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il A Broad-Spectrum We are delighted to bring nine articles on latest
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‘e-Skin’ that Mimics
the Biological Skin
and its Functions
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& WXYH] TYFPMWLIH MR GMIRGI &HZERGIW WLS[GEWIW E RI[ IPIGXVSF
QYPXMXYHI SJ TVSTIVXMIW MRGPYHMRK QEPPIEFMPMX] WIPJ LIEPMF
to the human skin 8LI WOMR SYV PEVKIWX SVKER MW XLI ulWL] GSZIVMR
4YV WOMR MW E LMKLP] ZIVWEXMPI SVKER [LMGL EGXW EW E [EXIVT'
FSH] JVSQ E ZEVMIX] SJ IN\XIVREP HERKIVW SV JEGXSVW | K HEQEKN
WOMR MW VIKYPEXMSRSJ FSH] XIQTIVEXYVI TVSXIGXMSR SJ FSH] J\
EPWS I\GVIXMSR SJ XS\MG WYFWXERGIW EPSRK [MXL WIIEX QIGLE
ERH TVSHYGXMSR SJ XLI GVYGMEP ZMXEQMR ) [LMGL MW ZIV] MQTSV
WIRWSV [MXL EQTPI RIVZIW XS MRWXERXP] GSQQYRMGEXI [MXL XLI F
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7TIWIEVGLIVW [SVPH[MHI LEZI FIIR [SVOMRK SR HIZIPSTMRK E RYQFIV
of ‘wearable e-skins’ with the ultimate goal of trying to mimic the biological skin and its various

JYRGXMSRW 8LIVI MW E WXVSRK RIIH JSV GI\MFPI ERH WXVIXGLEFPI
[MXL WSJX ERH GYVZMPMRIEV LYQRR Q\EXM\RM EBFEVR SGB\E(REFVSZMHI1 XLI
QIGLERMGEP ERH IPIGXVMGEP ZIVWEXMPMX] VITPEGMRK XLI VMKMH
8LI XIEQ PIH F] )V /MERPMERK <MES EX XLI 9RMZIVWMX] SJ (SPSVEH:
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HIZIPSTIH ER EVXMOGMEP IPIGXVSRMG WOMR | WOMR [MXL XLI KSEP
LYQER WOMR SRXS VSFSXW ERH TVSWXLIXMGW 8LMW EXXIQTX MW |
XIGLRSPSK] MR XLI JYXYVI [LMGL [SYPH LEZI LYKI TSXIRXMEP ERH Z
IRKMRIITVMRK O0IPHW

'] "b lda ue aA "0 A"a EaUqU AU a
*WOMR MW E XLMR XVERWPYGIRX QEXIVMEP LEZMRK E RSZIP X]TI S
RIX[SVO GEPPIH TSPIMQMRI [LMGL MW PEGIH [MXL WMPZIV RERST
WXVIRKXL GLIQMGEP WXEFMPMX] ERH IPIGXVMGEP GSRHYGXMZMX]
MR MX XS QIEWYVI TVIWWYVI XIQTIVEXYVI LYQMHMX] ERH EMV US|
VIQEVOEFPI FIGEYWI MX LEW FIIR MRGSVTSVEXIH [MXL QER] JIEXYV
GPSWIV QMQMG SJ XLI LYQER WOMR . X MW LMKLP] QEPPIEFPI ERH G
Il K LYQER EVQW ERH PIKW VSFSXMG LERHW F] ETTP]MRK QSHIVEX
MRXVSHYGMRK IN\GIWWMZI WXVIWWIW +YVXLIV XLMW | WOMR LEW E(
YTSR ER] GYX SV HEQEKI GEYWIH F] ER NXIVREP GMVGYQWXERGI XL

FSRHW FIX[IIR XLI X[S WITEVEXIH WMHIW VIWXSVMRK XLI QEXVM\ .
returning to its original bonded state.

&PWS MJ XLMW | WOMR FIGSQIW YRYWEFPI HYlI XS ER] GMVGYQWXE
ERH FEWMGEPP] XYVRIH MRXS E FVERH RI[ | WOMR F] TPEGMRK MX
XLl NWMWXMRK | WOMR QEXIVMEP XLIVIF] XYVRMRK MX MRXS E R
[LMGL MW E QM\XYVI SJ XLVII GSQQIVGMEPP] EZEMPEFPI GLIQMGEP
XLlI TSP]QIVW ERH XLI WMPZIV RERSTEVXMGPIW WMRO EX XLI FSXXS
TSP]QIVW GER FI YWIH EJVIWL XS QEOI E RI[ JYRGXMSREP | WOMR 8
[LMGL MW EXXEMREFPI EX VSSQ XIQTIVEXYVI MW QEMRP] EXXVMFY.
TSP]QIV YWIH 8LI EHZERXEKI SJ XLMW TSP]QIVMG RIX[SVO SJ TSP]M
can be broken and recycled unlike most conventional thermostat materials which can neither be

VIWLETIH SV VITVSGIWWIH SV VIG]GPIH FIGEYWI SJ XLI MVVIZIVWMEFP
TSP]QIVMG RIX[SVOW 8LYW MXW EGXYEPP] QSVI VSFYWX XLER LYQ
EW ER IRLERGIQIRX XS MX VEXLIV XLER VITPEGIQIRX . X MW EPWS T
PMOI VIEP WOMR [LMGL GSYPH TSWWMFP] QEOI MX EW XLI GSZIVMRK
devices maybe.

8LIWI IGS JVMIRHP] ERH PS[ SR GSWX TVSTIVXMIW SJ XLI | WOMR LE
GSYPH KVIEXP] VIHYGI IPIGXVSRMG [EWXI ERH XLI IRZMVSRQIRXEP N
YWEFPI ERH TSTYPEV [MXL QERYJEGXYVIVW MR HMUIVIRX GIPHW 8L
XLlI QSQIRX XLMW VIYWI XIGLRSPSK] GSYPH EPWS FI WMQMPEVP] E’
[ITPP R JEGX QSHIVR HE]JOXRIWW XVEGOIVW ERH LIEPXL QSRMXSVW
KVSIMRK QSYRXEMR SJ | [EWX]I GSQTSYRHMRK IRZMVSRQIRX VIPEXIH
[SVR EVSYRH SYV RIGOW SV SR SYV [VMWXW ERH XLIWI GSYPH FI PM
XEXXSSW ERH [LIRIZIV XLI] KIX HEQEKIH XLI] GER NYWX FI VIG]GPIH

MW GI\MFPI MX GER FI FIRX ERH X[MWXIH ERH GER FI QEHI GYWXS
LYW XLMW XIGLRSPSK] STIRW YT EZIRYIW JSV MRXIPPMKIRX VSFSX
ERH GSRJSVQEFPI IPIGXVSRMG WOMR GER FI [VETTIH EVSYRH XLI |
PMQF 8S IPEFSVEXI E TVSWXLIXMG EVQ SV PIK [LMGL MW [VETTIH
XLI [TEVIV XS VIWTSRH XS XIQTIVEXYVI ERH TVIWWYVI GLERKIW FIGLE
MRGSVTSVEXIH MR MX &RH EPWS XLI VSFESXMGW EVQW SV PIKW (X
VSFSXW EGX QSVI HIPMGEXIP] XS[EVHW LYQERW ERH FI QSVI WEJI

| WOMR GSYPH FI WTIGMOGEPP] 0XXIH XS E VSFSX LERHPMRK E FEF]
[MPP RSX FI ETTP]MRK XSS QYGL JSVGI &RSXLIV  ETTPMGEXMSR SJ I
IRZMVSRQIRXW SV LMKL VMWO NSFW . X MW TPEYWMFPI XLEX XLMMW
FYXXSRW GSRXVSPW SV HSSVW XLEX [SYPH IREFPI ER] STIVEXMSR
JSV NEQTPI MR WNWTPSWMZIW MRHYWXV] SV SXLIV HERKIVSYW PMRIW !
EFPI XS HIGVIEWI XLI GLERGIW SJ ER] LYQER MRNYV]

2&7(- 750 (.*38.+.(*9745%&3 (4 90 3
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& XIEQ SJ VIWIEVGLIVW EX 9RMZIVWMX] SJ 8S50]S LEKIGVISGIRXPXEH
YPXVEXLMR FERH EMH WX]PI | WOMR TEXGLIW XS IREFPI HMWTPE] S

MR VIEP XMQI | K QIEWYVMRK KPYGSWI PIZIPW MR TISTPI [MXL HMI
ER IPIGXVSGEVHMSKVEQ SJ E LIEVX TEXMIRX 8LIWI TEXGLIW LEZI E
FIRH SV WXVIXGL XS YT XS FEWIH YTSR XLI QSZIQIRX SJ XLI [IEVI}

LEZMRK XLI QSWX GI\MFPI ERH HYVEFPI HIWMKR MR VIGIRX XMQIW 8
WOMR GIPPW GSYPH QIER XLEX XLI TEXGL QMKLX JEPP Su EJXIV E JI]
with believe the researchers.

LMW WXYH] PIH F] 5VSJIWWSYV 8EOES SQI]JE WXEXIW XLEX WYGL E |
enablereading and communicatingmedical information in a seamless and easy mannernot only

JSV TEXMIRXW FYX EPWS JSV JEQMP] QIQFIVW GEVI KMZIVW ERH LIE
IZIR VIQSXIP] &PWS MX [SYPH VIGIMZI QIWWEKIW EW [IPP 8LI VIWIE
XLlI VIPMEFMPMX] SJ XLI TEXGL QEOI MX QSVI GSWX IulGXMZI ERH EP!
VIEGL EVSYRH XLI KPSFI 8LIMV KSEP MW XS PEYRGL XLMW HIZMGI M

Challenges ahead

8LI HIZIPSTQIRX SJ | WOMR MW E ZIV] INGMXMRK RSZIP VIWIEVGL LS
TVSTIVXMIW SJ SYV UI\MFMPMX] ERH WXVIXGL EFMPMX] MW ]IX XS
LMW | WOMR MW HIGRMXIP] WSJX FYX RSX EW WXVIXGL] EW LYQER
MX WXERHW XLI QEXIVMEP MW EPWS RSX ZIV] IEWMP] VITVSHYGMEFPI
SFWIVZIH E WPMKLX VIHYGXMSR MR XLI SZIVEPP WIRWMRK TIVJISVQ
HIZMGI GSQTEVIH XS E JVIWL QSHYPI XLMW RIIHW XS JYPP] EHHVI)\
QEKRIXMG 0IPHW YWIH F] XLIWI | WOMRW EVI EPWS UYMXI LMKL ER
GYVVIRXP] XLI HIZMGI MW TS[IVIH JVSQ ER I\XIVREP WSYVGI [LMGL M
FI TSWWMFPI XS LEZI VIGLEVKIEFPI WQEPP FEXXIVMIW XS TS[IV XLI
XIEQ [ERX XS VIORI XLMW TVSHYGX ERH MQTVSZI XLI WGEPMRK WSP®
LYVHPIW GER FI WYVTEWWIH ERH XLMW | WOMR WLSYPH FI IEWMIV X
SV TVSWXLIXMGW SV QIHMGEP HIZMGIW SV ER]XLMRK IPWI

SYVGI
>SY > >LY ( 1M = 1M < >LERK ; <MES / M7ILIEPEFPI JYPP] VIG]GF

IREFPIH F] HIREQMG GSZEPIRX XLIVQXRWMhcE ARVBREGG PDTSWMXMWGMEHZ EEU
SQIJE 8 MP(SRXMRYSYW -IEPXL 2SRMXSVMRK ;MXL 9PXVE U0I\MFPI 4R OMR IRW

]JQTSWMYQ &YWXMR 8I\EW +IFVYEV]
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Nanorobotics - A Smarter
and Targeted Way to
Attack Cancer

H*" A EaU&a"Q IQVaga EalaAEU aEl Aja a
IEIQ Q 'a A uv g AvQ)")!)VI "A"E)U)Q
IBaU tUA g QAEU0aQ "u UA"UAE"

.R E QENSV EHZERGIQIRX MR RERSQIHMGMRI XLI 0IPH XLEX GSQFMRI
VIWIEVGLIVW LEZI HIZIPSTIH RSZIP EZIRYIW SJ XLIVETIYXMG XVIEXQI
WMAITH RERSTEVXMGPIW QEGLMRI SV VSFSXW [LMGL EVI GPSWI XS XlI

Q XS XEVKIX GERGIV MR XLMW VIQ B\tOor& BidtdchiotogyH] TYFPMWLIH MF

#a )E U0A! "A")U)Qb Q & 'A0 U QEA"

)3& SVMKEQM MW E TVSGIWW MR [LMGL E )3& MW JSPHIH MR E RERSW
WXVYGXYVIW EX XLI XMRMIWX WGEPIW SVMKEQM EW MR XLI EVX SJ
MRIJSVQEXMSR ERH XLYW WXVYGXYVIW [LMGL EVI FYMPX SYX SJ MX
PMRI [MXL XLMW GETEFMPMX] XLIWI )3& RERSTEVXMGPIW SV n)3& R
HRERSFSXWY GER QSZI ERH PMJX GEVKS EX XLI WQEPPIWX WGEPIW
ERH XLYW EVI WYMXEFPI JSV QER] RERSVSFSXMG ETTPMGEXMSRW 8L

2&7(- 750 (.*38.+.(*9745%&3 (4 90 5



WQEPPIV XLER E WMRKPI WXVERH SJ LYQER LEMV 8LMW (0IPH SJ RER
JSV XLI TEWX X[S HIGEHIW ERH QER] INTIVXW LEZI FIIR JSGYWMRK St
WXVYGXYVIW FEWIH SYX SR )3& [LMGL GER JSPH XLIQWIPZIW MRXS
VIZSPYXMSRM”*"l QIHMGMRI IWTIGMEPP] XLIVET] ERH HVYK HIPMZIV]

