‘ P ,-,’q‘
600200
- SPRUSON & FERGUSON
COMMONWEALTH OF AUSTRALIA

PATENTS ACT 1952

APPLICATION FOR A STANDARD PATENT

Minnesota Mining and Manufacturing Company, incorporated in Delaware, of 3M
Center, Saint Paul, Minnesota 55144-1000, UNITED STATES OF AMERICA, hereby
apply for the grant of a standard patent for an invention entitled:

System and Method with Passive Resonant Circuit Markers for
Locating Buried Electrical Conductors

which is described in the accompanying complete specification.

Details of basic application(s):-

‘" Basic Applic. No: Country: Application Date:
" 193250 Us 11 May 1988
0 The address for service is:-
o Spruson & Ferguson

Patent Attorneys

Level 33 St Martins Tower

31 Market Street

Sydney New Scuth Wales Australia

DATED this TWENTY SEVENTH day of APRIL 1989

Minnesota Mining and Manufacturing Company

| By:

4

Registered Patent Attorney ;

TO: THE COMMISSIONER OF PATENTS Py
OUR REF: 93815 .

S&F CODE: 58400 Sty ARCERPTED AND AMENDMENTS . *

) 272 - < -qo.

SOOFOS0D b =
LY s T




Spruson & Ferguson

!
Title of Invention

Full name(s) and
address(es) of

COMMONWEALTH OF AUSTRALIA “43¥62-A85-97
THE PATENTS ACT 1952 . N
DECLARATION IN SUPPORT OF A
CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made for a
patent for an invention entitled:

SYSTEM AND METHOD WITH PASSIVE RESONANT CIRCUIT
MARKERS FOR LOCATING BURIED ELECTRICAL CONDUCTORS

IA%e Donald Miller Sell

Declaran (s) careof Minnesota Mining and Manufacturing Company

Full name(s) of
Applicant(s)

[ale] o
] 9
n

o o ~Basic Country(ies)
9
0 '-F‘:iqority Date(s)

U wa

o

LIS

o ' Basic Applicant(s)
o

5 U O
kel o

o
o
o
o
o
(] o

Full name(s) and
address(es) of

inventor(s)

o0 ¢
o 1

o

° [
o t

e

both care

H
L]

Set out how Applicant(s)
. derive title from actual
¢ faventor(s) e.g. The
¢« Applicant(c) is/are the
¢ vasiignee(s) of the
{nvention from the
inventor(s)

t

SFP4 To

: The Commissioner of Patents

3M Center, Saint Paul, Minnesota 55144-1000
UNITED STATES OF AMERICA

do solemnly and sincerely declare as [ollows:~-

4 -~ -anf We are-the appliemrtésy forthe patent-

(or, in the case of an application by a body corporate)

L dARERS R RSB MANURACTURTNG COMPANY

the applicant(s) for the patent to make this declaration on
its/their-behalf, .

2. The basic application(s) as defined by Section 141 of the
Act was/ware made

in United States of America
on 11 May 1988

bY Armond D. Cosman and Joe T. Minarovic

3+ — —Lam/We-sre- theastualinventorts) of the-invention referred
to-in-the-basic-upphcation(s)
3 (¢ where a person other than the inventor is the applicant)
ARMOND D'ARCY COSMAN and JOE THEODORE MINAROVIC

of Minnesota Mining and Manufacturing Company
3M Center, Saint Paul, Minnesota 55144-1000
UNITED STATES OF AMERICA
(respectively)
is/are the actual inventor(s) of the invention and the facts upon
which the applicant(s) istare entitled to make the application are

as follows:

The said Campany is the assignee of the
actual inventors.

4,  The basic application(s) referred to in paragraph 2 of this
Declaration was/were the first application(s) made in a Convention
countrygaingep@ehal, the invention (sy the subject of the application.

