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Electric Potential and Electric Field Imaging with Applications

Background

* NDE historically has focused technology development in
propagating wave phenomena:

e X-ray, ultrasonic, microwave, thermal, terahertz, and eddy
current

e Little attention to the field of electrostatics and emanating
electric fields.

* Interest in evaluating the integrity of wire insulation in
aircraft and aerospace systems

* This work is based on the original electric field sensor (e-
Sensor) work disclosed by Generazio (2002).
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e-Sensor Array Based on Field Effect Transistors
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Electric Potential and Electric Field Imaging with Applications

e-Sensor Array Based on Field Effect Transistors
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Structure

N / Low dielectric constant/Low
~ - electric susceptibility
* Non-conductor
* Neutral triboelectric affinity
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e best materials for co
ment system, however, the a
vary or are unknown in configurati

Insulation on wiring
* Wire diameters
Circuit elements
Support materials

Don’t kno
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An Example, “e - Sensor”” Antenna Configuration for Wiring Inspection

New Insulation Damaged Insulation

e - Sensor e - Sensor

Equipotential surfaces Damaged insulation

Electrical equipotential surfaces (V,, V,, V3, V,) are distorted due to damaged or aged insulation. Some
antenna elements are no longer parallel to the electrical equipotential surfaces and now are exposed to an
increase in potential.

- —
The electric field, E, at any point is givenby —VV =FE | where V is the electrical potential
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“e - Sensor” Data from Prototype

Wire passing through
e - Sensor prototype

|

e - Sensor

e - Sensor LEDs are
dimmed proportionately g
by the presence of the
spatially varying electric
potential existing around
statically charged
insulated wire.
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Electric Potential and Electric Field Imaging with Applications

Maximum (black) = 0.97 v/cm
Minimum (white) = -0.58 v/cm
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Voltage Response from 16 e-Sensors

Axes Duglyy Savey Tet reb
QT S roG#LE O& ll‘gl & A =

Dipole Rotation Rate =120 RPM

Quasi-static Electric Field Frequency = 2 Hz

Time (sec)
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Electric Potential Image of Human

Using Electric Field Imaging (2016) US 9279719 B2 & Quasi-Static Electric Field Generator (2016) US20160049885A1

shoulders
/\ Image Processing
A !
chest
waist
36"
knee
calf
v

Ed Generazio’s
15t electric field image of a human, 10/23/2012
Electrical potential image of a human in a uniform electric field

e First images identify rich areas of improvement.
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¢ Imaging volumetric dielectric properties of structures
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Electric Potential and Electric Field Imaging with Applications

Front Back

15.24cm

Electric Potential Electric Potential 3D Electric Potential 3D 45°
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BX,Y.Z) ~ _[(V(XHI' Yi'X_Zjl)__X‘_/(Xi%,Zi)>i+(V(Xi' Yi+1’Y,Z_:_3__yI_/(Xi’ Yirzi))],.
Electric Field +<V(Xl» e Zn) ~V G e z,-)> El
i+1~4i
Com ent Images
Electric Potential

Electric Field Magnitude

Generazio, E. R., Electric Potential and Electric Field Imaging with Applications, Materials

Evaluation, November 2015, pgs. 1479 - 1489 Y
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100cm

.
L
L
'
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1
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1

Representation of Cable Showing
Cable Orientation RG-174/U 50 OHM
Cable 0.256 cm Outer Jacket

4 Diameter

Electrostatic potential distortion
around a cable carrying no
current.

Electrostatic potential distortions
have extremely large spatial
distributions compared to cable
diameters.

The electrostatic potential ranges
from - 3 volts (lightest areas) to -
2 volts (darkest areas).

Image of actual electrostatic
potential distortion around
LM324 Operational Amplifier
(LM324 DIP), 10 mm x 20 mm top
surface is normal to reference
electric field.

Electrostatic potential distortions
have extremely large spatial
distributions compared to
amplifier dimensions.

The electrostatic potential ranges
from - 3 volts (darkest areas) to -
4 volts (lightest areas).

LM324 DIP OP AMP Location

v

A

200 mm
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{\ # 38 Magnet wire

‘ } Polyvinyl Chloride

. Cotton

24" V, } # 38 Magnet wire
} Rayon

v / ' } Polyethylene

Electric Potential Image

Vo=0am¥ V,+ 0.55 V
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Electric Potential Images

As received rods

Dielectric Constant Triboelectric
£ Affinity
20-21 PTFE -190
2.7 Acrylic -10
12-21 Wood +7

< > 3 Nylon +30
5-5 Garolite +30

60.96cm 4-9 Mica ceramic
38 Borosilicate Glass +25
Copper ~0

28-41 Polyester -40

Samples are in order left to right

Silk cloth passed over surface

20
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EFI: New Electrostatic Eyes

PTFE Panel

EF| Electrostatic Potential Image of latent
charge distribution generated by
triboelectrically drawing the letters “NASA” on
PTFE. The EFlimage is ovelaid onto the area
scanned.

