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The present invention relates to filtering ar 
rangements for ultra-high-frequency electric 
Wave transmission or generating apparatus, and 
in particular to arrangements for preventing 
leakage of the high frequency into the power 
Supply leads. 
One of the problems presenting great difficulty 

in the design of apparatus for use on centimetre 
range wavelengths, is that of providing adequate 
filtering for the supply leads. X 
One raethod, described in British patent speci 

fication No. 541-380, which has been foiind effec 
tive. is the use of an arrangernent reserbling a 
condenser having input and output leads at. op 
posite ends of each foil. The condenser then 
becomes a four terminal network, and takes the 
form of a transmission line of low characteristic 
in pedance. By this means the residual lead in 
ductance found in the more conventional type of 
condenser is made to contribute to the desired 
effect, instead of being detrinenta. 
The resent specification describes a method 

whereby the effectiveness of the arrangement de 
Scribed above can be considerably increased. 
The method is suitable for use at wave lengths 
between about 1 centimetre and 1 Inetre. 
According to the invention, there is provided 

an electric wave filter for ultra high frequencies 
conprising a conductor iii the form of an elon 
gated thin metalic sheet divided into alternate 
Wide and narrow portions arranged in close prox 
inity to, but electrically insulated from, another 
Codicting Sheet. 
According to another aspect, the inventio con 

prises an electric wave filter for ultra-high fre 
quencies comprising a series of tanden connected 
transmission lines of alternate low and high 
inage inapedance, each of the said lines compris 
ing a pair of thin flat paralled sheet conductors 
arranged in close proximity to, but electrically 
insulated fron, one another. 
The invention will be better understood by ref 

erence to the following detailief description and 
to certain figures on the accompanying drawing 
in which 

Figs. A, B, and C, show examples of the forms 
of transmission line conductors according to the 
invention; and Fig. 2 shows a filter circuit (not 
referred to in this specification); 

Fig. 3 shows a porticn of the conductor of Fig. 
1A to define an elementsary section of the filter; 

Fig. 4 shows an equivalent block schematic dia 
gram of the elementary section of Fig. 3; and 

Fig. 5 is a sectionel and view of the conductors 
forming the filter. 
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The arrangement described in specification No. 
541,380 usually takes the form of a thin strip 
of copper or other metal clamped between two 
earthed copper plates, i.rd insulated with thin 
sheets of mica, or other dielectric materia ire 
method of increasing the effectiveness of such a 
filter according to the resent invention is to use 
a metal strip cut to a particula shape such as 
is shown in Fig. A, or an equivalent conductor, 
in place cf the plain rectangular strip previously 
used. It will be seen that the strip is thus di 
vided into alternate vide and narrow sections, 
corescinding to short lengths of transmission 
line of low and high characteristic inpedance 

5 resectively. 
This arrangement can be shown from we 

known transmission theory to have properties 
Similar to those of wave filters, in so far as it 
exhibits pass bands and attenuating bands, which 

20 can be made to cover given frequency ranges by 
Suitable dimensioning of the conductor strip 
shown in Fig. A. A wide variety of shapes is, 
however, possible, two other examples being 
shown in Figs. 1B and C, which produce sub 

25 stantially the same result as Fig. A. Fig. 1C 
is a convenient form because it enables the total 
length of the conductor strip to be reduced. 
The chief advantage of the arrangement of the 

invention lies in its simple construction. The 
30 construction of filters using the same underlying 

principle has previously been described, such fil 
ters being of the coaxial line type: in this case 
the necessary charges of impedance are brought 
about by cylindrical metal blocks threaded on to 

35 the centre conductor. 
By Sitably proportioning the lengths and in 

pedances of the various sections of the strip, it 
is possible to produce characteristics sinilar to 
those of conventional multiple band-pass or band 
elimination filters. 

Fig. 3 shows a portion of a strip similar to Fig. 
A comprising two wide sections and one narrow 

Section between then. If the wide Sections be 
Supposed to be bisected by the dotted lines XX 
and YY, then the shoe strip may be regarded 
as made up of a number of elementary Sections 
like that, comprised between the lines XX and 
YY, joined in tanden. These sections will be 
all equal and syntietrica. 
The strip may be inade is to a filter by mont 

ing it parallel to a plain metal strip or to an 
other strip of the same fornia, with Suitable insul 
lation between. This filter can then be regarded 
as made up of a number of tandem connected 

55 transmission lines of alteratively high and low 

  

  

  

  

  



impedance, which may be divided into a series 
of symmetrical sections each of which corre 

. . . . . . 3 

sponds to the portion between the lines xx and 
YY in Fig. 3. 