BERSVSFSX XIGLRSPSK] MW RS[ FIMRK [MHIP] YWIH ERH LEW EPVIEH] \
MQEKMRK HIZMGIW WIRWSVW I[RIVK] WIWXIQW ERH EPWS QIHMGI
WMKRMUOGERX EHZERXEKIW QEMRP] FIGEYWI XLI] HS RSX KIRIVEXI |
TSWWMFPI WMHI 141GX ERH EVI EVI ZIV] WTIGMUOG MR [LMGL WMXI MR
SR 8LI MRMXMEP GSWX SJ HIZIPSTQIRX SJ RERSVSFSXW QE]JFI LMKL
F] XLI GSRZIRXMSREP QIXLSH SJ FEXGL TVSGIWWMRK VIHYGIW XLI G
QMRMWGYPI WMA”l SJ XLI RERSVSFSXW QEOI XLIQ MHIEP JSV XEVKIXN
RERSVSFSX GER FI MRNIGXIH ZIV] IEWMP] MRXS XLI FSH] ERH MX I|E
GMVGYPEXSV] WIWXIQ ERH LIPTW MR HIXIGXMRK XLI TVSFPIQW ERH X
E PSX SI WMKRMUGERGI MR GERGIV VIWIEVGL WMRGI XLI] GER FI E T
[LMGL MW SXLIVIMWI ZIV] WXVIWWIJYP ERH TYXW E LYKI TIVWSREP E
(LIQSXLIVET] MW RSX SRP] ELEVWL [E] SJ XVIEXMRK GERGIV FYX E'
GIPPW XLI TVSGIHYVI PIEZIW WIZIVEP WMHI 1G41IGXW XLVSYKLSYX XLI
EFPI XS HMWGSZIV ER] RI[ EPXIVREXMZI XS GLIQSXLIVET] JSV XVIEX
GEPPIH GERGIV 3ERSFSXW LEZI XLI TSXIRXMEP XS GLERKI XLMW WG
E QSVI IyGMIRX WQEVXIV ERH XEVKIXIH EPXIVREXMZI EXXEGOMRK G

Targeting cancer

.R XLMW VIGIRX WXYH] E GSPPEFSVEXMSR FIX[IIR &VMASRE XEXI 9F
JSV 3BERSWGMIRGI ERH 8IGLRSPSK] SJ XLI (LMRIWI &GEHIQ] SJ GMIRC
WYGGIWWJIYPP] HIWMKRIH FYMPX ERH GEVIJYPP] GSRXVSPPIH EYXS
TVIGMWIP] HIWXVS] GERGIVSYW XYQSYVW MRWMHI XLI FSH] 8 [LMPI
GIPPW 8LI] SZIVGEQI WIZIVEP GLEPPIRKIW XLEX LEZI FIIR TPEKYI
X[S HIGEHIW F] HIWMKRMRK ERH YWMRK E ZIV] WMQTPI ERH WXVEN
HIWXVS] XLI XYQSYV 8LI WXVEXIK] [EW XS WTIGMUOGEPP] GYX Su XLI
MRHYGMRK FPSSH GSEKYPEXMSR MRXS XLI XYQSYV GIPP YWMRK )36
SJ WSQIXLMRK WIIQMRKP] WMQTPI 38 EXXEGL E OI] FPSSH GPSXXMRK
WYVJEGI SJ XLI UEX RERSWGEPIH )3& SVMKEQM RERSFSX &R EZIVE
[IVI EXXEGLIH XS XLI 0EX WYVJEGI SJ XLI )3& SVMKEQM WLIIX SJ WM"
[EW JSPHIH PMOI E WLIIX SJ TETIV QEOMRK XLI RERSFSXW QSYPH M
8LIWI RERSFSXW [IVI MRNIGXIH MRXS E QSYWI [LMGL LEH FIIR MRH®
KVS[XL XLITXVEZIPPIH XLVSYKLSYX XLI FPSSHWXVIEQ VIEGLMRK E
XYQSYVW YFWIUYIRXP] RERSFSX{W GEVKS IR QI 8LVSQFMR KIX
XLI XYQSYV FPSSH US[ PIEHMRK XS GPSXXMRK SJ FPSSH [MXLMR XLI
KIRIVEXMRKXLI HIWXVYGXMSR SJ XLI XYQSYV XMWWYI| SV GIPP HIEX
LETTIRW ZIV] W[MJXP] ERH XLI RERSFSXW WYVVSYRH XLI XYQSYV [MXI
SJ EHZERGIH XLVSQFSWMW MR EPP XYQSYV GIPPW [EW SFWIVZIH EJ

+YVXLIV XLI EYXLSVW EPWS XSSO GEVI SJI MRGPYHMRK E WTIGMEP °
GEPPIH E )3& ETXEQIV [LMGL [SYPH WTIGMUOGEPP] XEVKIX E TVSXIMF
MR LMKL EQSYRXW SRP] SR XLI WYVJEGI SJ XYQSYV GIPPW XLYW VIH
EXXEGOMRK XLI LIEPXL] GIPPW XS *IVS 8LIWI RERSFSXW RSX SRP] VI
FYX EPWS TVIZIRXIH QIXEWXEWMW 3 WIGSRHEV] GERGIVSYW KVS[XL

FAuaQqgq A"a a,auQ ja"all
LI EYXLSVW WXVIWW XLEX RERSFSXW EVI WEJI ERH MQQYRSPSKMG

TMKW ERH XLI YWI SJ RERSFSXW WLS[IH RS GLERKIW MR RSVQEP FPS
WXVYGXYVI SV ER] FVIIGL MRXS XLI FVEMR 8LYW XLI] LEZI FIIR HI'

28&7(- i (.*38.+.(*9745%*&3 (4 90



XS[EVHW XEVKIXMRK ERH WLVMROMRK XYQSYVW [MXLSYX ER]JTSWWM
RERSFSXW [IVI EPWS WIIR XS FI HIKVEHMRK ERH GPIEVMRK JVSQ Xl
XLl RERSFSXW GSYPH FI HIWMKRIH MR E pVITPMGEXMRK RERSFSXW
OIlT XLI GSWXW HS[R EW E JI[ GSTMIW EVI QEHI ERH SXLIV RERSFS
GPIEV XLEX WYGL ER ETTVSEGL WLSYPH SRP] FI ETTPMIH MR WTIGM
S QIHMGMRI MW GSRGIVRIH E JSSPTVSSJ OMPP W[MXGLEPWS RIIHV
I\NXVIQI GMVGYQWXERGIW EX FE] 1IKEP EYXLSVMXMIW RIIH XS HIZMW
SJ RERSFSXW MR QIHMGMRI JSV INEQTPI [IETSRM”AIH RERSFSXW &P
XLl lyGEG] SJ RERSFSXW FVMRKW YW XS E TSMRX XLEX XLI] GERRSX
TSXIRXMEP RERSFSXW [MPP FI ER IWWIRXMEP GSQTSRIRX SJ QIHMGM

& WMQMPEV ETTVSEGL GSYPH FI YWIH SR LYQERW EW XLI EYXLSVW
EPWS XIWXIH SR E TVMQEV] QSYWI PYRK GERGIV QSHIP [LMGL QMQI
PYRK GERGIV TEXMIRXW ERH WLS[IH VIKVIWWMSR SJXYQSYV EJXIV I
WXYHMIW [IVI GSRHYGXIH SR QMGI ERH [MXLMR X[S [IITOW E WMQMPE
GERGIVW QIPERSQE SZEVMER ERH PYRK GERGIV [EW WIIR MR XLI EFR
XS FI HSRI MR LYQERW XS GSROVQ XLI TPEYWMFMPMX] SJI WMQMPEV
to be carried out for achieving the same.

- - 1] N\ 7 L LI N\

jAEg ITAEQ A"a QAEuUaQaa kAg Q) .
4RIl SJ XLI QENSV GLEPPIRKIW SJ GERGIV XLIVETIYXMGW MW XS GE
FIX[IIR XLI GERGIV XYQSYV GIPPW ERH XLI RSVQEP LIEPXL] FSH] GIP
XS WLMVOMRK ERH OMPPMRK XYQSYV GIPPW 3 GLIQSXLIVET] ERH V|
XYQSYV GIPPW WIPIGXMZIP] [MXLSYX MRXIVEGXMRK [MXL XLI RSVQETF
EPWS VEHMEXMSR XLIVET] XIRH XS GEYWI WIVMSYW WMHI IUIGXW F.
HEQEKI [LMGL VIWYPXW MR E ZIV] MQTEMVIH XVIEXQIRX SJ GERGIV E
TEXMIRXW 3ERSFSXW WYGL EW XLI SRIW HIWGVMFIH MR XLMW WX
XLEX EVI ZIV] WXVSRK ERH I0IGXMZI MR MHIRXMJ]MRK XYQSYV GIPP

TVSPMIJIVEXMSR 8LMW )3& VSFSXMG W]J]WXIQ GER FI YWIH JSV TVIGM
QER] X]TIW SJ GERGIV WMRGI EPP WSPMH XYQSYV JIIHMRK FPSSH ZI

LMW VIWIEVGL LEW TEZIH XLI [E] JSV JYXYVI XS WXEVX XLMROMR
WSPYXMSRW YWMRK XIGLRSPSKMGEP EHZERGIW 8LI YPXMQEXI| KSEF
IVEHMGEXMSR SJ WSPMH XYQSYVW [MXL RS KVEZI WMHI IUIGXW EF
XLMW WXYH] [I WIIl MQQIRWI LSTI JSV XLI JYXYVI [LIVI XLMW GYVVI!
EGGSQTPMWLMRK XLI YPXMQEXI KSEP XS XEGOPI GERGIV &RH RSX
FI HIZIPSTIH EW E HVYK HIPMZIV] TPEXJSVQ JSV XVIEXQIRX SJ QER
XLI ETTVSEGL [SYPH FI WMQTP] QSHMJ]IMRK XLI WXVYGXYVI SJ RERS
&PWS RERSFSXW GER LIPT YW XS JYVXLIV YRHIVWXERH XLI GSQTPI!
LMW [MPP EPWS LIPT MR TIVIJSVQMRK TEMRPIWW ERH RSR MRZEWMZ
SRIW -]TSXLIXMGEPP] EX XLMW TSMRX S[MRK XS XLIMV WM~I RERSF
GIPPW ERH KIRIVEXI EPP XLI VIPEXIH MRIJSVQEXMSR VIUYMVIH JSV JY
HIGEHIW JVSQ RS[ E WMRKPI MRNIGXMSR SJ E RERSFSX QMKLX FI EF

SYVGI
1M IX EP H& )3& RERSVSFSX JYRGXMSRW EW E GERGIV XLIVETIYXMG MR VIW~
'"'MSXIGLRSPSK] )4. RFX

2&7 (- i1 (.*38.+.(*9745%&3 (4 90 7



A Broad-Spectrum
Antiviral Drug... Finally!

Antiviral Drugs
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Acyclovir Abacavir Didanosine Tenofovir Emtricitabine

HyC
0 oy o

H
N\ N.
~ \A M &

Efavirenz Nevirapine Indinavir
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Nelfinavir Saquinavir Ritonavir
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8LI XVEHMXMSREP XLIVETIYXMG ETTVSEGL MR QIHMGMRI LEW EP[E]\
TEVEHMKQ EPWS WSQIXMQIW GEPPIH EW PQER] JSV SRIYT MR [LMGL
TEVXMGYPEV HMWIEWI GEYWMRK SVKERMWQ MR XLI FSH] GMIRXMW
QSZMRK E[E] JVSQ XLMW TEVEHMKQ ERH EHSTXMRK XLI EPXIVREXMZI
MR XLI GEWI SJI ERXMFMSXMGW ERH EPWS RS[ ERXMZMVEPW 'VSEH W
[LMGL KIRIVEPP] XEVKIX QYPXMTPI SV EPP HMWIEWI GEYWMRK SVKI
WTIGXVYQ ERXMFMSXMGW EVI EZEMPEFPI XSHE] [LMGL EGX EKEMR'
FEGXIVME ERXM FEGXIVMEP ERXMFMSXMGW ERH JYRKM ERXM JY
ERXMFMSXMGW EVI ZIV] TS[IVIJYP ERH UI\MFPI HVYKW XLEX GER RSX
bacteria but can also be used to treat bacterial infections for which the causing bacteria is not