Minnesota 12th ril 89
Declared at y.S.A. " this day of p 19

T S anature of Declarant(s)
Donald Miller Sell, Chief Patent Counsel

AUSTRALIA
CONVENTION
STANDARD

& PETTY PATENT

TIO
DECLARATI NSFPA

B L



(12) PATENT ABRIDGMENT
(19) AUSTRALIAN PATENT OFFICE

(11) pocument No. AU-B-3%302/89
(10) Acceptance No. 600200

(54)

(51)°

(21)
(30)

(31

(43)
(44)
(71

(72)

(74)

(56)

(57)

Titie
SYSTEM AND METHOD WITH PASSIVE RESONANT CIRCUIT MARKERS FOR
LOCATING BURIED ELECTRICAL CONDUCT9RS

International Patent Classification(s)
GO1V 003/11

Application No. : 33802/89 (22) Application Date : 27.04.89
Priority Data

Number (32) Date (33) Country
193250 11.05.88 US UNITED STATES OF AMERICA

Publication Date : 16.11.89
Publication Date of Accepted Application : 02.08.90

Applicant(s)
MINNESOTA MINING AND MANUFACTURING - "MPANY

Inventor(s)
JOE THEODORE MINAROVIC; ARMOND D'ARCY COSMAN

Attorney or Agent
SPRUSON & FERGUSON

Prior Art Documents
US 4767237

"US 4119908

US 2148389
Claim

1. A method for determining the concealed

location of any of a first, insulated electrical conductor
(10) and a plurelity of insulated, electrical conductors
(24,38), each of which extends from the first conductor at

an angle and with a portion near the first conductor

comprising the steps of:

a. providing said plurality of electrical
conductors (24,38) without ohmic contact
being made to said first conductor (10);

b. providing a plurality of passive markers
(16), each having an inductor and a capacitor
arranged to provide a resonart circuit;

c. positioning said plurality of passive markers
(16) so each of the plurality of electrical
conductors (24,38) and the first electrical
conductor (10) are inductively coupled via a

different one of said plurality of passive
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markexs;

establishing the first conductor (10) as a
part of a closed loop circuit;

establishing a plurality of closed loop
circuits, each including a different one of
the plurality of conductors (24,38);
providing a signal source (14) of alternating
signals;

applying said alternating signals from said
signal source (14) to one of said closed loop
circuits whereby said signals are inductively
transmitted from said one of said closed loop
circuits to the remaining closed loop
circuits dependent upon the frequency of said
alternating signals and the resonant

frequency of each of said resonant circuits;

h. providing a receiver (22) capable of

receiving a signal at the frequency of the
signals supplied by said signal source and
communicating to an operator the strength of
the received signal;

moving the receiver laterally of any one of
said closed loop circuits carrying said
alternating signals and vceceiving electro-
magnetic signals produced when such closed
loop circuit is carrying said alternating

signals to establish the location of such

closed loop circuit.
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Abstract of the Disclosure

A method and system for determining the location
of a first insulated conductor (10) and a plurality of
5 similar branch conductors (28,38) that are branches of the

first conductor, but without ohmic contact being made with

the first conductors. A passive marker (16) having a
resonant circuit that includes an inductor and capacitor
is provided for each of the branch conductors and is
i 10 positioned to be inductively coupled to the first con-
ductor and the associated branch conductor. The first
conductor (10) is a part of a closed loop circuit and each
branch conductor is a part of separate closed loop
circuits. An alternating signal (14) applied to any one
15 of the closed loop circuits is inductively transmitted to

each of the other closed loops that is inductively coupled

€0 ©
"o "ol to a passive marker having a resonant frec¢ .ency equal to
03:1“ the frequency of the alternating signal. Flow of alter-
0’0 e nating signals in the closed loops and passive markers
. on ee 20 cause a detectable électromégnetic signal to.be produced
: Zaq: to identify the location of the first conductor, branch
H o o €
§ e conductors and passive markers when conducting the
% alternating signals.
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SYSTEM AND METHOD WITH PASSIVE RESONANT CIRCUIT
MARKERS FOR LOCATING BURIED ELECTRICAL CONDUCTORS

Technical Field

The invention presented herein relates to a
system and method for locating buried, insulated,
electrical conductors positioned near underground supply
lines.