Wood Frame

Electric Potential PTFE, Teflon Panel
Image 6.35mmx 30.38cmx 30.38cm
\
30.38cm The letter “N” triboelectrically hand

drawn on the front (upper) and back
(lower) of a PTFE panel.
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Electrode

V+

Applied Electric Field

V-

Electrode

Suspect

object in

container
s

V+

Initial Polarization Due to Bound and Unbound
Charges at1=0.0

* + & t 4+ & + F

+ + + T+ T

Figure 1

Suspect
object in
container

Residual Charge Due to Charge
Buildup at 1, =1+ At > 0.0

Initial Displacement Fields Due to Bound
" Surface Charges at t=0.0

Non-
conducting
container

Py

Container wall,
outside
surface

Container wall,

inside surface
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e-Sensor data write test bed system — identifying organic memory parameters
Array support

Electrode

Potential
Control
Resistors

Array
support

Electrode

Adjustable
Height
Electrode
supports

Ed Generazio February 8, .2015



EFl image of Electrical Potential of Data Stored by Charge Distribution on PTFE

McMaster Label

on back side
reveals new
inspection
technology for
Data writes Data Read hidden objects.
without using N After N
a triboelectric Erasure

\) 197 12

Electric Potential Images

Ed Generazio February 9, 2015



Back side of data storage panel

Order
1 ;lnuaw 6, 2014

Part Number 8597K52

Moisture —
o~ xr1e2" Resistant Polyester Sheet, 1/4" Thick,

S

-\

Ordered 1
Shipped 1 EE::::

Ed Generazio February 19, 20
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Opticalimage of container Opticalimage of ABS gun in container

Packing material

|
\

ABS gun simulator inside

————
—-

container

Electric potential
image of container

Electric
potential of gun
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Foot Prints on Static Protection Office Rug

Footfalls are outlined in dashed curves

1.219m

Optical Image of

Rug Surface AR

EFIl Image , 1
(electrical o T s .
potential) , 5 : - - |

AU AV =-4.46 Volts
Optical Image of

Bottom of Right Shoe
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441

Finger scratching head 2 meters from e-Sensor system

AN
~

~

i
,WMWMWWWWW\,JW’”",N' Wﬂq,vmwﬂ " ’WW* MM MWN o WMWWWW'“ MWW“\I

Very conservative sensitivity at

=
10.000

1.55mV/cm

e- Sensor 1 cm from body:

Repetitive arm muscle contraction & relaxation; No
movement of arm.

e —
2500 5.000 7.500 10.000
s

Several orders of magnitude by FET selection, components, filtering, structural design, etc.
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Electric Potential and Electric Field Imaging with Applications

True Electric Potential Measurements are Made
When Sensor is in Quasi-static Motion

Sampled voltage from ephemeral sensor at equilibrium electrical potential

B - —— . -

2.4 Hz

Trigger signal for sampling electric potential at a fixed rotational position

Electrical Potential

0.0 ’ 0750 : 1500 ’ 2290 ) 3000
Sample potential at negative
ecdges of trigger signal
A [\ 24Hz [\
[ [ / ‘l,l f \ 4 .
| ¥ 1 | | | 1 . |
|II I| ] ( \ |I l! '|I | II| I'|
| | I l ] | 1
- I ';I | \ .'I 1 { | | [ Iil |
= III ! |I | |I .I|
E | II l' 'I IIl |I I | II 'I
et | | ) | | 1 | | 'I II
nc_’ II !' !. ||I Ig' f ] II | |I I|
— | | | | | [ | I | |
IE ! II!I !II‘ | .I Illl II |II ; Illl Ir|
E 1 II I!.II :I ! | I!| IIII "I. rlni ll I.!i
i \ '1_. / | J.-" \ I"l.\_,-". 1
0.000 0.750 1500 : 2250 : 3000

Time, Seconds
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Typical Measured Ephemeral Sensor Response in the Presence of a
Charged Axially Symmetric Object

> ‘

= Non-rotating sensor

g ,

[}

S ,

o [a 1

8 ‘

g |4

w eﬁf--‘- —:F;.*‘u————- Equilibrium electrical potential

N

v

Electrical Potential ( -V )

Equilibrium electrical potential

v

Position on X-Axis

X-Axis
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Gate lead, Depletion layer boundary
Expanded
depletion layer
boundary