ORS[R SV MHIRXMUOIH JIX 8LI QSWX GSQQSR TSTYPEV FVSEH WTIGX\
which can attack a variety of bacterial strains.
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MOQMPEV XS WYGL ERXMFMSXMGW FVSEH WTIGXVYQ ERXMZMVEP HV
X]TIW SJ ZMVYWIW R EHSTXMRK XLMW ETTVSEGL JSV ERXMZMVEPYV
ZEVMSYW GLEVEGXIVMWXMGW SJ XLI LSWX XLEX ZMVYWIW pHITIRH S
EVI TVSISYRHP] HMUIVIRX JVSQ FEGXIVME ERH WMRGI ZMVYWIW LM
QEGLMRIV] MX MW SFZMSYWP] QYGL HMYyGYPX XS HMWVYTX ZMVEP
LYQER GIPP JYRGXMSR 'YX WMRGI E ZEVMIX] SJ ZMVYWIW XEOI EHZE
ERXMZMVEP HVYK GER FEWMGEPP] HITVMZI XLI ZMVYW JVSQ ER] EGG
MHIE MW XS pWXSTY SRI LETTIRMRK MR XLI LSWX [LMGL MW IREFPMR
XLIR FI TSWWMFPI XS HIWMKR E FVSEH WTIGXVYQ ERXMZMVEP HVYK
ZMVYW RS QEXXIV [LMGL ZMVYW MX MW 2ER] REVVS[ WTIGXVYQ E|
FIGEYWI ZMVYWIW EVI WS HMUIVIRX JVSQ FEGXIVME XLI] EPWS QY X
WTIGXVYQ ERXMZMVEP HVYK [LMGL MW HIZIPSTIH EJXIV ]JIEVW SJ P
WLIPJ PMJI ERH ER]J[E] WYGL ERXMZMVEPW LEZI E ZIV] REVVS[ WGST
XLI] EXXEGO SRP] E TEVXMGYPEV ZMVYW &W SJ [ WXMPP HSRTX
ZMVYWIW | K *FSPE 8LYW [l VIEPP] RIIH E WXVSRK WEJI ZMEFPI [
XEVKIX SRP] E LSWX QIGLERMWQ ERH XLYW [MPP FI EFPI XS HITVMZ
VIGIRX FVIEOXLVSYKL WXYH] VIWIEVGLIVW LEZI MHIRXM0OIH E QIGLER
GER VIWYPX MR HITVMZEXMSR ERH OMPPMRK SJ LIVTIW WMQTPI\ Z1I
XLIVETIYXMG GSYPH FI TSXIRXMEPP] ETTPMIH XS SXLIV ZMVYWIW EW

&R ITWXMQEXIH X[S XLMVHW SJ XLI [SVPHYW TSTYPEXMSR [LS MW YR

LIVTIW WMQTPI\ ZMVYW X]TI - [LMGL QEOIW MX XS FI QSVI XLEF
EGGSVHMRK XS ;SVPH -IEPXL 4VKERM"EXMSR ;-4 8LYW - : MW E 2
MRJIGXMSR [LMGL MW IRHIQMG XLVSYKLSYX XLI [SVPH 8LI -: MRIJIC

MJ MX MW EGUYMVIH HYVMRK GLMPHLSSH SV EHSPIWGIRGI 8LMW ZM
FYX wsSQIXMQIw EPWS KIRMXEPME 1MOI QSWX ZMVEP MRJIGXMSRW
GLEPPIRKMRK XS TVIZIRX MX 8LI LERHJYP SJ XVIEXQIRX HVYKW E
WYGGIWWJIYP XS E PEVKI INXIRX LS[IZIV XLI ZMVYW LEW IQIVKIH [MXL
EJXIV PSRK XIVQ YWI FIGEYWI QSWX SJ XLIWI HVYKW JSPPS[ E WMQNMW
MW ER YVKIRX RIIH XS INTPSVI RI[ ERH IUIGXMZI XEGXMGW XS GMVGY

adk Q aEABqg U)E Df"s "0AUQ )"

.RIIGXMSR MR XLI I]I GER FI XIQTSVEVMP] IPMQMREXIH YWMRK EZEMP
MR XLI GSVRIE 3 SYXIV PE]JIV SJ XLI I]Il FEPP 3 MW WIIR XS TIVWMWX MF
PMOI KPEYGSQE ERH FPMRHRIWW F] SZIVYWI SJ WXIVSMHW QIHMGEX
GEPPIH RYGPISWMHI EREPSKYIW FEWMGEPP] TVIZIRX XLI ZMVYW J
GVYGMEP JSV ZMVYW{W VITPMGEXMSR ERH KVS[XL -S[IZIV HVYK VI
TEXMIRXW [LS HIZIPST VIWMWXERGI XS XLIWI EREPSKYIW EVI PIJX [
- MRIJIGXMSR .R E QENSV VIGIBeerweXivahk]atidndlMedicivel | M IWMREVGLIVW
LEZI MHIRXMOIH E WQEPP HVYK QSPIGYPI [LMGL GPIEVW XLI -: MRJ
ERH [SVOW ZIV] HMUIVIRXP] XLER XLI HVYKW XLEX EVI EZEMPEFPI C
TSXIRXMEP HVYK EKEMRWX - :

LI EYXLSVW LEZI VITSVXIH XLEX XLMW WQEPP HVYK QSPIGYPI 3 GE
MR LYQER GSVRIEP GIPPW GYPXYVIH MR XLI PEFSVEXSV] ERH EPWS:¢
QSPIGYPI JSPPS[W E ZIV] RSZIP [E] MR [LMGL MX EGXW SR XLI LSW.
[LMGL MW KIRIVEPP] [LEX XLI GYVVIRX HVYKW HS XS GPIEV YT XLI Z
EPVIEH] ORS[R MRLMFMXSV SJ ER IR*]QI 8'0 [LMGL MW MRZSPZIH M
WTIGMUOGEPP] MR MRREXI MQQYRMX] ERH RIYVSMRUEQQEXMSR .RRE’
WIWXIQY GSQTVMWIW SJ GIPPW ERH QIGLERMWQW XLEX HIJIRH YW J
&PWS MX LEW FIIR IWXEFPMWLIH FIJSVI XLEX TEVXMEP 8'0 HIOGMIR
RIYVSHIKIRIVEXMZI HMWSVHIVW R XLMW WXYH] [LIR XLMW IR*]QI KI
XLl ZMVEP MRJIGXMSR [EW WIIR XS FI KVS[MRK -S[IZIV UYMXI YRI\
LMKLIV GSRGIRXVEXMSRW SJ '< [EW SR XLI SXLIV LERH GPIEVMRK
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8LSYKL SZIVEPP PS[IV GSRGIRXVEXMSRW SJ XLMW QSPIGYPI [IVI VIU
GSQTEVIH XS GYVVIRX HVYKW RYGPISWMHI EREPSKYIW 3S XS\MGMX
XLI YRMRIJIGXIH GIPPW EX XLIWI XLIVETIYXMG GSRGIRXVEXMSRW 8LI
ZIVWMSR SJ XLI HSWEKI [EW YWIH MR XLI WXYHMIW XLSYKL XLI] EVI
a similar oral dosage.

A" ®%'# Ua Viaa Q) QAEGAQ )Q &E

&W XLMW TEVXMGYPEV WXYH] XLMW QSPIGYPI SRP] [SVOIH SR XLI GIF
SFZMSYW UYIWXMSR XS TSRHIV YTSR MW [LIXLIVE WMQMPEV XLIVETI\
GVMXMGEP ZMVEP MRJIGXMSRW PMOI - : LIVTIW WMQTPI\ ZMVYW
ZMVYW 8LI EYXLSVW TSMRX SYX XLEX WMRGI QSWX ZMVYWIW JSP
MRWMHI E LSWX GIPP ERH '< XEVKIXW XLEX TEXL[E] XLMW GER F
WTIGXVYQ ERXMZMVEP [LMGL GSYPH FI YWIH XS XVIEX SXLIV ZMVEF
KET XLEX I\MWXW MR XLI 0IPH SJ FVSEH WTIGXVYQ ERXMZMVEP HVYK
SJ XLMW HVYK [LIVI MX XEVKIXW XLI LSWX GIPPW WLSYPH [SVO SR M
S5ETMPPSQEZMVYW -5: MRJIGXMSRW GSYPH FI TSWWMFP] XEVKIXIH N
GEPPIH &08 TLSWTLSV]PEXMSR MR XLI LSWX GIPPW [LMGL MW IWWIR>
are looking at having human clinical trials soon for this new drug molecule and since it has

WLS[R PS[ XS\MGMX] MX GER FI E KVIEX TSXIRXMEP JSV WIWXIQMG Y

-S[1ZIV XLI FVSEH WTIGXVYQ EWTIGX SJ XLIWI ERXMZMVEPW RIIHW >
MW [MHIP] VITSVXIH XLEX XLI] QMKLX GEYWI SXLIV TVSFPIQW MR XLI
HIVIKYPEXMSR ERH EPWS IRLERGIH XS\MGMX] MR XLI GIPPW 8LI TV
RITHW XS FI HIGMHIH [MXL GEVI +YVXLIV XVERWPEXMRK XLI PEFSVE
MR ERMQEPW | K QMGI MW EPWS GVYGMEP SQIXMQIW SYV MQQY
EWWYQMRK XLEX HVYK XS FI ER MRZEHIV MRWXIEH FIGEYWI XLI ERX
E LSWX QIGLERMWQ &PWS XLI [LSPI TVSGIWW SJ pPEFSVEXSV] XS E
PSEHIH [MXL TSXIRXMEP JEMPYVIW JSV WYGL ERXMZMVEPW FIGEYWI
XSXEPP] YWIPIWW MR LYQERW 4YV FSH] MW O0PPIH [MXL FIRIGGMEP
QE] EGXYEPP] FI IWWIRXMEP XS SYV LIEPXL MRGPYHMRK WSQI QMG
WTIGXVYQ ERXMZMVEP QMKLX HITVMZI XLIWI KSSH ZMVYWIW XSS ER
WGIREVMS XLEX [I HIWMVI . X MW RS HSYFX XLEX EPXIVREXMZI FVS
VIUYMVIH EW HVYK VIWMWXERGI MW FIGSQMRK E KPSFEP TVSFPIQ E
QER] ZMVYWIW 8LMW HMWGSZIV] PSSOW TVSQMWMRK JSV RI[ TEXMI
HIZIPSTIH VIWMWXERGI EKEMRWX XLI EZEMPEFPI HVYKW &PWS WYC
XEVKIX QYPXMTPI ZMVYWIW [LMGL GER PIEH XS FVIEOXLVSYKLW +
HMVIGXMSR SJ IWXEFPMWLMRK XLI EGGYVEXI TSXIRXMEP SJ XLMW R

JSV E XSTMGEP ZIVWMSR SJ XLMW HVYK [MXLMR XLI RI\X XLVII JIEVW
SYVGI /EMWLEROEV IX EP &R S0 XEVKIX IG4IGX SJ '< FPSGOW LIVTIW WMQT
Science Translational Medicine ZSP RS IEER )4. WGMXVERWPQIH EER
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Constructing ‘Real’
Biological Structures
Using 3D Bioprinting

H" A TA )E AajA"U&a'a"Q " I'# U )BE "Q "

Ua | A"a Q IlVval Aja uaa" UEaAQaa Q)

Q 4 E "TAQVEA 4&a"j E)"!a"Q 1) Al Q) U)"I
U))ad UA IQEVUQVEal"

(SRWXVYGXMRK pVIEPY FMSPSKMGEP WXVYGXYVIW YWMRK ) 'MST
) FMSTVMRXMRK XIGLRMUYI GIPPW ERH XMWWYIW LEZI FIIR GVIEX
IRZMVSRQIRX WS EW XS GSRWXVYGX uVIEPY FMSPSKMGEP WXVYGXY
E QEXIVMEP MW EHHIH XSKIXLIV ERH XLYW NSMRIH SV WSPMHMUGIH Y
GVIEXI E XLVII| HMQIRWMSREP SFNIGX SV IRXMX] 7ETMH 5VSXSX]TMRI
SXLIV XIVQW YWIH XS HIWGVMFI XLMW XIGLRMUYI| SJ GVIEXMSR SJ GS
QEXIVMEP ERH KVEHYEP FYMPX YT 3 SV WMQTP] ER HUEHHMXMZIY QIXLS
LEW FIIR EVSYRH JSV XLVII HIGEHIW EJXIV FIMRK SYyGMEPP] HMWGSZ
XLVYWXIH MRXS PMQIPMKLX ERH TSTYPEVMX] EW RSX NYWX FIMRK E (
SUIVMRK JYPP UIHKIH JYRGXMSREP GSQTSRIRXW YGL MW XLI TSXIR
XLEX MX MW RS[ HVMZMRK QENSY MRRSZEXMSRW MR QER] EVIEW MR
medicine.