Background Art

Telephone and pipeline companies, electric, water
and gas utilities and others have need for locating and
identifying underground lines and subterranean
installations to service and maintain them. A single
tracing wire is sometimes buried with a utility line
wherein the earth is used as a return path. An alternating
current signal source is applied between the wire and
ground or inductively coupled to the wire when the wire is
to be traced. An electromagnetic or "H" field is produced
along the wire by the alternating current flow eétablisheg
in the wire. This "H" field is detected by a receiver
carried by an operator above the wire to trace the wire.
Unitea States Patent 4,119,908 discloses a method for
tracing utility lines ané locating other buried objects
wherein a single, buried, tracing wire is provided in the
vicinity of the buried utility line and passive markers,
which contain a resonant circuit, are disposed adjacent and
along side the tracing wire at each point where a
particular object or structure is buried. An alternating
current signal is applied directly or by induction to the
tracing wire allowing the tracing wire to be traced as
indicated|above. A receiver, when swung to and fro
laterally of the energized tracing wire, will normally
produce an output having a peak-no-peak sequence. The
resonant circuit of each of the passive markers, which is

inductively coupled to the tracing wire, is tuned to the
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frequency of the alternating current signal flowing in the
tracing wire so that the output of the receiver presents a
peak when the receiver reaches a point where a null should
be produced to provide a precise location of the passive
marker.

U.S. Patent Application, S.N. 153,513, filed
February 8, 1988, which is a continuation of U.S. patent
application S.N. 900,453, filed August 26, 1986, by the
inventors which issued as U.S. Patent 4,767,237 on August
30, 1988 discloses the use of more than one insulated
conductor which are carried by a marking tape. Two
conductors on the marking tape are terminated at one end
with the alternating signal source connected between the
conductors at the other end to provide a balance circuit as
opposed to the single ended circuit that is established
when a ground return is used with a single conductor.
Passive markers are positioned along and between the two
conductors where desired with the resonant circuit of each
marker inductively coupled to each of the conductors. The
two conducﬁor balanced circuit arrangement causes both the
outgoing‘and return current to inductively enefgizo the
passive markers to produce an electromagnetic or "H" field.

The prior art arrangement of U.S. Patent
4,119,908, supra, that has been described provides for the
locating of a buried conductor(s) which may be positioned
adjacent to and along a buried utility or supply line, such
as a telephone cable, gas or water line, to establish the
location of the buried utility line and the point where
lateral or branch lines are connected to the main line. A
logical extension of w¢uch arrangement for establishing the
path of a buried utility or supply line that branches from
a main line calls for the use of a branch conductor for
each branch line which would be connected by ohmic contact
with the main tracing conductor. Once the point at which a
branch tracing conductor is located, the path of the branch
conductor can be determined. This approach requires

cutting of the main tracing conductor at each branch point
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and splicing of branch tracing conductor to the main
tracing conductor. Due to the placement of the locating
conductors bencath the surface of the earth and the
circumstances surrounding such placement, it is difficult
and time consuming to provide for a good and long lasting
physical or ohmic connection of each branch conductor to
the locating conductor for a utility line or the like. All
of branch or lateral tracing conductors are energized when
a signal is presented to the main tracing conductor causing
the "H" field around the main tracing wire to be distorted
causing erroneous path information to be generated. 1In
addition, the use of lateral conductors, which make ohmic
contact with the conductor for a main utility line, limits
the monitoring capability that is provided when a marking
tape of the type disclosed in the aforementioned

continuation patent application is utilized.

