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AN HISTORIC TIME FOR R&D AT UMASS

Ĥ  ;aXT]Sb ^U IBPbb3

HWT I]XeTabXch ^U BPbbPRWdbTccb Xb cWT 8^\\^]fTP[cWlb
_dQ[XR aTbTPaRW d]XeTabXch P]S +))/ fPb P] WXbĉ aXR hTPa
U^a cWT aTbTPaRW T]cTa_aXbT Pc cWT I]XeTabXch( Dda bdRRTbb
WPb R^]cX]dTS P]S +))0 _a^\XbTb c^ QT TeT] QTccTa(

. ;RFIO =TM\I&CMQQMQK AQMXITUMV[

HWT WXVW _^X]c ̂ U P VaTPc hTPa fPb cWT PfPaS Û cWT +))/
C^QT[ EaXiT X] BTSXRX]T ^a EWhbX [̂^Vh c^ Ea^UTbb^a 8aPXV
BT[[^ ̂ U IBPbb BTSXRP[ GRW^ [̂( HWT _aXiT fPb VXeT] c^
9a( BT[[^ P]S WXb R^[[PQ^aPc^a& 9a( 6]SaTf ;XaT ̂ U GcP]U^aS
I]XeTabXch& U^a cWTXa f^aZ X] FC6 X]cTaUTaT]RT #FC6X$& P
Ud]SP\T]cP[ \TRWP]Xb\ U^a R^]ca [̂[X]V cWT U[̂ f ^U
VT]TcXR X]U^a\PcX^] X] RT[[b( HWTXa d]STabcP]SX]V ^U cWXb
\TRWP]Xb\ WPb _a^SdRTS VT]T bX[T]RX]V cTRW]^[^Vh cWPc
^UUTab cWT _^cT]cXP[ U â P] TgRXcX]V ]Tf VT]TaPcX^] ^U
cWTaP_TdcXRb(

. >IGRTH DIET MQ >"1 ?SIQHMQK

;^a cWT UXabc cX\T X] Xcb WXbc^ah& aTbTPaRW P]S STeT[^_\T]c
#F"9$ Tg_T]SXcdaTb Pc IBPbb TgRTTSTS !-)) \X[[X^]( HWXb
aP]Zb IBPbb cWXaS X] BPbbPRWdbTccb& U^dacW X] CTf
:]V[P]S& P]S ,.cW ]PcX^]P[[h( HWT I]XeTabXch P[b^ PRWXTeTS
P aTR^aS’bTccX]V !+* \X[[X^] X] X]Sdbcah’b_^]b^aTS F"9
SdaX]V +))/(

HWP]Zb [PaVT[h c^ cWT bdRRTbb Pc ^da BTSXRP[ GRW^ [̂& fT
WPS P]^cWTa _a^SdRcXeT hTPa X] cTRW]^[^Vh caP]bUTa& VT]’
TaPcX]V ^eTa !+0 \X[[X^] X] cTRW]^[^Vh [XRT]bX]V X]R^\T&
aP]ZX]V db P\^]V cWT ]PcX̂ ]lb c^_ *. d]XeTabXcXTb(

AQSTIGIHIQVIH ?WGGIUU MQ >"1 0RPSIVMVMRQU

BT\QTab Û cWT IBPbb UPRd[ch ST\^]bcaPcTS cWTXa
X]RaTPbX]V PQX[Xch c^ R^\_TcT X] P]S fX] cWT \^bc aXV^a’
^db aTbTPaRW R^\_TcXcX^]b( ATS Qh Eâ UTbb^ab ?X\ KPcZX]b
P]S BPaZ Hd^\X]T] P]S bd__^acTS Qh !0 \X[[X̂ ] X] bcPcT
\PcRWX]V Ud]Sb& 6\WTabc f^] P !*/ \X[[X^] VaP]c X] cWT
CPcX^]P[ GRXT]RT ;^d]SPcX^]lb #CG;lb$ CP]^bRP[T GRXT]RT
P]S :]VX]TTaX]V _a^VaP\(

