AKTINOBOAIA (20%
® TPOIIOX META®OPAY)
o




AKTINOBOAIA (2°% MHXANIEMOZY,
AIAAOTHY @ EPMOTHTAY)

OAa ta copata oe 7> 0 K exkmepmovy
evepyelo pe tn popen H/M axtivofoiioc
(emTOVIN).



AKTINOBOAIA (2°% MHXANIEMOZY,
AIAAOTHY @ EPMOTHTAY)

IToAV Oepud GOUOTO EKTEUTOVY OPUTN
aKTIVOPOAO, OTTMOC TT.Y. Ol OVTIGTAGELS
Oc¢puavonc poc moaAMig ToOGTIEPUC, TO
KapPouvva 6g o eoTIA, 0 NAL0C.

H nAextpouayvntikn aktivooAiio
YOPOKTNPICETOL 0TTO TO UNKOG KOUOTOC (A)
N ™ cvyvotnta g (f).



HAEKTPOMAI'NHTIKO dPAXMA

OXXNUATIKA
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AKTINOBOAIA (2°% MHXANIEMOZY,
AIAAOTHY @ EPMOTHTAY)

OecPNTIKO KAOE GOUN EKTEUTEL OAEC
AVTEC TIC OKTIVOPOALIEC, AAAO 1] TOGOTN T
TNG EVEPYELNG TOV EKTEUTETUL GE KAOE
UNKOC KOLOTOG ECOPTATOL OO TN
Oeprokpacio TOL GOUOTOC.



AKTINOBOAIA MEAANOY XQMATOY

To 1900 o M. Planck petd amd moAAES
OTTOTVYNUEVEC TPOGTADELEC TPOGOIOPIGE
mm ovvaptnon J(f, T) mov avomopnyaye
TLGTOTEPO TOL TELPOLLOTIKA OEOOUEV, KO
ctvou m

2 . f3 1
jfmy= 2T

2 . (eh-f/k-T _ 1)




AKTINOBOAIA MEAANOY XQMATOY

2-m-h-f3 1
J(f,T) = 2 ' (eh.f/k.T _ 1)

Omou J(f, T) n evepyela tng eKIEUIIOPNEVIC
OKTLVOBOALAEC ava povaoa ouxXvoTnTag Kal ava
ovaoda XpOvou Katl emiupavelag, f n ovyvotnto e
exmepumoueVN G aKktvofoAiag, T n amdAvTn
Oepuokpacioc TOL GOUATOS, 7 ULt GTAIEPA TOV
eionyaye o Planck, ¢ n taydtnta 100 pTOC Ko £ M
otafepd Boltzamann.



AKTINOBOAIA MEAANOY XQMATOY

Aev Oa pag xpevaotel 11 IIPONYOUUEVT
ellowon 1ou areoelée o Planck aAla

LOVO 1N YPOPLKI) TNC IIAPAOTACT 1
oIIola (PatveTal 0to akoAouBbo oxnpua.



AKTINOBOAIA MEAANOY XOMATOY

H xatavoun tne axktivoBolAiag ota
OL0(POPa UNKI KUNATOC.

101
_ B
o
. 1
£
\ —
=
cgu i
~ 05|
3
3
§ s
>

i3 4,000 K

i 3,000 K

0 | ] | 1 % — —

1 X
0 20000 4000 6000 8000 10,000 12,000 14,000 16,000 18,000 20,000

|_|_|

UTTEPINBES O pqrh uTTEpUBPO

Mrkog kUpaTog (A)

« Encyclopsdia Britannica, Inc



NOMOYZ STEFAN-BOLTZAMANN

H ouvoAilxn woxug (evepyera ava
Povaod XPOVoU) IIOU EKIEUIIETAL AIIO
OAN TNV em@avera (A) Tou peAavog
OMIATOC IIOU Olatnpeltal oe otabepn
arroAutn Oeppoxpaocia (1) Olvetal amo

TI] OXE0N:

H=0-A-T*
orou 0 = 5,67-10°® W/(m?-K*%) n
otaBepa Stefan-Boltzmann.




NOMOYZ STEFAN-BOLTZAMANN

['va mpaypatika oopata mou
eKIIEPIIOUV OKTLVOBOALA 0 VOO TQOV
Stefan, Boltzmann tpomomoleital wg
eng:

H=¢-0-A-T*%
OIIOU £ 0 OUVTEAELOTIC EKIIONIIN G IIOU

elval aoltaotatog apluog Kat toog pe 1
y1a TO HEAQV OQUA.