Summary of the Invention

.The invention presented herein provides a
practical and efféct;ve solution to the problem of locating
utility lines which are lateral or branches of a main line.
Such solution, while it uses branch or lateral tracing
conductors, does not require ohmic contant to be made
between the main tracing conductor and each branch tracing
conductor. The invention encompasses a method and system
for determining the location of a first insulated,
electrical conductor that is placed above and along a main
utility line plus the location of a plurality of insulated,
electrical conductors, each of which is positioned above
and along a different branch line of the main utility line
with each of the plurality of conductors having a portion
near the first conductor. The method and system includes
(1) providing the plurality of conductors without ohmic
contact being made to the first conductor; (2) providing a
plurality of passive markers, each having an inductor and a
capacitor arranged to provide a resonant circuit; (3)

positioning the plurality of passive markers so each of the
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plurality of electrical conductors and the first electrical
conductor are inductively coupled via a different one o:Z
said plurality of passive markers; (4) establishing the
first conductor as a part of a closed loop circuit; (5)
establishing a plurality of closed loop circuits, each
including a different one of the plurality of conductors;
(6) providing a single source of alternating signals;
(7) applying the alternating signals from the signal source
to one of the closed loop circuits whereby the signals are
inductively transmitted from such closed loop circuit to
the remaining closed loop circuits dependent upon the
frequency of the alternating signals and the resonant
frequency of each of the resonant circuits; (8) providing a
receiver capable of receiving a signal at the frequency of
the signals supplied by the signal source and communicating
to an operator the strength of the received signal; and
(9) moving the receiver laterally of any one of the closed
loop circuits carrying the alternating signals and
receiving electromagnetic signals produced when such closed
loop circuit is carrying an élternating signal to establish
the location of each closed ioop circuit. Since the
resonant frequency of a resonant circuit for a passive
marker of the system and the frequency of the applied
alternating signal determines whether a branch closed loop
circuit will receive the signals, the system of the
invention makes frequency selective tracing of branch
tracing conductors possible which could not be done with
the prior art system.

The closed loop circuits that are utilized in the
invention can be all balanced circuits or all single ended g

circuits or both. A balanced circuit uses two conductors

TR ey o S

that are terminated at one end by direct connection or via : f
an impedance to make the closed loop while a single ended i
circuit uses one conductor that is grounded at one end with

ground providing a return path to complete the loop.
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Brief Deécription of the Drawings

The novel feature and advantages of the present
invention will become more apparent to those skilled in the
art upon consideration of the following detailed
description which refers to the accompanying drawings
wherein:

Figure 1 is a schematic of the electrical
circuitry for the invention wherein single ended circuits
are used;

Figure 2 illustrates the electrical circuitry for
the invention wherein all of the closed loop circuits are
balanced circuits;

Figure 3 illustrates the electrical circuitry for
the invention wherein the closed loop circuit used with a
main utility line is a balanced circuit with the closed
loop circuits for the branch utility lines being either
single ended or balanced circuits;

FIgure 4 is similar to Figure 2, but with a

single ended closed loop circuit used with the main utility -

line instead of a balanced closed loop circuit; and
Figure 5 shows the use of a receiver with the
circuitry of the invention.

Detailed Description

Referring to Figures 1 and 5 of the drawings, an
electrical schematic of circuitry is shown that forms a
part of the system of the invention presented herein. The
system embodying the invention includes a first, insulated,
electrical conductor 10 that when used with a buried
utility installation is buried and located above and along
such an installation, such as a water line, telephone
cable, fiber optics cable, or electric power line and the
like as indicated at 18 in Figure 5. 1In Figure 1, a dotted
line is used to indicate the utility line 18. If it is
desired that the system provide for the location of each
point where a lateral or branch line 20 is connected to the
main buried utilitv line 18, a passive marker 16 is buried
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adjacent the conductor 10 above the point where a branch
line 20 connects to the main line 18. The passive marker
16 is a known structure that includes an inductor-ccpacitor
combination tuned to be resonant at a predetermined
frequency, as for example, 100 kHz and is positioned with a
suitably sealed case. The inductor portion is a coil of
wire of ring shaped configuration with the ends of the wire
connected together via a capacitor. The passive marker 16
is disposed to lie in a substantially horizontal plane
alongside and as close to the conductor 10 as is
conveniently possible to provide inductive coupling between
the conductor 10 and the circuit of the passive marker.
Referring to Figure 1, the electrical conductor 10 is
grounded at one end as shown at 12.