JMUIVIRX X]TIW SJ EHHMXMZI QERYJEGXYVMRK QIXLSHW EVI EZEMPE

XS EGLMIZI XLI GREP IRH VIWYPX .R XLI VWX GVYGMEP WXIT HIWM
&MHIH )IWMKR WSJX[EVI SR GSQTYXIV 38 GEPPIH E HMKMXEP FPYITVN\
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XLl OREP WXVYGXYVI [MPP XYVR SYX ERH EPWS FILEZI XLYW XLMW
(&) HIWMKR MW XLIR GSRZIVXIH MRXS E XIGLRMGEP JSVQEX GEPPII
PERKYEKI [LMGL MW VIUYMVIH JSV XLI ) TVMRXIV XS FI EFPI XS MR
3I\X XLI ) TVMRXIV RIIHW XS FI WIX YT WMQMPEV XS E VIKYPEV L
EGXYEP TVMRXMRK 3 XLMW MRGPYHIW GSRUOKYVMRK XLI WM~AI ERH SV
TVMRXW GPPMRK YT XLI TVMRXIV GEVXVMHKIW [MXL XLI VMKLX TS[HI
TVSGIWW KVEHYEPP] FYMPHMRK YT XLI HIWMKR SRI QMGVSWGSTMG
PE]JIV MW X]TMGEPP] EVSYRH QQ MR XLMGORIWW XLSYKL MX GER
SFNIGX FIMRK TVMRXIH 8LI IRXMVI TVSGIHYVI MW QSWXP] EYXSQEX
VIUYMVIH SRP] TIVMSHMG GLIGOW XS IRWYVI GSVVIGX JYRGXMSREF
LSYVW XS HE]W XS GSQTPIXI HITIRHMRK SR XLI WM~AI ERH GSQTPI\M
MXIW ER PEHHMXMZIY QIXLSHSPSK] MX MW IGSRSQMGEP IGS JVMIR
QYGL KVIEXIV WGSTI JSV HIWMKRW

<cad "apQ aja b '!'# )BE "Q "u

'"MSTVMRXMRK MW ER IWXIRWMSR SJ XVEHMXMSREP ) TVMRXMRK [MXI
) TVMRXMRK XS FI ETTPMIH XS FMSPSKMGEP PMZMRK QEXIVMEPW ;
YWIH XS HIZIPST ERH QERYJEGXYVI EHZERGIH QIHMGEP HIZMGIW ER|
FI HIZIPSTIH XS TVMRX ZMI[ ERH YRHIVWXERH FMSPSKMGEP QSPIGY
XLEX YRPMOI XLI MRONIX TVMRXMRK FMSTVMRXMRK MW FEWIH SR
WXVYGXYVIW S MR FMSTVMRXMRK [LIR E TEVXMGYPEV HMKMXEP
MW TVMRXIH ERH FYMPX YT PE]IV F] GIPP PE]IV '"IGEYWI SJ XLI LMK
SJ XLI PMZMRK FSH] ) FMSTVMRXMRK MW TVSKVIWWMRK WPSJ[IV ER
QEXIVMEPW GIPPW JEGXSVW XMWWYIW EVI TSWMRK EHHMXMSREP
can be tried to be addressed by broadening the understanding by integrating technologies from
MRXIVHMWGMTPMREV] 0IPHW | K FMSPSK] TLIWMGW ERH QIHMGMRI

A )E BE)UE&all " U )BE "Q "d

.R E VIGIRX WXYH] Advdnbedl RinctibnaViNraterials VIWIEVGLIVW LEZI HIZIPSTIH
FMSTVMRXMRK XIGLRMUYI [LMGL YWIW GIPPW ERH QSPIGYPIW RSVC
REXMZI IRZMVSRQIRX XS GVIEXI GSRWXVYGXW SV HIWMKRW XLEX VI\
TEVXMGYPEV FMSTVMRXMRK XIGLRMUYI GSQFMRIW pQSPIGYPEV WIP
XLl GSQTPI\ FMSQSPIGYPEV WXVYGXYVIW 2SPIGYPEV WIPJ EWWIQFP
EHSTX E HIORIH EVVERKIQIRX SR XLIMV S[R XS TIVIJSVQ E WTIGM0G
XIGLRMUYI MRXIKVEXIW XLI pQMGVS ERH QEGVSWGSTMG GSRXVSP S
TVSZMHIW [MXL XLI uQSPIGYPEV ERH RERS WGEPI GSRXVSPY IREFPI}
SLEX MW MX YWIW XLI TS[IV SJ QSPIGYPEV WIPJ EWWIQFP] XS WXMQ"
[LMGL MW SXLIVIMWI E PMQMXEXMSR MR ) TVMRXMRK [LIR XLI VIKYF
this means for this.

8LI VIWIEVGLIVW pIQFIHHIHY XLI WXVYGXYVIW MR pFMS MROY [LMGL N
MRWMHI XLI FSH] QEOMRK XLI WXVYGXYVIW IWWIRXMEPP] FILEZI EW
MRO EPWS GEPPIH XLI WIPJ EWWIQFPMRK MRO FEWMGEPP] LIPTW
ERH TLIWMGEP TVSTIVXMIW HYVMRK ERH EJXIV XLI TVMRXMRK [L
FILEZMSYV EGGSVHMRKP] 8LMW YRMUYI QIGLERMWQ [LIR ETTPMIH >
SFWIVZEXMSRW SR LS[ XLIWI GIPPW [SVO [MXLMR XLIMV IRZMVSRQI}
ERH YRHIVWXERHMRK SJ VIEP FMSPSKMGEP WGIREVMSW .R IWWIRXI
) FMSPSKMGEP WXVYGXYVIW F] TVMRXMRK QYPXMTPI X]TIW SJ FMS(
[IPP HIORIH WXVYGXYVIW EX QYPXMTPI WGEPIW
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8S WE] XLEX ) FMSTVMRXMRK GER FVMRK EFSYX WSQI LSTI MR QI¢F
YRHIVQMRMRK MXW TS[IVW . X MW XLI YPXMQEXI LSTI JSV XLI JYXYVI
FI EGLMIZIH XLVSYKL XLMW EQE*"MRK XIGLRSPSK] +MVWXP] FMSTVM
XS KIRIVEXI HMUOIVIRX X]TIW SJ XMWWYI|I ERH XLYW GER FI ZIV] MQTS
VIKIRIVEXMZI QIHMGMRI XS EHHVIWW XLI RIITH JSV XMWWYIW ERH S\

WOMR FSRI KVEJXW LIEVX XMWWYI IXG +YVXLIV XLI XIGLRMUY I
TSWWMFMPMXMIW XS HIWMKR ERH GVIEXI FMSPSKMGEP WGIREVMSW |
XS IREFPI TVSWTIVMX] SJI XMWWYI IRKMRIIVMRK F] EGXYEPP] GVIEXMI
GSRXVSP ERH [MXL QSPIGYPEV TVIGMWMSR [LMGL VIWIQFPI SV QMC
MR PEFSVEXSV] LI PMZMRK XMWWYI FSRI FPSSH ZIWWIPW ERH -
QIHMGEP TVSGIHYVIW XVEMRMRK ERH XIWXMRK ERH EPWS JSV VIWII
TSWWMFPI XS GVIEXI :IV] WTIGM0OG ERH KIRIVEXMSR SJ GYWXSQMA”"I
LIPT MR HIWMKRMRK EGGYVEXI XEVKIXIH ERH TIVWSREPMWIH XVIEX

4Rl SJ XLI FMKKIWX SFWXEGPIW JSV FMSTVMRXMRK ERH EPWS ) MR
HIZIPSTQIRX SJ ER EHZERGIH WSTLMWXMGEXIH WSJX[EVI XS QIIX XI
TVMRXMRK 3 GVIEXMRK ER ETTVSTVMEXI HIWMKR SV FPYITVMRX +S'
SFNIGXW GER FI GVIEXIH IEWMP] FYX [LIR MX GSQIW XS GVIEXMRK HN
MXW GLEPPIRKMRK ERH RSX WXVEMKLXJSV[EVH PMOI QSWX QEXIVME
LEW QYPXMXYHI EHZERXEKIW TVIGMWI GSRXVSP VITIEXEFMPMX] ER
[MXL WIZIVEP GLEPPIRKIW [MXL XLI QSWX MQTSVXERX SRI FIMRK MR
WTEXMEP WXVYGXYVI WMRGI E PMZMRK IRZMVSRQIRX MW H]JREQMG
GSRXVMFYXIH XS XLI EHZERGIQIRX SJ ) FMSTVMRXMRK ERH PSX SJ S
F] JSPPS[MRK XLIMV TVMRGMTPIW . X MW GPIEV XLEX XLI VIEP WYC
EXXEGLIH XS MX 8LI QSWX GVYGMEP EWTIGX [LMGL GER IQTS[IV FN
VIPIZERX ERH ETTVSTVMEXI FMSQEXIVMEPW [IRLERGIQIRX SJ XLI VI
ZEWGYPEVMWEXMSR XS FI EFPI XS WYGGIWWJYPP] ETTP] XLMW XIG
PSRK [E] FIJSVI JYPP] JYRGXMSRMRK ERH ZMEFPI SVKERW JSV LYQE
FMSTVMRXMRK FYX RIZIVXLIPIWW XLMW 0IPH MW TVSKVIWWMRK JE\
XLl JSVIJVSRX RS[ [MXLMR NYWX E PEWX JI[ JIEVW . X WLSYPH FI EG
GLEPPIRKIW EXXEGLIH [MXL FMSTVMRXMRK WMRGI VIWIEVGLIVW ERH
XLlI TEXL XS E WYGGIWWJIYP GSQTPI\ FMSTVMRXMRK

Some issues with Bioprinting

&R SFZMSYW GVMXMGEP TSMRX VEMWIH MR XLI GIPH SJ FMSTVMRXN\
WXEKI XS XIWX XLI IyGEG] ERH WEJIX] SJ ER] FMSPSKMGEP pTIVWS
XS TEXMIRXW YWMRK XLMW XIGLRMUYI &PWS GSWXW EWWSGMEXIH
IWTIGMEPP] JSV [LIVI QERYJEGXYVMRK MW GSRGIVRIH ERH MW RSX
ZIV] QYGL TSWWMFPI XS HIZIPST JYRGXMSREP SVKERW XLEX GER VIT
GYVVIRXP] XLIVI MW RS JSSP TVSSJ [E] XS EWWIWW [LIXLIV XLI TEX
XMWWYIl SV XLI EVXMOGMEP SVKER KIRIVEXIH ERH [LIXLIV WYGL XVI
&PWS PIKEP VYPIW ERH VIKYPEXMSRW F] ETTVSTVMEXI EYXLSVMXM
EX XLMW WXEKI FIJSVI ER] FMK TVSQMWIW EVI QEHI XS E [MHIV EYH
MW XS JSVIWII ER] RIKEXMZI GSRWIUYIRGIW PMOI TSXIRXMEP QMWYYV
WYTIV LYQER [MXL IRSVQSYW GETEFMPMXMIW SV XV]MRK XS GVIEX]I |
XS WSGMIX] ERH RSX XS WE] GSQTPIXIP] MPPIKEP

'MSTVMRXMRK MW E KVS[MRK QEVOIX ERH [MPP JSGYW SR XLI HIZIP
QE]JFI MR E JI[ HIGEHIW XMQI RI[ SYXGSQIW [SYPH FI WIIR MR ) TVN
XVERWTPERXW 8LIVI MW EFWSPYXIP] RS HSYFX XLEX ) FMSTVMRXMR
ERH VIPIZERX QIHMGEP HIZIPSTQIRX SJ SYV PMJIXMQI

SYVGI -IHIKEEVH (1 p-JHVSHIREQMGEPP] ,YMHIH -MIVEVGLMGEP IPJ &WWIQ
Advanced Functional Materials )4. EHJQ
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A ‘New’ Blood Test that

Detects Cancers that are

Undetectable till Date In
Their Early Stages

H" A 'A )E AajA"U&ala"Q " UA"UAE IUEA;
IQVaqg Al aaja )Baa A1 1B a4 U ))a QalQ
a ,AE4"Q UA"UAEI " Q 4 E 4AE q IQAU&l:

")Q Aja A IUE&a&4" "G4 BE)UEA! U)E 4AE ¢

(ERGIV VIQEMRW SRI SJ XLI PIEHMRK GEYWIW SJ HIEXL [SVPH[MHI .X
KPSFEP GERGIV HIEXLW [MPP LEZI VMWIR JVSQ QMPPMSR XS QMPF
MW IN\XVIQIP] OI] XS VIHYGI GERGIV VIPEXIH HIEXLW FIGEYWI IEVPMI\
GLERGIW SJ E WYGGIWWJYP XVIEXQIRX FIGSQI LMKLIV 8LI HMEKRS
ERH GLEPPIRKMRK TVSGIWW ;LIR E TIVWSR MW LEZMRK W]QTXSQW [
NEQMRIW XLI TIVWSREP ERH QIHMGEP LMWXSV] ERH HSIW E TLIWMGE!
QER] XIWXW EVI KIRIVEPP] VIGSQQIRHIH XS FI HSRI +MVWX PEFSVE
UYMHW IXG EVI HSRI [LMGL GER LIPT FYX YWYEPP] HS RSX HMEKRSW
8LI HSGXSV [MPP KIRIVEPP] WYKKIWX SRI SV QSVI QIHMGEP MQEKMRK
SJ EVIEW MRWMHI XLI FSH] XLEX LIPT XLI HSGXSV WII [LIXLIV E XYQS
E (8 WGER XS FIKMR [MXL
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&HHMXMSREPP] MR QSWX GEWIW HSGXSVW [MPP RIIH XS HS E FM
FMSTW] MW E TVSGIHYVI MR [LMGL XLI HSGXSV VIQSZIW E WEQTPI
NEQMRIH MR XLI PEFSVEXSV] XS WII MJ MX MW GERGIV 8LMW XMWYV
FSH] YWMRK E RIIHPI SV QMRSV WYVKMGEP TVSGIHYVI SV XLVSYKL
ERH GSQTPI\ HMEKRSWMW TVSGIWW KIRIVEPP] HSRI EJXIV XLI TEXM
SFZMSYW W]QTXSQ [LMGL XLIR GSQTIPW LMQ SV LIV XS ZMWMX XLI |
ZIV] WPS[P] WSQIXMQIW XEOMRK XS JIEVW XS TVSKVIWW XS JYPF
XLIl] EVI HMEKRSWIH XLIWI GERGIVW LEZI SJIXIR WTVIEH QEOMRK Xl
MRGI JSV QER] GERGIVW MX MW XSS PEXI [LIR XLI VWX W]QTXSQ
JSV JYXYVI SJ GERGIV HMEKRSWXMGW FIGEYWI IEVPMIV XLI MRJSV
XLI GERGIV XVIEXQIRX FI WYGGIWWJYP 9RJSVXYREXIP] QER] GERGI
WXEKIW ERH XLMW MW EXXVMFYXIH XS PEGO SJ JEWX ERH IUIGXMZI

D)k a)al Q | "aka "")jAQ ja UA"UAE
U ))a QalQ kK)E g

.R E VIGIRX WXYH] TYFPMWLIH MR GMIRGI VIWIEVGLIVW LEZI HIZIPS
Sulv E QSVI WMQTPMUOIH JIX 14aIGXMZI HMEKRSW XM&L IXXGWRMGER PIIHV E
M(ERGIV **0Yf MW E RSZIP RSR MRZEWMZI| QIXLSH XS WMQYPXERISYYV
SRP] SRI FPSSH WEQTPI 8LMW WXYH] GEVVMIH SYX F] E XIEQ EX /SL
2IHMGMRI 9 & LEW HIQSRWXVEXIH LMKL WTIGMOGMX] ERH WIRWMX
QSVI XLER TISTPI [MXL GERGIV ERH MW FIMRK XSYXIH EW E UYNM
GERGIV MR MXW IEVP] WXEKIW ERH EPWS TMRTSMRX MXW PSGEXMSR

