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Measurement of transient out-of-plane
displacement gradients in plates using
double-pulsed subtraction TV shearography

Abstract. We report a technique for the measurement of transient out-
of-plane displacement gradients in plane objects by double-pulsed sub-
traction TV shearography. The fringe patterns are automatically and
quantitatively analyzed by the Fourier transform method. A novel oplical
setup based on the separation and further recombination of illumination
beams is demonstrated for the generation of carrier fringes. The principle
of the proposed technique is theoretically described, and its immunity to
environmental disturbances is discussed. Experimental results obtained
with a metallic plate excited by the impact of a piezoelectric transducer
are presented. © 2000 Society of Photo-Optical Instrumentation Engineers.
[S0091-3286(00)02908-1]

Subject terms: metrology; speckle interferometry; shearography; shock.

Paper 990116 received Mar. 18, 1999; revised manuscript received Nov. 10,
1999; accepted for publication Feb. 16, 2000.
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1 Introduction

TV shearography (TVS)—or electronic speckle pattern
shearing interferometry (ESPSI), as it is also called—is a
nondestructive, whole-field technique that allows the mea-

2106 Opt. Eng. 39(8) 2106-2113 (August 2000)

surement of spatial derivatives of displacements, Early re-
search on shearing techniques used moiré fringes resulting
from the superposition of two fringe patterns obtained by
holographic interferometry.! Photographic film was later

0091-3286/2000/$15.00  © 2000 Society of Photo-Optical Instrumentation Engineers
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YWWe report a technique for the measurement of transient out-of-plane displacement gradients in plane objects
by double-pulsed subtraction T shearography. The fringe pattemns are autormatically and quantitatively
analyzed by the Fourier transform method. A novel optical setup based on the separation and further
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BafEe

-  Worldwide Network Blood &
Marrow T

- Worldwide Wave Investigators

-  Worldwide Study Grp

> R HAM.

General Search — Editor

General Search — Publication
Name

iy A SEEE N S R AR o R

—({EE T - 40 - Cellular* &=t -

- Cellular Microbiology

- Cellular and Molecular Life
Sciences

- Cellular & Molecular Biology
Letters

> R HA.

General Search — DOI

iy Aoy a IS > ARG Z BTRLZ
‘i EES () EHTE T sHREEL
% o ZERRIGE BT R VIR AT EA - B
4 > *2307/3677* ZAHIR R R -
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*$,? Ex : Univ Penn* NOT Cornell
General Search - Address *

o FEMEMT IR REEIE  FlA
f@& 2009-2010 & FHHUE IIFRIECH: -

General Search —Year Published | No (5 200* (S EEEE E -

General *$,?
Search —Organization-Enhanced

General Search — Conference *$,?

General Search — Funding 59,7 e  Ex:American Cancer Soc*
Agency
* o EAETHBNRST  SEEREILEEN (-

General Search — Grant Number

* o EABERIN I 0 FERBIEESE ()

B FHIT o 5141 > WOS:0003012369* &=

General Search —Accession LA B BTt BN T A sL 8%

Number o EABERIRHI—E S 0 N AEAHIFEY)
B o plan > ¥12369* =S EEE

LLSRRE AT A RLRE

8,7 o [EHER () BAF TR NEMEENT
I o il > Aglitsk* €754 Aglitskaya
Aglitski ~ Aglitskii ~ Aglitskiy

Cited Reference Search — Cited . RS (2) B —{E5 - (140 Bens?n

Autigel C* & Bensen C -~ Benson C ~ Bensen
CA - Benson CS %%
i o —EEREFEEHTHHEAER () > &I It
Cited Reference Search - Cited B AL O] BE S H B R S BL A4S LS B BB R
Work FHEEAEE -

Cited Reference Search - Cited | * $, ?
Title

3. MEEEIT

& fitkiEEE (Boolean Operators)

AND : FrAE YRR AR IR (S SRS )
TOPIC: aspartame AND cancer*

(\I:} W [EH 2 aspartame B2 cancer* [k

on OR : {E— A HBIEI ] (& [ERERR )
serhge gz R R 3 L A
TOPIC: aspartame OR saccharine OR sweetener*
R EE 2V H P 56 Z SR

aspartame
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o NOT : 7 S M sl &

