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foamiuRE fow oo, wa= e 9= e Uy
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Faferd fHTeT U SRIATET i IGHST gidl. STRET THarT |7
310 hIoTclg! ufcifshan g uToft Srererd ATgid.
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IR U hid. B Td TS a7 STTUNS=AT STUTE=n URuTeh
e 3T 3MTYT IAGT SIS Ahdl ohl FRATHIS HT A A
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AT T2 3T, TehIA(e ThHHBIGT Sigd diehes el Sl
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fAHioT AT, Gee U 3T 3¢ ohl ATt THId daR SToat of
&G STl STAHIRT HT foreRe! STard?

AT STeRITEAT Shiebld Ueh dcs 32Nt Ad ehl dT=T SIS shadl
AT SRR R AR gid. A gdaw= sifawa: arm

e hald STAhRRIA IYSUIATT gld. AT Ulshddd dr=ard <HTor

S OGS SRR (TSI BIdTd. TRI & AT [HehTaoedn A

F HOGHTT ArATHIEd Toh TR HY TR gial, Sa1E dgTdadi

3TfHeT (planetary nebulae) FgUTAT. AT e ART T

ST, TUT AT TR IUBGH! ol Hoee Jeaand U8 a

ITele HHEERE Siia (SA 2RRE AT HSGAIHA a0 377g)
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o~ 3 o A4
aferaied TId BB 3. ATd TTISHT Afha(ST TS

STRIHT X TG SEIHHTAT QY UT 3MTg! TTHos STTehTRITd Afchel(e

G Helcseh THTOTI ST STETed AT Aif-ehiean oSt Iu!
ATt o1, 3Tel fFRIeTol Hul TG 3T AT Tepid STURET Hlal

Sfchaiord TId IUSdi®.
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SR 3ME. 3Tk AN TRRAT AHG T A haes RN
RUAT fehell SUAT YR AT I TanTei= Y] qaR gior g1 Teh
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AT a1, ANTRINTE T Ueeh Tehd I& “aisT o¥\” fomM dar
gIUATSdeh ¢ TN 318,

qIe@e UwfHaT (panspermia) fagia @ Gimar &t Stta= farsgra
A AT TR ST ST ST STHUTR Sl [T AT Sae:
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AT, 37T IR ROl TWEATET ST af OF Aehd Tel.
AT AR SHIGUATHTS! gIaes TOT fershafiig a1 Aasiga= 31T fo=R
HISST ohl g GEHSITE YHeheAT TREfId AU TS ohies feehtel &
RThATd. IT Hed~d gl 3o LT UR TS T 3Sa]

WepH QAT UGS ATEI. TUT Afchal{GT ARG e Toh
T eI YT Ad. YT Uifgedroa Tl sfcrsie g1 sifazm
TUT o R 379N, STHT §T U] -IE {0l g 3[a9e MY 3. a6 AT
JUTAT HEHEd Qiohes WRTIA Sa 37 &7 U] SfG& gI AehdTd. hlal
ATEAIT 1 AT HERITH ST 37T i Sfchsl i HTes Ulehod A e
SHaAT SIS geater o faryTd Sa) fohoft digherd oT9ma. a&dd: el
SRS IfhdiGHed FTRRMAIS A1 b 3lgd. HiTsTd
Fefl afhalanel Yersia 3Mene AT AT hed-ol YeH YR e,
2 fOg streama a1 Myl Sivdig! Gferdr TgumR A1l ot dfshsiio o
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NSST RTA. TSUT ARt TS 2R, R YA ST 3THSS T
qToft FYF A3 3. T IR WU SHTa 31Tg. U7 TETET ST &
ITUTE 3T UTgH A UIe & gToft forey, g feazht derreht aat

AAEqlidol el HHA] Wé&lchloohlijd SESSESH athrUTaa?ﬁ
BT HISAT TSE=AT I “Udra” 318 g 31907 &M dredl. Sa3

fE=T=aT a=aa=i SRzl AT ST Wl shidl JAT0T shodd hi STTIOT

TS JTeh! HelSTUT SUTSUITT 3TTgd. STTTOT ST TRES STTIeT HHST
TR RETIAST RIear I U0 ged.

SR JHEAT JEdid 3 SIoe 38T @ R oM QUi a
RRATHT Tl TANTA fGHA 3ot 31Tg: IATHfaehReEHan 3for
OSTI&IHAT % THIUNG STeadTal 319 &l § THSH U,

uogiAefies IPTUfABRBEIAT
AT SfiaaTd sTmuea TRRTER gad STHUR Sl TSI de Ied

AT, A TS W0 FogEe! o= 9d wmogi
TURTRRETRT (immune system ) SETSG hoso! 3TMQ. ST TR
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STTSHHOTTITY YRETOT 0T Y=ITHARET & I AgHie TSl 319
FHIVTATG! Tehtd Sitel o TaTef TR IS gl ST A 9%
ARETE . A=THTO IR wRYRE fafay swamg
Tl

Tk TR TR STl WSl TR JoRl oaTae
ASTd AT, Il T, SeAl Wed AUk 379, TIeTdis 37T,
qlSTdIS ¢ehl, MG HUTARET ferehe uard, 3. Sledld do |IeH
FRRT=AT HHE &7 T STHAT. ST AT STHY AT TREUT Haslal
WG Il S IWRG Yo Aaaaad. § Siq W maeso gt
FRRTETEST TS ST ATGT ShR0T Tokd RRTAT SRR a<aTd digiad
30T AT ST TRTAT FIVTATG! Sadar el RRewa swiar Ial.
AT ocheh THTONG SRS o S W dd Hohe UGS
IS AT S TBd 3d! TS gl gaERi= ie
IESTATHTS! I TR RBEEITET ORI THT Sholl g iR STl

3t g & fomplaTse

T WREA® U=l I 9¢sh e gie=n W=kt (WBC)
Q. Uie=aT UMY STaTTes Ueh 31Ted, ATdeh! < g sl formidrse
(lymphocyte) § I ThR ST THAT 0T T et
SSTTadTd. AT Sl-g! UN<AT AT Tgd | ATTeh] 3T1g. < fommarse
ST AR FeAETSt Tent Ry URfter aTaR Rt A uRht @n
ST =106 91 & fa¥ed Sdld. qr&oe s [FrhErse Siqe
YUehia MeATeR Ufeatel (antibody) A@ET=T HieH (W) AR
e hRETIT AR SATTHTY a3 9ige 38d 10l 3T

HodonSTU] enlHId U gldl afTfor SHIg 3 dled ATIHTOr TR
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AT fereRReRTaR STTOT TSI &t ST THToT!

Pathogen
ﬁ '-—Antigen
Antib{]‘dy 2 www.science aid.net

o 3: Ui AToTERie AfasH=i=T STSdTd STIOT 37+eh ANTSTIAT Teha .

TSI, AfcsT STIfoT Uiifie e Tehed-iie.

Stephen Claydon - Science Aid (R00¢) - HerfOe aTRIETST FITHINE IRd1a.
ST FTISeaY TRR @Y HigdT JHOMER & 9 off fommasge ar
u=hie frmtor eq. ar U=l greidie SRetaed (bone marrow) 3T&TRRT:
TUT HEATT U BT 371g ohl IR ITSIEAT Sb@d hdl? NSRS
(31 fSramy, o, 3.) S WeE IRTeT @ TR F St
LRI 3@ Jedd dd el Uiesi (antigen) TOTATd. Ueh

TR § e TSI W S@EI 3. 37201 Tdeh Ufeol o]
T oh off forhiarse 3Tddl. Udish Had SUTIHT TehTel Hehi=Al
e ITSd IATIHTO Ydeh Vel WiTHfder =T 1M 319d ol
therd Uehd UehET [OFRIAEe I 9ude ddaql. Uzl 9ou

seaTeR fmRage tfeetes fFaior . a1 Ufestes s
(3T U ITSTART) AR FATA. WTSTAAT T YA A=t

A R UFATSIST Bt MUT IR AR SRoe! (IATA(h)

QYOI 37T d ! TETRIT AT ATHAT Sh =T S TaTTeod T MTOLTHEN e STeT

%
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(SheTE) BT ZMRIAT B SUT=AT ATl IRRMIe Ufedifesr=an

THTOTER 3.

