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This invention relates to a signal energy take off device
and more particularly to a device which will exiract a
usable small amount of signal energy from a feed through
transmission line along which the signal is traveling with-
out materially degrading the quality of the signal in the
transmission line or producing an appreciable amount of
discontinuity in ithe transmission line so as to cause de-
leterious reflections therein and in a manner which de-
livers such signal energy through an output transmission
line to provide an output signal voltage having substan-
tially the same wave form as that of the ‘signal voltage
passing along the feed through transmission line.

In many cases it is desirable to extract a portion of the
signal energy traveling along a transmission line. Such
signal energy may, for example, be employed in cathode
ray woscilloscope circuits to actuate a trigger circuit which
in turn initiates the actuation of a sweep circuit, the re-
maining signal energy continuing to travel aleng such
transmission line and being employed to produce a verti-
cal deflection in the oscilloscope after a time delay.  In
prior devices resistive dsolation involving resistance in
series with the output cable has been employed to keep
ihe reflections in the feed through transmission line small
thus resulting in extremely poor efficiency of signal ener-
gy delivery to the output line because of losses in such
resistance.

In accordance with the present invention, an extremely
efficient signal energy take off device is provided. A very
small reflection is produced in the feed through line and
substantially all of the signal energy which is extracted
from the signal propagated along such line is delivered
to the output line. In such device, a gap which is short
relative to the spacing of the conductors of the feed
through line is provided in one of such conductors and a
plurality of small transformers, each employing an annu-
lar core of magnetic material and single turn primary and
secondary winding, have their primary windings -con-
nected in parallel across such gap. The transformers may
be divided into one or miore similar groups and a single
conductor extends through all of the cores of each group
to provide single turn secondary windings for the trans-
formers of each group which are connected in series.
Such conductor is connected to an output transmission
line and the arrangement and connection of the trans-
formers is such to provide a low impedance across the
gap referred to and an impedance across the output trans-
mission line substantially equal to the characteristic im-
pedance of such output line. The resulting device will
extract a usable small amount of signal energy from the
feed through transmission line over a wide range of fre-
quencies including extremely high frequencies with very
little effect on the signal traveling along the feed through
line.

The signal energy take off device of the present inven-
tion is particularly adapted for employment with trans-
mission lines of the coaxial type. A gap may be pro-
vided in the outer tubular conductor of such line which is
short relative to the diameter of such conductor and a
plurality of small transformers of the type discussed above
may be circumferentially spaced around such gap,. By
employing annular members of conducting material, such
as metal, having their inner peripheries engaging the ends
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of the outer conductor of the input or feed through line
on opposite sides of the gap and mounting small annular
magnetic cores in slots in such conducting members, a
compact structure having high mechanical strength and
excellent electrical properties can be provided.

It is therefore an object of the present invention to pro-
vide an improved signal energy take off device for ex-
tracting a portion of the signal energy traveling along a
transmission line in which device a plurality of small
transformers are employed.

Another object of the present invention is to provide
a signal energy take off device for extracting a portion of
the signal energy traveling along a transmission line in
which device a plurality of small transformers each having
a magnetic core and single turn primary and secondary
windings are employed and in which the primary wind-
ings of such transformers are connected in parallel across
a gap in one conductor of the transmission line and in
which device the transformers are divided into one or
more similar ‘groups and the secondary windings of each
such group are connected in series.

A further object of the invention is to provide an im-
proved signal energy take off device capable of operating
with extremely high frequency signals for extracting a
small portion of the signal energy traveling along a trans-
mission line in which device a plurality of small trans-
formers are employed and substantially no distortion of
the signal traveling along such transmission dine is pro-
duced, and very little reflection of signal energy is pro-
duced in such line.