Gate electrode

Source : ; Drain
electrode Mo eiauasasasasasunsasasas; i electrode

Equilibrium potential
Gate lead Non conducting Gate lead electrode

\. gaps \ : e /

Gate electrode
Source

electrode
«—Drain
electrode

Drain
electrode

Source
electrode

A

Non conducting gap I

Equilibrium potential electrode
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Solid State Ephemeral Sensor, ergFET

Equilibrium Pump

Source




n-Channel JFET Based ergFET

with Equilibrium Pump and Quasi-static Direct Potential Controls

VFEPC. external P )
resistance é terna S, Fesibeti: [ ?::tl:lc:)lsal Vosor, external S,
— ‘ equilibrium NC [nternal] —e
T pump vp. feechack /?
\Y control
ergFET Drain | V4 o = Vs
\ .'.... ."’- Va.cxtcmal V"/ <
. L. 1 V(1)
g (-— :
2 EA | Quasi-static
=t . l = oV direct potential
. . / control
5 ? V,(T)
E Equilibrium 55
: pump
"""" electrode
Source
\'

-
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Cylindrically Symmetric Charged Object

ergFET Sensor

\ Non-ergFET Sensor
' ' Z-axis

—Z, —»|

4

~N
[ =)

v
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Solid State ergFET e-Sensor Response

No Charged Object Present
Quasi-Static Power Supply @ 3 Hz, 0.0to+9V

Equilibrium Pump +9 V
> |
| | f f f f | f
O ) | | ’ | A v | ] |
\ Trigger
Cylindrically Symmetric Charged Object Present
Quasi-Static Power Supply @ 3 Hz, 0.0to+9V
S - -
>° Equilibrium Pump +9V
0 -

Erroneous Asymmetric Electrostatic
Potential and Image Representation

Non- ergFET Sensor

3 .

o
>
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2 e
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-t -
- Potential
o

/

>

s
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ergFET Sensor
by
™ b
3 s
c -
. . -
Q . -
o -
¥ - e
2 &
m -
- - - : -
= . " Equilibrium
v - .
@ o 3 Potential
o -
§ L g
i — >

Time

X-Axis Position on X-Axis

ergFET Yields Symmetric Electrostatic
Potential and Image Representation
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100 mSec 100 mSec 100 mSec

V pump » EQuilibrium Pump Voltage (Volts)

No Charged Object Charged Object at a Charged Object at a Distance
Distance Z, from ergFET Z,<Z, from ergFET
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ergFET Electrical Potential Measurements

% of a Single Tribo-electrically Drawn Line on Polymer Sheet

0.333 cm/sec scan speed
Quasi-static power supply at +3Vto +9V @ 3 Hz;

Ephemeral pump electrode at +9V

ergFET gate electrode is 3 cm from test object; compare to 3 mm for non-

ergFET e-Sensor
Leakage effects are essentially removed and produce no shadowing as

¥ observed inthe “N” in figure 12 for the non-ergFET e-Sensor
Ephemeral 1
ergFET -3 —

i A s s :
Potential, e Equilibrium Potential
(Volts) ' 5 '

! ! f
" ¥ i
L, . /.
S — 4 s | 5
0 Time (seconds) 764.45
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2D EFI 7=

CHO-L3 not. used 5359,
Tuo Colunns per Adapter » B9

Row 30 _f1" Drain

to DAQ

J5-CHO=3Y

3 Clock

JY-Controller Out

o1

3

“ doves ” JX-Controller Out

T

Row 1 i O ) ) NASA Ed Generazio e-Sensor calibration controller 12/29/2014
casisrll B .

MVL.0004
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Object of interest
is a circuit inside
an optical flash
strobe

Polymer container

Demonstration Test Set Up

Sensor array

Sensor array
cover
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Electric Potential and Electric Field Imaging with Applications
Individual element sensor responses due to changes in
strobe circuit electrical potentials

Measured
voltage,
V

Strobe electrical

Strobe starts discharging

. (flashes)
components are activated
j (charged) sensor A
‘-\H-"""""'—«-...
sensor B
Strobe
components
charging
Strobe
components
discharged
0 To TotAT  Time (seconds) 0.88
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2D e-Sensor Electrical Potential Image of Activated Strobe
Circuit in a Container

lightest shade represents a voltage
drop of AV =-0.224 volts

1.0 inch 1.0 inch

To To+ 0.06sec



e-Sensor Linear Array Scan - Electrical Potential Image

~ 26 Hz AC waveforms observed

HV source on left side; RC circuit on right side (front surfaces 4” from e-Sensors) @ 12 VDC

Electric Potential Image

N L

25 B

Shaded region (low Bt v
potential generated @12 @ 0 VDC
VDC ) is overlapping with . -

objects’ locations '