J \\} TOPIC: aids NOT hearing #3282 & aids » {H-~ & hearing 2
aids hearing

¢ fHITAEE ST (Proximity Operators ) :

> Same : 7t "Address | &+ > (EH SAME SRIRHIGEA T w8E0st , NAELE
HHE > F A o 4 - Mineral Resources SAME Beijing & =iy @S (EH
HihkEYECER - 1 H 55 Mineral Resources #1 Beijing & [EHF HFAEECHRHY

" Address | {9 -

Same fEHIHEDIYMBAIEITE FIZRS And - {540 © $85 Topic=cat SAME mouse
@rHFHEE Topic= cat AND mouse #H[EIHI4E5 5

PRIE FiIfg &SRR E— 1T HIRAE <
WA flE e 2R sl E g - R R S SR T Y[Rl — P 3 A

FERUHEARIEE P © RO (EfR 2R a0 R PR E— 1T b A O R R E B2 e B A
AT

¢ Near/x : (] NEAR/X ZRamilacst - BEIIERTTESE LT g R
FrEAR IRV E e H A - B sEtEis A FERL - BE e etk -

X R B B i X (E -
ST X+ BIFERE x=15 -
IEE NEAR RG] /X RIZSFRakimsess - JoRIH NEAR &4

ZFERE A EERY 15 {E5EA - fi4T > salmon NEAR virus i salmon
NEAR/15 virus (#2245 FAH% -

sH/04E " Topic | A1 " Title ; &R And i -
5771F Year Published Mgz {8 /] -

& NEAR Sl HRAAIFHEE (FIanEAT] - S5  imoC s HARAIE )
FURERERS » SE— RIS I9R (") K’ NEARFEEEZK - 440 - Title= Atomistic
simulations of a solid/liquid interface:a combined force field and first
principles approach to the structure and dynamics of acetonitrile "near" an

anatase ° YIRS 97 2SS HEIFERRENE > S0 T fREEEER - NEAR
AT IS

& METERT TR

Same

Topic:(greenhouse OR green house) SAME emission*

— GLOBAL GREENHOUSE-GAS-EMISSIONS INVENTORY METHOD
Address: Taitung SAME Taiwan

— Natl Taitung Univ, Dept Nat Sci Educ, Taitung, Taiwan
Address: (Natl Taiwan Univ) SAME (Dept Lib & Informat Sci)
— Natl Taiwan Univ, Dept Lib & Informat Sci, Taipei 10764,
Taiwan
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Near/x Title: Taipei NEAR/5 Beijing
— Passions, politics, and politicians: Beijing between Taipei and
Washington

4. mERERIEF

NEAR/x— SAME— NOT — AND — OR

s

> copper OR lead AND algae &= [EFH I lead 1 algae BIYFTASCSELL
KR copper iE{EFHIFTARC#

- (copper OR lead) AND algae &=fkHIH algae E{EFLLK copper

lead HYRTHECEE

5. [HFIFESE - (LR EEEOTBIIAR o AL Esf A E R G BT

Hip -

- (cadmium AND gill*) NOT Pisces @=L [EH5E & cadmium F1 gill (2

gills) AVELE: > (HEFHEFRELE Pisces E{EFAYECHE ©
- (salmon OR pike) NEAR/10 virus @& {F a1 R virus BYE]T - A

HAHEE 10 {EFANEE salmon = pike HYZCHE

6. A LUE AR iR R

o

Search Type & Field

Operator

General Search - Topic AND, OR, NOT, NEAR
General Search - Title AND, OR, NOT, NEAR
General Search - Author AND, OR, NOT
General Search - Group Author AND, OR, NOT
General Search - Editor AND, OR, NOT
General Search — Publication Name OR

General Search — DOI OR

General Search — Publication Year AND

General Search - Address AND, OR, NOT, SAME
General Search —Organization-Enhanced OR

General Search — Conference AND - OR ~ NOT * NEAR
General Search — Funding Agency OR

