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UNITED STATES PATENT OFFICE 
2,468,151 

COUPLENG ARRANGEMENT FOR ULTRA 
HIGH FREQUENCY CIRCUITS 

Eric Osborne Willoughby, London, England. as 
signor, by mesne assignments, to International 
Standard Electric Corporation, New York, 
N.Y., a corporation of Delaware 
Application April 6, 1944, Serial No. 529,715 

In Great Britain April 19, 1943 
(C. 178-44) 2 Claims. 

1. 
The present invention relates to transmission 

lines for ultra, high frequencies and has for its 
object to provide transmission lines for use at 
ultra high frequencies which are of very compact 
type with low stray field and which may be read 
ily inductively coupled together. A further ob 
ject of the invention is to incorporate Such trans 
mission lines in ultra high frequency apparatus, 
particularly ultra high frequency amplifiers or 
other electron discharge apparatus. - 

According to one aspect of the invention, a 
transmission line for ultra high frequencies com 
prises a conducting plate provided with a con 
tinuous Slot forming a tongue-like portion Sur 
rounded on one or both sides by the main por 
ion of said plate. The convenient form for the 
slot is of U-shape or of L-shape in which latter 
case one of the limbs terminates in One edge of 
the plate and the other limb may run parallel 
with that edge. It will be observed that the 
tongue is attached to the plate at One end which 
is thus a short circuited end of the transmission 
line. 
According to another aspect of the invention 

a transmission line for ultra, high frequencies 
comprises a central conductor and two other con 
ductors arranged one on each side of Said central 
conductor. The conductors may comprise three 
flat strips in the same plane or arranged with 
their major faces in parallel planes. Further 
more the two outer conductors may comprise two 
strips having L-shaped tranverse sections with 
corresponding limbs adjacent and parallel and 
the major faces of the central strip may be paral 
lel to or perpendicular to the Said corresponding 
limbs. 
The characteristics of the lines according to 

this invention may be varied in a number of Ways. 
For example, by varying the shape or width of 
the slot, and the thickness of the plate, it is pos 
sible to vary the distributed inductance and/or 
capacity. Furthermore in the case of the triple 
conductor according to this invention the same 
factors may be varied and in the case of the L 
shaped outer conductors the length of the ad 
jacent limbs or their distance apart from the 
central conductor as well as the shape of the 
central conductor may be varied. 
According to a modification of the invention, 

the slots may be replaced by grooves, the depth 
of which is one quarter of the operating Wave 
length. The groove in this case will then func 
tion as an effective open circuited transmission 
line. 
The plate or outer conductors of the triple con 
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2 
ductor transmission line may be earthed, thus 
providing an unbalanced transmission line Of 
low characteristic impedance and Small stray 
field. Such a line is ideal for inter-coupling 
ultra high frequency apparatus such as stages in 
an amplifier. The interstage couplings are 
simply achieved by close inductive coupling of 
two transmission lines according to this invention 
and which form the output of one stage and the 
input of the next succeeding stage. Such 
straight ultra high frequency amplifiers are 
often more convenient than the Superheterodyne 
type of amplifier involving a local Osciliator, par 
ticularly for the reception of modulated Signals 
of high signal level compared to input circuit 
noise where it is the rectified high frequency sig 
nals which are of interest, or may form an in 
termediate frequency amplifier for the reception 
of extremely high frequencies. 
The invention will be better understood from 

the following description taken in conjunction 
with the accompanying drawings, which show 
by way of example several forms which the trans 
mission lines embodying the invention may take. 
In the drawings 

Figs. 1-4 are transverse sections of different 
transmission lines; 

Fig. 5 is a plan view of the line shown in Fig 
ure 1; 

Fig. 6 is a plan view of the triple conductor line 
short circuited at one end and formed from a 
conducting plate; 

Fig. 6A is a plan view of a modification of the 
transmission line shown in Fig. 6; 

Figs. 7 and 8 are sectional and plan views re 
spectively of an arrangement by which the coul 
pling between two lines can be varied, Fig. 8 being 
a view looking from the line 8-8 of Figure 7: 

Fig. 9 is a plan view of a similar Variable coul 
pling arrangement applied to a line made by an 
isolated tongue attached to a conducting plate; 

Fig. 9A is a sectional elevation of a further 
modification of a transmission line according to 
the invention; 

