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(57) Abrégé:

La présente invention concerne des dispositifs, des appareils, des systèmes et des procédés améliorés impliquant l'utilisation de 

sondes de champ dotées d'éléments à impédance variable et à tension régulée et des dispositifs à ondes acoustiques lancées en 

surface, comprenant des dispositifs à ondes acoustiques de surface (SAW) et des dispositifs d'interface sans fil d'étiquette de 

capteur de SAW pour mesurer la tension et le courant dans des conducteurs sous tension (CCC) par l'intermédiaire de la mesure 

des champs électriques et des champs magnétiques autour desdits CCC. Les dispositifs, appareils, systèmes et procédés décrits 

dans la présente invention comprennent une unité de mesure montée sur ligne alimentée à distance qui ne nécessite aucune 

connexion à la terre électrique pour fonctionner, et qui ne possède aucune source d'énergie interne, aucun circuit de collecte 

d'énergie ni de conditionnement d'énergie, aucun composant de stockage d'énergie distinct, et aucune radio. Les dispositifs, 

appareils, systèmes et procédés décrits dans la présente invention permettent également de déterminer le déphasage (avant ou 

arrière) du courant par rapport à la tension dans les systèmes d'alimentation en courant alternatif, et permettent également la 

mesure de la température du conducteur.

(57) Abstract:

Improved devices, apparatuses, systems, and methods involving the use of field probes with voltage-controlled variable impedance 

elements and surface-launched acoustic wave devices, including surface acoustic wave (SAW) devices and SAW sensor-tag wireless 
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interface devices to measure voltage and current in current carrying conductors (CCCs) via measurement of the electric fields and 

magnetic fields around said CCCs are disclosed. The devices, apparatuses, systems, and methods taught in the present invention 

include a remotely powered line-mounted measurement unit that requires no connection to electrical ground for operation, and 

that has no internal energy source, no energy harvesting or power conditioning circuitry, no discrete energy storage components, 

and no radio. The devices, apparatuses, systems, and methods taught in the present invention also provide for determining the 

phase (leading or lagging) of the current relative to the voltage in AC power systems, and also provide for measurement of 

temperature of the conductor.
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What is claimed is: 

 

1. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor, comprising: 

one or more acoustic wave sensor or sensor-tag devices; and 

at least one voltage-controlled variable impedance device; and  

at least one differential electric field probe operable to interact with the electric field 

being measured and produce a voltage;  

wherein said differential electric field probe comprises 

one first cylindrical conductive section with a first interior radius;  

at least one second cylindrical conductive section with a second interior radius 

that is not equal to said first interior radius; 

wherein said cylindrical conductive sections are positioned around a common 

longitudinal axis;  

wherein said differential field probe is configured such that said common 

longitudinal axis of said cylindrical conductive sections is parallel to the 

length of a conductor;  

and wherein said differential field probe is configured such that said conductor can 

pass through the interior of the smaller of said first and said second 

cylindrical conductive sections; and 

wherein at least the outer of said first and said at least one second cylindrical 

conductive sections is electrically isolated from said conductor;  

wherein a differential voltage that provides a measure of the electrical field 

strength is produced between each pair of said cylindrical conductive 

sections; and 

at least one second field probe operable to interact with the magnetic field being 

measured and produce a voltage; and 

one or more antennas.  

2. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor as in Claim 1, wherein said first cylindrical conductive section 

and said at least one second cylindrical conductive section are comprised of multiple 

pieces or portions, wherein said pieces or portions allow the apparatus to be opened 

for installation around a conductor, and closed to both mechanically affix said 

apparatus to said conductor, and to provide electrical contact between said multiple 
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pieces that comprise each of said first and said at least one second cylindrical 

sections, whereby said multiple sections may include an upper and a lower portion of 

each conductive section, which may, alone or together with other portions, comprise 

the complete conductive sections. 

3. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor as in Claim 1, wherein said apparatus includes a conductive 

support structure suitable to mechanically support all parts of the apparatus and to 

mechanically connect said apparatus to a conductor; and  

wherein the smallest of said first and said at least one second cylindrical conductive 

sections comprise a portion of and are in electrical contact with said conductive 

support structure.   

4. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor as in Claim 1, wherein said apparatus includes a conductive 

support structure suitable to mechanically support all parts of the apparatus and to 

mechanically connect said apparatus to a conductor; and 

wherein said conductive support structure includes a cylindrical portion, the axis of 

which is parallel to said conductor, that can be closed around said conductor; 

wherein the smallest of said first and said at least one second cylindrical conductive 

sections is larger than said cylindrical portion of said conductive support structure; 

and 

wherein all of said first and said at least one second conductive sections are 

electrically isolated from said conductive support structure.   

5. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor as in Claim 1, wherein the smallest of said first and said at least 

one second cylindrical conductive sections comprises an equipotential cylinder that 

provides a reference voltage potential based on the electrical voltage potential of the 

conductor that passes through the interior of said conductive sections, with respect to 

which differential voltages of the other cylindrical conductive sections can be 

measured. 

6. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor as in Claim 1, wherein said at least one second field probe 

operable to interact with the magnetic field being measured and produce a voltage 

incorporates at least one Rogowski coil. 
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7. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor as in Claim 1, wherein said at least one second field probe 

operable to interact with the magnetic field being measured and produce a voltage 

incorporates at least one current transducer; 

8. A system for wirelessly measuring the strength of electric and/or magnetic fields, 

comprising 

one or more apparatuses for wirelessly measuring the strength of electric and/or 

magnetic fields according to claim 1; and 

at least one wireless reader operable to activate and gather data from said one or 

more apparatuses. 

9. A system for wirelessly measuring the current and voltage on a conductor carrying an 

AC voltage; comprising 

at least one apparatus for wirelessly measuring the strength of electric fields 

according to claim 1; and 

at least one apparatus for wirelessly measuring the strength of magnetic fields 

according to claim 1; and 

wherein said apparatuses may utilize one shared antenna for wireless 

communication; and 

wherein said apparatuses may utilize one shared acoustic wave device; and  

wherein said apparatuses may be interrogated by one or more wireless readers. 

10.  A system for wirelessly measuring the current and voltage on a conductor carrying an 

AC voltage and the temperature of said conductor; comprising 

a system for wirelessly measuring the current and voltage on a conductor carrying 

an AC voltage according to claim 9; and further comprising 

at least one apparatus for wirelessly measuring the temperature of said conductor. 

11. An apparatus for wirelessly measuring the strength of electric and magnetic fields 

around a conductor according to claim 1;  

wherein said at least one differential electric field probe further comprises at least 

two differential electric field probes, each with at least two concentric 

cylindrical conductive sections of different radii; and  

wherein said conductive sections of said at least two differential electric field probes 

are each electrically isolated from each other; and 

wherein said at least two differential electric field probes may be side-by-side or 

may be spaced out along the longitudinal axis of the apparatus; and 
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wherein at least two differential voltages that provide a measure of the electric field 

strength are produced from said at least two differential electric field probes. 

12. A system for wirelessly measuring the strength of electric and magnetic fields, 

according to Claim 8, further comprising resistive dividers electrically connected 

across the output of at least one of said field probes, providing at least one reduced 

voltage that depends on the strength of the field being measured, to drive said at least 

one voltage-controlled variable impedance device. 

13. A system for wirelessly measuring the strength of electric and/or magnetic fields, 

according to Claim 8, further comprising general complex impedance based dividers 

electrically connected across the output of at least one of said field probes, providing 

at least one reduced voltage that depends on the strength of the field being measured, 

to drive said at least one voltage-controlled variable impedance device. 

14. A system for wirelessly measuring the strength of electric and/or magnetic fields, 

according to Claim 8, further comprising two of more protective devices, such as 

transient voltage suppression (TVS) or similar devices, that cause voltage above of 

defined level to be shunted through said protective device; 

wherein at least one of said protective devices is mounted between each pair of 

electrical nodes in said system that feed a voltage-controlled variable 

impedance device; and 

wherein at least one of said protective devices is mounted between the hot 

connection and the virtual ground connection of said at least one antenna; and  

wherein additional protective devices may be mounted between each pair of 

electrical nodes in said system that feed other system components that may be 

damaged by overvoltage conditions. 
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