When it is desired that the path of conductor 10
be determined to locate the utility line 18 with which it
is associated and to locate each passive marker 16, the
conductor 10 is energized by signals of a desired
predetermined frequency, for example, 100 kHz corresponding
to the resonant frequency of the passive marker 16. This
is done b? using a signal source, such as transmitter 14
which is preferably conductively coupled to the conductor
10 as shown in Figure 1, wherein one output of the
transmitter 14 is connected to conductor 10 with the other
output connected to ground.

The system embodying the invention requires the
use of a receiver 22, which is shown in Figure 5. The
receiver 22 is portable and is of a conventional type
having an antenna loop and designed to receive with
requisite sensitivity a signal of the frequency transmitted
by the transmitter 14 with an audible signal being provided
by a speaker when a signal is received. Receipt of a signal
is also made evident by a meter provided at the receiver.
The receiver 12 is preferably in a form that can be
conveniently swung back and forth laterally by the operator
as he walks along the path of the conductor 10 with the

antenna loop being generally horizontally disposed.
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A second branch line 36 which connects to the
main line 18 is shown in Figure 1 with another passive
marker 16 similarly buried adjacent the conductor 10 and
above the point where the branch line 36 connects to the
main line 18.

The detailed description of the system described
té this point is in accordance with known prior art
systems, such as that described in United States Patent
4,119,908. 1In operation, the transmitter 14 is connected
to the conductor 10, as described above, and is turned on
while the operator walks along the conductor 10 path,
swinging the receiver 22 laterally as he proceeds (the
receiver, of course, having been turned on and the
sensitivity appropriately adjusted). The transmitter
output causes current to flow in the conductor 10 to

generate an electromagnetic or "H" field which extends

" concentrically along the conductor 10 with the conductor

being the field central axis. The conductors of each
passive marker element 16 will be cut by the
electromagnetic field along the conductor 10, thus causing
an electromagnetic or "H" field also to be generated by
each passive marker element. The "H" field generated by
the respective passive marker element will have the same
frequency as the field about conductor 10, but will have a
different orientation.

If the operator swings the receiver 22 laterally
of the conductor 10, and an equal distancc on either side
thereof, the signal seen by the receiver 22 peaks at the

extremes of the swing and nulls at the mean or center of

the swing. These peaks and nulls are communicated to the

S
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operator either by an audible tone via a speaker or

Fn

visually via a meter. In this manner, the operator can

e st

readily follow the conductor 10 path. When a passive
marker element 16 is encountered, the pattern of the field
signal as detected by the receiver 22 is altered such that

a signal now appears where there wouid otherwise be a null.

By increasing the receiver sensitivity and by observing the
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peak on the meter when the receiver is centered over the
conductor 10 the particular passive marker element 16 can
be precisely located.

Such prior known method and system as just
described while serving to locate the point where a lateral
or branch line 20 connects to a main utility line 18, does
not provide a method and system for locating the path cf a
lateral or branch line 20 from the main line 10. As pointed
out in the discussion of the background art, it would be
logical to extend such prior known method and system to
provide for the location of the path of a lateral or branch
line from the main line 10. This would be done by the use
of a tracing wire for each branch line with each such
tracing wire making ohmic contact with the main tracing
conductor. Once the point is found when a branch line
connects with the main line in accordance with the
described prior known method, the tracing wire for the
branch line can be traced in the same manner as for the

tracing conductor for the main line. The required ohmic

.contact between a branch tracing conductor and the main

tracing conductor would be made by cutting the main tracing
conductor and splicing in the branch tracing conductor.