8LI WXYH] SJ (ERGIV **0 LEW FIIR GSRGPYHIH SR MRHMZMHYEPW F
JSVQW SJ SRI SJ XLI IMKLX GERGIVW FVIEWX PYRK GSPSVIGXEP
ERH IWSTLEKIEP WXEKIW . XS ... JSV 04Zl SJ [LMGL RS VSYXMRI IEVF

TISTPI EX EZIVEKI VMWO XLSWI FIMRK SZEVMER PMZIV WXSQEGL T
WMQTPMWXMG LS[ XLMW FPSSH XIWXW [SVOW XS MHIRXMJ] XLI GERGIH
XLI FSH] EJXIV XLI SRWIX SJ XLI HMWIEWI XLIWI XYQSYV GIPPW VIPI
)3& ERH EFRSVQEP TVSXIMRW [LMGL GMVGYPEXI MRXS XLI FPSSHWX®
QEVOIVW JSV GERGIV 8LIWI QMRYXI EQSYRXW SJ QYXEXIH )3& ERH
MR XLI FPSSH PSRK FIJSVI GEYWMRK ER] W]QTXSQW ERH EVI ZIV]
ERH TVSXIMRW JSYRH MR RSVQEP GIPPW 8LYW XLMW FPSSH XIWX |
KIRI QYXEXMSRW ERH IMKLX GSQQSR GERGIV TVSXIMRW WLSVXPMW
LYRHVIH KIRIW ERH TVSXIMR QEVOIVW XLEX EVI EWWSGMEXIH [M
MRHMGEXMRK XLI TVIWIRGI SJ GERGIV 8LI WQEPP ]JIX VSFYWX QYXEX
QYXEXMSR MR XLI HMUIVIRX GERGIVW 8LMW MHIRXMUOGEXMSR SJ GE
QIXLSH FIGEYWI MX GSQFMRIW XLI TVSFEFMPMX] SJ SFWIVZMRK ZEV
XLI PIZIPW SJ WIZIVEP TVSXIMRW MR SVHIV XS XEOI E GREP HMEKRS\
XLI WEQI VEXMSREPI JSV YWMRK GSQFMREXMSRW SJ HVYKW XS XVIE
XLMW QSPIGYPEV XIWX MW EMQIH EX WGVIIRMRK JSV GERGIV ERH N
tests which analyse large numbers of cancer-driving genes to identify targets which can be used

XS HIZIPST XLIVETIYXMGW

Potential of the test to be impactful for patients

8LI XIWX JMIPHIH ER SZIVEPP VIWYPX SJ QSVI XLER TIVGIRX ERH

TIVGIRX SJ XLI GERGIVW [MXL SZIVEPP WIRWMXMZMX] VERKMRK J°
ER MQTVIWWMZI TIVGIRX JSV SZEVMER GERGIV 8LI WIRWMXMZM
WGVIIRMRK XIWXW EVI EZEMPEFPI TERGVIEW SZEV] PMZIV WXSQ

XS TIVGIRX .RXIVIWXMRKP] XLI XIWX [EW EPWS EFPI XS TMRTS
TIVGIRX SJ XLI TEXMIRXW 8LIWI VIWYPXW EVI XIVQIH EW ZIV] plIRGS
TSWWMFMPMX] SJ LEZMRK (ERGIV **0 EW E VSYXMRI WGVIIRMRK XIW;
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WYFWXERXMEPP] MQTEGX TEXMIRXW XS MQTVSZI SYXGSQIW 8LI SZI
LMKL ERH XLMW MW I\XVIQIP] GVYGMEP JSV EZSMHMRK SZIVHMEKRSV
XIWXW ERH TVSGIHYVIW XS GSRGOVQ XLI TVIWIRGI SJ GERGIV 8LMW VW
OIITMRK XLI QYXEXMSR TERIP WQEPP 8LMW XIWX [EW TIVISVQIH SR
WIZIR [IVI GEKKIH TSWMXMZI F] (ERGIV **0 ERH XLIWI TEXMIRXW GS°
SV IZIR QMKLX LEZI IEVP] WXEKI GERGIV [MXL RS W]QTXSQW

YJIBAE "0 A"UAET""W k Q )Q &E aAl
tests

'PSSH WEQTPI LEZI FIIR YWIH JSV GERGIV HIXIGXMSR MR [LEX MW G|
XS RSVQEP FMSTW] MR [LMGL E WEQTPI XMWWYI MW VIQSZIH JVSQ XL
TVSGIHYVIW KIRIVEPP] WYVZI] E PEVKI RYQFIV SJ KIRIW MR ER EX.
XEVKIXW JSV HVYKW R GSQTEVMWSR (ERGIV **0 JSPPS[W ER IRXM)
SR IEVP] HMEKRSWMW SJ GERGIV F] PSSOMRK EX QYXEXMSRW MR NY
PIZIPW SJ IMKLX TVSXIMR EW GERGIV FMSQEVOIVW 8LI VIWYPXW JV
GSQFMRIH [MXL ER EPKSVMXLQ XS ,WGSVI!* [EGL FPSSH XIWX [LMGL
ERH VIPMEFMPMX] SJ XLI VIWYPXW 9RJSVXYREXIP] FPSSH FEWIH P
XEKKIH EW GSRXVSZIVWMEP MR EGGYVEXIP] HIXIGX GERGIV QYXEX|
XLI PSGEXMSR SJ XLI XYQSYVW &PWS XLI] EVI ZIV] NTIRWMZI YTX.
XLIMV EFMPMX] XS FIGSQI VSYXMRI XSSPW JSV HMEKRSWMRK ERH K
FIGSQMRK UYIWXMSREFPI 71QEVOEFP] MR XLMW WXYH] MR SJ TE
SVKERW KMZMRK MRJSVQEXMSR SR LS[ XS TMRTSMRX XLI PSGEXMSR
XIWX TSMRXIH X[S EYXSRSQMGEP PSGEXMSRW

2ER] 1UIGXMZI IEVP] GERGIV HIXIGXMSR XIWXW HS I\MWX JSV WS¢
QEQQSKVETL] JSV FVIEWX GERGIV ERH GIVZMGEP TET WQIEVW JSV C
YWIH FPSSH FEWIH XIWX MW JSV TVSWXEXI|I GERGIV [LMGL PSSOW E
TVSWXEXI WTIGMOG ERXMKIR 5 & 8LSYKL XLMW XIWX LEW FIIR EVS
this blood-based test is still not being tagged as useful and necessary.

-S[1ZIV WSQI TVSZIR WGVIIRMRK XIWXW XLEX PIEH XS IEVPMIV HM
WGVIIRMRK JSV FS[IP GERGIV LEZI EWWSGMEXIH VMWOW ERH SRP] W
SXLIV FPSSH FEWIH XIWXW JSV GERGIMMGIE KLESWMWI|WVIMWKVB&RK FEC
GPMRMGEP XVMEPW SRP] XIWXW JSV XYQSYV )3& RSX XLI EHHMXMSI|
RS[ MRGPYHIW 8LYW MX WLSYPH FI GPIEV MR XLI JYXYVI [LMGL SJ >
ZMXEP IPIQIRXW PMOI EFMPMX] XS HIXIGX HMUIVIRX GERGIV X]TIW ER
WGVIIRMRKW JSV WTIGMOG GERGIV X]TIW EVI SRP] VIGSQQIRHIH JS
NTIGXIH XS EX VMWO S[MRK XS XLIMV JEQMP] LMWXSV] SJ GERGIV S
GSYPH FI E QEMRWXVIEQ JSV IZIR LIEPXL] TEXMIRXW [MXL RS WMKRYV

VQVEa

X MW RSR HIFEXEFPI XLEX I[EVP] HMEKRSWMW MW QSWX GVMXMGEP .
SJ QER] GERGIV XVIEXQIRXW ERH GERGIV HIEXLW )IWTMXI XLI KEM
EHZERGIH GERGIV GEVI WXMPP FIEVW E PSX SJ TLIWMGEP QIRXEP
[LMGL EVI WXMPP PSGEPMWIH XS XLIMV XMWWYI| SJ SVMKMR ERH LE:
F] WYVKIV] EPSRI XLYW WTEVMRK E TEXMIRX JVSQ XLI GSRWMHIVEFI
VEHMSXLIVET] XVIEXQIRXW

7TIWIEVGLIVW LSTI XLEX (ERGIV **0 GER MR XLI JYXYVI SulV E WMQTPI
JSV HMEKRSWMRK GERGIV MR MXW IEVP] WXEKIW 8LI EYXLSVW TSMF
ETTVSEGL HYVMRK XLMW WXYH] ERH YRHIVWXERH XLEX RS WMRKPI .
ERH EPXLSYKL XLI GYVVIRX XIWX HSIW RSX TMGO YT IZIV] GERGIV M
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GERGIVW XLEX [SYPH SXLIV[MWI PMOIP] KS YRHIXIGXIH &PWS XLI 1
EFSYX ERH XLMW MW JEV QSVI IGSRSQMGEP XLEX QSWX GYVVIRXI
GERGIV X]TIW XLYW GER FI LMKLP] TVSWTIGXMRK 8LI YPXMQEXI zZM
LEZI XLMW XIWX FIMRK MRGSVTSVEXIH MR VSYXMRI GLIGO YT TVIZIR
GEVI WIXXMRK MXWIPJ WSQIXLMRK WMQMPEV XS PIX{W WE] E GLSPI\
years for this test to be available in clinic.

8S IWXEFPMWL XLMW XIWX JYVXLIV MX MW RIGIWWEV] XS HIQSRW X
WEZMRK PMZIW SRI HE] ERH WS PEVKI XVMEPW EVI RS[ YRHIV[E] MR
FI EZEMPEFPI MR XLI RI\X XLVII XS 0zZI1 JIEVW 8LYW EW I\GMXMRK I
[SVPH[MHI EVI [EMXMRK JSV XLI SRKSMRK PEVKI WGEPI XVMEPW XS F

-S[1ZIV XLIVI MW RS HSYFX XLEX XLMW YRMUYI XIWX LEW TEZIH XLI
research from late-stage cancer to early disease which will be critical in reducing cancer deaths
in the long term.

SYVGI

(SLIR IX EP M)IXIGXMSR ERH PSGEPMA"EXMSR SJ WYVKMGEPP] VIWIGXEFPI
Science |EEV )4. WGMIRGI EEV

&VEZERMW IX EP pu3N\X ,IRIVEXMSR IUYIRGMRK SJ (MVGYPERMRKS®YQSYV )3& J
RS TT 3 )4. N GIPP
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7SFSXW EVI TVSKVEQQEFPI QEGLMRIW XLEX EVI VSYXMRIP] YWIH MR |
TEVX SJ EYXSQEXMSR IWTIGMEPP] QERYJEGXYVMRK FIGEYWI XLI] EV
XEWOW [LMGL VIUYMVI E PSX SJ WXVIRKXL ERH TS[IV I\EQTPI MR GE
[MXL XLI TLIWMGEP [SVPH ZME WIRWSVW ERH EGXYEXSVW MR XLIQ EI
XLIQ QSVI YWIJYP ERH ul\MFPI XLER VSYXMRI WMRKPI JYRGXMSR QE
XLIWI VSFSXW EVI HIWMKRIH XS HS XLI NSF XLIMV QSXMSRW EVI |
QEGLMRI PMOI ERH XLI] EVI LIEZ] MQTSWMRK ERH XLI] EVI RSX VIEP
VIUYMVIW ZEVMEFPI EQSYRXW SJ JSVGI EX HMUIVIRX XMQI TSMRXW 7
ERH QMKLX RIIH WIGYVI IRGPSWYVIW EW XLI] EVI RSX WIRWMXMZI| X
VSFSXMGW MW IN\TPSVMRK E ZEVMIX] SI HMWGMTPMRIW XS HIWMKR

QEGLMRIW MR ZEVMSYW EVIEW SJ MRHYWXV] ERH QIHMGEP XIGLRSP!