Fig. 10 is an elevational view of an ultra high 
frequency amplifier embodying the transmission 
lines with inductive coupling as interStage coul 
pling arrangements; 

Fig. 11 is an end view looking in the direction 
of the arrow A of Fig. 10; 

Fig. 12 is a perspective view of a single Unit 
stage looking from the bottom of Fig. 10; 

Fig. 13 is a perspective view of a single unit 
stage looking in the direction of the arrow A in 
Fig. 10; 
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Figs. 14 and 15 show elevational and plain views 
respectively of arrangements for connecting the 
high and low voltage supplies to the amplifier 
Stages; 

Figs. 16 and 17 show two views at right angles 
corresponding to the views in Figures 10 and 1 
respectively of arrangements for varying the coul 
pling between the stages and similar to the ar 
rangements shown in Figures 7 and 8; 

Figs. 18 and 19 are explanatory diagrams. 
Referring to the drawings, Figs. 1 and 5 show 

a central conductor f and outer conductors 2, 
all of which are flat conductors which lie in the 
Same plane. In many instances, in ultra high fre 
quency equipments it is required that the trans 
mission line is short-circuited at one end so as 
to produce, for instance, a resonant circuit. In 
such cases, the short-circuited line is easily pro 
duced as a tongue by means of a slot 4 as shown 
in Fig. 6. This slot is here shown as of U-shape 
but it may of course be of any other shape, such 
as part of a circle or other curved form, provid 
ing it does not form a closed curve. The plate 
2 may be removed on one side of the tongue , 
leaving an L-shaped slot 4 terminating in the 
edge of the plate 2. A transmission line modified 
in this manner is shown in Fig. 6A. Such lines, 
however, are not of so much practical importance 
as the triple conductor type shown in Figure 6 of 
the drawings, which is cheap to make, and by us 
ing narrow slots could be arranged to have a very 
Small field at a distance from the plate. 
The triple conductor lines shown in Figures 1-4 

have characteristic impedances which decrease 
from the type of line shown in Figure 1 in succes 
sion to the type of line shown in Figure 4. The 
line shown in Figure 2 comprises a central flat 
strip conductor and two conductors 2 of - 
shaped croSS section having the limbs 3 facing 
and parallel to each other. The major surfaces of 
the conductor f are substantially at right angles 
to the limbs 3. In the line shown in Figure 3, 
the central conductor is of rod-like form, and 
Whilst shown as of circular cross-section, may 
have any other shape of cross-section. In Fig 
lure 4 the central conductor is shown as a strip 
conductor whose major faces are parallel to the 
adjacent limbs 3 of the outer conductors 2. It 
Will be understood by those skilled in the art that 
the characteristic impedance of the triple conduc 
tor line may be varied in many ways. For exam 
ple, by varying the distance between the conduc 
tors, by varying the length of the limbs 3 in Fig 
lures 2-4 or by varying the shape of the central 
conductor in the case of Figures 2-4, and also in 
fact in the case of Figure 1. 

By increasing the length of the limbs 3 in Fig 
ures 2, 3 and 4 the relative magnetic field avail 
able for coupling on the lower side of the plates 
2 rapidly decreases with only small decrease of 
characteristic impedance. In any of these cases 
the full current flows in the central conductor 
and half the current in each of the outer conduc 
tors or plate 2 which may be earthed. 

Figures 7, 8 and 9 show an arrangement by 
which the coupling between two transmission 
lines according to the invention can be varied. 
Figure 7 is an elevation in section, Figure 8 is 
a plan view. Figure 9 is a plan view of a modified 
line. The transmission line is shown in Figures 
7 and 8 as of the same type as that shown in Fig 
lure 1 or 6, but it will be understood that the air 
rangement may be used with any of the lines. 
Two of the lines are placed parallel to each other 
So that they are inductively coupled, and a mag 
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4. 
netic screen 5 that is, at the frequency in use, 
any conducting plate, is inserted between the 
two coupled lines, the length of the screen in 
Serted being variable. The two lines are shown 
in Fig. as parallel plates 2 and 2', respectively. 
In this way variable lengths of the transmission 
lines are coupled. Figure 9 shows a type of trans 
mission line comprising an isolated conductor 
formed as a tongue by cutting away the portions 
6 and of the conducting plate. The other con 
ductor of the line is the conducting plate 5'. This 
type of line has a large stray magnetic field be 
tween the edge of plate 5 and the edge of conduc 
tor 2 and is useful where large inductive coupling 
is required. As in Figures 7 and 8, the coupling 
between two lines may be varied by means of the 
adjustable plate 5' which acts as a variable Screen 
When two similar lines are inductively coupled. 
The stray field may be obtained by means of any 
transverse conductor, connected to , and the 
edge of the plate 5. 
Whilst the conductors have been described as 