The disadvantages associated with such an approach for
locating the path of a branch or lateral line are discussed
above with respect to the background art.

The invention presented herein provides a
reliable and easily implemented solution to the problem of
locating the path of a lateral or branch line 20 that
connects to a main utility line 10. Using the system and
method that has been described to this point, an insulated,
electrical conductor 24 is buried and is located above and
along the lateral lines 20 (Figure 5) and extends from the
passive marker 16, which is used to establish the point
where a lateral line 20 connects to a main utility line, to
the end of the lateral line, which for example, may be a
meter for the utility product that is provided. Unlike the

system suggested by the prior art, the lateral tracing
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conductor 24 does not make ohmic connection with the main
tracing conductor 10. The electrical conductor 24 and the
passive marker 16 are positioned so the conductor 24 is
inductively coupled to the marker 16 with the inductive
coupling between marker 16 and conductor 10, as has been
described, being retained. With this arrangement the
passive marker 16 not only functions, when there is an
alternating signal supplied to the conductor 10, to produce
a Cetectable sighal at the marker due to the current
induced in the coil of the marker, but also serves to
function as a transformer to cause a current flow in the
conductor 24 when both ends of the conductor 24 are
grounded. The presence of a buried conductor 24 in
association with a lateral utility line 20 also provides an
alternative way for providing alternating signal to the
system. This can be done by connecting the transmitter 14
between the end of conductor 24 away from the conductor 10
and ground. This end of conductor 24 is normally available
as it serves as a tracing wire which in practice is brought
up above ground at the end of the conductor 24 away from
conductor 10. With such an arrangement, current flow in
conductor 24 due to operation of the transmitter 14 will
induce current flow in conductor 10 due to the inductive or
transformer coupling provided by the resonant circuit of
the passive marker 16 with the conductor 10 and 24.

The transmitter 14 is preferably conductively
coupled to the underground conductor 10 or a lateral
conductor 20 so as to achieve a high field energy level.
However, in some instances there may not be convenient
physical access to the underground conductor, in which case
the transmitter may be inductively coupled. A selector
control on the transmitter 14 may be provided to
accommodate either mode of operation.

An electrical conductor 38 is provided for branch
line 36 in the same manner as described for conductor 24 in
relation to branch line 20 and functions in the same manner
as conductor 24.
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The embodiment of the invention described in
connection with Figures 1 and 5 involves the use of only
unbalanced or single ended circuits for conductors 10 and
24 in that a ground return is used for such circuits. A
preferred embodiment of the invention is to use a conductor
in place of the ground return path that is provided in the
circuits of Figures 1 and 5. Using two conductors provides
for control of the circuit loop resistance and also allows
the return path current to be coupled to the passive
markers to provide for a greater "H" signal along the
conductors and at the passive markers since outgoing and
return path currents will be effective to generate "H"
signals. Such an embodiment is shown in Figure 2 wherein a
conductor 26 provides the return path for current flow in
conductor 10 and conductors 28 and 40 provide a return path
for the current flow in conductors 24 and 36 associated
with the branch or lateral utility lines 20 and 36,
respectively. As in Figure 1, the utility lines are shown

by dotted lines to avoid confusion with the electrical

conductors of the system. The paired conductors 10 énd.26;_

20 and 28 and 38 and 40 provide three balanced signal
transmission lines. While it is possible to connect them
together directly at their ends, it is preferred that they
be terminated with a resistance equal to the impedance of
th transmission lines. Resistor 30 is used as a
terminating impedance for one end of conductors 10 and 26,
while resistors 32 and 34 are used for terminating the two
ends of conductors 20 and 28 to complete a closed loop with
resistors 42 and 44 being used to complete a closed loop
for conductors 38 and 40. Transmitter 14 is shown
connected between the conductors 10 and 26 for energizing
the circuits with an alternating current having a frequency
equal to the resonant frequency of the passive marker 16.
The passive marker 16 for the embodiment of Figure 2 is
positioned so its resonant circuit is horizontally
disposed, as in the case of Figure 1, and is positioned so
all the conductors 10, 26, 24 and 28 are inductively
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coupled to the winding providing the inductor in marker 16.
The marker will then respond to current flow in conductors
10 and 26 and by the current induced in the resonant
circuit of the marker, induce current flow in conductors 20
and 28. The passive marker 16 for conductors 10, 26, 38
and 40 is similarly positioned to function in a similar
manner.