.R E VIGIRX HYEP WIX SJ WXYHMIW PIH F] (LVMWXSTL OITPMRKIV VI
E RIflT GPEWW SJ QYWGPIW [LMGL EVI ZIV] WMQMPEV XS SYV LYQER (
EW TVSNIGX WXVIRKXL ERH WIRWMXMZMX] NYWX PMOI [I HS 8LI GIR
QSZIQIRXW XS XLI QEGLMRI M| VSFSXW TIVGIRX SJ EPP VSFSXW
SYX SJ WXIIP SV QIXEP [LIVIEW E FMSPSKMGEP FSH] MW XLSYKL W,

28&7(- i (.*38.+.(*9745%*&3 (4 90



BLIWI VSFSXW [MXL pWSJIXYT SV pQSVvI VIEPYT QYWGPIW GER FI WYMXE
HIPMGEXI XEWOW [LMGL LYQER QYWGPIW TIVISVQ SR E HEMP] FEWM
JVYMX SV TPEGMRK ER IKK WSJX] MRWMHI E FEWOIX 8LIVIIJSVI GSQ°
VSFESXW 0XXIH [MXL phpEVXMUGMEP QYWGPIWY [MPP FI PMOI E pWSJXI
WEJIV ERH XLI] GSYPH XLIR FI GYWXSQMA”IH XS TIVISVQ EPQSWX ER]
WYKKIWXMRK WIZIVEP TSWWMFPI ETTPMGEXMSRW EWWSGMEXIH [M.
VSFSXW GSYPH FI VIJIVVIH XS EW uUGSPPEFSVEXMZIY VSFSXW EW Xl
SYX ETEVXMGYPEV XEWO MR E ZIV] WMQMPEYV [E] EW E LYQER

+SV UYMXI WSQIXMQI VIWIEVGLIVW LEZI FIIR XVIMRK XS GVIEXI WSJX
VIUYMVI E WSJX QYWGPI XIGLRSPSK] XS MQTIVWSREXI XLI LYQER QYV
LEZI FIITR XVMIH F] VIWIEVGLIVW TRIYQEXMG EGXYEXSVW ERH HMIF
MEGXYEXSVY MW HIOGRIH EW XLI EGXYEP HIZMGI [LMGL QSZIW XLI VSF
QSZIQIRX R TRIYQEXMG EGXYEXSVW E WSJX TSYGL MW TYQTIH [N
TEVXMGYPEV QSZIQIRX 8LMW MW WMQTPI HIWMKR FYX WXMPP TS[IV
ERH XLI] LEZI FYPO] VIWIVZSMVW 'EWIH YTSR XLI TYQT WIX YT QSZ
FI'E ZIV] WPS[ TVSGIWW 8LI WIGSRH XIGLRSPSK] 3 HMIPIGXVMG IPEW
SJ ETTP]MRK ER IPIGXVMG 0IPH EGVSWW ER MRWYPEXMRK UI\MFPI 1
E QSZIQIRX 8LIWI X[S XIGLRSPSKMIW SR XLIMV S[R LEZI RSX ]IX XEV
E FSPX SJ IPIGXVMGMX] TEWWIW XLVSYKL XLI TPEWXMG XLIWI HIZ]
resistant to mechanical damage.

“YE4A < VIA" 4E E)U)QI k Q I ' AE

R XLIWI WXY HM I Wscidhte &t IdiehcksmRobotics VIWIEVGLIVW XSSO XLI TSWMXN
SJ XLIWI X[S EZEMPEFPI WSJX QYWGPI XIGLRSPSKMIW ERH GVIEXIH E
XLEX YWIW IPIGXVMGMX] XS EPXIV XLI QSZIQIRX SJI PMUYMHW MRWMH
TSYGLIW GSRXEMR ER MRWYPEXMRK PMUYMH I\EQTPI E VIKYPEV S
XLI WYTIVQEVOIX MR JEGX ER] WMQMPEYVY PMUYMH GER FI YWIH 4R
LIHVSKIP IPIGXVSHIW TPEGIH FIX[IIR XLI X[S WMHIW SJ XLI TSYGL X
SXLIV SMP WTEWQ XEOIW TPEGI WUYII"MRK XLI PMUYMH MR MX ER
TSYGL 8LMW XIRWMSR GVIEXIW ER EVXMUOGMEP QYWGPI GSRXVEGXM S
VIPE\IW EKEMR MQMXEXMRK ER EVXMOGMEP QYWGPI VIPE\EXMSR 8L
ERH XLI SENIGX [LMGL MW GSRRIGXIH XS XLI EGXYEXSV WLS[W E QS
QYWGPIT GSRXVEGXW ERH VIPIEWIW dlI\ MRWXERXP] MR QMPPMWIG:
[MXL XLI WEQI TVIGMWMSR ERH JSVGI SJ VIEP WOIPIXEP LYQER QYW
FIEX XLI WTIIH SJI LYQER QYWGPI VIEGXMSRW FIGEYWI LYQER QYWGP
[MXL XLI FVEMR GEYWMRK E HIPE] XLSYKL YRRSXMGIEFPI 8LIVIJSVI

[EW EGLMIZIH [LMGL LEH HMVIGX IPIGXVMGEP GSRXVSP INLMFMXMRK

R XLI OVWHK WiehwweH|[EGXYEXSVW [IVI HIWMKRIH MR XLI WLETI SJ E HS"®
XLI GETEFMPMX] ERH HI\XIVMX] XS TMGO YT ERH LSPH E VEWTFIVV]
NTPSHMRK XLI JVYMX 8LI TSWWMFPI HEQEKI [LMGL [EW HSRI F] E F
XLVSYKL XLI MRWYPEXMRK PMUYMH E QENSV MWWYI| [MXL XLI TVIZM!
GEVI SJ MR XLI GYVVIRX HIWMKR ERH ER] IPIGXVMGEP HEQEKI [EW W
NYWX RI[ US[ SI PMUYMH MRXS XLI pHEQEKIHY TEVX XLVSYKL E WMQT
EXXVMFYXIH XS XLI YWI SJ PMUYMH QEXIVMEP [LMGL MW QSVI VIWM
YWIH MR QER] TVIZMSYW HIWMKRW ERH [LMGL [EW HEQEKIH MRWXEFR
XLl EVXMOGMEP QYWGPI WYVZMZIH QSVI XLER E QMPPMSR GSRXVE!
FIMRK HSYKL RYX WLETIH [EW IEWMP] EFPI XS TMGO E VEWTFIVV] N\
XLIWI IPEWXMG TSYGLIW VIWIEVGLIVW GVIEXIH E [MHI VERKI SJ EG?’
NEQTPI IZIR TMGOMRK YT E JVEKMPI IKK [MXL TVIGMWMSR ERH I\EG
QYWGPIW LEZI FIIR XIVQIH EW ,-]JHVEYPMGEPP] EQTPMOIH IPJ LIEP
SV -& *1 EGXYEXSVW .R ETWF® ¥MR\HEcéhsEdHRbbotics XLI WEQI XIEQ JYVXLI
GVIEXIH X[S SXLIV WSJX QYWGPI HIWMKRW [LMGL GSRXVEGX PMRIE
XLYW LEZMRK XLI GETEFMPMX] XS VITIEXIHP] PMJX SFNIGXW LIEZMIV
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& KIRIVEP STMRMSR QMKLX FI XLEX WMRGI VSFSXW EVI QEGLMRIW |
IHKI SZIV LYQERW FYX [LIR MX GSQIW XS XLI EWXSRMWLMRK EFMP
SRI GSYPH WMQTP] WE] XLEX VSFSXW VIEPP] TEPI MR GSQTEVMWSHF
TS[IVJYP ERH SYV FVEMR LEW ER I\XVESVHMREV] EQSYRX SJ GSRX
VIEWSR LYQER QYWGPIW EVI GETEFPI SJ TIVISVQMRK MRXVMGEXI XE
QYWGPIW VITIEXIHP] GSRXVEGX ERH VIPE\ [LIR HSMRK E LIEZ] XEWC
YWI SRP] EFSYX TIVGIRX GETEFMPMX] SJ SYV QYWGPIW ERH XLMW
LYW MJ [I| GER MQEKMRI E VSFSX [LS LEW LYQER PMOI WSJX QYWG|
[SYPH FI IRSVQSYW 8LI GYVVIRX WXYH] MW WIIR EW E aVWX WXIT XS
SRI TSWWMFPI HE] EGLMIZI XLI IRSVQSYW GETEFMPMXMIW SJ VIEP FI

)IQ a,alUQ ja «1)uQZ f)U)Q Ul

8LI EYXLSVW WE] XLEX QEXIVMEP PMOI XLI TSXEXS GLMTW TSP]QIV
EVI RSX SRP] MRINTIRWMZI FYX EPWS VIEHMP] EZEMPEFPI QEOMRK X
SV GIRXW LMW MW IRGSYVEKMRK RSX SRP] JSV GYVVIRX MRH
JSV VIWIEVGLIVW XS JYVXLIV XLIMV NTIVXMWI 8LIWI QEXIVMEPW

GSQTEXMFPI [MXL XLI GYVVIRX MRHYWXV] TVEGXMWIW EW [IPP ERH
RYQFIV SJ ETTPMGEXMSRW PMOI TVSWXLIXMG HIZMGIW SV EW E LY
MRXIVIWXMRK EWTIGX WMRGI XLI XIVQ VSFSXMGW MW EP[E]W IUY
HVE[FEGO EWWSGMEXIH [MXL WYGL EVXMUOGMEP QYWGPIW MW XLI LM
STIVEXMSR ERH XLIVI EVI EPWS GLERGIW SJ FYVRMRK MJ XLI VSFSX \
WYGL WSJX VSFSXW EVI JEV QSVI HIPMGEXI XLER XLIMV XVEHMXMSR
EWTIGXW HYVMRK XLIMV HIWMKR RIITHW XS FI XEOIR GEVI SJ F] XLIMV
SI TYRGXYVMRK PSWMRK TS[IV ERH WTMPPMRK XLI SMP 8LIWI WSJ
WIPJ LIEPMRK EWTIGX PMOI QER] WSQI WSJX VSFSXW EPVIEH] HS

*YyYGMIRX ERH VSFYWX WSJX VSFSXW GER FI ZIV] YWIJYP MR LYQER
XLI LYQERW ERH [SVO [MXL XLIQ ERH XLI] GER FI QSVI PMOI ,GSPPI
VSFSXW [LMGL VITPEGI LYQERW &PWS XVEHMXMSREP TVSWXLIXMG |
WIRWMXMZI 8LIWI WXYHMIW EVI E VIQEVOEFPI FVIEOXLVSYKL MR XLI
HIQERH SJ TS[IV GSYPH FI XEGOPIH MX LEW XLI TSXIRXMEP XS VIZS
terms of their design and how they move.

SYVGI

&GSQI IX EP M-JHVEYPMGEPP] EQTPMGIH WIPJ LIEPMRK IPIGXVSWXEXMG EC
Science ZSP RS TT )4. WGMIRGI EES

OIPPEVMW IX EP M51ERS -& *1 EGXYEXSVW 2YWGPI QMQIXMG IPIGXVSL]HVEY
E G X M Z Bckelk8 Rdbotics ZSP RS IEEV )4. WGMVSFSXMGW EEV
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New Understanding of
Schizophrenia

EaUa"Q UE&AA Q E)VU I1QVaq V"AaAECQ
laU A" I )u IU y)B Ea" A

GLMASTLVIRME MW E GLVSRMG FVEMR HMWSVHIV XLEX EUIGXW ETT\
SV VSYKLP] QMPPMSR TISTPI [SVPH[MHI ;LIR WGLMASTLVIRME MW
MRGPYHI HIPYWMSRW LEPPYGMREXMSRW HMWSVKERM2”AIH WTIIGL S
SJ GSRGIRXVEXMSR ERH PEGO SJ QSXMZEXMSR GLMASTLVIRME MW
YRHIVWXSSH ERH MXW IN\EGX GEYWI MW WXMPP RSX GSQTPIXIP] GPIE
GSQFMREXMSR SJ KIRIXMGW FVEMR GLIQMWXV] ERH IRZMVSRQIRXEP
HIZIPSTQIRX ERH EHZERGIQIRX SJ WGLMASTLVIRME 8LIWI 0ORHMRKW
YWMRK EHZERGIH MQEKMRK XS PSSO EX XLI FVEMRITW WXVYGXYVI EF
FI TVIZIRXIH ERH RS GYVI MW EZEMPEFPI JSV MX XLSYKL VIWIEVGL
new and safe treatments.

*EVP] XVIEXQIRX SJ WGLMASTLVIRME QE] LIPT KIX XLI W]QTXSQW
WIVMSYW GSQTPMGEXMSRW SGGYV ERH GER LIPT XS MQTVSZI XLI P
XVIEXQIRX TPER MW JSPPS[IH [MXL GEVI MX GER LIPT TVIZIRX VIPE
SJ XLI W]QTXSQW 3I[ ERH lulGXMZIl XLIVETMIW JSV ER IEVP] HMEKR
XS FI HIZIPSTIH SRGI XLI VMWO JEGXSVW JSV WGLMASTLVIRME MW G
WSQI XMQI XLEX TVSFPIQW [MXL GIVXEMR REXYVEPP] SGGYVVMRK
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RIYVSXVERWQMXXIVW GEPPIH HSTEQMRI ERH KPYXEQEXI 3 QE] GSRX
SXLIV QIRXEP MPPRIWWIW 8LIWI puHMUIVIRGIWY EVI WIIR MR RIYVSMQE
RIVZSYW W]JWXIQ SJ TISTPI [LS LEZI WGLMASTLVIRME 8LI IN\EGX WMK
SV GLERKIW MW WXMPP RSX ZIV] GPIEV FYX MX HIGRMXIP] MRHMGE >
GLMASTLVIRME VIUYMVIW E PMIJIPSRK XVIEXQIRX ERH IZIR MR XLSWI
XS LEZI WYFWMHIH ,IRIVEPP] E GSQFMRIH XVIEXQIRX SJ QIHMGEXI
GER LIPT QEREKI XLI GSRHMXMSR ERH SRP] MR WIZIVI GEWIW LSWTM
lSVX F] LIEPXL TVSJIWWMSREPW MW RIIHIH MR XLI GPMRMGW [MXL
2SWX ERXMTW]GLSXMG QIHMGEXMSRW JSV WGLMASTLVIRME XVIEXQI
F] EGIGXMRK XLI FVEMR RIYVSXVERWQMXXIV HSTEQMRI 9RJSVXYRE?
XS GEYWI WIVMSYW WMHI IUIGXW [LMGL GER MRGPYHI HVS[WMRIW\
FPYVVIH ZMWMSR QEOMRK XLI TEXMIRXW VIPYGXERX XS XEOI XLIQ
XLI GLSWIR VSYXI MRWXIEH SJ XEOMRK E TMPP (PIEVP] XS HIZIPST
XS XEVKIX ERH XVIEX WGLMASTLVIRME MX{W MQTSVXERX XS aGVWX Y
HMOIVIRX TSWWMFPI QIGLERMWQW SJ EGXMSRW