IR W=7 URNAHNS UfeS=aaR et gooT ol hid ATel 39T Ut
AT JRIeT IS, AT X073 hl TG o Tersid 3Taed
AT TRR @2 U2MeR gHST He gl a1 Riehd, Hl Fgt
TSI “31TUes” STHATd; TR el “UNh”. 3T TG higioosl T
TR RURT WA =T IRRATS URiard AR ST SN, ATAT Wi-
iR Ren &I HdT (auto-immunity) TUTATA. TTHos 3T ATOATHE THR
AT fHH0T B 2ehdTd.  Wa: AT QUi @&a:ard o2l 3G
FOIERA 37TR.

IPMfaeRBIRbIdI®S dfded

ThT ST hlgl UT0AHES  IMUfehRepeTAdl IiTel 3794
W HRAE 99, WHIARRBAFAAYSG T AT ST
MLTIATAT SHANEAT 3k a8 T hid 3MMgd. Sfiaeior Aig=ard
“gra=g” a1 ufafga fosm Fadefeena frea enfor ufeqs)
foremdieT=an afeeni=i Uflig shoedr GRNTUATT UoHE A1 iSRS
FROMHAET FSST 3R, VAT UgH IT ATATTAT AN SRTRAT
RS 28 I8 AT Ueh T WhicHSSTahd Ukl Seeile a
Heiok 3RTE oA 3Mgd. AT 3 3B S5 hl Aoy
HBHUTAIS hHI o ST ATHIThRepITeRT TdGedT Hegid THToT
TEHAS TGl AT TETYS UH 3T GIAT Sl SSHITTAT AQTHT STTHE
HHT AU fcTehRepRTeril 3Tl HEAT Shes Ul G131 hAT ST

qreid. I 3T T Hed=aT USTidIeIeHdd Jedd. Il 378
JMER 3G i TS UlThRehIeRll STHGEAT =l R

UfearEiera TH10T SR 319 30T arqes STfaz IR fEareamg]

&



AT TR ReRTeRT STTOT TS &1 S THToT!

T HedT A AT S0 ATHes i SR ST 319, 907 Jaiera
30T TGO HIeAaT STHSET Srordl HIST fged Ui ReFURIeR W
ST ASTHATEATHTST YT ol Ricweh Tgd ATgl. AT ST HET
FHHU YA SIS TG, ATHGE FHHFAA UlThRERIRIT SIS
Hedi™ YA HHT ST Y07 AT Hedl HisdT J&AH 3T SIS
HIodTd. 3T i FBUTAS Slel TehR=AT ASdi™ THI0T SIATae
STTcl. 3T, THSI AT I ThehRIeRITe! Hel Y T ST & &L o
% STURITT ST Sl SATIOT TS Bl 0 T ST STTOT & T R STUIT
STHIGT 9o, TS Tih TRl Hel SIS R0 I ST
. TS IehideaT 2P Sl Hel daeard J=ea (fit) 37ed!

TG ST Ayl I RehIekild Tl

JMeesd!. ae TANT fshzl AHarErst &1 gidrd &l § 315 WY
ATE. ST TR T—NT Wfersard e e STTcies. 9ot aruda g farsmal

gl BIhTATS! ABTHTERI STy e ATt
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CrE kY

L= = SAT0T ERroTehT=it TTct

0T kT ITL STITOT 9T RIS Ufge Tk AT HIBIATS
TAETAS ST W STawdgeh B&T0T, Ul W =Tdient
(exponential) ¥, 32T YHRAT WAId Yokl COITIEA GEAT
TITER STUITETST SRURT 98 hIBIMHTOl il gid Sdl. g ol
R SMOTEd df VRS SATedl STHIE Ui, SIorehTeit
TUTEHAT, TEHIOMET 3 (processing speed), T, 3TN TaT
oY S T W A g w37, foRiY g
AT AT TWEUTY MTehld QREY FTHT S AT Uk JATA IS TATE]

SHU-TEAT YRATIehTUh! ek 3T e B+t (Moore) s gid.

oy A

SATYHTO! HTHATAT 94 2k J fohdie samaRie fFE=or Irauare e
HE TAl, ATTHTIT TIOTHTET HRISHIITHER g1 9eeh SRl 9
fSRaTiaR S&T Sardl. Ao ST TR ¥ HIeh VIR BT I0TehT=
Hg 3TTg. A HE gt fssTasl Iaruzii<a (neurons) SISUIHYA
fouTehet Uek Faelt (system) 31Tg. ATASRIVIAAREAT STl STt
AT TSR BT 9Tk SSiTadl. SRTOTehTT o g1 ATIshIMHea]|e
SIS USR] 3faoad 3rddl. Rae Sea ifered, fiden

ST ST, HT 1\ AieerITd 319 FivTar i, & & il TIeee]

R



o e

“TIEATA Tl JVATHREAT” ETi-eTeddl YT gWE gid. _ue o
QREY AT TG AT T ST o A g1 e dieat giar.
TRST TUTEIA il ehl BT “SS” STUTHT Q0 A I, YT forIe FguTst Toht
SAGSTAS Lo T HIUTh &I TTd! a1 FEdTaR g o 3T,
1 frmTee g3 e g A1 T ufigiae araed. e faEret
T STHSTRN TERd o =il 0T ST Seisieh J 3T Heab!
T T AT AT S SrUwGH G0l AEUATETe! h BN,
R AU F=AT HIATER ST FR0AT Ged a1 shd=di-l HHR
STCATHS Tl ATRGRAT BId Ulgol. 3N Rew a1 faam @a:=
TTehId W d TR e GRATT!

qUT HATT 9% 3T Tgdl al g1 ol TIuresTel qreal FHEaarER Wt
FHTTIA AT TGUTR? AT TATAIT hIg 3T 31T T2 AT AT ST THSA
QTS TG dif=eh STet THSITEA U0l TRt 3778,

ARIBIIRIER A0 &ATaRle Sif~eResd=l Jjwur

QR¥Y TSI THSHT “UfUeR” IqT YIorehra SR MerTuaer gidl
37TfoT BT YIT0Teh WehaTaT Yooo TIOT! fohaT e 2Teha 3/, dR 3TTSTaT
SUCTY MU STGAE ! ATHTSAT ST HehaTaT R 3TesT MOl fhdT 7
ekl FIUTERTEAT IT STgd WHTHTST RN 3THoresT AT “gfeveg
Hlthe” fohar ST, B T3S 8041 SRTehTd ISATH 31T AT 3TTSTg!

TN TSI aTIdd 3Tg. a1 Td (Hfosenl a1 Hogearen sifir™

TTAe UTYGT U TeR TR Toh Sl-SeHd shiRuaTd ddTd. AT
AT 37T GUiCAT= 3721 UTcoh! TS 3TTg ohl T STehRTUA ]
SR 31§ FIS! gTi-eied ShiRuATd AdTd. HIIshIMAER g1 Uk

ST ST TR YIRS R0 SR Tk iz

gTfearely oo 3MHdId.

R0



T Fram STfor FeToTeRT ST

O ¥: TTT cox¢e, THTT IUSHS TERUT, WY AT foda) AR §: B
Tfered 3fTea; Hiadea aiies arl et agde TRaARi Siedard.

Thomy pc - Wikimedia Commons - AT ATG®I.