6\WTabc& cWâ dVW cWT [TPSTabWX_ ^U Ea^UTbb^a 9TaTZ
A^eT[h& P[b^ f^] P !+* \X[[X̂ ] VaP]c Ua^\ cWT 9T_Pac\T]c
^U :]TaVh c^ Tg_[^aT fPhb X] fWXRW P _PacXRd[Pa ch_T ^U
\XRa^^aVP]Xb\ RP] WT[_ _a^SdRT T[TRcaXRXch Ua^\ aT]Tf’
PQ[T aTb^daRTb( A^fT[[& cWP]Zb c^ cWT TUU^acb ^U P cTP\ [TS
Qh Ea^UTbb^a F^QTac <X[Tb& f^] P !+0 \X[[X^] VaP]c Ua^\
cWT 9T_Pac\T]c ^U 9TUT]bT U^a Xcb GdQ\X[[X\TcTa’KPeT
HTRW] [̂^Vh APQ^aPc^ah k cWT [PaVTbc VaP]c X] Xcb WXbc^ah(
Cd\Ta^db ^cWTa UPRd[ch \T\QTab f^] \PY^a VaP]cb Sda’
X]V +))/ X] UXT[Sb aP]VX]V Ua^\ daQP] WTP[cW Pc IBPbb
7^bc^] c^ \PaX]T bRXT]RT Pc IBPbb 9Pac\^dcW(

?VTEVIKMG ;IY ?VEVI 6QXIUVPIQVU

6b _Pac ^U cWT 8^\\^]fTP[cWlb TR^]^\XR bcaPcTVh& cWT
ATVXb[PcdaT P__a^eTS P]S <^eTa]^a 9TeP[ EPcaXRZ aT[TPbTS
!,. \X[[X^] X] bcPcT Ud]Sb c^ QdX[S P ]P]^’QX̂  \P]dUPR’
cdaX]V UPRX[Xch Pc A^fT[[ P]S [Pd]RW P I]XeTabXch’[TS&
bcPcTfXST BPbbPRWdbTccb 7X^BP]dUPRcdaX]V 8T]cTa( HWXb
bd__^ac fX[[ T]PQ[T IBPbb c^ WT[_ _^bXcX^] cWT bcPcT Pb P
V[^QP[ [TPSTa X] ]P]^’ P]S QX^\P]dUPRcdaX]V(

APbc \^]cW& cWT <^eTa]^a& fXcW bd__^ac Ua^\ [TVXb[PcXeT
[TPSTab& P]]^d]RTS P !* QX[[X^] X]XcXPcXeT c^ \PZT BPbbP’
RWdbTccb cWT V[^QP[ [TPSTa X] cWT [XUT bRXT]RTb( HWT X]XcXP’
cXeT RP[[b U^a P bcT\ RT[[ QP]Z P]S FC6X RT]cTa Pc IBPbb
P]S _a^eXSTb ^__^acd]XcXTb U^a cWT I]XeTabXch c^ _PacXRX’
_PcT X] aTVX^]P[ X]]^ePcX̂ ] RT]cTab& f^aZU^aRT STeT[^_’
\T]c P]S cTRW] [̂^Vh R^\\TaRXP[XiPcX^](

%%%%%

Dda PRWXTeT\T]cb ST\^]bcaPcT cWT R^]cX]dTS STeT[^_’
\T]c ^U IBPbb Pb P f^a[S’R[Pbb aTbTPaRW d]XeTabXch( 6]S&
Xc _a^eXSTb UdacWTa TeXST]RT ̂ U cWT TgcaP^aSX]Pah aTcda] ̂ ]
cWT bcPcTlb X]eTbc\T]c X] cWT I]XeTabXch ^U BPbbPRWdbTccb(

GX]RTaT[h&

?PRZ B( KX[b^]& EaTbXST]c
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2S E K I

mHWT X]eTbc\T]c X] cWXb

QdX[SX]V #Pc IBPbb$ Xb

Ydbc P _XTRT ^U P Qa^PSTa

\^eT c^ bTRdaT ^da

[TPSTabWX_ a^[T X]