Other objects and advantages of the invention will ap-
pear in the following description of preferred embodiments
thereof shown in the attached drawing of which:

FIG. 1 is a longitudinal section taken axially through
a device in accordance with the present invention with por-
tions of the device shown in elevation with parts broken
away;

FIG. 2'is a transverse cross section of the device of
FIG. 1, taken on the line 2—2 of FIG. 1;

FIG. 3 is a fragmentary sectional view of the device of
FIGS. 1 and 2, taken on the line 3—3 of FIG. 2;

FIG. 4 is an end elevation of @ modified device similar
to the device of FIGS. 1 to 3; and

FIG. 5 is an end elevation with parts broken away in
zlz furiiler modified device, similar to the devices of FIGS.

to 4.

Referring more particularly to the drawing, the device
illustrated in FIGS. 1 to 3 includes a coaxial cable 10
having an inner flexible conductor 12 and an outer
tubular flexible conductor 14. A flexible tubular member
16 of insulating material is positioned between the inner
and outer flexible conductors 12 and 14 and the cable
also has an outer insulating sheath 18 surrounding the
outer conductor I4. The coaxial cable 10 preferably
passes through one or more cores of magnetic material
29 for the purpose discussed below.

A transformer structure 22 is shown surrounding the
end of the coaxial cable from which the insulating sheath
18 and outer flexible conductor 14 has been stripped.
Except for such transformer structure 22, the remainder
of the device is made up largely of standard or slightly
modified coaxial cable connector elements which are
employed to hold the transformer structure in position
and provide a continuation of the inner and outer con-
ductors of the cable 16 with a gap in the outer con-
ductor. Thus the outer connector element 24 and inner
connector element 2§, shown at the right of FIG. 1
as-being insulated from each other by an insulating mem-
ber. 27, may be parts of a commercial coaxial cable
connector and the same-is true of the nut 28 holding
the connector elements 24 and 26 in assembled position
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with a metal sleeve 30 surrounding the end of the insu-
lating member 16 of the coaxial cable 10. The internally
and externally threaded sleeves 32 and 34 on the other
side of the transformer structure 22 may also be coaxial
cable connector parts and the same is true of the sleeve
36 of rubber or other similar flexible material which
serves to clamp the end of the coaxial cable 18 in posi-
tion relative to the sleeves 34 and 36, respectively. An
externally threaded sleeve 38 in conjunction with a split
conical sleeve 40 provides an effective electrical connec-
tion to the flexible outer conductor 14 of the coaxial cable
10.

The sleeves 36 and 38 each have a shoulder 42 which
provides annular recesses on their adjacent ends. An
annular member 44 of shest metal is supported by each
sleeve 30 and 38. Thus each annular member 44 has
its inner periphery received in an annular recess in one
of the sleeves 30 or 38 and the two annular members
44 are held in axially spaced position by a washer 46
of insulating material positioned between the two sleeves
30 and 38 and engaging the inner portions of such annu-
lar members. It will be apparent that the sleeve 38
forms a continuation of the outer flexible conductor 14
of the coaxial cable 1¢ and that the sleeve 3¢ forms a
continuation of the outer conductor of any coaxial cable
to be comnected to the device shown in FIG. 1 by a
suitable cable connector fitting the cable conmector in-
cluding the outer connector member 24 and the inner
connector member 26. The outer conductor of the re-
sultant feed through coaxial cable therefor has a gap
therein provided by the washer 46 of insulating material
between the two sleeves 38 and 38 and the annular
members 44. Such washer 46 is of smaller diameter
than the annular members 44 so as to provide a space
47 between the annular members 44.

The inner connector element 26 in conjunction with
another inner conducting element 48 secured to the inner
conductor 12 of the cable 10 and to the element 26
forms a continuation of the inner conductor 12 of the
coaxial cable 1¢ so that the inner conductor extends
continuously through the device of FIG. 1.
understood that the various elements of the connector
element including the outer connector element 24 and
the inner elements 26 and 48 as well as the slesve 38
are of a form which preserves the characteristic im-
pedance of the cable 10 throughout the device of FIG. 1,
except for any discontinuity which may be imparted by
the gap provided by the washer 46 in the outer conductor
of the resulting feed through coaxial cable.