being separated by slots, the conductors may be 
formed between grooves in a conducting plate, 
provided the depth of the grooves is substantially 
one quarter of the operative wavelength, with 
which the line is to be used. Thus the groove 
functions as a quarter-waveline short circuited 
at one end and thus functions as an open-cir 
cuited line and no current at the frequencies used 
Will flow in a direction towards the bottom of the 
gi'OOWe. 

Fig. 9A is a section through a transmission line 
in accordance With the modification just de 
scribed. In this embodiment of the invention, the 
slot 4 of the preceding figures is replaced by a 
groove 4' which separates the conductor f from 
the remaining portions of the conducting body 2, 
the depth of the groove being one quarter of a 
Wavelength. Due to this dimensioning of the 
groove , the latter will act substantially in the 
same manner as the slot. 4 in Fig. 1 as will be 
readily understood by those skilled in the art. 
The most practical and useful type of trans 

mission line according to the invention is per 
haps the type shown in Figures 1 and 6 formed 
by slots in a conducting plate, especially when the 
transmission lines in two different circuits are to 
be inductively coupled together as a means of 
coupling the two circuits. 

Figures 10 and 11 show in plan and end view a 
two-stage amplifier for ultra high frequencies in 
which the stages are coupled together by means 
of transmission lines according to the present 
invention; specifically of the type shown in 
Figure 6. 
In the amplifier shown in Figures 10 and 11. 

each stage (shown in Figures 12 and 13) com 
prises a thermionic valve of the grid disc or disc 
Seal type. In such valves the grid is connected to 
a metailic disc 8 which passes through the en 
velope 2 of the valve and surrounds the grid, 
and forms a convenient way of making connec 
tion to the grid. Such valves are described and 
claimed for instance in the U. S. Patent Number 
2419,544 issued on April 29, 1947, to J. Foster. 

he cathode of the valve is indicated at 0 and 
the anode at . The valve is supported in a 
Screening metal box 3, divided into two com 
partments by a metal partition 9 provided with 
means for Supporting the valve by the grid disc. 
These means comprise a ring 9a (Figure 12) be 
tween which and the screen 9, the grid disc 8 is 
clamped with the aid of nuts and bolts 9b. The 
partition 9 screens the input grid-cathode cir 
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cuit from the output grid-anode circuit. The 
ends of the box 3 consist of plates comprising 
transmission lines as shown in Figure 11 which 
is a view looking in the direction of the arrow A 
in Figure 10. The plate 14 is of the kind shown 
in Figure 6. 
The open circuit end of the central conductor 

f4a of each transmission line is bent over to 
form a plate 5 (Figure 13) of a tuning con 
denser of which the adjustable plate f6 is car 
ried on a block f either supported on the plate 
f4 itself when at earth potential or carried on a 
supporting earth plate which is insulated from 
the plate 4 by a thin layer of sheet mica in 
cases where the plate f4 is at one of the D. C. 
supply potentials. The plate 6 is adjustable by 
means of a screw 7d. which screws into the 
block f. 
The valves are connected to the transmission 

lines 4 as shown in Figure 10 and for sim 
plicity only the high frequency circuits are 
shown, it generally being necessary to load the 
cathode circuit by a loading coil 8 to form an 
equivalent three-quarter wave-length loaded 
transmission line on the cathode side of the 
circuit, and the anode lead a may be directly 
connected on to the central conductor of its 
transmission line 4" to form an equivalent 
quarter-wave loaded transmission line. Because 
of the short operating wave-length the loaded 
transmission line on the cathode side of the cir 
cuit is made three-quarter wave-length in order 
that a voltage antinode can be obtained outside 
the valve envelope. If this loaded line were 
only one-quarter wave-length the antinode would 
fall within the valve envelope. 
The transmission lines constituting the input 

and the output circuits of each amplifier stage 
are coupled together as illustrated in the case of 
the amplifier units S and S2, and in the case of 
the amplifier stage S2 and the output unit O. The 
current antinodes at the short circuit points 9 
(Figure 11) of the transmission lines 4, 4' are 
arranged to be at the same height, and rela 
tively close spacing between the coupled circuits, 
for example, 4' of S and 4 of S.2. or f4' of S2 
and 4 of O, is found necessary even at critical 
coupling, but over-coupling to produce a fre 
quency band pass characteristic is possible. It 
will be observed that the amplifier stages are 
made in units. These units are adjustably lo 
cated on rails, as shown in Figures 13, 14 and 15, 
and secured thereon by means described herein 
after. 