NOMOr WIEN

To pnxog KxupAToOg 0TO OIIOLO
ep@avideTal ) PEYLoTn] £VTaol)
eKIIOUIING OIIO TO PEAAV oA elval
CVTLOTPOPROC AVAAOYO TIC
Oepuoxpaoiag:

Avax ' T=29-103m-K




E®APMOTH

Me Baon to vopo tou Wien xat
£XOVTIC KOS 0£00NEVO TNE Oeppokpaoteg
tou HAlou (7, = 5800 K) ka1 tng I'ng
(T, ., = 290 K) oei{te 0TL TO PI1Kog
KULATOC II0U IIOPATPOUE TLC
peyloteg eKIoumneg etvatl yua tov HAvo
(‘lmax o O 3 pm) KAl Y1Q 1) FIl (‘A‘maX

10 pm)



AKTINOBOAIA

Ta copata mpemelr va @Taocouv e a
Oepuoxrpaota nepimmou 1000 K wote va
KIICUWPOUV 10 0PpaTI) KOKKLVI
AQUWn IIOU OPELALTAL 0TIV €KIIOUIIN)
PETOVIOV OUYKEKPLPEVIC EVEPYELAC
110U 01 avOpnIol avtiAapBavopaote
Kal 0pl{OUHE BOC KOKKIVO PKC.



AKTINOBOAIA

2. uWnAotepeg Oeprorpaoileg
SKIIEPIIOVTAL PROTOVLIA UE IIEPLOCOTEPT)
evepyela Kal pexptl tn Oepporpaoia
rmepirzou 1.700 K ta oopata
eKIIEPIIOUV ASUKO (PRC, IOV
IIPOKUIITEL AIIO TI PN PROTOVI®V L€
eVEPYELEC TIOU AVTLOTOLXOUV OF OAd T

XPOUATA.



AKTINOBOAIA

opata Iou n Oeppokpaota Toug
(eIIepva KAl aUTO TO 0PL0, OIKC O
NA10¢, EKIIEUIIOUV KAl UIIEPLWON
OAKTLVOBOAla, OTNV OIIola O@elAOVTAL
TA NALOUKA EYKAUPOTA.



AKTINOBOAIA

Ta ocopata mou exouv Oeppokpaoia
kate armo 1000 K, akopa xav oty
Oepuokpaota mmepiBaldovrog,
eKIIEPIIOUV UIIepubpn axtivoBoAla
II0U OV JIIOPEl VA YIVEL AVTLANIITI)
OIIO TA PATLA Pag, a@ou elval ££6 aIIo
TNV IIEPLOXI) TOU 0PATOU (PACHIATOC
aXTLVOBOALAC.



I>0ZYTTIO AKTINOBOAOYMENHY
ENEPTEIAY

KaBe oopa extog amo to va

AKTLVOBOAELL evepyela amoppo@a
evepyela IoU aKTIvVoBoAsltal arIo ta

YUP® TOU O®OTA.



I>0ZYTTIO AKTINOBOAOYMENHY
ENEPTEIAY

Etov, av eva oona £xel Oeppokpaoia
T, ka1 BplokeTal evtog evog OWIATIOU
Tou emikpatel Oeppokpaota 1Y, tote
oupBailvouv 0Uo olepyaoleg:

A) To oopa exmepmel evepyela pe
pubno H€K7T8[,L7T(')[,I,8VT] =04 TZ4

B) To oopa amoppo@a evepyera pie
pubpno Hanoppocpof)usvr} =0-4A- T14



I>0ZYTTIO AKTINOBOAOYMENHY
ENEPTEIAY

Auto onuatvel otl To KaBapo Oepuiko
peupa Ba eivar:

Ho)uké — stneum’)uevn o Hanoppocpo(mevn

=0-A-T)—0-A-T{=

= Hppux6 =O_'A'(T24_T14)



MIA EIAIKH 1IEPIIITQYXH

utnv nepintwon mou 1, = T, + AT e
AT < T,,T, 1oxuel 1 IpO0EYYLOTIKI)
oxXeon:

Hojps =4-0-A-T3 AT
omou T =T; = T,.