480

Ripples in image are due to . -
low frequency AC |




e-Sensor Linear Array Scan - Electrical Potential Image of Hidden Active Circuit
~ 26 Hz AC waveforms observed

HV source on left side; RC circuit on right side (front surfaces 4” from e-Sensors) @ 12 VDC

Electric Potential Image

Shaded region (low S s
potential generated @12 @ 0 VDC
VDC ) is overlapping with .

objects’ locations

450

135 1

Ripples in image are due to
low frequency AC
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e-Sensor Linear Array Scan - Electrical Potential Image
~ 26 Hz AC waveforms observed

HV source on left side; RC circuit on right side (front surfaces 4” from e-Sensors) @ 12 VDC

Horizontal banding is due inadequate sensor-to-sensor calibration

AC signals from imaged sources

~ 36"

~ QO
9 49
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Electric Fi-eloi\ agin/g of Plasmas
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RANGES OF PLASMAS
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RANGES OF PLASMAS

107 Centre of Sun
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o
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By Jafet.vixle at English Wikipedia - Transferred from en.wikipedia to Commons., Publlc
Domain, https://commons.wikimedia.org/w/index.php?curid=4581325



Electric Potential Image




i

\

\

/

mg of Combustion
8 nghter, =

2D EIectrlc Fleld
* Ele\ctrl

—

F > 4

st 15, 2016

54



Electric Potential Image of Ignited Lighter




“Electric Fi l\ Imaging (EFI)
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2D e-Sensor Array & lon Gun
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Electric Potential Image of Operating lon Gun

Region of
Lowest
Potential

Plasma flow
pattern




Phonon-Electric Field Imaging (EFI)

~ Real-time 2Dl Il"Array/ Syste'm |

: ) \

\

L
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Phonon Assisted Dipole Creation

1 Positively charged
5

& g surface, 1s 1
)

v
¥ \ \_)1-1-1-1-1-1-1-1-1-1- e 2
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j" ‘I'I MNeg atweh,'tharned ’?“1[ t\
2 2 surface, 2s 2
. 25

1= Electric 1b

3, chargeq dipole(7)
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Electric
dipole(7)
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Optical
Image of
Object

\\
1\

Electrical potential
of phonon
generated dipoles

Linear greyscale
AV =0.2 Volts
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3D Electric Field Imaging (EFI)
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Example configuration for 3D Electric Field Imaging

Sensor Array —
' ~_ Object of

interest

/'/'
(P 2 _-___,/
q)OBJECT
K ------- ,;’. S R N e o B A DR —— - -
g : A

AZscanner ARggjecT

AZOBJ ECT

6OBJECT

Scanner Base f ¢ ' —)

Scanner Base Axis L 4




Electric Field

Side View

Front View
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Anticipated Benefits

* NASA Programs and Commercial space industry

Electrostatic discharge (ESD) mitigation and control requirements
Damaged materials characterization requirements

Component operations and integrity

Remote active circuit characterization.

Tether and insulation quality control

Lightening Prediction

Vehicle and component charging requirements

Design and construction of unique electronic sensors

Systems and human health monitoring in space

Astronaut EVA safety

Nation

Intrusion detection

US perimeter security

Transportation security- personnel and baggage inspection
Personnel identification and access

Electronic signature requirements

National power grid integrity

Crime scene forensics

Molecular memory

Medical — non-contact EKG and EMG (electromyography)



Q&A

Patent Activities

Electric Field Imaging (2016) US 9279719 B2
Quasi-Static Electric Field Generator (2016) US20160049885A1
Ephemeral Electric Potential and Electric Field Sensor (2015) US20150137825

Solid State Ephemeral Electric Potential and Electric Field Sensor, Serial Number:
15/177,798 (2016)

Dynamic Multidimensional Electric Potential and Electric Field Quantitative
Measurement System and Method , US Serial Number: 62/357,407 (2016)

Solid State Ephemeral Electric Potential and Electric Field Sensor, US Serial Number:
15/177798 (2016)

Dynamic Multidimensional Electric Potential and Electric Field Quantitative
Measurement System and Method, US Serial Number: 62/357,407 (2016)

LAR-19005-1 Electric Field Imaging Eye, Provisional Patent Application (2017)

LAR-19007-1 Method for Phonon Assisted Creation and Annihilation of Subsurface
Electric Dipoles, Provisional Patent Application (2017)



For EFI technology listing and licensing opportunities:

Jesse Midgett, Technology Transfer Specialist
J.midgett@nasa.gov
757-342-5569

https://technology.nasa.qgov/patent/LAR-TOPS-116

L ARC-DL -technologygateway@mail.nasa.qgov
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