The technique involved in the use of receiver 22
with the system shown in Figures 1 and 5 is applicable to
the system of Figure 2 for establishing the path for
conductors 10 and 26 and detecting the location of the
markers 16. The paths for conductors 24 and 28 and
conductors 38 and 40 are then determined as for conductors
10 and 26 after the associated marker 16 is located.

As in the system described in conne:tiecn with
Figures 1 and Figures 5, the transmitter 14 can be
connected between conductors 20 and 28 to energize the
system. This, of course, requires removal of resistor 32
and the connection .together of conductors 10 and 26 where
the transmitter 14 is showh connected in Figure 2. Such
connection can be direct or via a terminating impedances,
such as a resistor similar to resistor 30. The transmitter
14 can also be connected for energization of the system to
conductors 38 and 40 in a similar manner.

The systems shown in Figures 3 and 4 are shown to
illustrate arrangements wherein both balanced and single
ended circuits can be used. As has been the case for
Figures 1, 2 and 5 wherein like reference numbers have been
used for designating for like or similar elements, such
reference numerals are also used for Figures 3 and 4. 1In
the case of Figure 3, a balanced circuit is used with the
main utility line 18, as in Figure 2, while a balance
circuit is used for a lateral line 20, as in Figure 2, with
a single ended circuit used for lateral utility line 36.

In the case of Figure 4, a single ended circuit is used

-with the main utility line 18 as in Figure 1, while

balanced circuits for lateral lin 20 and 36 are used, as
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in Figure 2. A passive marker 16 is supplied for use at
each of the points where the lateral utility lines 20 and
36 connect with the main utility line 18 and are positinned
for inductive coupling with the conductors associated with
the main and lateral lines as heretofore described.

Since the passive markers 16 can be used for
locating other buried structures along a main utility line,
a passive marker having a unique resonant frequency for a
particular location or for each different type of location
or structure can be used. For example, a resonant
frequency of 100 KHz might be used for locating the
connection of lateral lines to the main lines and 120 KHz
for load coils, if the utility line is a telephone cable.
Similarly, a different frequency could be used for each
lateral connection to a main line.

It is convenient to have the tracing conductors
carried on a marking tape. The marking tape will serve as
a convenient way for placing the conductors under ground
and will serve to warn an .excavator of the presence of a
vutility line before an excavation éffprt reaches the level
at which the utility line is buried. The two conductors
carried by the marking tape are also usable to monitor the
condition of the conductors to detect a break that may
occur, since as by an excavation conducted along the
utility line.

It should also be appreciated that while the
balanced circuits have been shown in the various figures
using physically spaced apart conductors, a twisted pair of
conductors can also be used with the pairs separated at
points where passive markers are positioned to obtain the
desired inductive coupling between the conductors and the
resonant circuit of the marker.

While the invention has been described in
connection with location of buried conductors, it should be
appreciated that the invention is broauer in scope in that
it is applicable also for locating any conductors as

described which cannot be visibly traced. For example, the
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first conductor of a system and the plurality of conductors
that extend from the first conductor without ohmic contact
being made to the first conductor may be located in the
walls and/or floors of a building and serve as tracing
wires for certain structures or elements located within the
walls and/or floors of a building.