The annular members 44 forming part of the trans-
former structure 22, as shown most clearly in FIG. 2,
each have a plurality of radially extending rectangular
slots 49 uniformly circumferentially spaced around the
coaxial cable. The slots 49 in the two members 44
are in alignment axially of the coaxial cable and are
shaped to each receive and fit a small annular core 58
of suitable magnetic material. The cores 56 have their
apertures 52 positioned in alignment with the space 47
between the two annular members 44 of conducting ma-
terial. As shown most clearly in FIG. 3, a short wire
56 extends from one of the annular members 44 to the
other annular member 44 through the apertures 52 in
each core 5@, such wire being positioned within the
space 47. - Each wire 56 constitutes a single turn trans-
former primary winding across the gap in the outer con-
ductor of the feed through coaxial cable and all of such
primary windings are connected in parallel across such
gap. As shown most clearly in FIG. 2, a single wire
58 extends through the apertures 52 in all of the cores
50 and has its ends positioned adjacent each other and
connected to the conductors of an output coaxial cable
60. The wire 58 constitutes a single turn secondary
winding for each of the transformers provided by the
cores 50 and primary windings 56, and such secondary
windines are all connected in series to the two conductors
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4
of the output coaxial cable 68. Another core 62 of
magnetic material is positioned to surround the output
circuit made up of the two ends of the wire 58 for
the reasons discussed below.

The modification shown in FIG. 4 is similar to the
modification shown in FIGS. 1 to 3 except that modified
annular members 64 of metal or other conducting ma-
terial are employed having circumferentially spaced slots
65 extending radially therein. The slots 6 in the annular
members 64 are of sufficient size to enable two annular
cores 38 to be positioned therein if found necessary for
efiective transformer action. Each transformer thus has
two cores 50 instead of one core 59 in order to provide
more magnetic material in the cores of each transformer
to therefore extend the low frequency response. Other-
wise the device of FIG. 4 may be entirely similar to the
device of FIGS. 1 to 3.

In the modified device of FIG. 5, annular members
68 of conducting material are employed, each having a
plurality of radially extending circumferentially spaced
slots 70, the number of such slots being greater in num-
ber than the number of slots 49 or 66 of the devices
of FIGS. 1 to 4. As in the devices of FIGS. 1 to 4,
each of the cores 59 has a single turn primary winding
consisting of a wire 56 extending between the two an-
nular members 68. The cores 38 of FIG. 5 are, how-
ever, divided into two similar groups each of which has
a separate secondary winding consisting of a conductor
72 extending through the apertures in the cores 50 of
one group. The iwo secondary windings 72 have their
ends connected in parallel to the conductors of an output
coaxial cable 74 which passes through a core 76 of mag-
netic material.

The magnetic cores 29 of FIG. 1 through which the
coaxial cable 18 passes, provide an effective transformer
or choke having a bifilar winding made up of the inner
and outer conductors of the coaxial cable 18. Such cores
are of magnetic material having low eddy current and
hysteresis losses so as to be usable at high frequency
and of relatively high permeability. Suitable cores are
available commercially and are usually referred to as
Ferrite cores. The cores 59 are also of the same type
of material. The cores 20 electrically isolate the end
of the outer conductor of the feed through coaxial cable
structure which is positioned on the left of the gap
in FIG. 1 provided by the insulating washer 46 from
any ground connection which the outer conductor 14
of the coaxial cable 10 may have at the left of the
cores 29 in FIG. 1. A voltage appears across such
gap when signal energy travels along the feed through
coaxial cable even though the outer conductor of the
cable connected to the right end of the device in FIG. 1
is also grounded. Since the individual transformers hav-
ing the cores 58 have a one-to-one ratio, a substantially
similar voltage is simultaneously produced in the com-
mon secondary winding 58 by each transformer and
such voltages add to produce a resultant higher voltage
across the conductors of the adjacent end of the co-
axial cable 69, The impedance looking into the gap
in the outer conductor of the feed through coaxial cable
arrangement of FIG. 1 is preferably made as small as
possible while at the same time the impedance looking
into the voltage take off device from the output trans-
mission line, such as the coaxial cable 60 of FIG. 2,
should be at least approximately the same as the char-
acteristic impedance of such cable. Since the small
transformers employing the cores 59 all have their pri-
mary windings connected in parallel across such gap
and their secondaries connected in series, the impedance
across such gap is quite small, due to the step down
action of the transformers on the load impedance. The
transformer windings are arranged to form a transmis-
sion line of appropriate characteristic impedance to match
the load transmission line.