]P]^cTRW]^[^Vh P]S

QX^\P]dUPRcdaX]V(n

A -52 ):9:;/082

’2?/8 +/=;617" (:?2;9:;

mDda TR^]^\XR

_a^b_TaXch Xb ST_T]ST]c

^] cWT R^\\TaRXP[XiPcX^]

^U ]Tf cTRW]^[^VXTb( HWT

]P]^’QX^ \P]dUPRcdaX]V

RT]cTa X] A^fT[[ Xb ZTh c^

cWT TR^]^\XR Va^fcW ^U

^da aTVX^] P]S ^da

bcPcT(n

A ,29# ,=2?29 +/9/46:=/7:<

?VEVI ?WSSRTVU !+, :MOOMRQ ;EQR&/MR
:EQWJEGVWTMQK 6QMVMEVMXI EV 9RYIOO
>] 6_aX[& EaTbXST]c KX[b^] Y^X]TS <^eTa]^a
9TeP[ EPcaXRZ fWT] WT P]]^d]RTS cWT
aT[TPbT ^U !,. \X[[X^] X] bcPcT Ud]Sb U^a
R^]bcadRcX^] ^U P ]P]^’QX^ \P]dUPRcdaX]V
UPRX[Xch Pc IBPbb A^fT[[ P]S c^ [Pd]RW cWT
IBPbb’[TS BPbbPRWdbTccb 7X^BP]dUPRcda’

X]V 8T]cTa( HWTbT Ud]Sb fTaT ^aXVX]P[[h
P__a^eTS Qh cWT ATVXb[PcdaT Pb _Pac ^U cWT
+))/ TR^]^\XR bcX\d[db [TVXb[PcX^]( HWT
UPRX[Xch aT_aTbT]cb cWT UXabc ]Tf PRPST\XR
QdX[SX]V Pc cWT A^fT[[ RP\_db X] STRPSTb(
BTP]fWX[T& cWT 8T]cTa fX[[ WT[_ cWT
8^\\^]fTP[cW aTcPX] P]S PccaPRc WXVW’
‘dP[Xch QX^’\P]dUPRcdaX]V Y^Qb Qh ^UUTaX]V
QX^cTRW]^[^Vh UXa\b P] PaaPh ^U aTbTPaRW&
TSdRPcX^]& _a^RTbb STeT[^_\T]c P]S ^cWTa
bTaeXRTb( >c Xb P bcPcTfXST X]XcXPcXeT X]e^[eX]V
IBPbb A^fT[[ P]S 9Pac\^dcW& KE>& P]S
^cWTa WXVWTa TSdRPcX^] X]bcXcdcX^]b& P]S
fPb STeT[^_TS X] _Pac]TabWX_ fXcW cWT
BPbbPRWdbTccb 7X^cTRW]^[^Vh 8^d]RX[(

8^]cPRc3 8Pa[ APfc^]& Ea^UTbb^a ^U
8WT\XRP[ :]VX]TTaX]V& IBPbb A^fT[[ P]S
9XaTRc^a& BPbbPRWdbTccb 7X^BP]dUPRcdaX]V
8T]cTa& #201$ 2,-’,*.1&
RPa[O[Pfc^]5d\[(TSd(

.PLITUV =TRJIUURT CMQU ;65 1MTIGVRT Û
=MRQIIT .YETH
AX[P <XTaPbRW& 9XbcX]VdXbWTS Ea^UTbb^a ^U
7X^RWT\Xbcah P]S B^[TRd[Pa 7X^[^Vh P]S
8WT\Xbcah Pc 6\WTabc& fPb P +))/ aTRX_X’
T]c ^U cWT _aTbcXVX^db CPcX^]P[ >]bcXcdcTb ^U
=TP[cW #C>=$ 9XaTRc^alb EX^]TTa 6fPaS( HWT
_a^VaP\& X]XcXPcTS X] +))-& Xb P WXVW[XVWc ^U
cWT C>= F^PS\P_ U^a BTSXRP[ FTbTPaRW(
HWT PfPaS W^]^ab X]SXeXSdP[ bRXT]cXbcb ^U
TgRT_cX^]P[ RaTPcXeXch fW^ _a^_^bT _X^’
]TTaX]V P__a^PRWTb c^ \PY^a RWP[[T]VTb X]
QX^\TSXRX]T( :PRW ^U cWT *, X]eTbcXVPc^ab
bT[TRcTS aTRTXeTb !+(. \X[[X^] ^eTa UXeT