these rails are indicated at 2 in Figures 14 
and 5 and are associated with H. F. filters de 
coupling the D. C. supply lines 2 for H. F. cur 
rents to earth. These filters are composed of the 
inductive component of 21 produced by spaced 
connections 22 to condenser plates 23, and the 
condensei's formed by plates 23, a dielectric sheet 
24 and the earth tray 25 carrying the units and 
supporting the rails 2 f. The rails in Figure 13 are 
shown somewhat differently, but forming con 
densers with the tray 25. In Figure 13the rails 
2 are shown as broader strips than in Figure 15, 
and are in direct contact with a continuous 
plate 24 of insulating material. The condensers 
are thus formed between the rails 2 and the 
tray 25. 
A cover strip 3b shown in Figure 12 is used 

between the units S, S2 and O for screening 
from external circuits and is attached to the units 
to form a rigid composite whole together with the 
fastenings of the units to the tray. The units are 
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6 
screwed to the base by slotted holes 26 in the 
marginal strips of the base plate 25 (Figure 13) 
so that the distance and hence the coupling be 
tween the units can be adjusted in the direction 
of the arrows B (Figures 10 and 15), and for this 
purpose the cover plates 3b are provided with 
slotted holes 3c which enable them to move 
relatively to the tray 25, bolts being passed 
through the sides of the tray and the holes 3c 
to secure the units in position. 
Other arrangements utilising transmission 

lines according to the invention are possible, 
but the unit construction is greatly aided by the 
use of such transmission lines for the H. F. 
circuits both in compactness and ease of Screen 
ing due to the small stray field associated with 
such lines and the excellent decoupling inherent 
in the transmission line plates of the amplifier 
units. 
Connection between the H. T. and L., T. rails 

and their respective electrodes is made by means 
of Springs 28, 29 and 30 (Figure 12), one making 
contact with each rail when the box 3 is placed 
home on the tray 25. The springs are appro 
priately connected to the electrodes and the 
anode is capacitively coupled to the transmis 
sion line 4 for H. F. currents but is insulated 
therefrom for direct current. Similarly the cath 
Ode is capacitively coupled to line 4 for high 
frequency currents but is insulated therefrom for 
direct currents. These capacities may be formed 
at any convenient point in the circuits. For ex 
ample, the spring 28 is supported by but insulated 
from line f4 by means of a mica strip as shown at 
28a. This forms the L. T.-- terminal for the 
Cathode heater, or the cathode terminal if the 
heater forms the cathode, and is insulated from 
the earthed box 3. The other cathode heater 
Spring contact 29 is connected directly to the 
partition 9 which is at earth potential (D. C.). 
The box 3 may be held firmly in position by 
means of spring clips 20 as shown in Figure 10 
as an alternative to the bolts and nuts which 
pass through the slotted holes 26 in the marginal 
portion of tray 25 and through the holes i3a. 
shown in Figure 12 of the box 3. 

Circuit elements associated with each ampli 
fying stage are located within the box 3 in a 
Convenient manner. 

For applications where very small coupling is 
required between the units or stages a screen 
plate 26' shown in Figures 16 and 17 is inserted 
between the units, or on the other hand there 
may be one such screen plate 26 on each unit, 
coupling being adjusted by adjusting the uncov 
ered portions of the coupled transmission lines. 
The output transmission line is shown as a 

coaxial line OL, and the central conductor of this 
is connected in the vicinity of a voltage nodal 
point on the input transmission line 4 of the unit 
O which is coupled to the last amplifying stage. 