A novel mechanism to understand and target
schizophrenia

& VIGIRX WXYH] F] RIYVSWGMIRXMWXW JVSQ (EWI ;IWXIVR 7IWIVZI 9RN
PIH F] )V 1MR 2IM LEZI YRGSZIVIH E RSZIP QIGLERMWQ YRHIVP]MR}
8LI] LEZI YWIH KIRIXMG IPIGXVSTLIWMSPSKMGEP FMSGLIQMGEP ER
XLl JYRGXMSR SJ E TVSXIMR GEPPIH RIYVIKYPMR 37, LMW TVS.
TVSXIMR JEQMP] LEW EPVIEH] FIIR WLS[R XS FI IRGSHIH F] E pVMW!
MPPRIWWIW MRGPYHMRK FMTSPEV HMWSVHIVW ERH HITVIWWMSR &l
ZEVMEXMSRW MR XLMW TEVXMGYPEV KIRI [LMGL IRGSHIW JSV 37, E
IZIVEP WXYHMIW LEZI FIIR HSRI SR 37, FYX MXW I\EGX ERH HIXEN
WXMPP ZIV] TSSVP] YRHIVWXSSH .R >XPrddeddirigs of\Wationidl JAdaddry MW LIH MR
Sciences VIWIEVGLIVW [LMPI XVIMRK XS YRGSZIV XLI TSXIRXMEP JYRGX
GIRXVEP XS WGLMASTLVIRME ERH GSYPH FIGSQI E TSWWMFPI| XLIVET

7TIWIEVGLIVW JSYRH XLEX 37, TVSXIMR QEMRP] WYTVIWWIW E TVS
IWWIRXMEP JSV TVSTIV RIYVSR GSQQYRMGEXMSR ERH XLI SZIVEPP
KIRI [LMGL IRGSHIW JSV 37, WS XLEX MX GER IUIGXMZIP] TIVJISVQ
[EW QYXIH MR QMGI MR E GIVXEMR RYQFIV SJ RIYVSRW SJ XLI FVEMF
[ITVI MRHYGIH MR XLI pT]JVEQMHEPY RIYVSRW [LMGL TPE] ER MQTSVX
HMWTPE]IH W]QTXSQW ERH FILEZMSYV MR PMRI [MXL WGLMASTLVIRN
ERH EPWS LIEVMRK GETEFMPMXMIW FYX WLS[IH YRYWYEP PIZIP S.
VIQIQFIVMRK | K [LIR REZMKEXMRK QE*IW ERH EPWS EGXIH WL] E
[EW GPIEV XLEX 37, TPE]W E GVYGMEP VSPI MR WGLMASTLVIRME ER
[IVI EPWS HIORIH +YVXLIV VIWIEVGLIVW EPWS YRGSZIVIH LS[ I\EGXI
XLI GIPPYPEV PIZIP . X [EW WIIR XLEX MX FEWMGEPP] MRLMFMXW E
WIRETWIW 3 XLI TPEGI SV NYRGXMSR [LIVI RIVZI GIPP SV RIYVSRW G
E GSQTPI\ GEPPIH 3&7* WLSVX JSV SPYFPI 3 IXLIPQEPIMQMHI WIRYV
VIGITXSV TVSXIMRW XS XVERWQMX RIYVSXVERWQMXXIVW WTIGMOQ
EX XLI WIRETWIW S5ISTPI WYUIVMRK JVSQ WIZIVI QIRXEP MPPRIWWI
XS LEZI LMKLIV PIZIPW SJ 37, TVSXIMR ERH XLIWI LMKLIV PIZIPW [I\
XLI VIPIEWI SJ KPYXEQEXI 3 XLI REXYVEPP] SGGYVVMRK RIYVSXVER\
MR PEFSVEXSV] NTIVMQIRXW XLEX 37, GSYPH RSX JSVQ XLI p 3&7*
PIZIPW [IVI WYTTVIWWIH EW E VIWYPX SJ XLMW

,PYXEQEXI MW EFYRHERX MR XLI LYQER FSH] FYX MW QSWX TVSQM
highly ‘stimulatory’ or ‘excitatory’ neurotransmitter in our brain and is most critical for activating

XLI RIYVSRW MR XLI FVEMR ERH XLYW IWWIRXMEP JSV SYV PIEVRMI
WXYH] GSRGPYHIW XLEX 37, MW ZIV] MQTSVXERX JSV TVSTIV KPYX
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ERH KPYXEQEXI MQFEPERGIW GEYWI WGLMASTLVIRMG W]QTXSQW &P
HIXEMPIH JSV XLI VWX XMQI ERH ZIV] YRMUYI JVSQ TVIZMSYW VSPIV
37, EW [IPP EW SXLIV TVSXIMRW FIPSRKMRK XS XLI WEQI JEQMP]

<AEAB&VvVQ Ul " Q &4 UVQVEa&a

GLMASTLVIRME MW E ZIV] HIZEWXEXMRK QIRXEP MPPRIWW [LMGL HV
X HMWVYTXW XLI HEMP] PMJI F] EUIGXMRK HE] XS HE] JYRGXMSRMF
ERH JVMIRHW ERH EPP OMRHW SJ WSGMEP PMJI 8LI TEXMIRXW EVI
HTW]GLSXMG ITMWSHIY FYX VEXLIV SZIVEPP PMJI SYXPSSO ERH FE
QIRXEP HMWSVHIV EW WIVMSYW EW WGLMASTLVIRME MW I\XVIQIP] G
XLI GSRHMXMSR ERH JSV JVMIRHW ERH JEQMP] GLMASTLVIRME MW
HMWEFPMRK GSRHMXMSRW MRGI WGLMASTLVIRME MW ZIV] GSQTPI\
ZEVMIH MR HMUIVIRX TEXMIRXW ERH KIRIVEPP] HS RSX WYGGIIH FI]S
treatments are urgently needed for this condition and this study has shown a new direction

XS[EVHW HIZIPSTMRK SRI

8LI 37, TVSXIMR GER HIORMXIP] WIVZI EW E RI[ XLIVETIYXMG XEVKI
ERH TSWWMFP] SXLIV QIRXEP MPPRIWWIW PMOI FMTSPEV ERH HITVIW
GER XEVKIX 37, XLIVIF] LIPT XS VIWXSVI KPYXEQEXI PIZIPW MR WTI(
VIWXSVI FVEMRITW JYRGXMSR HYVMRK WGLMASTLVIRME 8LMW QIXLS
XS[EVHW XVIEXQIRX 8LMW WXYH] LEW WLIH PMKLX SR E RSZIP GIPPY
LEW KIRIVEXIH MQQIRWI LSTI MR XLI 0IPH MR QIRXEP MPPRIWWIW 8L
PEYRGLMRK IUIGXMZI HVYKW JSV XVIEXQIRX WIIQW XS ETTIEV ZIV] P
the right direction at least.

SYVGI ;ERK IX EP HM(SRXVSPPMRK SJ KPYXEQEXI VIPIEWI F] RIYVIKYPMR ZME
G S Q T PRfofeedings of National Academy of Sciences TYFPMWLIH ELIEH SJ TVMRX )4. TREW

28&7(- i (.*38.+.(*9745*&3 (4 90 23



A Step Closer to
Quantum Computer

tT4E &l )u UEAA Q E)Vu Il " DVA"QV! U)

&R SVHMREV] GSQTYXIV [LMGL MW RS[ EPWS VIJIVVIH XS EW XLI GPE'
SR XLI FEWMG GSRGITX SJ W ERH W 2~IVSIW ERH SRIW 8LMW FEWN
GSQTYXIV XS HS E XEWO JSV YW I\EQTPI E QEXLIQEXMGEP GEPGYPE
SV ER]XLMRK VIPEXIH XS HE] XS HE] PMJI XLMW XEWO EX XLI KMZIR
MRXS E WXVMRK SJ W ERH W [LMGL MW XLIR GEPPIH XLI MRTYX

EPKSVMXLQ HIGRIH EW E WIX SJ VYPIW XS FI JSPPS[IH XS GSQTPIXI
TVSGIWWMRK E RI[] WXVMRK SJ W ERH W MW VIXYVRIH XLMW MW G
XLI WTIGXIH VIWYPX ERH MW XVERWPEXIH FEGO MRXS WMQTPIV YWI'
XS [LEX XLI YWIV [ERXIH XLI GSQTYXIV XS HS 8LYW MX MW UYMXI
WQEVX SV GPIZIV XLI EPKSVMXLQ QMKLX ETTIEV ERH [LEXIZIV QMKL
XEWO E GSQTYXIV EPKSVMXLQ HSIW SRP] XLMW SRI XLMRK 3 QERMT
FMX MW IMXLIV SV E SLMW QERMTYPEXMSR LETTIRW SR XLI GSQ
XLI QEGLMRI PIZIP XLMW MW VITVIWIRXIH F] IPIGXVMGEP GMVGYMX
LEVH[EVI XIVQMRSPSK] [LIR GYVVIRX TEWWIW XLVSYKL XLIWI IPIGXV
STIR [LIR XLIVI MW RS GYVVIRX
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gLIVIJSVI MR GPEWWMGEP GSQTYXIVW E FMX MW E WMRKPI TMIGI
TSWWMFPI WXEXIW 3 SV -S[1ZIV MJ [I| XEPO EFSYX UYERXYQ GSQT
FMXW EPWS GEPPIH pUYFMXWY 8LIWI EVI UYERXYQ WIJWXIQW [MXL
FMX WXSVIH EW SV XLI UYFMXW GER WXSVI QYGL QSVI MRJSVQ
WYTTSWMXMSR SJ XLIWI ZEPYIW 8S I\TPEMR MR E FIXXIV [E] E UYF
MQEKMREV] WTLIVI [LIVI UYFMX GER FI ER] TSMRX SR XLI WTLIVI

GSQTYXMRK XEOIW EHZERXEKI SJ XLI EFMPMX] SJ WYFEXSQMG TEVX
EX ER] KMZIR XMQI ERH WXMPP FI QYXYEPP] INGPYWMZI 4R XLI SXLI
MR X[S WXEXIW 3 IN\EQTPI EX XLI IRH SJ X[S TSPIW SJ XLI WTLIVI .R
XS WIlI XLMW pWYTIVTSWMXMSRY FIGEYWI SRGI E WIWXIQ MW ZMI[IH
HMWETTIEV ERH XLMW MW XLI VIEWSR XLEX XLI YRHIVWXERHMRK SJ

;LEX XLMW QIERW JSV XLI GSQTYXIVW MW XLEX UYERXYQ GSQTYXIV
EQSYRX SJ MRIJSVQEXMSR YWMRK PIWWIV IRIVK] XLER E GPEWWMGEH
GEPGYPEXMSRW GER FI VIPEXMZIP] HSRI QYGL JEWXIV SR E UYERXYQ
GER XEOI E SV X[S FMXW MR XLMW GSQTYXIV GER FI MR JSYV TSW
SRI WXEXI MW VITVIWIRXIH EX ER] KMZIR XMQI & UYERXYQ GSQTYXI
TEVXMGPIW XLEX GER FI MR WYTIVTSWMXMSR EPPS[MRK X[S UYFMXW
EX XLI WEQI XMQI FIGEYWI SJ XLI TVSTIVX] SIWYTIVTSWMXMSR JVIII
GSRWXVEMRXY 8LMW GER FI IUYMZEPIRX XS JSYV GSQTYXIVW VYRR
UYFMXW XLI TS[IV SJ XLI UYERXYQ GSQTYXIV KVS[W INTSRIRXMEPP]
XEOI EHZERXEKI SJ ERSXLIV TVSTIVX] SJ UYERXYQ TLIWMGW GEPPIH
F] &PFIVX *MRWXIMR IRXERKPIQIRX MW E TVSTIVX] [LMGL EPPS[W U
communicate regardless of their location in the universe so that changing the state of one may

MRWXERXERISYWP] EUulGX XLI SXLIV 8LI HYEP GETEFMPMXMIW SJ pW
UYMXI TS[IVJYP MR TVMRGMTPI 8LIVIJSVI [LEX E UYERXYQ GSQTYX
[LIR GSQTEVIH XS GPEWWMGEP GSQTYXIVW 8LMW EPP WSYRHW Z
LS[1ZIV XLIVI MW TVSFPIQ MR XLMW WGIREVMS & UYERXYQ GSQTYXI"
EW MXW MRTYX MXW SYXTYX [MPP EPWS FI WMQMPEVP] MR E UYER>
FMXW [LMGL GER EPWS OIIT GLERKMRK HITIRHMRK SR [LEX WXEXI M
VIEPP] EPPS[ YW XS KIX EPP XLI MRISVQEXMSR ERH XLIVIJSVI XLI FME
GSQTYXMRK MW XS GRH [E]W SJ KEMRMRK EW QYGL MRJSVQEXMSR J\

,ZVA"QV! U)IBVQAE Kk Ua &aEae

BYERXYQ GSQTYXIVW GER FI HIGRIH EW TS[IVIYP QEGLMRIW FEWIH ¢
QIGLERMGW XLEX XEOI E GSQTPIXIP] RI[f ETTVSEGL XS TVSGIWWMRK |
GSQTPI\ PE[W SJ REXYVI XLEX LEZI EP[E]W I\MWXIH FYX LEZl YWYE
REXYVEP TLIRSQIRE GER FI NTPSVIH UYERXYQ GSQTYXMRK GER VY
TVSGIWW MRJSVQEXMSR ERH XLMW GSYPH PIEH XS MRRSZEXMZI FVI
HMWGSZIV] VSFSXMGW ERH EVXMGGMEP MRXIPPMKIRGI 8LI MHIE SJ
&QIVMGER XLISVIXMGEP TLIWMGMWX 7MGLEVH +I]RQER!' ERREED MR
XIGLRSPSK] GSQTERMIW WYGL EW .'2 2MGVSWSJX ,SSKPI .RXIP EFR
ERH 5VMRGIXSR 9RMZIVWMX] EVI [SVOMRK SR UYERXYQ GSQTYXIV T
UYERXYQ GSQTYXIV .RXIVREXMSREP 'YWMRIWW 2EGLMRIW (SVT