hTPab( <XTaPbRWlb aTbTPaRW U^RdbTb ^] _a^’
cTX] U^[SX]V P]S _a^cTX]’_T_cXST X]cTaPR’
cX^]b( GWT fX[[ dbT WTa EX^]TTa 6fPaS c^
STeT[^_ ]Tf fPhb c^ ^QbTaeT cWT _a^RTbb
^U _a^cTX] U^[SX]V !" $!$#(  HWXb  f^aZ  fX[[
_a^eXST cWT Ud]SP\T]cP[ Z]^f[TSVT
]TTSTS c^ d]STabcP]S SXbTPbTb Pbb^RXPcTS
fXcW _a^cTX] \XbU^[SX]V& bdRW Pb

6[iWTX\Talb P]S ^cWTa ]Tda^STVT]TaPcXeT
SXbTPbTb(

8^]cPRc3 AX[P <XTaPbRW& Ea^UTbb^a ^U
7X^RWT\Xbcah P]S B^[TRd[Pa 7X^[^Vh P]S
8WT\Xbcah& IBPbb 6\WTabc& #-*,$ .-.’
/)2-& VXTaPbRW5QX^RWT\(d\Pbb(TSd(

9RYIOO Û ?WFPMOOMPIVIT&CEXI
@IGLQRORK[ 9EF CMQU !*- :MOOMRQ JTRP
A’?’ .TP[
HWT GdQ\X[[X\TcTa’KPeT HTRW]^[^Vh APQ^’
aPc^ah #GHA$ Pc A^fT[[ aTRT]c[h aTRTXeTS cWT
[PaVTbc PfPaS X] cWT WXbc^ah ^U cWT RP\_db
k P UXeT’hTPa& !+0 \X[[X^] aT]TfP[ VaP]c
Ua^\ cWT I(G( 6a\hlb CPcX^]P[ <a^d]S
>]cT[[XVT]RT 8T]cTa #C<>8$( HWT APQlb
_a^VaP\ U^RdbTb ^] STeT[^_X]V aPSPa
bXV]PcdaT SPcP U^a QPcc[TUXT[S ^QYTRcb bdRW
Pb bWX_b& cP]Zb& cPRcXRP[ eTWXR[Tb& P]S TeT]
b_T]c UdT[ R^]cPX]Tab P]S ^cWTa R[dccTa(
HWXb SPcP d]STa_X]b cWT cPaVTc aTR^V]XcX^]
P[V^aXcW\b cWPc T]PQ[T aPSPa bhbcT\b(
FTbTPaRWTab Pc GHA WPeT f^aZTS bX]RT cWT
TPa[h *21)b c^ STeT[^_ P]S aTUX]T bRP[T
eTabX^]b ^U aPSPa bhbcT\b P]S cPaVTcb c^
R^[[TRc bXV]PcdaTb d]STa ePaX^db cTaaPX] P]S
T]eXa^]\T]cP[ R^]SXcX^]b( HWT APQ Xb P[b^ P
_Pac]Ta ^U cWT :g_Tac FPSPa GXV]PcdaT
G^[dcX^]b R^]b^acXd\& fWXRW Xb P[b^ \P]’
PVTS Qh cWT C<>8 P]S X]R[dSTb cWT
6QTaSTT] Ea^eX]V <a^d]S P]S cWT I]XeTa’
bXch ^U JXaVX]XP(

C o n d u c t i n g W O R L D "
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3 S E K I