In wide band amplifiers at ultra high fre 
quencies, the inductively coupled types of band 
paSS units are simplest, but unless the 'Q's' of 
the two coupled circuits are approximately the 
Same, full power output will not be obtained at 
the peaks of the band pass frequency versus 
voltage curve, and full power at the peaks makes 
a flat band pass possible with a single peak tuned 
correcting stage, without appreciable drop of 
gain. 
One difficulty to be surmounted in the in 

verted valves of the type commonly used for ultra 
high frequency amplifiers and as described in 
relation to Figure 10, therefore, is the high ratio 



2,488, 5. 
7 

of output to input resistance, coupled with shunt 
input and output valve capacities of the same 
order. This is overcome by the methods illus 
trated in Figure 18 and 19. In Figure 19 parts 
corresponding to like parts in Figure 10 are given 
the same references as in that figure. Referring 
to Figure 18, R is the equivalent output resistance 
load across the anode of one valve and CA and 
LA the equivalent shunt capacity and inductance 
of the output circuit, r is the input resistance 
and Co the input capacity of the next valve of 
the amplifier system. So long as the reactance 
Co is then about r?3, it is possible to Series tune 
the parallel circuit rCo with an inductance Lic 
and then by an appropriate tap T on the induct 
ance of a parallel tuned tank circuit LC this 
latter circuit may be so damped as to be of Sub 
stantially the same Q as the high Q circuit CALA 
in the anode output circuit of a preceding an 
plifier stage to which LC is coupled. 
In practice this is carried out as indicated in 

Figure 19 where 4 and 4' designate the trans 
mission lines of the amplifier in Figures 10 and 18 
a series tuning device corresponding to 8 Figure 
10 which is a series capacitance or inductance ac 
cording to whether the length of the connection 
from the cathode to the point 27 is greater or less 
than that required to tune the circuit to one 
quarter wave resonance. As pointed out herein 
before, the electrical length is preferably a quar 
ter wavelength, but if the frequency is high, it 
may of necessity become three-quarters the op 
erating wave-length. . . . . . . . 

If the slotted plate comprising the line 4 Fig 
ure 9 is used to move as a piston then it is pos 
sible by appropriate choice of a fixed reactance at 
f8 to arrange for a small movement of this plate 
to series tune the cathode line O-27 to quarter 
Wave IeSOrance. 
The tapping point 2 is so adjusted that, the 

damping on the input tank circuit is just suffi 
cient to make its effective 'Q' the same as that of 
the output circuit 4 of the preceding amplifier 
stage to which 4 is coupled. 
From the foregoing description it. Will be ob 

served that the input and output circuits of the 
amplifier stages are resonant transmission line 
circuits tuned to the operating frequency. Whilst 
only one embodiment of the invention has been 
described by way of example, others falling within 
the scope of the appended claims Will occur to 
those skilled in the art. Furthermore, many 
modifications and adaptations may be made in 
the example described without departing from 
the scope of the appended claims. 

For example, any of the lines described in re 
lation to Figures 1-4 may be used in place of the 
type shown in Figure6 as used in the description 
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8 
of the amplifier given, and these lines may be 
short-circuited at one end by a conductor in 
known manner. 
What is claimed is; 
1. A circuit for ultra high frequencies compris 

ing a plurality of unbalanced energy translating 
stages and means for coupling Successive stages, 
said means including two inductively coupled 
transmission lines, each of Said lines including a 
metal plate having a surface forming a main con 
ducting portion and a single tongue-like portion 
formed in said surface by a slot, said tongue be 
ing surrounded by said main portion on at least 
two of its three sides, said plates being mounted 
parallel and closely adjacent to one another with 
said tongues adjacent one another and a shield 
connected to said Surface of each metal plate 
about said slot and arranged to shield said trans 
lating stages. 

2. A circuit for ultra high frequencies compris 
ing a plurality of unbalanced amplifying stages 
including a vacuum tube having cathode, grid, 
and anode electrodes and a grid disc, and means 
for coupling successive stages, said means includ 
ing two inductively coupled transmission lines, 
each of said lines including a metal plate having 
a surface forming a main conducting portion and 
a single tongue-like portion formed in said sur 
face by a slot, said tongue being surrounded by 
said main portion, said plates being mounted 
parallel and closely adjacent to one another with 
said tongues adjacent one another, and a shield 
connected to said Surface of each metal plate 
about said slot and to the grid disc of the translat 

35 ing stage connected to the corresponding tongue. 
ERIC, OSBORNE WILLOUGHBY. 
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