As a specific example, the feed through cable 10 of
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a device employing eight cores, such as shown in FIGS.
1 to 4, may have a characteristic impedance of 125 ohms
while the output cable 60 may have a characteristic
impedance of 50 ohms so that the impedance connected
across the gap in the feed through cable is approximately
0.78 ohm. Also in the device of FIG. 5 the feed through
cable may have a characteristic impedance of 125 ohms
and the output cable may have a characteristic imped-
ance of 50 ohms to again provide an impedance con-
nected across the gap in the cable of approximately 0.78
ohm. In either case the impedance connected across
the gap in the feed through transmission line is small
relative to the characteristic impedance of the line. In
the examples the voltage across the gap is approximately
0.625% of that traveling along the feed through line
so that the voltage delivered to the output cable is
approximately 5% of the signal voltage traveling along
the feed through cable. Such output voltage is obtained
at a loss of only about 0.625% of the signal energy
traveling along the feed through cable. with no more
than about 0.313% voltage reflection in the feed through
cable so that approximately 99.7% of the signal voltage
continues along the feed through line.

A time factor resulting from the velocity of propaga-
tion of the signal in the secondary winding of the small
coupling transformers enters into the operation of the
devices illustrated. If it is assumed that the signal volt-
age induced in the secondary winding starts from a point
directly opposite the output leads of the secondary wind-
ing 58 in FIG. 2, and is propagated in both directions
along such secondary to the output coaxial cable 60,
such signal passes the successive small - transformers
along such secondary winding at progressively later times.
All of such transformers, however, simultancously pro-
duce the same increment of signal voltage in such sec-
ondary winding. Because of the time element referred
to, such increments add slightly out of phase.. The least
effect is produced when the output circuit is passed one
or more times through a. magnetic core 62 so as to
isolate the transformer secondary winding 58 from
ground even when the outer conductor of the output
transmission line 69 is grounded. Such time factor places
a limit on the frequency or rise time response of the
device shown but, nevertheless, devices of the type de-
scribed above are capable of operating satisfactorily at
several thousand megacycles and with pulses having very
short rise time.

It will be apparent that the details of the specific de-
vices shown may be varied including the number of
small transformers and their secondary winding connec-
tions, and that the invention can be applied to trams-
mission lines of different types than the coaxial cables
shown having different value of characteristic imped-
ances than those specifically disclosed.

We claim: }

1. A signal energy take off device comprising a feed
through transmission line having a pair of spaced con-
ductors, one of said conductors having a gap therein
which is short relative to the spacing between said con-
ductors, an output transmission line, a plurality of trans-
formers each having an annular core of magnetic material
and arranged in at least cne group of transformers, said
cores being circumferentially spaced around said one con-
ductor adjacent said gap, a conductor extending from one
side of said gap to the other through each of said cores
to provide a single turn primary winding for each of said
transformers which primary windings are all connected
in parallel across said gap, and a single conductor extend-
ing in series through all of said cores of the transformers
of each said group and having its ends connected to- said
output transmission line to provide single turn secondary
windings for the transformers of each said group all con-
nected in series with said output transmission line.