The particulars of the foregoing description are
provided merely for purposes of illustration and are
subject to a considerable latitude of modification without
departing from the novel teachings disclosed therein.
Accordingly, the scope of this invention is intended to be
limited only as defined in the appended claims, which
should be accorded a breadth of interpretation consistent
with this specification.
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The claeims defining the invention are as follows:

1. A method for determining the concealed

location of any of a first, insulated electrical conductor

(10) and a plurality of insulated, electrical conductors
(24,38), each of which extends from the first conductor at

an angle and with a portion near the first conductor

comprising the steps of:

a.

d.

providing said plurality of electrical
conductors (24,38) without ohmic contact
being made to said first conductor (10);
providing a plurality of passive markers
(16), each having an inductor and a capacitor
arranged to provide a resonant circuit;
positioning said plurality of passive markers
(16) so each of the plurality of electrical
conductors (24,38) and the first electrical
conductor (10) are inductively coupled via a
different one of said plurality of passive
mérkers;_

establishing the first conductor (10) as a
part of a closed loop circuit;

establishing a plurality of closed loop
circuits, each including a different one of
the plurality of conductors (24,38);
providing a signal source (14) of alternating
signals;

applying said alternating signals from said
signal source (14) to one of said closed loop
circuits whereby said signals are inductively
transmitted from said one of said closed loop
circuits to the remaining closed loop
circuits dependent upon the frequency of said
alternating signals and the resonant
frequency of each of said resonant circuits;
providing a receiver (22) capable of

receiving a signal at the frequency of the
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signals supplied by said signal source and
communicating to an operator the strength of
the received signal;

i. moving the receiver laterally of any one of
said closed loop circuits carrying said
alternating signals and receiving electro-
magnetic signals produced when such closed
loop circuit is carrying said alternating
signals to establish the location of such

closed loop circuit.

2. A method according to claim 1 wherein said
signal source (14) is physically connected to said one of
said closed loop circuits at step "g" for applying said
alternating signals from said signal source to said one of
said closed loop circuits.

3. A method according to claim 1 wherein said
signal source (14) is inductively coupled to said one of
said closed loop circuits at step "g" for applying said
alternating signals from said signal source to said one of

said closed loop circuits.

4. A method according to claim 1 wherein said
closed loop circuits can be either balanced or single
ended circuits.

5. A system having circuitry for the conduction
of alternating signals applied to the circuitry for
determining the concealed location of any of a first
insulated electrical conductor and a plurality of
insulated, electrical conductors, each of which extends
from the first conductor at an angle and with a portion
near the first conductor comprising:

a. a plurality of passive markers, each having

an inductor and a capacitor arranged to

provide a resonant circuit said plurality of
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passive markers positioned so each of the
plurality of electrical conductors and the
first electrical conductor are inductively
coupled via a different one of said plurality
of passive markers, none of said plurality of
electrical conductors making ohmic contact
with the first conductor;

a closed loop circuit having the first
conductor as a part thereof; and

a plurality of closed loop circuits, each
including a different one of the plurality of
conductors whereby alternating signals
applied to one of said closed loop circuits
are inductively transmitted from said one of
said closed loop circuits to the remaining
closed loop circuits dependent upon the
frequency of said alternating signals and the
resonant frequency of each of said resonant
circuits to-cause a detectable electro-
magnetic signal to be produced to identify
the location of the first conductor, and any
of the plurality of conductors or said
passive markers when conducting the

alternating signals.

6. A system according to claim 5 wherein said
closed loop circuits can be either balanced or single
ended circuits.




7. Electrical circuitry substantially as
described herein with reference to Figure 1 and any one of

Figures 2, 3 and 4 of the accompanying drawings.

8. A method for determining the concealed location
of any of a first, insulated electrical conductor and a
plurality of insulated electrical conductors, each of which
extends from the first conductor at an angle and with a
portion near the first conductor, said method being
substantially as described herein with reference to Figure 1

and any one of Figures 2 to 4 of the accompanying drawings.

DATED this TWENTY-FIRST day of APRIL, 1989

Minnesota Mining and Manufacturing Company

R Patent Attorneys for the Applicant
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