STf~oTe g1 UETHT Raed R S1H Shdl. T di- 91T STEdTd: 9,
S, ST T1e. GISTAED ITTH AT & SATHHTO FHSETAT SIS
e AT WU € SOl Soaei-al HaTd Ssiad Jadl.
TUT STHHTOT TEIaRIe SR0T a1 TaTere &= shid meHot e
SO AT TATGTe SATT0] U shicd (=0T i, AT et “3ifa”
AT “Q” TGUM TS STl IT ST e THYA Foerg =l
aTg g% o9dl. @ g “sifw” foham “o” ofa@dd 1 9dm &
TaTg & 319!, YIUTehTdes e TUMThAT Shilel gri-eda a1 g
IS TSN AT HTTSHR 3Tl AT AT TOHTHITI

AT TSR HAT TR TG STHAl. ARHIEER ideh S

gT~ered hIRUAT Aciies focdent T SIT.

ST~ SHRUATEAT Ufsha=aT TaRTce HISTHTY Shuarardt S=riex

2 e Teheh ATURIE BRI, § A-IHICY FgUIS HICT=T 3TssiRl W,

RR



[ERIEETEY

RIGIMIAERER hRUATd AV g IEaAee siairen fAwan
JREEA AT Afh®T BEuaTd Ad. I&1. e A 080 AL
STSTRI STUTGTT 31T AT MATRTER ¥y, AIHIeR TishI=T IR Hot
3T, AT 37 AT MYETER hRUATT ST S ATaHHENS SHHid shHT
3R Qo AHIHIE 31TR. UL AT AT Qo A-IHIEX 3T, AT 37
T A AIHHA Thekd Q 30 3 373! JAHHIS! AT hTe AT
TUEL 4,000 AAHIEY ST, ATTE AT STARTAT YEHAATT HodT
ITEl. a1 Ufchd fEre1iar 3.3 3TssT gIf-ered ShRudTd 3TTohe 3iTed
STTOT 37T BT TIHER Tk Hehald 3 3T6sT IO Uishall e rehal. @t
fEohedT ShITehTd STTIHIS TSI [eheid STCATITRIA TSR STTesedT
gl faes $oo Aewwaw Afgdl [Roa! 3mg. Je=an s
AATE A WYY U fHobe.

ER] SRS e uferan T iferedst

(Frfer)  (Foma/@ehe) e
R ¢oo¢ 0,000 Y BRI 3K00
3¢y ¢o3¢q 400 9.§ hIST 294,000
%23 dfeam ¢oo &.3 et 3 B
e dfemm-3 34 30 ISl 9y TTE
3000 dfeam-¥ gco 2 TS ¥.3 It
00§ R &4 2.3 3Tee RR.8 WISt
3090 IEEIE ¥y 2.9 3T 3.3 3T

HITH ¢: FaeH Sc@ MHTE=! o1, SHSAR b 3093 AT SETIHTII,

R



T e TfoT SeroTeRTer STt

09%: WA= 3id?

SEd TEERERIS Cli-eel ShRuATH! Ufshdl W gid Uele dradd
YIUTRTEN TATt STTH I TRl . AT ¥y SHe Ufshd=m TR
O Adl. Wiosara g et et gld Siie®, 90T ot fohdt st
BIS® AT HATET 3. S AIHHHTS 3TaX TUTeAT STRRTIET HHT
QIS Xehd Tl TUTSId Y A-IHIeT U&T hHt STTere Ufshar FHaenrdt
3. U0 SCoHAT AT 3003 AL ¥ TRAAT s hl, I
FHH 98 AIHIEY STEreAT Uieha=me aTu TEER hiRUATETEST hivdrd
0T F[ERT 3. ATALTT U STSIAT Uchd- iR SIeeH @ e
T TFIIATANS SHicH AT TATATHS SR e HATGTER 16T 39
RO AATGT. TG} STTOT SROTT IETE0T AT X GO STet it i
RIITH Toh e 31211 AT ohl EROTGA UToN FERUTIT SR €ROTT= AT
TATETAR T8l TGUTR AATgl. ShicH TATeT oo 31T Rl Serg i TaTgid
2idies STfOr Giures “3ie-gfhe” g1F Se®. 9% =-IHIex ufsRar
08T FHARTH AT IS, AT A~ THEER QY 3763 TeTe
FATeror TR B! STTOT T 14T Fdl BT S TOTehT<AT STl STTfOT FT=AT

EREICIRE RS RS

TUT T0 &ATIS Tt SAT Afoies rd? Jobtdl ATal, T SHAS o

AT o] Tl ATTAIT STATITAD 08R A AT AT =T
YRS A (TR SHodTe FEard ol 31Tg, Ial. FHicH WUH,
Sqeh1d |ITUTH, STT0eeh TV, S, STl asiiedl Hd R08R -TaR STt Wt
eRe ARGl q3= o @n] uea. dieend, wiosma Rradd
TSI Uigaq fauwia a8 Seores Arar=an a1 AT W R
!
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o9 Y

YITUTeh HTUTHTARET faR &
3Toh hTI?

FELE Ll

ea f&q@enten “A.I:Artificial Intelligence” & REde urfgem™?
A Ueh S o U ef Ueh IS Gxieh ud. a1 o
=T FETi UrRfTes dTeR. WTaHi=T GHIERT shobdl 3Tl 3TTS-
afSa™T TSRS IIgudTdT difsies efferia nfor e e 99
AesaUaT=AT dBHSIdH AT AT ST GIHS g1 AT fesger=r fawa.
? UTg- UeTehi=aT HATd Jfee 99 Afehd ST Agdl: “vforsna et I3
HFATHHTO! fSER & Fehd o 12" IT AT AT “Thim Jhgrar”
qT AT FlgHTRN Yordta foe e Foara adl.

“Teife” T AT R0 HIH| TehT Sk HINAIS ATChId UIH ATIR0AT
AT, AT 9N Adie GO Ueh RN Aot St TS Y IUdd,

gOohl-Heeh! I helbalUll hH = XAl ohid. T 3T SR

ARM, fhahe MThReHIE FRURT SheaeheX, AT SaHT=T Ui
QA MU 3TRAcd RIFUIRT WI0Teh, § §d Adled 3fgd. 9oT
AMITST UV SIS Uslie g1 Ueh AT I WS AT

o [

FHH FGATET FHERT 3THG SARAT Al Hierdl He Aohes, FHATAT

R4



[ERIEETEY

TiforaTaT ficaThs Ul ATHIed WG ST e e Ah,

YT HIS(RUTST Gret Hasuarad! Aed &€ eha, 5.
Y TeheU=T Teh shod-d] YRR 31T hi SRS ASFdT?

FiGHTT, WA, WETEl SM0iE, Tdd FGe"HRTel haehROIHTE
THSH YUgTh YSUE, AIghaTeh foreR e ol Suarei erarn ar

I U AT FIS! TUIAT IShiTaetT fHaTaer 3T SurdT

3Ted AT AT g1 A0 AT TI66% T&TH hIdTd. i Jigreal
RAT hTH HIOTAT AT STRAT RO 37T hl wiersara stfauma
YU HgeAT 9d ARSI GHISRT el SIS IAkdl. § SRR
3R 3T WRTUTRT ShivTaTe! Wifcrerameeta o geamast et At
S forgrea zraentd faHTa Sievedt U=ie WITdidH STUeTST dieH
RIS TSUAT STacsaiaes 9 e eite e foam mifed sme
W a4 A 0T AT wRUG!, qfgadl, SoE, 3. fawamrds
RN TG ATeATaeIad 31Tg. AT HROMS 3TSTel; “I R &e

TRl ShT?” T T STHYYI gl foha gl 318 IR AT 40! I ATg!.

ot =memf

T UTHIR STUeATaT foeTeT Faeiiie qardid Hism Jigaae
A ASToedT TMYBTE! hed-l Jse. SURIeo R fouai=n 3q=T
IEMS TEATET eI “AF g Mg, Sroe &3t o
B, “fgree ARAT 19?7, . 3T ATceh TaHeAT - ISaT
g, g wiSl wiedt foifear e Ued o (Turing). 340 AT
fofeean et MufEea @™ Ue 999 31 GRasal;
foraR & ekl 1?” AT YATUSST “HHATHRET Toh FfGHT AT0fT
ST hE ekl o WUTeh hE ekl 1P 3T U o=, it 7a

R&



TATUTSR ATOTHTERAET feaR & ke hIa?