2. A signal energy take off device comprising a feed
through transmission line having a pair of spaced con-
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ductors, one of said conductors having a gap therein which
is short relative to the spacing of said conductors of said
transmission line, an output transmission line, a plurality
of transformers each having an annular core of magnetic
material and arranged in at least one group of trans-
formers, said cores being corcumferentially spaced around
said one conductor adjacent said gap, a conductor extend-
ing from one side of said gap to the other through each
of said cores to provide a single turn primary winding
for each of said transformers which primary windings are
all connected in parallel across said gap, and a single con-
ductor extending in series through all of said cores of
the transformers of each said group and having its ends
connected to said output transmission line to provide sin-
gle turn secondary windings for the transformers of each
said group all connected .in series with said output trans-
mission line, the parallel connection of said primary wind- -
ings providing an impedance across said gap which is
small relative to the characteristic impedance of said
feed through transmission line and the series connection
of said secondary windings at least approximately match-
ing the characteristic impedance of said output transmis-
sion line,

3. A signal energy take off device comprising a feed
through transmission line having a pair of spaced con-
ductors, one of said conductors having a gap therein which
is short relative to the spacing between said conductors,
an output transmission line, a plurality of similar groups
of transformers each including a plurality of transformers
each having an annular core of magnetic material, said
cores being circumferentially spaced around said one con-
ductor adjacent said gap, a conductor extending from one
side of said gap to the other through each of said cores
to provide a single turn primary winding for each of said
transformers which primary windings are all connected
in parallel across said gap, and a single conductor ex-
tending in series through all of said cores of the trans-

“formers of each said group and having its ends con-

nected to said output transmission line to provide single
turn secondary windings for the transformers of each said
group all connected in series with said output transmission
line and with the series connected secondary windings of
said groups connected in parallel to said output trans-

‘mission line.

4. A signal energy take off device comprising a feed.
through transmiission line having a pair of spaced con-
ductors, one of said conductors having a gap therein which
is short relative to the spacing of the conductors of said

- transmission line, an output transmission liné, a plurality

of similar groups of transformers each including a plu-
rality of transformers each having an annular core of mag-
netic material, said cores being circumferentially spaced
around said one conductor adjacent said gap, a conductor
extending from’ one side of said gap to the other through
each of said cores to provide a single turn primary wind-
ing for each of said transformers which primary wind-
ings are all connected in parallel across said gap, and
a single conductor extending in series through all of said
cores of the transformers of-each said group and having
its ends connected to said output transmission line to pro-
vide single turn secondary windings for the transformers
of each said group all connected in series with said out-
put transmission line and with. the series connected sec-
ondary windings of said groups connected in paraflel to
said output transmission line, the parallel connection of
said primary windings providing an impedance across said
gap which is small relative to the characteristic impedance
of said transmission line and the series-parallel connec-
tion of said secondary windings at least approximately
matching the characteristic impedance of said output trans-
mission line.

5. A signal energy take off device comprising a feed
through «coaxial cable having inner and outer conductors,
said outer conductor having an annular gap therein which
is short relative to the diameter of said outer conductor
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of said cable, an cutput coaxial cable, a plurality of trans-
formers each having an annular core of magnetic ma-
terial and arranged in at least one group of transformers,
said cores being circumferentially spaced around said
feed through cable adjacent said gap, a conductor extend-
ing from one side of said gap to the other through each
of said cores to provide a single turn primary winding for
each of said transformers which primary windings are all
connected in parallel across said gap, and a single con-
ductor extending in series through all of said cores -of
the transformers of each said group and having its ends
connected to said output coaxial cable to provide single
turn secondary windings for the transformers of each said
group all connected in series with said output coaxial
cable.

