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. ELECTRICAL DELAY LINES

Giirdon: R, Abell, Jr., Poughkeepsie, N. Y.; assignor- fo
the: United" States: of "America’ as- represented by the
Secretary of the Air Force

Application March 27, 1956, Serial No. 574,341
6 Claims.. (CL 333—29)'
(Granted under Title 35, U. S. Code (1952), sec. 266)

The iivention described herein thay be manufactured
anid- used- by or 'for the’ United States Government for
“governmental- purposes: without’ payiiént. to mie ‘6f any
Toyalty thereon, ) , )

This invention relatés to eléctrical delay lines: and par-
ticularly to- delay lines of the type shown'in U. S. Patent
2,702;372, isstied to Jarhes B: Hickey on February 15,
1955. This patent’ discloses a' delay line of the lumped
paramieter L-C- low pass’ m-derived: filter type in: which
the individual LG sectiofis® are: each made up of & coil
wrapped  arouid the outside: of the capacitor supplying
the shunt- capacitance. These sections” are arranged- in
a row with- the axes of the coils parallél so that" the’ flux
of each: coil links-the coils- of:the preceding aiid suceesd-
Ing sections. Tn'this wdy the: inductivé coupling: between
adjacent sections, regiiired ifi'the m-derived-configuration,
is provided. , :

I order” to- réduce the physical length of a line of the
above type the patent’ shows the: sections: arfanged in a
plurality” of: short rows' father’ than. 2~ long single row.
It is apparent that;"ifi’ siich &t arrangeraent; the inductive
coupling between adjacent sections- due to the flux link-
ages between adjacent coils. does not exist, or_ exists in
greatly diminished’ form; between the' 14st section of one
“TOW diid.the first.section. of-the next:row. This introduces
discontinuities in the delay line which give rise to reflec-
tions resulting in a loss of energy and other undesirable
effects,

It is the object of the invention to remove the above
discontinuities. Briefly, this is accomplished by a con-
ductive loop which surrounds and is inductively coupled
to the coils in the two end sections of adjacent rows,
The magnitude and sign of this coupling is made such as
to duplicate the inductive coupling between the coils of
adjacent sections in a row.

While this method is particularly adaptable to lumped
constant lines of the above described type, it is also
applicable to delay lines of the distributed constant type
as will be seen later. '

A more detailed description of the invention will be
_given in connection with the specific embodiments thereof
shown in the accompanying drawings in which:

Fig. 1 shows a line of the type described in the Hickey
patent to which the invention has been applied;

Figs. 2 and 2a show the details of several sections of
the line of Fig. 1;

Fig. 3 shows the equivalent circuit of the lne of Fig. 1;

Fig. 4 shows the invention applied to a distributed
constant delay line; and

Fig. 5 is an equivalent circuit of Fig. 4.

Referring to Fig. 1, a delay line of the type disclosed
in the above cited patent to Hickey is made up of a
plurality of cascaded sections each of which, as shown
more clearly in Fig. 2, consists of a small capacitor 1,
such as a molded mica capacitor, around which is wound
a coil 3 or 3’ depending upon whether the coil, as viewed
from the top, is wound clockwise or counterclockwise.
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The upper terminal of each capacitor is- connected. to. the
coil of ‘the succeeding. section and the lower. terminal. of
each condenser is connectéd-to a point of fixed potential
such:as metallic plate 5. The equivalent circuit of Fig,.2
is shown in' Fig. 24. By placing the sections adjacent
one another in a row as-shows in Fig. 1 the flux from
each coil links' the ‘adjacent’ coils, as indicated in. Fig. 2,
and, since adjacent coils:are wound in opposite directions,
the resulting mutudl coupling. is positive. ~All sections
are identical,. except for the direction of winding. the

‘coils, and the inductance of the coils, the coupling: be-

tween the coils, and the value of capacitors 1 are made
such as to satisfy the requirements for an m-derived low-
pass filter.

‘The cascaded sections forming the delay line in. Fig,.1
are:arranged in two'rows. in order to reduce. the physical
length - of ‘the: line.. Depending upon' the number: of
séctions used and thé spsce requirements, any number of
rows may be used to achieve a desired physical dimension.
It is evident' that' the mutual coupling . between adjacent

‘coils; indicated in Fig. 2, is uniform for all sections-com-

prising. a single row. - However;. this coupling is- absent
or greatly reduced between-the coil of the last section
of one’'row: and: the -coil-in the: next succeeding section
of the cascade which is located in an adjacent row. .In
accordance with the invention this- discontinuity. is. pre-
ventéd by coupling loop 7 which: may conveniently take

" +the form' of a loop"of insulated wire encircling the coils
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«of the two-end sections: as sown in Fig. 1. The amount

of coupling is controlled by the number of times the loap
encircles the coils and is- made. equal to" the coupling
existing between adjacent coils in-a row. The sign. of
thé: coupling must also be observed and made consistent
with: the sign- of: the corresponding: coupling between. ad-
jacent coils-in a- row, which-is positive. If the two. end
coils are wound in the same direction-‘as in. the- drawing,