8^]cPRc3 F^QTac <X[Tb& Ea^UTbb^a ^U
EWhbXRb& IBPbb A^fT[[ P]S 9XaTRc^a&
GdQ\X[[X\TcTa’KPeT HTRW]^[^Vh
APQ^aPc^ah& #201$ 2,-’*,/)&
a^QTacOVX[Tb5d\[(TSd(

.PLITUV >IUIETGLIT .HXMUIU 4RXITQRT
RQ 0OMPEVI 0LEQKI
Ea^UTbb^a FPh 7aPS[Th ^U 6\WTabc& P _P[T^’
R[X\Pc^[^VXbc P]S [TPSX]V Tg_Tac ^] R[X\PcT
RWP]VT& QaXTUTS <^eTa]^a 9TeP[ EPcaXRZ
P]S ^cWTa bcPcT ^UUXRXP[b TPa[XTa cWXb hTPa Pc
P IBPbb 7^bc^] TeT]c cWPc \PaZTS cWT
8^\\^]fTP[cWlb aTT]cah X]c^ cWT FTVX^]P[
<aTT]W^dbT <Pb >]XcXPcXeT( HWT >]XcXPcXeT
R^\\Xcb cWT ]X]T \XS’6c[P]cXR P]S CTf
:]V[P]S bcPcTb c^ RP_ RPaQ^] SX^gXST T\Xb’
bX^]b Ua^\ _^fTa _[P]cb P]S RaTPcTb P
\PaZTc caPSX]V bhbcT\ U^a cW^bT T\XbbX^]b(
7aPS[Th P]S WXb R^[[TPVdTb RaTPcTS P aTR^]’
bcadRcX^] ^U cT\_TaPcdaT aTR^aSb ^eTa cWT
[Pbc *&))) hTPab k Z]^f] Pb cWT mW^RZTh
bcXRZn VaP_W k fWXRW STcPX[b P bWPa_&
aTRT]c aXbT X] cT\_TaPcdaT aTbd[cX]V Ua^\
Wd\P] PRcXeXch( HWXb SPcP Xb P ZTh _XTRT ^U
bd__^acX]V TeXST]RT X] cWT _^[XRh STQPcT
^eTa R[X\PcT RWP]VT( 7aPS[Th fPb aTRT]c[h
W^]^aTS U^a WXb f^aZ Qh cWT :da^_TP]
<T^bRXT]RTb I]X^](

8^]cPRc3 FPh 7aPS[Th& Ea^UTbb^a ^U
<T^bRXT]RTb& IBPbb 6\WTabc P]S 9XaTRc^a&
8[X\PcT GhbcT\ FTbTPaRW 8T]cTa& #-*,$
.-.’)/.2& aQaPS[Th5VT^(d\Pbb(TSd(

A:EUU /RUVRQ EQH 0LMOHTIQ Û 5RUSMVEO
/RUVRQ 2UVEFOMUL DRWVL 5IEOVL EQH
3MVQIUU >IUIETGL 0IQVIT
APRZ ^U P__a^_aXPcT _WhbXRP[ PRcXeXch P]S
d]WTP[cWh TPcX]V P\^]V h^dcW WPb
aTbd[cTS X] P aP_XS aXbT X] RWX[SW^^S ^QTbXch
P]S P] P[Pa\X]V X]RaTPbT X] _aTeT]cPQ[T X[[’
]TbbTb bdRW Pb ch_T + SXPQTcTb P]S
PbcW\P( Ĥ  PSSaTbb cWXb& IBPbb 7^bc^] P]S

8WX[SaT]lb =^b_XcP[ 7^bc^] WPeT TbcPQ’
[XbWTS cWT >]cTaSXbRX_[X]Pah M^dcW ;Xc]Tbb
FTbTPaRW P]S HaPX]X]V 8T]cTa& fWXRW PX\b
c^ PSeP]RT cWT bRXT]RT P]S R[X]XRP[ _aPRcXRT
^U X\_a^eX]V h^dcW WTP[cW P]S UXc]Tbb( HWT
8T]cTa fX[[ _a^eXST P R^\\d]Xch’QPbTS
aTb^daRT fWTaT RWX[SaT]& PS^[TbRT]cb& P]S
cWTXa UP\X[XTb fX[[ aTRTXeT VdXSP]RT P]S