AT UlgedT T “foam sor At frafat et sreed
3Tg=AT FATe fmtor gromd Giewerar <X gia.

ST, AT FfGHTIRN JOT he AATAT JrgHTTdT 3TTH
HIUl T 3Tg 3T I foraR g, a1 o &= Jamdis
Jgre I g woaEet s 9=l gaael. el
IRIGIAIST 3TIEY gl TG0 o gl ATT0N 3TN 31Tg: THS qHl W&ah:
AU HEHT ST, STAUheIi=T JFTT TehT HIUThTeR SE GIH
SferT=il (ST 3TTYOT 37 STFOT ‘& FUT) HHTHOT SHIUATH Hilt[aes 31T,
TtehY Teh YTTUTeh ok GO Ueh STk 31Tg. 0T AT(ert qugTesT Shivreigt
qEheTT QUATT ST ATal. gl Aes HHATIUT AR JHATHHIS
AT TS0 Ad. TR JHTST ATaviehal TG ATEehedl Qi
SATFRTUh Teh TITOTeh Bl 314 Shosaldl. qraT S “3T 3107 o Uehl shiorar
YUTIUThdT TTUTeh BldT g W RN GiTTdT A5 shi?” AT U 3T
“ATRr” 379 f&oh X AITUTeRT= AT ITeroft 30l kil 319 AT Adl.
3T RAT=AT A 1 WIUTeh FfGHT STHeAT=T gElT 371e.

ufes

T Sty Hm Figrar e SRiyaTeT T e fmwet
0T IqAT Tk o= IR ATg BN, ARAIT AIOTRTETST A -
ST 3TN SHIUATHT U AU goTRY 3fieie Wiy fosfgoarg
FEATT Hesl. § Fd TR AT =l Ixiol groarardt fafguard smes
e,

9REE T ¢ AT GAHe Halla TERviia o eramd, ror a1 ot

% arssarad- (Weizenbaum) ffgseat “ufesn” (ELIZA)
1 TR AT STl STt glee fSTTdTeT SMeehld .

9



[ERIEETEY

._@ Q@
LY

o

C

ot : i areefime C g1 adierss A snfor B =it e Gare arear. @ikt
FHIUT TATOT STTOT FhIVT AT § SNBEUITAT TTd .

Bilby - Turing Test version 3 - STd3T-Id> ATGPL.

3nfor efeTe IaTvETr g1 WO STHUIRT ShivTdTel YT fgHT
AR TG, YT @ BR Bl 12 BT MO TRReRd JfgHT gl
FHI? AATTT I AR 3. 9 HT § THSH HogTH 0T TSt
“gfcren faw=it aifedt 9.

BT I WISt AT Sfgaen Uk 33T WK gieht, Tfoss § Sifst sAfe
RITAT TehT TSI U B, BIol STy AhHHRE IHR Rikauard
AT (ST, SUSTHAISG “HERT0M”). BT THH Teh! HAI=RAT
e HUATHTS! SATUITA 3N BT, WHH ITIRUATAT Seriiehg
(U URTeshg) fHesu= UfeeTeras &1 WU el Heem 3Teg
(h1-TE) MY HIed 3T IO THT I8 WIS AT ARN TS
IR WIHAH fHear sud 3. 3. Yfes YaTg I

URIC: ATS! Sieh WU g@d g,

Tfohe: Ht Ueh AMHIIaRaAs 31Tg. Faled il Siaeddl Heol S|
g,

%



TATUTSR ATOTHTERAET feaR & ke hIa?

I TS UReeal UHeRA “Slhg@l” gl ] TS o
TIHAS Giodoe I) . TUT 3791 3eg 7 AIISA Tos T
ek I H9H WEATS I o5, 341, “HAT Al TURMGAR [T A
h1?”

31 e 21formr shedeha Tecsedt A1 TR 31k URiediad aTg
TS, TR Ueh hl-Tg, TS g1 TSI AT a1 IR JUATErSt
QLT ST ATGSIAASHHA SATAs! AT TG W ST Blehi-T gl
HEIY=RAY FeUTS! (e Teh U0 31T Hilllde dds! 3%
STOTI=T T METeR fIgTa= 9T ATel. hIeSTonH1 X Siaei-U3e TEHie
WISHT YUTYOT ATAeIEES SYSTUl 36! AR JeeieTaHSTa6s
e ohool. (THel & UfoeEiad HHTIUITE ST 4 Mehdl Jiee
YhaeI@IeN: www-ai.ijs.si/eliza/eliza.html)

Ui RTHM TR AT T=AT a0 3 TR 3770,
3. U, U, SteRaeht, 3. 3nfor gt uiosstrean =it geRre
!, JUT UGSITeaT J3Mges TR Ar=ofiaedie qivicthe AR &8
IS .

<R amacfidie iy

IATAT Flgrel IAT=oh, g AT o AHATAT JaTaedl ArTesH
T T T 3TMg, § ST arauie Tfgdeh gid. AThROTEIE 3731
SO I IFGHTT = AUHar e JI6! TRl 3THae 9r
AU ST, SATOT 3TE AR 7 STesedid 0Tk g el ATes
GITUTeh ATETY T ST AT ST Al dl a6l THeTe T Saraoit
FHET BTG, IG1. QI Yo 3ichl TRATAT UMHR F0TH UM He

R



ferm FaEe
hd STHST A § “STHE!” ST 3THT S0k ATF0M I<AT0T gl
F[HUTR TGl

Teh SN el 3¢ ohl TTIUd TgWRIT SIOM=AT el JT=Ters
TR I 3TE 9Tae! Aegdl. Ufoeirean araviid FgHrT Siohe
UTE § GU i a1 RISt gid. it Sromerant gt St Kot
Al R FET W0TR 3NBE0l |Y gid, 31, “HISH 31mMe HISh
foRE@hR Yd.” a1 URie=an UidEreraT Tfosie “qH=aT =R_Id STl
h{UT TH o hd?” 34T Ufausl et gidn! TR AFEI=Ray
YTHRTEAT BRI 3MYGehI [oaRYH . STSeR Teha! WU
TeRT ST, FTUME, o TROAT TR ST 65 WehUaTd ARG
ST HTE.

TSN AR URGHT d 3 3T8cedn ufaameran o1 gobte shosd
Tegdl. S 9o a7 dwag™ Teh R &Y UdeT 377g: Ulos IR
TETG AFEA3R AU e UGGl had JaNE ISl AT
FHEH AT ST ITAT0T HE Mehcl, STTOT SMRGATIRIATE, 3TH AFCAIR
AHATIHTO! fSaR € 2ehd, 3T91 fahy 1ol el 318, U
it =rerft 4 fomm wara § g e 2rea T

1 | SRS 37T Hi=H G [EoaTdies TRereh A1 =reviier
T HEgTd | AT Sa) He<aTA] Uihe doe 3Ted. 319 319e adl a1
AU 03T AqeHTeAT FaATHTd ek dTaeh To<al fEaeTd Saoed
HH IGHTT SATAT AT RS %o g die Ufdgias dg
TRied. TR faemma e wia wMAAREN @@ 9o SRt
STHRIATSG! 3THGSG R0%R § I “Ua TR ay” TgUA Hifvd shodrd
TGS 3TTg. “TA AR & s 12" T SS[al SRR 9 3778,

T U 3T haTeid 9T IdehT=AT ITUad fHUae.

