other end of the feeder to the 

30 

35 

6 
conductor - and screen 9 in Fig. 1 previously re 
ferred to in place of the impedance 3. The im 
pedance - 3 required to balance the bridge may 
then be noted and the aerial adjustment modi 
fied until the bridge balances with a purely re 
sistive impedance 4, thus showing the absence 
of reflection from the aerial. 
The arrangement may also be employed to neu 

tralize coupling between high frequency circuits. 
For example, in the detection of aircraft, short 
pulses of high frequency oscillations may be 
radiated at intervals and the reflections of such 
pulses from aircraft received upon the same aerial 
as that used for the transmission of the pulses. 
As the pulses have to be radiated at high power 
and as the receiver has to be very sensitive, dif 
ficulty may arise due to the coupling between 
transmitter and receiver via the aerial system 
causing high voltages to be sent up in the re 
ceiver during the transmission of the pulses. 
This difficulty can largely be overcome by utilizing 
the arrangement of Figure 1. Thus, the genera 
tor 5 may be the transmitter, the detector 6 
the receiver, the impedance 3 the aerial and the 
impedance A an impedance equal to that of the 
aerial. As the arrangement forms a balanced 
bridge Substantially no voltage from the transmit 
ter 5 will be set up across the receiver 6. So 
far as high frequency oscillations received by the 
aerial 3 are concerned, however, the bridge is 
not balanced since similar oscillations are not 
developed in impedance 4, so that the oscilla 
tions received in the aerial 3 will be fed to the 
receiver 6. 
We claim as our invention: 
1. A Variable resistance for use at high fre 

quencies comprising a coaxial line having a cen 
tral conductor and a surrounding screen sub 
Stantially one quarter of a wavelength long at 

40 the operating frequency and effectively terminat 
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ed at its ends by resistances which are inverse 
about the characteristic impedance of said line, 
the arrangement being such that the impedance 
at any point on the inner conductor of Said line 
is always a substantially pure resistance, the mag 
nitude of which is dependent upon the position 
Of Said point. 

2. A variable resistance according to claim 1 
in which One of said terminations is a further 
coaxial line substantially identical With Said first 
mentioned line and terminated by a resistance 
equal to that terminating the other end of said 
first mentioned line so that the arrangement 
forms a coaxial line Substantially half a wave 
length long at the operating frequency and ter 
minated at each end by a resistance differing from 
the characteristic impedance of said line. 

3. A variable resistance according to claim 1 
in Which each end of Said central conductor is 
fixed to and insulated from a conducting piston 
sliding within said screen and in which said 
Screen is provided with an aperture from which 
a further Screen branches, said further screen 
having a further central conductor supported cen 
trally within it so as to form a coaxial feeder 
thereWith and slidably connected to said first, 
mentioned central conductor, the arrangement, 
being such that the resistance effectively placed 
across one end of the coaxial feeder formed by 
said further Screen and said further conductor 
can be varied by sliding said pistons and said 
Central conductor fixed thereto. 

4. A Variable resistance according to claim 1 
in Which each end of said central conductor is 
fixed to and insulated from a conducting piston 
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fixed within said Screen and in which said Screen 
is provided with an aperture from which a fur 
ther screen branches, said further screen having 
a further central conductor supported centrally 
Within it. So as to form a coaxial feeder there 
with and slidably connected to said first men 
tioned central conductor, the arrangement being 
such that the resistance effectively placed across 
one end of the coaxial feeder formed by Said 
further Screen and said further conductor can 
be Varied by sliding said pistons and said central 
conductor fixed thereto. 

5. A variable impedance comprising a variable 
resistance according to claim 1 and a variable 
reactance in the form of a coaxial line having 5 1935,313 

8 
a nowable short circuiting piston adapted to con 
trol the value of said reactance. 

EDWARD CECIL CORK, 
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Estate of Alan Dover Blumlein, Deceased. 
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