General Search — Grant Number OR

General Search — Accession Number OR

Cited Reference Search - Cited Author AND - OR ~ NOT

Cited Reference Search - Cited Work OR

Cited Reference Search - Cited Year OR

Cited Reference Search — Cited Title AND ~ OR ~ NOT -~ NEAR
Advanced Search AND, OR, NOT, SAME
Search History (Combine Sets) AND, OR

7. FEE®= (Phrase Search)

WoEtEA R R SRR DAER] 7 S SRR E AR &8 - (HHAEEME] T Topic , #1 ' Title

Rz
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Phrase Search | Topic: electromagnetic field

Title: Mathematical model of electromagnetic elimination in
tubule with high frequency magnetic field

Topic: “electromagnetic field”

Title: Reproduction of lightning electromagnetic field waveforms
by engineering model of return stroke

Note ; fRZAF L ERY 7RIl - 77 ZAE5 [9RNEER] $ f@?)ﬁ’ﬁﬁﬂﬁ%xffﬁﬁﬁiﬁ\%% °

8 H5[FR() : o9t RZERS ﬁﬁ?FT*ﬁE%’?E’J HIS MR RA S L [5EH5
¥EETE o 40 > Paget's OR Pagets &= a4 Pagets fl Pagets HYECHE -

9 HTFHE() : FEHE A S EFIAAA SEE IR T SRR & IR E AT
] o 514 > speech-impairment &= 4 speech-impairment f1 speech
impairment HJEC$%

BN - AEEHA R R S LRPER E0HBE T SCE HoMSon ReUTERe.
o] DAE E R 7 2 s Ade R =040 @dwwﬁm@m@}

same emission*) and (reduc* or mitigat® or abat*)

Em*ﬁﬁﬁ?%@z%’? A i

ERRE
({co2 or carbon dioxide) same emission*) and (reduc* or mitigat* or abat*) £ - g;ﬁ%gﬁ
A... - IE
+ MEHERL | ERERARE
A DUAE EEEL%EHJEE
R En R N o
. REEE TE EMER TR - 1]
fE | 1900 ~ B | 2014 -~ ?E‘ {E LJ\{E‘F )\ﬁA
Web of Science 1%/ & B
v BEEFE 195}5@ .
Web of Science #0-& 8 2 [H @IS
Science Citation Index Expanded (SCI-EXPANDED) —1900F 2+,
Social Sciences Citation Index (SSCI) —1900E &%
Arts & Humanities Citation Index (A&HCI) -1975FE £ 5 /LA\TJ’J\Y_AH:EJ:@ ?%
¥ Conference Proceedings Citation Index- Science (CPCI-S) —1990F &4 CPCI -I“H_\_‘
¥ Conference Proceedings Citation Index- Social Science & Humanities (CPCI-SSH) —1990F &5 =
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HEARZ Search

1. WERHHE

i THOMSON REUTERS"

st A e
£ ES Web of Science ™ g4 [ B *ﬁ%*&ﬁfﬁé*ﬁ
gammewebd '
N
e HIVA FE
[ xxex B {EE LR
({co2 or carbon dioxide) same emission®) and (reduc* or mitigat* or abat*) ] ~ ﬁﬂz%
=N e T iReRE
+ IEEHRRL | ERRETRRELE H:IIHE = -ﬁ#ﬁ
2]z]
Ln]l
S ] DIAE I 15 R
=L N P LA
o [ BEED BRI ERER Mk
4 [ 1000 [~ |21 [ 2014 - EBE ° HE e 3 E kR
v ESIE e
Web of Science i &#8:3IF @23l e
Science Citation Index Expanded (SCI-EXPANDED) —10004E 24
Social Sciences Citation Index (SSCI) —1900F 2= j{#ﬁﬂ
Arts & Humanities Citation Index (A&HCI) —1975F &< Emﬁiﬁ
¥ Conference Proceedings Citation Index- Science (CPCI-S) —1990F &<
¥ Conference Proceedings Citation Index- Social Science & Humanities (CPCI-SSH) -1000FE 2% ﬁﬂ.ﬂ?ﬁgﬁ
FERSE