30



o9 §

U RICEICIGERIG

Hle diovari HHf

HTETeAT HeET G ST GHT0aTd Ad O T AFUGTehe A9l e
3. 3TH 1 WA g THSH 90l JfSha TGl HIHET 3 0-3Y
FRE TG ST, AT BT ST HE TGUATAT AT JersTisit
VT AR e HalG AT YA il § Harg s stz
T THes @WeUT™ 2id (327, “RIehR &1 SN 311e”, “HIS! 319 Yaod
W HEA hY, 3.), d a1 GUTYONT O & qguar=ar g8
fhma (survival value) gicil. T STUATHTST WIE AGUATH TR
Aogdll, ATHRUMEIE AHE! Hd SR & MY Uil qHoe!
3Tg, ohl Jedt ekl Aad 3 d B 3TTg. ({1 916 YR SAT0TEd
<t FgH A=A ATedid, STt FAT E-afeai=l Qikiaee! e MY
T AT, ) Wi SGUATe Tgil |THT 3TH UTaedT-a] hlel HIaH
STFHTST 3TTST STHTE. YUT STST=AT ShlesTd ot Ueh TR T T3S 3TTR.
foraR T SR RTST W@ie Aol Id F9d, aX gl ardeT fHeR
ST el TRATT Kl & ko] STHATA I, Al chosedT Hg
TR “Hegs 3" 312 TG S5 KT STHAT Hl, fohall ToeaT o
FIEHS UMD 2 VTG TS Wl U EOvaTRE 376
T “TATa MG, 37T X JoAT” 39 WIcHTe &% AT 3Tl &1, 8. AT

3R



[ERIEETEY

SIS THS A5G ohl HIHTIh STRIY IEUITHIST (THTON)
@Ie SedT JuT ferdt TRe 31Tg!

qul AT A0S TS0e! ASQ@le 31Tg. 9, W, 3fiaewargt ain
YBYBIC SAOHeT ST ST I HgdT g1 WIEedul e g
T TRl TR TG Tehed: dXl § Ik gl TRl IhdTd, Ial.
AR SIOed] SEaaTe! gHEATIG QST 3TSTHS ShuTd. 31T T
TETE] il ©R dlod 3718 hl Wi § ML vl AR Agwad
BIS a9, 3TTSTaR 3Tk ITEUAT TT0T 31T METAT Ugd! faendid
HIUAT ST Tgd 0T Shigl THTUMER AT ATAUAAT [T
MR 3T, UUT AN NIt SR fEeTyETor ATdeh! Tehet
TI0T WRERATE! Fogdt. A gl fRIcll agavar forg fog arTet aTgd.

gcIENeAETT sfae™

IET AMITIMEST T AT TR hdl STl I SUSiia “ad

feeeRy” 318 UM, 3YUT I ST Wl e, 39 Burdrd i
STaeT Ufeet o fecaex ashiqal Tl 9IRSl ST
HTAST. BT ST U= SR TRl MEaTeRIeR 98 @iaid die! Sfor
AT AT YT SETATH Wil AT T SR 319 Fiodrd
T 1, “q SX B ANGe™ T Med SGUR ATgl 301 SR @i
NG T M S SRI.” TH 372 Bl hl T Tehosd M=
AYETAR HTSTo T AR I 319, ATHS VT GO KT TMeareh aet
T 3edrd, Med oo ATgl S0 Fgud 3TUuT ey e il
TG TSI e TeAT GTaTe! fFI&T0T &=t AT ST WIaSTHT ohid
3.

3R



SN T

W 31T S U 1oy ufget o fee ey sqfaaT o .83
it fafoam A a1 ARATST 37H SMEGT IS Sl @IS ASATT
HTUTETET {ISTd dTedl. JraT 37 AHarsar TTdie dia-eEr IRRER
BIVTRT GROUMH ST SHRI=AT el §d-3 T qearesvt
AT A FAehdl. AT UTATHE WEITAT AU HISIET F5S Bl
TSI AT UIGUTE A0 FUR TS 318, AT AT GadTeT
SterRgi=r o, @ faRafeliy (resistance), 3.9 HISH &
el SrTeUdaTa AT, U [Tes! Wi diadl Q! fHdies ot
e A RS UG M A1 THETE UTdeh! areadl. Ufga =
ATEATT UTde e IRRTAT ATgTeAl WITHT TGRTIIEST SHIOT=T 371
JE W= JeRalie-aT SMehe gradrd S0l eRvaTe TRraedl
AT ATTIhe (Fad, FFRH, $.) Foivard Jal, I THead=
RIATITATEAT AT |TH HEvdTd Bid & dosedid faRfdferie sl
AT =T etk (galvanic) UGS TUMATd. TehdTgR RIS
GTE THI0T A&, TISTHT hiIRE U, SIeA T T [T €81 el
oI, ATErSaTgTET v dredl, 3. A7 99 MUl e o fgeaems
HUITA A, AT MHT ATSTTAT TWEUTA IATETAT AdTd. SATAGH! ST
WS fu™ sid el HeHaloaehdighes 0T oman A
SaIqH A 3R gld 301 aies ¥el IRk d8a 98 I 99

AMSE WEY ThTd dosl dgaid. 3T dgd MSET Weld SSS

Hldcd dlc AUl i.'\'ldRi"h HlA® Slld.

qUT g Il BRI e ATl 313 RIS B S @ie STl
HIVATE AUMARATS THATA? IR GEHIUIARIA @le 300
TSC 3T 3T YRR SATS5es 31T, AT fehclig! TR TR
ST A WIS ST ATAT HATE! TSHfoes gia 3Nfor a1 Wref-eh
RRAY TSHE IXRER IACAE. T s gl Jae Guwhd
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AT, 3Teh HLehHT WA AT choredl Hedi et ATST gl T4

. Toh! TSl ekl fSaasd <8 grRaas <t a1 TAe! Slehid
T 3T S ATEL. 3T KA AIfUTR ATF0IHT HgST IFTRT T,
3. yo fream AfgeT=h g ot e fhex W o &1 &
AT AT I HHeeT gidT. ST =61 AT SIodTHrs! i I

B U Al UehSHT 3T, 3003 AT BRI A3-e UsheHT 31T

I X hIUTRHIOTAT A9 AT IYHIUMAT Thadl A3 IAehd AT
TG ohodt glcit. TETGT FsaTq a7 AT 3TIRIUidST gohTeh Sesl UgH
SRNYEIAT BT Ak AT MPIhS HIATSIB] FE- ATGUIR ATgl.

fMRI =TT ATR

T Tgaed g [ &l g uwg! fagra o feear rftaa
TR, AT “A1 Arauai el =aeeid gid U U Sied
TP T TS e 311e. U7 & URfRre usevart g fiwa amea.
AT KA UM AT FgTAT HI-et gl HRARTER
@& Saal AUl T R, IT HEdie a1 TeSTHISAT TR e Td-
AT INY U IS bl Bl hed-T SIS STSeT AT ATeh
9R]R HTH! HISH!. ATATHA Wic SGUATSET HEoT T GSUTH B,
Il Y W ST, T AT 37 o JIATBUMRT Teh & bl

TSRS 3R d GIATSUIRT Teh, 3T Hd g fI9HT ShRiRa STHdTd.
ATHGE TR AGUIAT A AT Hd o Tohd W SHaRiie 3TEdl.

qul Hgd IV 9T FRRA R § il HBUR? @IS Aod 31Tg

TG § UTRREEIS! T Sieh el SR |ieA die
grgar da! arEret fMRI (functional magnetic resonance imaging

technique) IT THATET AT HIOITT Adl. HGeAT AT VAT o=
FHITATT FoRaT =M1 318 T RIS UM Sotel! TRST HITSUaTHTST

3%



o &: AT TSRS (fMRI) IfcHT. TROTRTRI hTH T Hedio 3Tfees
i TS W T e 3.

