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This invention relates to connectors for high 
frequency transmission lines and other high fre 
quency apparatus. 
High frequency transmission lines are usually 

in the form of cables comprising an outer tubular 
conductor and an inner conductor disposed cen 
trally within the outer conductor, such form of 
cable being usually referred to as a coaxial cable. 
It is customary to connect two lengths of such 
cable together or to connect a cable to high fre 
quency apparatus or to connect two pieces of 
high frequency apparatus together by means of 
various types of connectors. The term “con 
nector” herein employed is intended to cover a 
device comprising essentially two separate parts 
each part comprising an inner conductor and an 
outer conductor insulated therefrom whereby 
each part can be connected to a coaxial cable 
so as to form a continuation of the inner and 
outer conductors of said cable, the two parts 
being arranged to be connected together as by 
the provision of plug and socket portions, bayonet 
portions, screw-=threaded portions or the like, 
which permit disconnection without the neces— 
sity of disconnecting the cable from either part 
Of the connector, the two parts of the connector 
when in engagement with one another serving 
to connect electrically the inner and outer con 
ductors of one cable to the inner and outer con 
ductors respectively of the other cable. The term 
“connector” is also intended to cover a construc 
tion of connector which is formed for connecting 
two pieces of high frequency apparatus together 
or for connecting a cable to a piece of high fre 
quency apparatus, the outer conductor of the 
connector in such a case being suitably formed 
for connection to the apparatus, for example, 
the outer conductor may be formed by connec 
tion to the screening box of the apparatus. 
When the cables or the apparatus are designed 

for operating on wavelengths of a few centi 
metres it is found that the connectors introduce 
irregularities due to the inductance and/or ca 
pacity of the connectors which become of in 
creasing eiiect as the wavelength of the energy 
it is desired to transmit becomes smaller. At 
such centimetre wavelengths the connector must 
be considered as forming a transmission line 
having a characteristic impedance which may 
differ from that of the cables to be connected 
and therefore introduces into the circuit irregu 
larities of inductance and/or capacity. At longer 
wavelengths it is possible to reduce the size of 
the connector so that the irregularities produced 
are not appreciable, but at centimetre wave 
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lengths this step is physically impossible, with 
the result that re?ection occurs of the high fre 
quency energy passing through the connectors. 
In the speci?cation of copending patent appli 

cation Serial No. 487,166, ?led May 15, 1943, by 
Edward C. Cork, now Patent No. 2,490,622, issued 
December 6, 1949, it has been suggested to over 
come the above-mentioned difficulties by making 
the length of the connector equal to a half wave 
length of the energy to be transmitted through 
the connector. Such a connector serves to trans 
mit high frequency energy without re?ection but 
in cases where the wavelength of the high fre 
quency energy is of the order of 3 centimeters, 
a connector half a wavelength long becomes in 
convenient from mechanical considerations. It 
is, however, possible to make the connector a 
multiple of half wavelengths long, but while such 
a construction permits the connector to be made 
from the point of view of mechanical construc 
tion, it is found that if the wavelength departs 
from the wavelength for which the connector is 
designed re?ections occur which are of course 
undesirable. 

It is often necessary to measure the voltage 
across a cable and this measurement can be con 
Veniently effected at the connector by disconnect 
ing the connector and inserting between the two 
portions of the connector a further portion of 
coaxial line, for example, of a length equal to 
one and a half wavelengths of the high frequency 
energy. This additional portion of line will be 
referred to as a “test connector” and may be 
provided with a probe which is capacity-coupled 
to the centre conductor of the test connector or 
may be provided with some other form of cou 
pling means. The test connector, together with 
the two portions of the connector, is thus two 
whole wavelengths long and providing the probe 
is disposed at a distance which is one wavelength 
from either end, the voltage at the probe will be 
equal to the voltage across either cable where it 
is attached to the connector, and the test con 
nector in this case will also not introduce irregu 
larities into the circuit. Here again, however, if 
the Wavelength of the energy should depart from 
the proper value errors will also be introduced. 
The object of the present invention is to pro 

vide an improved connector which can be made 
longer than a half wavelength and with a view to 
avoiding or reducing the above-mentioned dif 
iiculties. 