bd__^ac c^ PRWXTeT P _WhbXRP[[h PRcXeT
[XUTbch[T cWPc _a^\^cTb ^_cX\P[ fT[[’QTX]V(
HWa^dVW R^[[PQ^aPcX^]b fXcW X]Sdbcah _Pac’
]Tab& WTP[cWRPaT _a^eXSTab& P]S cWT 7^bc^]
EdQ[XR GRW^^[b& cWT RT]cTa fX[[ PSSaTbb
cWTbT XbbdTb ^] P bhbcT\XR QPbXb( HWT RT]’
cTa bTTZb ]^c ^][h c^ QTR^\T P] X\_^acP]c
[^RP[ aTb^daRT U^a X\_a^eX]V h^dcW WTP[cW
P]S UXc]Tbb& Qdc P[b^ c^ bTaeT Pb P aT_[XRP’
Q[T \^ST[ ]PcX^]P[[h(

8^]cPRc3 @h[T BR>]]Xb& Ea^UTbb^a ^U
:gTaRXbT P]S =TP[cW GRXT]RTb& IBPbb
7^bc^] P]S 9XaTRc^a& >]cTaSXbRX_[X]Pah
M̂ dcW ;Xc]Tbb FTbTPaRW P]S HaPX]X]V
8T]cTa& #/*0$ +10’0-2.&
Zh[T(\RX]]Xb5d\Q(TSd(

1ETVPRWVL 9EWQGLIU >IKMRQEO
/MRIQKMQIITMQK >IUIETGL ;IVYRTN
HWT IBPbb 9Pac\^dcW RP\_db W^bcTS P
cf^’SPh& aTVX^]P[ R^]UTaT]RT ^] QX^T]VX’
]TTaX]V P]S QX^cTRW]^[^Vh TPa[XTa cWXb hTPa
Pb _Pac ^U Xcb TUU^ac c^ Tg_P]S aT[PcX^]bWX_b
P\^]V cWT RP\_db& ^cWTa d]XeTabXcXTb X]
cWT C^acWTPbc P]S cWT aTVX^]lb QX^cTRW]^[’
^Vh X]Sdbcah( HWT TeT]c& Ud]STS Qh P VaP]c
Ua^\ cWT EaTbXST]clb GRXT]RT P]S HTRW]^[’
^Vh >]XcXPcXeTb ;d]S& SaTf b^\T ^U cWT QTbc
\X]Sb X] QX^[^Vh& _WhbX^[^Vh& P]S T]VX’
]TTaX]V c^ TgRWP]VT XSTPb P]S UdacWTa R^[’
[PQ^aPcX^]( GcdST]c _aTbT]cPcX^]b Pc cWT
R^]UTaT]RT R^eTaTS c^_XRb cWPc X]R[dSTS
cXbbdT T]VX]TTaX]V& VT]TcXR T]VX]TTaX]V&
QX^\PcTaXP[b& P]S \XRa^U[dXSXRb( ;TPcdaTS
b_TPZTab Ua^\ HdUcb I]XeTabXch& =PaePaS

BTSXRP[ GRW^^[& cWT I]XeTabXch ^U KPbWX]V’
c^]& cWT I]XeTabXch ^U JTa\^]c& cWT I]XeTa’
bXch ^U 8P[XU^a]XP P]S <T]ih\T 8^a_^aP’
cX^] Y^X]TS IBPbb UPRd[ch P]S aT_aTbT]cP’
cXeTb Ua^\ BPbbPRWdbTccb <T]TaP[ =^b_XcP[&
cWT I]XeTabXch ^U FW^ST >b[P]S& 7a^f]
I]XeTabXch P]S ^cWTa aTVX^]P[ X]bcXcdcX^]b
U^a cWT TeT]c(