John Graner, Walter Reed National Military Medical Center - ISP AT

LAl Udlg dledl. a1 AT ST9R & 3107 H’%TLII ENER=2]

WIS STTRaSTgeR TR UATRIdI® SGe UTg Hehdl. Side-

TN § TRAGee g 6l W@ic adHEl Hgdl WEes aie
frhTuee shicaT AT WIS TERIT=AT UTdosld ale aid. Sde- gl
IS H T Ut WATIHT ANeel i1 He M JuT Jag =1 7 &dl @ie
TSTIST W UTSS 30T AT fecare =t =m=avht Uae!. foRiT ot sr=m
OISR ¢4-R0% AT fEcarad el TR whl Wi Sad 31T
T SR 3NBES gid. TR IR WEUTAT IAEUIHES TISUTE S
fEeaear @R BT §0%. ATae- AT fedaet=an fareds! shea=n
qTelt, SATTef HIvT G el I Hedo TeSTHIS IR dATelT 3o 2Mehd
el weredf a1 feedeteT wafamr qRehe & g, ATgAwA | uor
7 TG fHesredn FRieures frenzl el g STz shirear
JTMOT TRAHIA HTH TR, HRUT UG 2l Az fohaehe T2 318
30T ST ST AT YT A BRUGE AT SHTA
3. ATt BT Bkl SIFA-THIONET U 37g. ATETST AT ATI0i=an
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AT AT TUATA SHeri et ATk fRIc 3t 3175 g ST JuaTde!
el &ecseh U TreIRuATa AdTd, I, “TAY a9 1T 3MTg?” AT YA
3T AT STl ST ShIg! HIFTEeh STaeT 3le A ufdafes &r
rerieaT MRI T UTgdT Ad. SATde! 31z Agame U foamruard
AT (3T, “sit. 316k AT WA IS ATA! Tral B B glal?”),
TeIes! A=At UfaaTaie qosT At AffosTeisid shat Sird Sfor frehat
EAEASIKITH

T THAAT ST ATYVITAST Teh HAIET M€ T it ot
ST I AT THAAETST IR0 GIOATHS! Hlgl Hhldb Sl SIS,
wfersara a1 fedae= freehal shareia —RfHaresT auaTagg aTavard
At

3&



d9

EIGE PRI EIE R IR ISIE:

qifreh ST aREHT MededT SISl SHA STSETSoT €8t

TR BT Ad, ehl 3T SIS ST IATAR ket AISAT THTOTER

TG 3T, AT d I3 WUTHHRE I TAJET AU A0

3T I ARHGHRE SRR WTAHe WEU 314!, Adl &Y god
HE QUIR hIUTde! WL g I3, 0T HIUTTe! AT YRobIauol hid

o o C C :
FIOATATS! Srotet TRST 9T, Hldg® st eprial oltidl, HAYlenlml

3RS forgaqRarsT SN, Yaeres! ATl Tast Folerk =led, T

S ARG IaR, HedT il SofIaTd AGUR 931 ST 319
T FHA IgR IS! 3™ I Thal & hodier 98 TSUIR TG 30T
3T 165 HRRA TGS, RN JAT Folas w1zl I (perpetual
motion machines) FgUTATA SAT{0T AT T Heb AIVTHTST Y= STH

AT IS 3Tg. TUT §f Hehed T Yokl el ATEATTAT shod-d
TR 37T hl ardaTd 319 ahigl e 3MTe? fagmre fraw anfears=ht
T RTATA? TR SO HugTTel gt ATet THSH o0l T 37T,

Fore Mg ArFafaer

HIOTATE! T&hdtea (civilisation) WIS il 3TETTE 3R,
AT AT WISt el Soredl TRSTeoe SR il
AT, JUT 3T STTSRA AT TUATHIS! SroTU &1 AT gl Hehed =T S0l /Y
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USd. MRl ForedT AT & &d, 3aT. SATdes! 39uT feameit 2rerdt
90 i Mg 3 JUAT AT T 31 gial ahi af fam & Yeharat
R0 TG Fotdl ATUR Fdl. GHTETHRS IV TR I3 Togdl.
3R SafUaTEEt €ie, Sew R ReerireEl urafie g gl
AT HIISSI g1 Tohd TAid ATATHAR BT, 3MUedT |RE! ekt
S /4y et (horsepower/hp-Iaia Uaheh) TaE! 3118
3TTOT TSI 2okt T HIBIAIS HIFaThe SUGE] gidl. T TaRad
qHE I hloEe Afdd shal. Tl geol ST 3@l 20,000
UGS Siegl U= MY FRTST (0T AU TehT ST RRET. ar=d
RIS HIFST GATSIH FEATd ohot STIOT IT AToT= AR Al hid
FUITIIS! HE GEGL. AT WU (3T, ©eT, 9%, T.) |t el
R-3 ST TSl el

ATgEHT HegaTdl T ST ¢AT IAHIA: AThaR ATGOMAT SEAT
M. A7 ST TR FHEA 3 T (I, WSS, 379, 3.) faendia
FIOITT AL, AT T ekl Q0 STHSATAT hig! USid glell. 3TST
TehT ST =aT Yad gSTRI STRTRIE 3 STeTie=aT fSriardt 3t
3R, WA T JTEUIR 3RS, ATeiar dgaR aTR,
IS ANhUEATS, 3. HRUMHeS AT ot TSl TES THTOTER
ARG 3TTg. TN Helcreh THTON ATUREAT STUTIT ST TR
SIS & TSl RS S 3T, a8 A fHHior grom=an
HIY0T TGOS ATATERUMTAT ATS[eh Uga-Ta shes HIse Sid 37Tg.
IRIR o= e, T ATAERuTET FM e JEelis 9d
ST JAUATeT SRS, § BT IS ARATIT GRS, T,
TS STl 31T FrorAT FURURIE TATTER ShTH ORI I faehdia
FOTRS STTOT Tt HIATHAT IS [UATehe AT Sesaa 3. 1M

3¢



BISEEIPRIREEIC R IBINIE)

TR 371G hl, VTSRS IS Td T3 AT ST e ST shidies 3o
TR BT 6.

? AT TR TegId 3THT U TS 379, Thi T Ha SUgATd FH{ugTder
AT 3T T BT I ATgId SATAT Sore] TR WIFUTR Tet, fohar
3T I S QRIS FotU &l ST ot [+HT0T e ? TR AT ol
FHIARNE I FGUTATA AT &1 I3 Forqmirea iR 312 Ueeidie
3Ted. g (a8 FIvd d TSI 9.

39PIfab fAan

WfeRaaTdies SN (thermodynamics) & AT FoteaT
farfarer weg=aT enfor A T EuiaRom=an 1vamERl Yasid aTe.
IR RIS Tfgedt FRaaR fagrdie e dmer &R are.
qHAT A T @, Holl A0 Al Id ATel (07 T 907

AT A AATel, did ek Uohl eI gHAT WEUTd TR Ll

Ad. I AES! HTel HE HAM Ao THE AT g8 Id

3T, 3. FITRHE AT Tierst Ford TR fagasoid aid.

SSRETT B RO fohem Rfoiedr Foiuen S o fHor
FO Fola shrdzite 99 a1 Faae Seaa- Siard o AHesd
3N o AT 31 T AR, AR Tl UM, “a d IS <.
fEorea St 200% GE=AT Fotd TUIAR ST Al ATGHS hl. 3T 300%
FrIGHAT (efficiency) STHUR I3 T fRAT ST90T 999 FAHA, B
12 gEa SALT gl AR B, HRUT SSHTIfdeRTE gaRT faw
3= A IR fehtaTa wredl. a1 AR Sivrgt
FHRIGHATT Q00% 3T Ahd Tel, HRUT FHR (work) FIAT GIOT=IT
ST TRV higl Sord 3R WEATAT FHoid $9id) aid
ST aTWR hivTTe! e i shUaTEIe! g ek ATel, 34l

R



o e

UG clieremsd fAHior giomt 3w, oM goare
HOTET AITHE IOl 99Ol Fafor 2ot Swrr, 3. amge
FRIVTATE! TATHT GRS St oIl ShIG! WIS T HUATHTS! ShTH! AT
JATFOT XSS ATAT ST, 31T Refi= SHTTeh I fay fRoka= sriiie
I SATEIATA 31 2Ahd AR & (G, AN

feRd ®rfzfie dei sfagra?!
o= framit € 3 STiaeTa 3y TR e ST Wiffiass 319,
T AT HEAITAT ST [T ST STTSTeR e Ikt 3T A