Fig. 4 shows a block schematic circuit of the 
equivalent electrical network of the filter cor 
responding to this portion of the strip. It con 
prises two symmetrical networks A and C each 
corresponding to half a wide portion and a third 
symmetrical network B connected between then 
and corresponding to a whole narrow portion. A 
and Chave image inpedance Z and image trans 
fer constant al/2, and B has an image impedance 
Z2 and image transfer constant 92. The image 
inpedance of the combination representing the 
elementary section is 2 and the image transfer 
constant is . 
Assuming that the transmission lines do not 

themselves introduce any transmission loSS, or in 
other words that 9 and 62 have no real corn 
parents, it cata easily be shown that 
cosh -cose cos 2-3 (2/22 2/z) sino, sin a (1) 
The pass frequency bands are obtained for 

those values of 0 and 62 for which cosh is lies 
between -- and -. In the suppression bands, 
the attenuation constant f8 is given by: 
cosh B=cos a cos 0-2 (21/22 

22/2) sin 91 sin 82 (2) 
if it be assurned that he electrica ength of 

the elementary section XX, YY is fixed, or in 
other words that 1--62s28, then 
ascosihr (Il-2 (21/2-22/21) sin 8-l) (3) 

It can be shown that S is a maximum when 
-0==rf2. The most useful value of n is zerc 

so that == 0, and in these circumstances the 
maximum value of 6 occurs when 9= (2n-1) ar/2, 
and is given by 

ear-cosh -a (21/22-22/21) (4) 
It is, however, of more practical value to de 

termine the maximurn attenuation rer unit phys 
ics length of the strip than per elementary Sec 
tion. The attenuation per unit length is given 
by: . 

leoehdit}(Z/2Z,12) sin - 1) (5) 

The maximurn value of s/e may be determined 
graphically for various values of Z2/21. For ex 
ample, if 23/21=lt, which is a convenient prac 
tical value, it follows that 

e-coch (6.0; sin-1) (6) 
and this is a maximum when P=55' approxi 
nately. 

In this case the attenuation per section, which 
is given by coshi (6.05 sini 6-1), will be about 
5.7 db. If A is the wave length, and 3 is the 

physical length of the eiementary section, Fig. 3, 
then 

As 20/2=8/r (7) 

Thus if 9-55 and A=10 cm., then tres3.5 cm., 
and a filter with ten elementary sections would 
have an attenuation of 15 db and would be jus 
Cwer a foot long. w 

It can be shown that when es 9-2, the image 
impedance 2, of the fiers entis given by 

()-22};t2t (8) 2. 22- ), eds 0-2+l 
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- Taking Za/Zisel.0 and P-55 as before, it foll 
lows that 
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When designing a filter to meet certain given 
requirements, the preferred procedure is to emi 
ploy sections having naxinun attenuation per 
unit physical length, and to choose 9=0s-ea. 
fine maximum value of Z2/21 which car reason 
ably be used will be decided from practical con 
siderations of the construction of the filter and 
will depend among other things on the annount 
of current the filter must be designed to carry. 
The corresponding attenuation per section is de 
termined by finding from Equation 5 for the given 
value of Z2/Z the corresponding value of for 
maxinun attenuation per circuit length and ob 
taining the corresponding value of B per ele 
mentary section from Equation 3. This can best 
be done graphically by constructing a curve re 
lating B to Z2/Z from these two equations. This 
will give the number of sections required for any 
given total attenuation. The physical length ac of 
the elementary section depends on the maximum 
wave-length to be attenuated. If this is A, then 
from iguation the length at may be obtained 
by Substituting the previously found valle of e. 
Then ac/2 gives the length of the wide and nar 
row portions of the strip. A graph can oe con 
structed if desired to obtain a directly from 
2/21, for the assumed attenuation conditions. 

It can be shown that the attenuation for a 
certain band of wave-lengths less than the chosen 
Inaxinun wave-length will be equal to or greater 
than that of the maximum Wave-length; and 
that the width of this band increases as 22/21 is 
increased. 

In the above explanation it has been assumed 
that the effective dielectric for the section XX, 
YY is air. If, as will generally be the case, the 
strips are insulated with a nacrial having a di 
electric constant K, then the length a determined 
from Equation 7 should be divided by VK, so 
that the insulating materia is an advantage be 
cause it makes the filter shorter. 