According to the present invention a circuit 
arrangement is provided comprising a high fre 
quency transmission line or apparatus coupled to 
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another high frequency transmission line or ap 
paratus each having an impedance T by means oi 
a connector comprising two portions each having 
an impedance Z and each having a length sub; 
stantially equal to an effective quarter of a wave~ 
length of the high frequency energy transmitted 

' through the circuit and an intermediate portion 
having an impedance X which‘is's'ubstantially 
equal to Z2/T whereby said high frequency energy 
can be transmitted through‘ said 00 ’ ector ‘sub. 
stantially without re?ection. the provision oi 
the intermediate portion it will be appreciated 
that the connector can be made longer than a 
half wavelength and it is found that'a' connector 
constructed in this manner can .be‘conveniently 

manufactured and, moreover, it. is, found‘ that 
while the frequency response is substantially. the 
same as that of a connector a half wavelength 
long, the connector according to the present in 
vention is, nevertheless, an improvement insofar 
ajs'its frequency response is concernedif, as'in 
the case oi. wavelengths of the order of" 3' centi 
metres it isv necessary to make the previously pro_ 
posed connector more than one-half; wavelength 
long. It is‘ also found, as will be herein-after more 
fully referred to, that the probev for eiiecting volt— 
age measurements at the connector can be in 
serted into the intermediate portion and willnot 
be found. to introduce such a large error in the 
voltage'measurement such as. would be the case if 
the wavelength ofithe energy. changed when em~ 
playing a test connector of the form referred to 
above; ' ' ' " 

According‘ to another feature of the invention 
a connector‘ is provided comprising two portions 
each having s'ubstantiallyv the same impedance 
and; substantially the. same electrical length and 
an intermediate. portion having a di?erent im 
pedance,’ saidttwo portions and said intermediate 
portion each having a substantially uniform inr 
pedance along its length. ' Y ' 5 ' 

"In order ‘that thesaid invention may be clearly 

understood .andreadily» ‘carried into effect it now be more fully described with reference to the 

accompanying drawing?v which illustrates a con 
nectcr constructed: according to the invention. 
As shown in the drawing, the connector com-p 

prises two separate parts. i1 and‘ 2» which: are 
formed in any suitable manner as to enable them 
to, be-‘separated as by the. provision of'plug and: 
socketportions, bayonet portions‘, screw-threaded 
portions or the" like. ‘The actual mechanical'con 
struction of’ the connector is immaterial so ‘far as 
the. invention- is concerned. The two parts I- vand‘ 
2. areishown connecting together two-"lengths oi 
h-igh. frequency cable. 3» of the coaxial type, the 
cable comprising- an‘ outer conductor 6 and an 
inner conductor '5. The manner of connecting 
thev calole'tov the parts i and 2' of‘ the connector 
is also‘ immaterial so far as the present invention 
is concerned. The two. parts of the connector are 
provided- with. inner conductors 6 and-'1" which 
serve to connect together'the inner conductors 5 
of the. cable and with outer conductors '84 and 9" 
which- serve to connect together the outer con 
ductors‘41 of the cablei Inaccor'dance with they 
invention the connector comprises two, portions 
in. and H‘ each of a length e?ectively equal to a 
quarter of the wavelength- of the high frequency 
energy to'be transmitted and an intermediate 
portion [2. which can be made of a length‘ suit 
able to meet mechanical considerations. 
it'is preferable to make the portions Ht and"v H. of 
a length equal to a quarter. of a, wavelength. of 
the high frequency energy, said‘ portions may if‘ 
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desired have a length equal to an odd integral 
multiple of quarter wavelengths. Conveniently, 
the joint between the two portions I and 2 is 
made at the centre of the portion l2. The im 
pedance of the ‘portion !2 is chosen so that it pro 
vides as transformed by the portions [0 and II a 
matched termination for either of the lengths of 
the cable 3. If the impedance of the portion is X 
and the impedance of the portions l0 and Il is Z 
then it can be shown that the connector can con 
nect together a cable having an impedance equal 
to Z2/X without introducing irregularities into the 
circuit which are such as to cause re?ection of 
the high frequency energy. For example, if the 
cable 3' has an impedance T of 75 ohms and the 
portions “1: or i l‘ have an impedance Z of 60 ohms, 
then the impedance of the portion [2 is made 
equal to Z2/T which, in the present case, is equal 
to' 48 ohms. With such a construction the cable 3 
forms the correct termination for the portion [2 

. so that energy can be transmitted through the 
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connector substantially without re?ection. Pro 
viding the impedance of the portion i2. is chosen 
to satisfy the above relationshipits length. can be 
determined solely from mechanical considera 
tions. It is found that, with a connector. con 
structed in this manner, the deviation of im 
pedance with variation of frequency is substan 
tially the same as a connector equal in length to 
a half wavelength. The overall length of the 
connector according to the invention will‘ be 
longer than a half Wavelength, and, as stated 
above, it can be made of- a length suitable to meet 
mechanical requirements. Compared with a con- 
nector made in accordance with the prior pro- 
posed- and made equal to two‘ wavelengths long for 
mechanical reasons; a connector according to the 
present invention- shows an improvement of ap— 
proximately fourtimes for thesame deviation‘ of 
wavelength. 