-it is-necessary-to ‘cross the loop-inorder to- achieve -posi-
"tive coupling;. as shown; ) ;

The equivalent circuit of the. delay line of Fig.. 1. is
shown in Fig. 3. Dotted line 9 represents the division
between rows, ’

The above difficulty also arises when a distributed
constant delay line is made in several sections. Such
a line made in two sections is shown in Fig. 4. Each
section of the line consists of a core 11, which may be
made of a magnetic material, upon which is formed a
continuous uniform winding 13. The capacity between
the conductor of the winding and the core 11 is analogous
to the shunt capacitors of the lumped constant line of
Fig. 1. In a continuous winding of this type it is ob-
vious that inductive coupling exists between each turn
and turns adjacent thereto, When the line is in sections
as in Fig, 4 such coupling does not exist between the
end turns of one section and the end turns of another
section connected thereto and an undesirable discon-
tinuity is thereby introduced in the line. This condition
may also be remedied by a conductive loop 7’ wound
around each section near the ends to be joined. As in
Fig. 1, the number of turns in the loop is made suffi-
cient to reproduce the inductive coupling that would
normally exist between turns intermediate the ends of
a section, i. e. across a point intermediate the ends of a
section. Also the proper direction of the coupling must
be preserved. Where both windings have the same
directions, i. e. both in the form of right-hand or left-
hand threads, the loop must be crossed as shown to
obtain the proper coupling sign. An equivalent circuit

of Fig. 4 is shown in Fig. 5.

I claim:
1. In an electrical delay line structure in which in-
ductive coupling between adjacent portions resulting
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from their proximity is utilized to improve the transmis-
sion characteristics of the line, and in which said line
structure is divided into a plurality of physically isolated
parts coupled in cascade, -means for reducing discon-
tinuities in said line due to the physical separation of
said -cascaded parts and the alteration of the said in-
ductive coupling between adjacent portions of the line
of that point resulting therefrom, said means compris-
ing a conductive circuit inductively coupled to the out-
put end portion of the line in each cascaded section,
save the last, and also inductively coupled to the input
end portion of the line in the next succeeding cascaded
section for introducing an inductive coupling between
said end portions identical to the said inductive coupling
between adjacent portions within a section.

2. An electrical delay line comprising a plurality of

cascaded sections each consisting of a coil providing series _
inductance and a condenser providing shunt capacitance”

in which said sections are physically arranged in rows
and in which the sections in each row are sufficiently
close together physically for inductive coupling to exist
between the coils of adjacent sections in the cascade,
means for reducing the discontinuities resulting from the
greater spacing and correspondingly Iesser inductive cou-
pling between the coils of adjacent sections in the cascade
-located in different rows, said means comprising, in
each case, a conductive loop inductively coupled to the
coils in the particular adjacent sections for bringing the
inductive coupling between these coils into equality with
the inductive coupling between the coils of adjacent sec-
tions in the same row.

3. An electrical delay line comprising a plurality of
" cascaded sections each consisting of a series inductance
and a shunt capacitance, in which the inductance is a
coil of wire wrapped around the body of a condenser
supplying said capacitance, said sections being mounted
close together in each of a plurality of rows with the
axes of said coils perpendicular to a reference plane
whereby a predetermined amount of inductive coupling
exists between adjacent coils in a row, and additional
coupling means between .those adjacent sections in the
cascade located in different rows, said means compris-
ing, in each case, a conductive loop inductively coupled
to each of the coils in the particular adjacent sections
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for bringing the inductive coupling between these coils
into equality with the inductive coupling between the
coils of adjacent sections in the same row,

4. An electrical delay line consisting of a plurality of
physically separated sections, each section having a uni-
formly distributed series inductance and a uniformly
distributed shunt capacitance, means connecting said
sections in cascade, and additional coupling means be-
tween the connected ends of said sections, said coupling
means comprising, in each case, a conductive loop con-
ductively coupled to the series inductances of the par-
ticular connected sections mear the conmected ends for
bringing the inductive coupling between said connected
ends into equality with the inductive coupling across an
intermediate point on a line section.

5. An electrical delay line consisting of a plurality of
physically separated sections, each section comprising a
distributed series inductive element in the form of a
continuous helix and a distributed shunt capacitive ele-
ment in the form of a continuous conductive element
capacitively related to the turns of said helix, means
connecting said sections in cascade, and additional cou-
pling means between the connected ends of said sections,
said coupling means comprising in each case, a con-
ductive loop surrounding the series inductive elements

_of the particular connected sections near the connected

ends for bringing the inductive coupling between said
connected ends into equality with the inductive coupling
across an intermediate point on a line section.

6. An electrical delay line comprising a plurality of
similar line portions connected in cascade and divided
into a plurality of physically isolated groups, there being

.in each group a predetermined additional coupling be-
“tween each pair of adjacent portions in the cascade due
to their proximity, and means for providing an additional

coupling, equal to said predetermined coupling, between
the last portion of each group, save the last group, and
the first portion of said next succeeding group, said

means comprising, in each case, a conductive circuit

coupled to said last and first portions.
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