It will be evident that the arrow portions of 
the filter may be bisected instead of the wide 
portions to form the elementary section. The 
discussion above will not be affected except that 
at the ends of the filter (assining it is termi 
nated in a half section) the image inpedance 2 
will be given by an equation the same as (8) 
except that the left hand side is replaced by 

(f) 
By using a strip having the form of Fig. iC, the 
ter is shortened, as already explained; and if 

the clearance between the wide and narrow por 
tions is not so small that the capacity between 
them becomes appreciable, the formulae ex 
plained above will be found to hold with sufficient 
accuracy. - 

An alternative improved method of construc 
tion of the filter of the invention is to deposit the 
metal directly on one or both sides of the dielec 
tric sheet. Thus, copper may be plated directly. 
on to mica, for example, by first. Spraying thereon 
through a stencil a colloidal graphite solution 
such as that known by the registered trade-mark 
'Aquadag' to form a conducting base. Alteria 
tively silver may be baked on to mica in a nanner 
similar to that used in the construction of silver 

  

  

  

  

  

  



s ceramic condensers. In this case, the silver paste . transmission lines all of substantially equal elec 
may be applied by means of a rubber stamp. 
Experimental filters have been made by this 

raethod, and it is found that the thin layer of 
metal so formed is quite capable of carrying di 
rect currents in the order of one ampere. A fur 
ther advantage is that the metal is in Inore inti 
mate contact with the dielectric, thus increasing 
the capacity per unit length, thereby giving a 
lower input image impedance (a desirable feature 
when filtering from high impedance sources). 
The filter may be constructed in a form bal 

anced or unbalanced to ground. In the first case 
it may consist cf two identical strips of any of the 
forms shown in Figs, A, B or C, (or any other 
like forms exhibiting wide and narrow portions) 
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arranged to register on either side of an insulat 
ing strip. In the second case, when one of the 
conductors will be at ground potential, this co 
ductor would preferably be a plain rectangular 
strip of area sufficient to cover the formed strip; 
and could conveniently be, for example, part of 
the screen of the apparatus in which the filter is 
to be mounted. In this case, for example, a thin 
Strip of insulating material having the formed 
conductor deposited on one side would be fixed to 
the Screen, suitable input and output terminals 
in contact with the metal layer being provided 
at the ends of the strip; a suitably insulated plain 
earthed metal strip is preferably nounted also 
outside the conductor iformed on the dielectric 
to Serve as a screen. Allowance musi, of course 
be made for this extra Strip as it will roughly 
have the impedance of the filter. 

20 

25 
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It will be clear that the strips may be arranged 35 
in various other ways. 
What is carned is: 

... An electric wave filter for ultra high fre 
quencies comprising a first conductor in the form 
of an elongated thin retaic sheet divided into 40 
alternate wide and narrow portions all of sub 
stantially the same physicallength, a second con 
ductor in the form of a sheet, and means for in 
Sulatingly spacing the said first and second con 
ductors rom one another. 

2. An electric wave filter for ultra high fre 
quencies comprising a series of tandern connected 

45 
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trical length and alternately of high and low 
image impedance, the said lincs each comprising 
a pair of thin, fat, parallel sheet conductors in 
close proximity, but electrically insulated. 

3. An electric wave filter for ultra high fre 
quencies comprising a first conductor in the form 
of an elongated thin metallic sheet divided into 
alternate rectangular wide and narrow portions 
all of Substancially the same physical length, a 
second conductor in the form of a sheet, and 
means for insulatingly spacing the said first and 
Second conductors from one another. 

4. An electric wave filter for ultra, high fre 
quencies comprising two conductors each in the 
form of an elongated thin metallic sheet divided 
into alternate rectangular wide and narrow por 
tions all of substantially the same physical length, 
and means for insulatingly spacing the said con 
ductors from one another with correspondingly 
shaped portions in registration with one another. 

5. A filter as claimed in claim 3 in which the 
Said wide and narrow portions are Symmetrically 
arranged with respect to the centre line of the 
Sheet. 

6. An electric wave filter for ultra high fre 
quencies comprising an elongated metallic sheet 
conductor in the form of rectangular portions 
spaced apart, and narrow portions connecting di 
agonally oppositely facing corners of the said rec 
tangular portions, a second conductor in the form 
of a sheet, and means for insulatingly Spacing the 
said first and second conductors from one an 
other. 

7. An electric wave flier for ultra high fre 
quencies comprising a series of tanden connected 
transmission lines of substantially equal electrical 
length and of alternate high and low image in 
pedance, the said lines each comprising a pair 
of thin flat parallel sheet conductors in close 
proximity but electrically insiilated and of such 
electrical length in relation to the ratio of the 
said image inredance as to give a maximun at 
tenuation per unit physicallength of the said 
filter, 
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