It is preferred to ?-ll- the space between».- the 
inner and outer conductors ofthe connector with 
a suitable insulating medium, such as the mate-w 
rial known by the trade name “Polystyrene.” 
Since the dielectric constant of this material. is 
different from that of air it will, of course, be 
necessary to- take this into consideration in deter 
mining the actual lengths of the parts of the con 
nector as distinct from their electrical lengths. 
In this speci?cation therefore where reference is 
made to the lengths of the various partsthis is to 
be understood‘ as'm-eaning their electrical lengths 
unless the context otherwise’- implies their physi 
cal length. The appropriate impedance can be 
imparted to; the portions of theconnector by suit 
ably- choosing the diameters of the portions taking 
into consideration the? insulating material em 
ployecr in the construction of the- connector. It-v is 
desirable that thei‘mpedances of'vthe portions I0; 
It and I2 should be uniform throughout their 
length. ' ' " 

A'further advantage of the present invention is 
that the» conductor’ ‘can vbe constructed so‘ that 
voltage measurements’ can be made by the inser 
tion of a probe through the outer conductor off 
they connector and: projecting into capacitative 
relationship with the inner conductor; ‘ Providing 
thatthe wavelength of'the energy‘transmittedi 
throughthe‘ connector does';n_ot depart from the 
wavelength for which the connector is designed, 
then the ‘probe; can beinsertedatv any point along) 
the lengthlof- the portion; since this-portion in 
operation’ has» no- standing wave. However; as 
soon as the wavelength departs from its- correct 
value a small-7 standing wave‘ will? be produced? 
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which will cause slight errors in the voltage 
measurement. It can, however, be shown that 
these errors are a minimum over a frequency 
range if the probe is inserted at a position a 
quarter wavelength away from the junction be 
tween the portions I0 and i2 and I2 and H. For 
example, where a test connector is employed in 
the previously proposed connector making the 
overall length of the connector and test con 
nector equal to two wavelengths an error in volt 
age measurement when the wavelength departs 
from the correct value of about 18 percent may 
be encountered, whereas when employing the con 
nector according to the invention for measuring 
the voltage with the probe placed a quarter wave 
length away from the junction between the two 
portions as referred to above, an error about only 
3.9 percent will be encountered for the same de 
viation in wavelength. 
What is claimed is: 
1. A circuit arrangement comprising a high 

frequency two-conductor, coaxial transmission 
line or apparatus coupled to another high fre 
quency two-conductor, coaxial transmission line 
or apparatus each having an impedance T by 
means of a connector comprising two portions 
each having an impedance Z and each having a 
length substantially equal to an effective quarter 
of a wavelength of the high frequency energy 
transmitted through the circuit and an interme 
diate portion having an impedance X which is 
substantially equal to ZZ/T whereby said high fre 
quency energy can be transmitted through said 
connector substantially without reflection, the 
said intermediate portion having a length sub 
stantially greater than one wavelength, said in 
termediate portion being arranged to be separable 
at substantially its midpoint. 

2. A connector for coupling two high frequency, 
two-conductor, coaxial transmission lines together 
and comprising two portions each integrally con 
nected to one of said transmission lines and hav 
ing substantially the same impedance and sub 
stantially the same electrical length and an inter 
mediate portion having a different impedance, 
said two portions and said intermediate portion 
each having a substantially uniform impedance 
along its length, the said intermediate portion 
having a length substantially greater than one 
wavelength and said intermediate portion being 
arranged to be separable at substantially its mid 
point. 
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3. A connector for coupling two high frequency, 

two-conductor, coaxial transmission lines to 
gether and comprising two portions each inte 
grally connected to one of said transmission lines 
and having substantially the same impedance and 
substantially the same electrical length and an 
intermediate portion having a different imped 
ance, said two portions and said intermediate por 
tion each having a substantially uniform imped 
ance along its length, said intermediate portion 
having a length substantially greater than one 
wave length and being arranged to be separable 
at substantially its midpoint, each of said two 
portions having a length substantially equal to an 
effective quarter of a wavelength at the operating 
frequency. 

4. A connector for coupling two high frequency, 
two-conductor, coaxial transmission lines to_ 
gether and comprising two portions each inte 
grally connected to one of said transmission lines 
and having substantially the same impedance and 
substantially the same electrical length and an 
intermediate portion having a diiferent imped 
ance, said two portions and said intermediate 
portion each having a substantially uniform im 
pedance along its length, said intermediate por 
tion being arranged to be separable at substan 
tially its midpoint, each of said two portions hav 
ing a length substantially equal to an effective 
quarter of a wavelength at the operating fre 
quency, the impedance of said intermediate por 
tion being so chosen with respect to that of each 
of said two portions that the operation of said 
device is substantially una?ected by the length 
of said intermediate portion. 

JOHN COLLARD. 
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