N

ey liwixt
& L (Topic) : FHRZRMIROEE " 1RE - wIRRSEIGHE "R T T RIS
(F & B8 keywords plus)H{E 0 Rr 8 (Tin A~ BT -

Global challenges and strategies for control, conversion and utilization of CO2 for sustainable
development involving energy, catalysis, adsorption and chemical processing

#E-#&: Song, CS (Song, CS)

CATALYSIS TODAY
#: 115 H0: 1-4 Hi8: 2-32
DOI: 10.1016/.cattod.2006.02.029
HEEBEA: JUN 30 2006
WARBAAER

e

W& 8th International Conference on Carbon Dioxide Utilization
& : Univ Oslo, Oslo, NORWAY

HBEA: JUN 20-23, 2005

I\

Utilization of carbon dioxide (C0O2) has become an important global issue due to the significant and continuous rise in
atmospheric CO2 concentrations, accelerated growth in the consumption of carbon-based energy worldwide, depletion of
carbon-based energy resources, and low efficiency in current energy systems. The barriers for CO2 ufilization include: (1)
Costs Of CO2 capture, separation, purification, and transportation to user site; (2) energy requirements of CO2 chemical
conversion (plus source and cost of co-reactants); (3) market size limitations, little investment-incentives and lack of industrial
commitments for enhancing CO2-based chemicals; and (4) the lack of socio-economical driving forces. The strategic
objectives may include: (1) use CO2 for environmentally-benign physical and chemical processing that adds value to the
process; (2) use CO2 to produce industrially useful chemicals and materials that adds value to the products; (3) use CO2 as a
beneficial fluid for processing or as a medium for energy recovery and emission reduction; and (4) use CO2 recycling invalving
renewahble sources of energy to conserve carbon resources for sustainable development. The approaches for enhancing CO2
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¢ T (Title) : HEZoOmt - 5 R CEFHZFIRE -
1. Why ecean heat transport warms the global mean climate By e 21
{E3E: Herweijer, C; Seager, RB; Winton, M, 2. (i Web of Science S
TELLUS SERIES A-DYRAMIC METEQOROLOGY AND £
DOCEAMOGRAPHY #& 57 #f: 4 B Bb2-675 HEFEE: AUG
2005
32¥ HHEE
2. Population risk perceptions of global warming in BT 3
Australia rfE Web of Science i
{1EH: Agho, Kingsley, Stevens, Garry, Taylor, Mel; £, £
EMNVIRCHNMENTAL RESEARCH #: 110 Hi: 8 HiE: 796-763 1
KEEEE: WOy 2010
323 BiHEE
3. The understandings of global warming and learning B0
styles: A phenomenographic analysis of prospective CfE Web of Science v
primary school teachers =
& (EF(Author) : FTEHRIES - BEHEY - BEMBEY  EEBEY - AT (R
Fram AZEL ~ 2248 > RIFEE R - W ATC& & 5T » 41 Johnson M* » Z5 2R
TEMRIVEESR - sB%EE TRE ) WRAEARAA - 20 " TR - T A BT ik |
¢ [EESRPEE(Author Identifiers) : & A—22%{ ResearcherlD 5%HEsl, ORCID 3%
AR LU 2R e RE BT s% R TR SAES | A8 - BB A B MR PEEEHTT
(* ?%) > A R4 TRE S B A THRIAYAS R -
¢ [HiES{FE (Group Author): EIRG{FE & —(EHSREEE LIE TF &0 B (3 RS0
TR DL B A ZS 3] F Group author index BB 5 20818 a-z FRIIEF » 8¢
= HiFEm ABREEELEES - BEAPTERIERFE - B ok - BIRTIIA
Z General Search f9&HEMH -
& (REE¥E (Editor) : g A4REEE A - DR ELERAAY " Editor | R -
¢ R4 TE (Publication Name) : B £ AHATZfEE 2 » 5853 full source title
list ¥ B 5 08E a-z FRIIFR @ B0 EREm AR HISE AT - EHATIE
SNTHAT BB ok - BIH] A £ General Search (&= H °
HikRE RS WRAREFEE

EH [ATNIRDE | XSREFEEEHTIMEELEE -

F-TREFETE FEMEN T R - RN TR A TR .