WGMIRXMWXW LEZI FYMPX E TS[IVJYP UYERXYQ GSQTYXMRK TPEXJS
EGGIWW MX FYX WXVIWW XLEX MXJW VIEPP] RSX IRSYKL JSV TIVJISVQ
UYFMX TVSXSX]TI [LMGL XLI] EVI GYVVIRXP] HIZIPSTMRK GER WSPZ|
GSQTYXIVW HS XSHE] ERH MR XLI JYXYVI UYFMX GSQTYXIVW [S
UYERXYQ GSQTYXIV [MXL NYWX E JI[ LYRHVIH UYFMXW [SYPH FI EFPI
WMQYPXERISYWP] XLER XLIVI EVI EXSQW MR XLI ORS[R YRMZIVWI 7
[LIVI E UYERXYQ GSQTYXIV GER EGXYEPP] SYXTIVIJSVQ E GPEWWMG
PEHIR [MXL HMYyGYPXMIW ERH GLEPPIRKIW &PWS ZIV] VIGIRXP] .RXI
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RI[ UYFMX UYERXYQ GSQTYXIV VITVIWIRXIH E WXIT XS[EVHW XLM\
QENSYV EHZERGIQIRX JSV XLI GSQTER] [LS LEH HIQSRWXVEXIH E F
QSRXLW EKS 8LIMV TVMSVMX] MW XS OIIT NTERHMRK XLI TVSNIGX |
IWNTERHMRK XLI RYQFIV SJ UYFMXW MW XLI OI] XS GVIEXMRK UYERXYC
world results.

AQaE A | aq u)E UV a "u DVA"Q)\
LI QEXIVMEP WMPMGSR LEW FIIR ER MRXIKVEP TEVX SJ GSQTYXMR
GETEFMPMXMIW QEOI MX [IPP WYMXIH JSV KIRIVEP SV GPEWWMGEP
GSQTYXMRK MW GSRGIVRIH WMPMGSR FEWIH WSPYXMSRW LEZIRYX
SJ X[S VIEWSRW O0VWXP] MXfW HMYyGYPX XS GSRXVSP UYFMXW QER
WXMPP YRGPIEV MJ WMPMGSR UYFMXW GSYPH WGEPI EW [IPP EW SX|
LEW ZIV] VIGIRXP] HIZIPSTIH E RI[ X]TlI SJ UYFMX ORS[R EW E pWT|
SR GSRZIRXMSREP WMPMGSR TMR UYFMXW GPSWIP] VIWIQFPI XLI
HIPMZIV XLIMV UYERXYQ TSJ[IV F] PIZIVEKMRK XLI WTMR SJ E WMRKP
GSRXVSPPMRK XLI QSZIQIRX [MXL XMR] QMGVS[EZI TYPWIW 8LI X[S
.RXIP QSZI MR XLMW HMVIGXMSR EVI GVWXP] .RXIP EW E GSQTER] M\
MRHYWXV] ERH XLYW LEW XLI VMKLX NTIVXMWI MR WMPMGSR IGSR
FIGEYWI XLI] EVI WQEPPIV XLER GSRZIRXMSREP UYFMXW ERH XLI] EV
PSRKIV TIVMSH SJ XMQI 8LMW MW SFZMSYWP] SJ E PSX SJ MQTSVXEF
RITHW XS FI WGEPIH YT | K KSMRK JVSQ UYFMX XS UYFMX .RJ
XLI GSQTER] NTIGXW XS FI TVSHYGMRK GLMTW LEZMRK XLSYWERHW

TVSHYGXMSR [LIR HSRI MR FYPO GER FI ZIV] KSSH JSV WGEPMRK YT
be a real gamechanger.

&PWS MR E VIGIRX VIWIBtiéhte TF FPIVRY LHHWMWRK RIH TEXXIVR JSV TLSXS
M1l E GVI]WXEP HIWMKR MQTPIQIRXIH SR E TLSXSRMG GLMT LEW
9RMZIVWMX] SJ 2EV]PERH 9 & [LMGL XLI] GPEMQ [MPP QEOI.UYERXY
8LIWI TLSXSRW EVI XLI WQEPPIWX EQSYRX SJ PMKLX ORS[R ERH Xl
[MXL LSPIW [LMGL GEYWIW XLI PMKLX XS MRXIVEGX )MUIVIRX LSPI

FIRHW ERH FSYRGIW XLVSYKL XLI GV]WXEP ERH LIVI XLSYWERH SJ X'
E YWI ST WMRKPI TLSXSRW MW MQTSVXERX JSV XLI TVSGIWW SJ GVIE
GSQTYXIVW [MPP XLIR LEZI XLI EFMPMX] XS GEPGYPEXI PEVKI RYQFI
X]TI ST GSQTYXIVW YWIH RS[ EVIRTX EFPI XS HS 8LI GLMTIW HIWMKR
SJ TLSXSRW FIX[IIR UYERXYQ GSQTYXIVW XS SGGYV [MXLSYX ER] PS
ZMI[IH EW E FMK GLEPPIRKI JSV UYERXYQ GSQTYXIVW ERH XLYW XLM
EPPS[W IYyYGMIRX VSYXI SJ UYERXYQ MRJSVQEXMSR JVSQ SRI WIWXIQ

-VQVE &

6YERXYQ GSQTYXIVW TVSQMWI XS VYR GEPGYPEXMSRW QYGL FI]SRH
LYW XLI] LEZI XLI TSXIRXMEP XS VIZSPYXMSRM”I XLI HMWGSZIV] SJ
XS WMQYPEXI XLI FILEZMSYV SJ QEXXIV HS[R XS XLI EXSQMG PIZIP

MRXIPPMKIRGI ERH VSFSXMGW F] TVSGIWWMRK HEXE JEWXIV ERH QY
HUYERXYQ GSQTYXMRKY XLEX HIPMZIVMRK E GSQQIVGMEPP] ZMEFPI
FI HSRI F] ER] SJ QENSVY SVKERM*"EXMSRW MR XLI GSQMRK JIEVW WMF
ERH E JEMV KEQI JSV EPP 2ENSV ERRSYRGIQIRXW EVI NTIGXIH MR Xl
MHIEPP] WTIEOMRK [MXL XLI WIVMIW SJ EHZERGIQIRXW FIMRK QEHI

EHHVIWWIH ERH E QMPPMSR SV QSVI UYFMXW UYERXYQ GSQTYXIV \

SYVGI
(EWXIPZIGGLM ) H MPMGSR KEMRW KVSYRHEMRZIFHFERXREGCGSQTIIXMRK VEAGIT
H
EFIJEWEGLM ' IX EP H& XSTSPSKMGEPet ERXW Q STREGW MRXIVIEGIT)4.

WGMIRGI EEU
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Possibility of Flying at
5000 Miles Per Hour!

v

"A Al IVUUAlIuV q QalQaa A qBAEI)"
k U U)V a uvQ a)k" Q 4 QEAja Q 'a U

)'aelaja"Q -
(LMRE LEW HIWMKRIH ERH XIWXIH ER YPXVE JEWX EMVGVEJX [LMGL C
VERKI SJ 2EGL XS 2EGL [LMGL MW EFSYX XLER XS QMPIW

EVI pWYTIVY] WYTIVWSRMG [LMGL EVI 2EGL ERH EFSZI WTIIH 71\
&GEHIQ] SJ GMIRGIW 'IMNMRK LEZI WYGGIWWJYPP] XIWXIH XLIMV .
EX [LIR ZMI[IH JVSQ XLI JVSRX ERH EPWS LEZMRK ER p.Yf WLETIH WLI
XYRRIP EX XLIWI WTIIHW ERH XLI] WXEXI XLEX WYGL E L]JTIVWSRMG
SJ LSYVW! XS XVEZIP JVSQ 'IMNMRK XS 3I[ =SVO [LIR E GSQQIVGMETF
QMRMQYQ SJ LSYVW XS GSZIV XLMW HMWXERGI SJ QMPIW ;L
EMVGVEJX 'SIMRK XLl . SPERITW PMJX [EW VSYKLP] TIVGIRX M
GEVV] YT XS XSRRIW SV TEWWIRKIVW XLI . 5PERI SJ XLI WEQI
VSYKLP] TEWWIRKIVW 8LI MHIE SJ E L]TIVWSRMG TPERI FIMRK YW
LEW FIIR EVSYRH JSV UYMXI E [LMPI ERH XLI VEGI XS FI XLI VWX XS

LMW VIWIEVGL TBYiéneavOWMnal PhySdR, Mechanics & Astronomy LEW TYX XLI XSTMG
LITIVWSRMG EMVTPERIW FEGO MRXS XLI PMQIPMKLX )YVMRK XLI XIW
NTIVMQIRXEXMSRW VIWIEVGLIVW WGEPIH HS[R XLI QSHIP SJ XLI TPE
[MRH XYRRIP . X [EW WIIR XLEX XLI [MRKW SJ XLI . 5PERI [SVO [IPP XS
HVEK [LMPI GSRXMRYSYWP] FSSWXMRK XLI TPERIfW SZIVEPP PMJX G
MW VIJIVVIH XS XLI QIGLERMGEP EIVSH]JREQMG JSVGI XLEX HMVIGX
EMVTPERI ERH XLYW LSPHW XLI EMVTPERI MR XLI EMV 8LMW PMJX M
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NEQTPI MR QSWX GSQQIVGMEP EMVGVEJXW XLMW PMJX MW WSPIP] I
SJ ER EMVGVEJX MW ZIV] MQTSVXERX XS OIIT MX WXIEH] MR XLI EM\
LIEX NIX WXVIEQ U0]MRK SZIV QSYRXEMRW IXG EVI FEWMGEPP] XLI
ERH EMVGVEJXTW QSXMSR MR XLI EMV S XLI GIRXVEP MHIE MW XS (
HVEK ERH XLI IGIGXW SJ XYVFYPIRGI 8LI EYXLSVW IZIR TYWLIH XLI C
WTIIH SJ WSYRH QIXVIW TIV WIGSRH SV QMPIW TIV LSYV ERF
GSRWMWXIRX TIVISVQERGI [MXL LMKL PMJX ERH PS[ HVEK 8LI HIW
[MRKW XLEX VIEGL SYX JVSQ XLI QMHHPI SJ XLI JYWIPEKI PMOI E TE
UEX FEX WLETIH [MRK QIER[LMPI I\XIRHW SZIV XLI FEGO SJ XLI EMVG
the double layer of wings works together to reduce turbulence and drag when at extremely high

WTIIHW [LMPI MRGVIEWMRK XLI EMVGVEJXTW SZIVEPP PMJX GETEGM:

2ENSV GSYRXVMIW MRGPYHMRK (LMRE ERH XLI 9RMXIH XEXIW EVI

L]TIVWSRMG [IETSRW ERH E L]TIVWSRMG ZILMGPI [LMGL GSYPH FI WY
WIWXIQ 8LMW MW ZIV] GSRGHIRXMEP ERH RSX XS WE] LMKLP] HIFEXE
WYGL L]TIVWSRMG HIZMGIW GSYPH EGLMIZI (LMRE MW EPWS EMQMR
[MPP MRGPYHI E [MRH XYRRIP XLEX GER TVSHYGI WTIIHW SJ YT XS 2
8LMW GER FI E KEQI GLERKIV ERH EPP XLIWI HIZIPSTQIRXW EVI VIE
L]TIVWSRMG VIWIEVGL GSQQYRMX]

Technological Challenges

LMW WXYH] XLVSYKL MXW EIVSHIREQMG HIWMKR LEW WYGGIWWJYI
JEGIH F] TVIZMSYW L]JTIVWSRMG TPERI QSHIPW LSJ[IZIV XLI VIEP WY
QSZMRK MX ELIEH JVSQ XLI GSRGITXYEP WXEKI XS E VIEP SRI 5VIZ|
XLEX LEZI FIIR HIZIPSTIH [SVPH[MHI LEZlI KSXXIR WXYGO EX XLI I\TI\
XLI ZEVMSYW XIGLRSPSKMGEP GLEPPIRKIW XLEX LEZI I\MWXIH ERH
EMVGVEJX XVEZIPPMRK EX L]JTIVWSRMG WTIIH [MPP KIRIVEXI IRSVQ S
HIKVIIW (IPWMYW ERH XLMW LIEX [MPP RIIH XS FI IMXLIV MRWYPEXII
TVSZlI JEXEP JSV XLI QEGLMRI ERH MXW GEVVMIVW 8LMW TVSFPIQ
XMQIW INEQTPI F] YWMRK LIEX VIWMWXERX QEXIVMEPW ERH EPWS E
XLVYWX XLI LIEX SYX 38 FYX EPP XLMW MW XIGLRMGEPP] TVSZIR SRP]
RIITH XS QSZI1 JVSQ XLI [MRH XYRRIP XS ER STIR GIPH M | INTIVMQIRXE
3IZIVXLIPIWW XLMW MW ER I\LMPEVEXMRK WXYH] ERH MX GSYPH TEz
technology.

SYVGI
(YM IX EP H-]TIVWSRMG . WLETIH EIVSctheeEQNMBhGIEBSRIKYVEXMSRW
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