6. A signal energy take off device comprising a feed
through coaxial cable having inner and outer conductors,
said outer conductor having an annular gap therein which
is short relative to the diameter of the outer conductor of
said cable, an output coaxial cable, a plurality of trans-
formers each having an annular core of magnetic material
and arranged in at least one group of transformers, said
cores being circumferentially spaced around said feed
through cable adjacent said gap and having their central
axes tangent to a circle concentric with said feed through
cable, a conductor extending from one side of said gap
to the other through each of said cores to provide a
single turn primary winding for each of said transformers
which primary windings are all connected in parallel
across said gap, and a single conductor extending in
series through all of said cores of the transformers of
each said group and having its ends connected to said
output coaxial cable to provide single turn secondary
windings for the transformers of each said group all
connected in series with said output coaxial cable.

7. A signal energy take off device comprising a feed
through coaxial cable having inner and outer conduc-
tors, said outer conductor having an annular gap therein
which is short relative to the diameter of said outer con-
ductor and which provides an end of said outer conduc-
tor on each side of said gap, a pair of axially aligned
annular conducting members surrounding said cable,
one of said annular members being positioned on each
side of said gap and having its inner periphery engaging
one of said ends of said outer conductor, said members
having a space therebetween and having radially extend-
ing slots circumferentially spaced around said members
with corresponding slots in said members aligned axially
of said cable to provide axially aligned pairs of slots, at
least one annular core of magnetic material positioned
in each of said pairs of slots with its axes extending cir-
cumferentially of said members, a separate conductor
in said space extending through each of said cores from
one of said members to the other, an output coaxial
cable providing part of an output circuit, a conductor in
said space extending in series through a plurality of
said cores and having its ends connected to said output
cable, said ends of the last mentioned conductor also
providing a part of said output circuit, an annular mem-
ber of magnetic material surrounding said feed through
cable on at least one side of said gap and an annular
member of magnetic material surrounding the conduc-
tors of said output circuit.
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8. A signal energy take off device comprising a feed
through coaxial cable having inner and outer conductors,
said outer conductor having an annular gap therein which
is short relative to the diameter of said outer conductor
and which provides an end of said outer conductor on
each side of said gap, a pair of annular conducting mem-
bers surrounding said cable, one of said members being
positioned on each side of said gap and having its inner
periphery engaging one of said ends of said outer con-
ductor, said members having a space therebetween and
having radially extending slots circumferentially spaced
around said members with corresponding slots in said
members aligned axially of said cable to provide axially
aligned pairs of slots, at least one annular core of mag-
netic material positioned in each of said pairs of slots
with its axes extending circumferentially of said mem-
bers, a separate conductor in said space extending through
each of said cores from one of said members to the other,
an output coaxial cable providing part of an output cir-
cuit, a conductor in said space extending in series through
all of said cores and having its ends connected to said
output cable, said ends of the last mentioned conductor
also providing a part of said output circuit, an annular
member of magnetic material surrounding said feed
through cable on at least one side of said gap and an
annular member of magnetic material surrounding the
conductors of said output circuit.

9. A signal energy take off device comprising a feed
through coaxial cable having inner and outer conductors,
said outer conductor having an annular gap therein
which is short relative to the diameter of said outer
conductor and which provides an end of said outer con-
ductor on each side of said gap, a pair of annular con-
ducting members surrounding said cable, one of said
members being positioned on each side of said gap and
having its inner periphery engaging one of said ends
of ‘said outer conductor, said members having a space
therebetween and having radially extending slots circum-
ferentially spaced around said members with correspond-
ing slots in said members aligned axially of said cable to
provide axially aligned pairs of slots, at least one annular
core of magnetic material positioned in each of said pairs
of slots with its axes extending circumferentially of said
members, a separate conductor in said space extending
through each of said cores from one of said members
to the other, an output coaxial cable providing the con-
ductors of part of an output circuit, said cores being
arranged in a plurality of groups each having the same
number of cores, a separate conductor in said space ex-
tending in series through all of said cores of each group
and having its ends connected in parallel to said output
cable, said ends of the last mentioned conductors also
providing a part of said output circuit, an annular mem-
ber of magnetic material surrounding said feed through
cable on at least one. side of said gap and an annular
member of magnetic material surrounding the said con-
ductors of said output circuit.
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