8^]cPRc3 6[Tg ;^f[Ta& Ea^UTbb^a ^U
BTRWP]XRP[ :]VX]TTaX]V& IBPbb
9Pac\^dcW& #.)1$ 222’1.-+&
PU^f[Ta5d\PbbS(TSd(

A:EUU 2QITK[ CRTNMQK 4TRWS
2UVEFOMULIH
KXcW bd__^ac ^U cWT 7^PaS ^U HadbcTTb& cWT
I]XeTabXch WPb R^]eT]TS P bhbcT\’fXST
UPRd[ch f^aZX]V Va^d_ c^ d]STacPZT P]
PbbTbb\T]c ^U RdaaT]c aTbTPaRW P]S TSdRP’
cX^] PRcXeXcXTb X] cWT PaTP ^U aT]TfPQ[T
T]TaVh P]S T]TaVh TUUXRXT]Rh P]S STeT[^_
P bcaPcTVh U^a PSeP]RX]V cWTbT _a^VaP\b(
8WPXaTS Qh 6\WTabc JXRT Ea^e^bc U^a
FTbTPaRW EPd[ @^bcTRZX& cWT f^aZX]V
Va^d_lb TUU^acb fX[[ QdX[S ^] ]^cPQ[T
bcaT]VcWb PRa^bb cWT RP\_dbTb& X]R[dSX]V
\TRWP]XRP[ T]VX]TTaX]V P]S X]U^a\PcX^]
cTRW]^[^Vh RP_PQX[XcXTb cWPc bd__^ac fX]S
T]TaVh STeT[^_\T]c& Tg_TacXbT X] _^[h\Tab
P]S ]P]^\PcTaXP[b U^a b^[Pa P]S UdT[ RT[[
cTRW]^[^VXTb& P]S P Qa^PS PaaPh ^U X]cTa’
SXbRX_[X]Pah _a^VaP\b cWPc UdacWTa aTbTPaRW
P]S cTRW]^[^Vh STeT[^_\T]c X] cWT
T\TaVX]V UXT[S ^U QX^UdT[b( HWT f^aZX]V
Va^d_ Xb Tg_TRcTS c^ aT_^ac c^ cWT 7^PaS X]
cWT UP[[(

8^]cPRc3 EPd[ @^bcTRZX& JXRT Ea^e^bc U^a
FTbTPaRW& IBPbb 6\WTabc&
#-*,$ .-.’.+0+&
_Z^bcTRZX5aTbTPaRW(d\Pbb(TSd(

" C L A S S   R ! D

mailto:robert_giles@uml.edu
mailto:addressafowler@umassd.edu
mailto:ofkyle.mcinnis@umb.edu
mailto:rbradley@geo.umass.edu


4S E K I

A:EUU E ;EVMRQEO 9IEHIT MQ
@IGLQRORK[ 9MGIQUMQK 6QGRPI
KXcW !+1(0 \X[[X^] X] [XRT]bX]V aTeT]dTb&
+)). fPb P]^cWTa ^dcbcP]SX]V hTPa X]
cTRW]^[^Vh caP]bUTa U^a IBPbb& PRR^aSX]V
c^ P aTRT]c[h aT[TPbTS bdaeTh _dQ[XbWTS Qh
cWT 6bb^RXPcX^] ^U I]XeTabXch HTRW]^[^Vh
BP]PVTab( 6[^]V fXcW B>H P]S =PaePaS&
BPbbPRWdbTccb Xb W^\T c^ cWaTT ^U cWT c^_
PRPST\XR X]bcXcdcX^]b aTb_^]SX]V c^ cWT
bdaeTh( I]XeTabXcXTb fXcW X]R^\T VaTPcTa
cWP] !+) \X[[X^] PaT bW^f] X] cWT bXSTQPa(

8^]cPRc3 7X[[ F^bT]QTaV& :gTRdcXeT
9XaTRc^a& 8^\\TaRXP[ JT]cdaTb P]S
>]cT[[TRcdP[ Ea^_Tach& #/*0$ +10’0*1/&
fa^bT]QTaV5d\Pbb_(TSd(

A:EUU :IHMGEO Û 4IQI ?MOIQGMQK
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