R 38 DL A BB 27

BE ABCDEFGHIJKLMNOPOQRSTUVWXY?Z 01234567829

nature|

BiASTFRSHESRUTINEE -

57 85, "botan” @4 BOTANCAL REVIEW il GEOBOTANY )RRy RS RSy e [ R

<+ 30

EE

€ DOl (Digital Object Identifier - DOI®) : &AMk B T X FEILFE - T
SR E—S R RIHATIEY ISSN BiifE—58 & #50Y I1SBN -

& HhEF( (Year Published) g AAERZRAY AR 55 R 20 [ fR e AP
T o

& il (Address) : il R]DUFHARRER ~ ST A - S N~ & BER  FEBUHS
B T— (S e B ZAH S A - 140 > Univ fil University &Sk "Univ' B
WATECERA bk ML RS - S AR BT B TR R e E B R E 5T
{1/ SAME [~ H AND - FREIEHEG EITESEHIAE R -

- #ifjl - univ tokyo AND dept phys : Sk f{iz{EFH AND FJRE &R EA [FHIHL -
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Addresses: Goto T (reprint author), Johns Hopkins Univ, Dept Phys & Astron, 3400 N Charles St, Baltimare, MD
21218 US4

Univ Tokyo, Inst Cosm Ray Res, Chiba, 2770882 Japan

Univ Tokyo, Grad Sch Sci, Dept Astron, Bunkyo Ku, Tokya, 1130033 Japan

Matl Astron Observ, Tokyo, 1818588 Japan

- Univ tokyo SAME dept phys : Hihl-ffz {5 FH SAME QA ES-EIFE R Ak -

Addresses: Yano TH {reprint authaor), Matl Astron Observ, Tokyo, 1818588 lapan
Matl Astron Observ, Tokyo, 1818588 lapan

Univ Tokyo, Dept Phys, Bunkyo Ku, Tokyo, 1130033 lapan

Univ Tokyo, Sch Sci, Res Ctr Early Universe, Bunkyo Ku, Tokyo, 1130033 Japan
Univ Munich, Munich, D-80333 Germany
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19


http://images.webofknowledge.com/WOKRS511B5/help/WOS/hs_organizations_enhanced.html

vy

SEERIRR T B » R -
ST RSR[5 E4E Web of Science A% El B R
PABET S -

SCHESEE (Document Type) © & AoFIFISC AR IALAR RS » 3t AR REF 0 2 1
FERRZRIL P A W S s R BEL P S PR 3005 » 50T« S
SRR T BB » AR ML -

BIHERE (Funding Agency) : SEDHERERIN REHEHTI EE > T IRED | S48y 32
B | BIRDETTIRE -

REHh

= 1E #wARR

ATh-0450055

Mational Science Foundation AGS-1019211

Davidow Discovery Fund

Diavid and Lucile Packard Fellowship

TR E R S

HHBI4m5% (Grant Number) : @i A fHBI4RSE AR SHECE: H A~ " Funding ;, Fi&H
iy T Grant Number | f#fir -
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ISI Web of Knowledge Search Alert

Product: Web of Science

History Name: econ growth

Description: economic growth technology education

Alert Expires: 10 JUN 2006

Alert Query: #2 OR #1

Results Found: 1 new records were found this week (1 in this e-mail)

ISI Web of Knowledge Search Alert

Product: Web of Science

History Name: econ growth

Description: economic growth technology education

Alert Expires: 10 JUN 2006

Alert Query: #2 OR #1

Results Found: 1 new records were found this week (1 in this e-mail)

Organization ID: 9c1330f0dda3f188a3813b9840d1143f

*Record 1 of 1.
*View Full Record:
http://links.primary.cls.isinet.com/current/gateway/Gateway.cgi?GWVersion=2&SrcAuth=Alerti

ng&SrcApp=Alerting&DestApp=WOS&DestLinkType=FullRecord;KeyUT=000220701300001
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