FITUITIT Ueh a U hedT 3Tg fohall a-farest ST STa bl 318,

3T TATT UfHT REST T ARG T NATHE TS Tehl S+

ST BIdT, SATHE AT FehTeI ST(0T kT ST hel gl

AT 3T-eh Blehi-l T RES S gid fohall TR Afddhdl
JIR hedT BIAT. IT TSNS ohlgl T A0 3710 WIEhL, Ag™
ST, 1 for=ht, T, 3. ATUR! Tergl I folaw SriRle 99 Tegq.
TR STl A UUAHSRHT folae Hraie ae™=l SwROT T A=l
AR T aTd FHICY STHURIT FHetiealdidn 79T ol
JEYS M. AT hidld SHNTIeh faq fosmrmer afga wegq,
AT AT ARATT Gt T T2 3¢ § AIfed egd. ToT AT ggai=n
ek TIIGT 31T SIS, i el SAfd Afe=aqul I3 TR Hodrd
37T, IET. HIFAT FTATARVIAS UG TCHIAR TSATS (7 TSHTS

STATEROT® AT TSl Sotdl A0 e 3Td e HRRA g
Fehd ). Fola FRRNS dAihe YTt TR S A9d, AT 790!
feRciadt IEISTeRT-T 2720 3 fAmTor sRuaT=r Sra o=t Tf-eh e
AN T U1 TaaeT. ATdeh! e I €t T wEeveh gidl. 372l

I FEUTS! TN SR 9T ST TSTehi HHeUIeh hiuaTe €Y /e
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UTOITHENS dTTHTH-FE50T SaRIT

TRl ¢ Uligd 319G ol god ool 9% FHadrseal 39T gaqd
JWTAT MY faaasdl, T Iwowees vl gt B ST Fell
FAford e IS Bid. 39 IUATHIS! hROMYA STHdl ATIHATS
T{eh, % 3TTOT ST e e gl ATeAT ATIHTTI IS e d Sotd]
SATUTHETOT Bl IS HaTg AgH! TRH aehs I€ a&Ihe oidl &l
SMIST AGHIET 3THE. TUT Mfacsh WeeRIe helerITe! get 3/l T
TGRS AT IgTo6T, HIATAT IRRTAT M dT9dT JgHe
39 AT A, g IRRST HY HT T gd? TS TATEER

3fid 3mfor 3wRhR wroft

HEa g1 39T Tl (warm-blooded) WTORt 371, 371 WT0F=AT
R qOEE RBR T & gifasieed (homeostatis) gt
IO XA, 9d U&ft Mfor T WuaiHe (mammals):: g STee
3. ATSHoe A, WER (W), IWIR (amphibian) Terdie
IO 2fiaieriia (cold-blooded) 3mgd. aT MTUIT=AT IR ATIHT
STl ATIHTHTER STEea 3T, AT TS TRl IS ATATSRUI
fO=iq ug AT, 3R ATIHHTT A=Al TS <[ra=d fshar
(TBUT hSTIT 3T IRRTST ATk TS Foid EUTAX B

¥3



o e

foRaT-metabolic reactions) @ Y@E-e fopaT UgE@T 3HAT,
T R Mo STHard. AT ST T W&o IR TERI: 3fed
AT =T SN, ST AT A& 0T AT TRRER ISdrd, a9

TR TRH RIS BT, SEATd TEA JTedTd, A glodle o1 ST,
3. TUT A UG BT ohl XA AT Tokd € SRREASGT ST 30T fam=am=an
STt TR0 RS gid. Jae I ATST JMd e TUATHENS
die T Adie. |19 TEmE weld RE a9 3¥e, @ IRA qroft

3T ATATAN ShIUT 3T hi heeh qTUdgTHes HIUT=A1 TR ATHT

BIEIHEE QTG [T SR SIS BT, ATEHS ATTHTT hHT hUITHTS

HUTAT ST gleadle? he- AT ST Sote T 0l TRoTd 374,

AT Al Wl STl At (0T (ST ) Threra sl

IO TEATAT WO TR aT9H T ST aTIHT-SHT0 Sead
TR, @O A S Aie BR SEad 319, ai Hg<ar STaadid
(OIS §ed, 3TTae, Johd, ToRT) ATIH —gHIT 39 Hieqser @R

TEd. 3T FHOERS FHNFATSS ATIHT AT ATqHTETIET STed

7 a°c
- 26
- 24

|

- 22
I 20
196°C

»

o ¢: 3R Fresum=m Qrarh terer (UHe) Ui, e a1 GyiedreT

ATIHTTS AT 9 fEaal, dX ST o= SR 39716 WTd fedal. T araH=Tdie Wi
e,

Arno / Coen - Wikimedia Commons - CC BY-SA 3.0.
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37T T T ATTEAR TR AIH =01 g afadrg et
3Tl JUT AfHTE TG 3T, I Tam=d fohaT Agarn qiHe
ST SAT(OT FgUA SMUCHTST 3T TgUT hi0l AR 3T1g. o9 =
HETH & T HIGHS Usw. IR ¢ RIS ara= = Ted, Hror ard
ATTHAMTER IRRTATS Td SeR@Ef-es (biochemical ) fsrar gwreiaoy
g AdTd.

39T A9 S 9fadig

TAST I TERN TR @G TR hol. o= del gael
AN ATTHTTE YA STHUTT UM A IEadTe AT aTaHTT oSt
ATt JOTRT Gz Ao gradieewd (hypothalamus) a7 WRTRS
qTeadTd. HSET 81 WRT Ul IR 9Hiee 3Ng 3T o™
AT SO TGl (AT T 9N SR IAEA(ha g Sehedl fohal
JTETAT SIS ST, R RIS arad= a3 Saar JumR AmEt.)

SRIISHY TR e=A T TEX0T v SIART Sl ATHS e

TR ATHYA HISIT THIUTER TRA oA TeTg & gial (AT

SaTd dgll BIGER gl ). AT T[S gall TH TRATHS §hehl gl
T A T AT SN T FHGS! I gl Udl. AT Gl aRT
QI UAET SR dTedl. § 8id STHamTe ArgAe Rreftear
Ad (AT IgTeATd i UgA TG dred!). IRRIAS Tama=
fopaT HeTerdTd. IR SRUTSSHEAT Myas gruelt (sweat
glands) FRIRNS glard SAM0T 9 I3 SHTAT. AT TG ITogr=T 373
GaTd STTE 379, T U101 aae ST 9a gid 371107 g gioardrst
TAHRGT Holl Id! S, AT ATHSIGIT SRTEAE AT [ooeh
AT I dTed. (ST ATaTdis SqaRie TR 4E UTod JH+ 9odm
HATATd, HROT § 9 U0 IRRICAS SUTAT Fig! THI0MER 29 od
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0T ATIAT HH FOATH HEd i) HOsaRET STl Igrest
TgeT STuTEdl, SRl 375, (humid) gad 9™ STSiYe gid ATal.
39 § TTHE HIAST g9, ohl ATHTT JT0ITSRISR Sa¥ &REl (salt) THdTa.
TSRO ST |TH IR T 2RI QR JH107 W9
g% 2ok, ITAAD I Igadl. ATHS I-gloATd JToTeRIend
TR &R 1 UTdes! TRA0T TRSTS ST, a1 fohame grom=n
ST &1 IR ATIHT 1G] ATaHTHTSaoh ST gid ATal. AT-adl
AT T UOGHSS gHURN T9ard. g 910N 9roare STt e

BITATHTS! TehaR ST STehdTd (IaT. i1 foha @i ohei= SITg] 3TeRTT

Tedrd (34T, HioR).

ojg ATqHMTS Afadrg
AT FAST TRl TERN dih-39 hsl Ae Yozl ol @ ATSH0e

fordT Tedrd. =AU fshal S & BIdrd, ©eidie Jerdalie=al

3T UTaATd & TFavaTg HTad! (ATess gl ftherl Uedl). e
AASTAAIG GAHos BIVTRT IWAHT I LieTdl. THUH TR Fead ugA
AT, W HRRAGAT ATed STOT IR Y ST, a1 9 fohaiae=
fHioT SO e TR ATIHT STl ATIATTSdh HH! gIoaTde
AEUAT Il

&l o S TEAA U107 ST T80T H{vATHIE! et {UART febert
YD MERUT FTEdd. Hes i IR € gAUH 3iforad e,
JTUEAT TRRTEE T ST FEId TR AATA AT HIOT STUS JarsT HH1e
BId g 37TQ. A& Yol 3THoed] A-R-Heal UTUT=AT SRER WIaX
Y B 3TN ATHTST TRY FHUS SR ThR UGS TH TSI

SIS FUATHTST IRTER ST hdia 3TTER0T FeA dl 3Ted]

T IO Hll. ISHIAIGERIT THATAT IRERD hd TS TS

¥&



oG Ees araHT-fAeor srern

3T, T YT oSt TSV h&- QUMK AR AR TGies 3R
HY THS AL TRA ST IS TSI FT=1d gicll, THR0T g HUS
TRH AT 2R kU STMOT IR <A1 Ao ST & shiard.

a1 4T Ad1?

TRTST U USHT 3THS, hi Saeh! TR0 ATIH 0T el 2Rk
ST ATT A3 I ATTH TS T aled? gid 319 hl SATaos!
ATITH FHROMA STHUMR TSI AT RRATT ATae! RIS Jie
UM I aEed FHOIATETS! URRISH AT ™ TR giedrd.
? WA 9 gRAASHTSTE SSA {f9ed onfor R araw
ATSITIT UG . FRAUTASHIST 31T WH Bl hl IR ATaqT=
3v Afcas@er fRR Iae G o AfcHTHUYT SR ATIHHTER
@R Sara 31g 31Ul af € ATUHEIdG 0= J=0m §& FHdl.
AT I TS Ad IMOT IR YA A1G, B, A6 a1
gv?‘cﬁ (a't-'JT:ﬁ'J WY SATST “hTATag” TgUTATd ) deg] TSI 3T
HTAST ShedTe STAUTASHITAT BEITA Ad. ATAGH! T dl ST ATTHTATANS
FREOT=R I0T TS Sladl 0T A s 911 IS SN, ST 3TI0T
qTY A€ STTCATS ST AT, ATATHS IR T[T JHH gi: Adhd.
UG IR SR TR It g h€ Fehd TS, dl SIEd 3T
dTIHT 98 € XMehd TGl aTqqT ¥ st gdd digeedrer
HIUTH 37Tk &% GNTAl S0 ATaH ¥3 AfcqsTaue SR e
g I3 rehall.
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37E2Y QIR T HETHSR ST

TR UTei TSI AR eI XD TSohal 3118, STSTa
SRl BRI STHERT T (TUTR) 3 il 93 3Ts.
Hifgrehd! WAUATHTS! a1 FIEATET 3T-ehi-l STANT hovadl 31Tg, T
@ “gafafifafodt T aRoT FOMRT & utex 3T o1 Siigs Sret
YRUT UM “BS 3k § W” AYST WhiS! 3THl. 360 Tohg! A7
TS ST Gt [T 31e3d SIUAT=T HIg S1ehdl A5, fohdiadl ay
=TS SR 3TERT 0T TR @Y Uifgee! 3.
ST <M T ST TS gfgediar fHHior e & St 94
ST 3 S ¢ TITEATd -Tehid. U7 T, § TR 37 1P 9T

RTAeRTEAT UTged e SRIhTd ST [SHTdG Shig! TRNEHTET TeTal
e STRITETEIST egTe ST 3118, § SRS THSA HUATHTS! gt

URS3IBdT: 31E3TAdT 3ddR

FHIEE! draeH IO “8¢ TSE=” q7 ha-Il Sfedd 3190
TTEe! 318w, THR hTd 31Tg o TG § 7 THSTCATHS Bk AT ATagia]
TESHATT AT RS ST W LT T ohl, TRTeAT Sot e e
TSl TehTRITAT TH I ST THCATHRGE! 3118 3701 FUA= SMIITHIS
3TERT 3T, hlgl ST YRR ¥ higl STURERIh hl? T S0
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AT U1 AT UTTCi-ieh SSTERuTeAT STTER g THSH U, Wl &l

forIageeha gl 23 (visible) TR 3MTg. AT Tl IR THR
(3. ARhIESg, SFUR (UV), 3.) “UTgudrarel” Arat Sl 3TaHe

3. AT BT ST ST ol 3. HIe 3Nvash TTa]

(atomic structure) 370 3T, &l gt ARTY Ioi=aT Fgdd AT

T ST AT, T2 TR SIS Sroll AT ShHT 3T ST7fOT
TS HIAAT AFNG TS T ST TR HIHA STRAR
STl (T0T E1e I STIUR R0l 2 O, ATos ST Seer STE0T

HIE 3TEd, T STUR foT=ar Se< 3MER01 e aadrd.)

ATEHGE AT G 3TURERh 31Hdl, hRUT JTHE b ST
STTAl. T WehT=T JMYUMR 370] SIGTIAT STARAd ST ST0r 2Tt
ST TRl Jgl Sediord JuT Shidld. grel Ueht2l 9T SieATd
Rrar enfor snueareT aisarn w=r foadt., dissard, UehRT disarn
TTEE WEfad (reflect) Bal. T, =idl, S, Iehgehid f&ddrd o
AT WA, AT 3719 T T T3 HIEE1 IS, TR AT
T ST ThTRIGEL ATTUATARIA AT g TUT g 0T 37T
37Tg, HIUT g AT FHUATATS! AT 3TTf0aeh YT S0l shHUT
3T (U7 & T deoe! o) HHior gomy garef afen w9a! arqga
TGl AN TG 12 AT 3MMg. Al A d SV YUIEIST Tqed
TEUTS 1 g AN €Ul Teid 3Tg.

37qqci: YbTRI f&3me
o WOST ATl 98 AISTHT o] ITGITHRET Jred! § a9l
=ITETe5e 3THS. AT HIUTHd TehT=ITeN 3TN fohal (refraction)

31Tg. SiegT UehT2T Uehl URGRI%h ATEAHII (I, §aT) HAT UREI®
AT (3T, T07) UazT shidl draeht al 3geT av F fzm gl

Lo



ITE BIUR Tere: AerHe ke

eodl. ATEATE 99ar (density) foraent S, faaent o= Tt
ST 3TUAT AT AT TG ST Feht=irem o Hareal. St
AT ST oGl o ST STTOT TehT=IT T Sg-Tea Heb fe=Iar
BIUR fereres STeq. Tl ATeaarel UehrRiel fozn seavarn &
AT U fAezTieh™ (refractive index) ATUST ST, TET
TEHTET oIk UehTITET &1 BTG il J HehT=meET Harardie
AT I YT Tt STrat. sareredf fatar= a=dr wata wH! 3/,

T7eT TreRTRIT=IT AT fHrerTdTa eid ST 3TEdl, Sgidieh Hifderamea
2 g &3ar Ad, &l Uish ATSTHTE T9ac- fHazmieh €+ (positive)
3TTAr MO § YR ST 3Tl 3T, gaAT:R, UIUM:R.33, BRI:R.Y, S.
qUT AT TSI SATOT AT T=Te i ae? hRUT TYREh Uared
TeRTRITe 37T hid ATeld, a¥ URTed shidrd. ST AemHe R3Tad!

3G Fehed T PTG

3[¥TeA o H1eA: HeHe 3o

HEHCRITEH T UITu HiFe Fei-Riieaal WHe g ofg o™
TEeedTd ATel SYOTR TGl SHIROT a1 Uardrean 3l STHoum ot
FuraTel e uerala sesa g, 31T agd g1 uiger
AT U 37, 319 USIY 3 A § AAT 3Tk an
AT 0T TIR ogd. HeHeRaTedd 319 I TUTeH 37Tad, i
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