OEPMOI'PA®HMATA

IIpoxkeltal yia pia TexVvikn IIou
avViXVveuel T1 0La@opd ToU
eKIISPUIIONEVOU OeplkKoU peunatog
OIIO £VA OWLLA TNV OIIOla AII00L0eL OF

oLaopa BepoKpaoLeV.



AKTINOBOAIA

MASANPAD

934
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© OAINOMENO OEPMOKHOIOY
®




DAINOMENO OEPMOKHIIIOY

To opatod pne mepva Tto YUaAl Tou
Oepuoknmiou kav Oeppatver to
£00(POC.

To e0apog exmepmel unepubpn
AKTLVOBOAlQ.

H vnepuBpn axtivoBoAila oev pmmopet
Va OLOIEPAOEL TO YUOAL.



DAINOMENO OEPMOKHIIIOY

oTo amoteAeopa

o i; Val I]_ (11':’ grl O_Il ,_EI.I g Visible light penetrates the glass

Oeppokpaoiag
eca 0To
Oeppoxrnmo.

Infrared emission Is blocked by the glass.




DAINOMENO OEPMOKHIIIOY

To 1010 cupBatvel pe PR
TNV ATHOO@ALPA TNC
I'ng¢ povo mou to poAo
TOU YUOALOU TOV

CO

rmaidouv ta .=

. 4 _g t}fﬂ_ﬁ_fﬂs
ovopadopeva bl
Oeppornmmara agpla

(CO,, H,0, CH,).



DAINOMENO OEPMOKHIIIOY

H mapouotla tov agplov autov 0ev
e1lVOl AIIOPALTITOC APVIITIKI], APOU OV
OeV UINPXAV EKTLUATAL OTL ] Pleon
Oeppoxkpaoia tng I'ne Ba nrav xovta
otoug -20°C.

To mpoBAnpa mapovoiradetatl otav n
OUVKEVTPROON AUTOV TOV AEPLOV
auéavetat.



DAINOMENO OEPMOKHIIIOY

Ov H. Suess xat R. Revelle ntav amo
TOUC IIP®TOUC, ITOU To 1957,
olariotwoav tnv avénon tou CO,
0TIV ATHOOEALPA.



DAINOMENO OEPMOKHIIIOY

2e eva apbpo IIou eypawayv TV £Ioxn €Kelvn
ava@epouv: «human beings are now carrying out a
large scale geophysical experiment of a kind that
could not have happened in the past nor be
reproduced in the future. Within a few centuries we
are returning to the atmosphere and oceans the
concentrated organic carbon stored in sedimentary
rocks over hundreds of million of years. This
experiment, if adequately documented, may yield a
far reaching insight into the processes determining
weather and climate.»



DAINOMENO OEPMOKHIIIOY

ATIO TOTE 1) AUENOT)  * mimospheric Goncenration of Garbon Diowids (Mauna Lo bath)
TNE OUYKEVTPWOTG
tou CO2 otnv
aTpoo@alpa
OepeldwOnke pe
IIEPALTEP®
PeTPNO0LLC OIIKC o
aUTI) TOU OUITAOVOU

OLOYPAUIATOG TIOU & w0 e wo e s e s
opelAetal otov D.

Keeling.
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DAINOMENO OEPMOKHIIIOY

Katagpepav emmiong va petprnoouy v
neplektikotnta oe CO2 oe madalotepeg
eIIOXEC AVOAAUOVTAC TOV aepa ITOU IIAYLOSULTAL
11€00 0TOUg IIAYOUgC.
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KAIMATIKH AAAATH

Eéaitiag Ttou @arvouevou tou
OepuoknIlou meplpevoupe pa
auénon tne peong Oepporpaociag otn
I'n.

To epoTtnua etval I00o, KAl yla va
arravtnOel oOnuloupyouvTal
UIIOAOYLOTLKA POVTEAQ TA OIIOLA £1Val
el ALPETIKA ITOAUIIAOKA, GAAG Kal
cualoOnta oe olagopeg vmobeoerg.



KAIMATIKH AAAATH

Arctic Sea Ice




ME META®OPA MAZAX
(39= TPoOIIOX
® META®OPAY)




AIAAOZH ME META®OPA MAZAY (30%
MHXANIZMOY METAAOZHY @ EPMOTHTAY)

2. auToV 1) OepuotTnTa petagepeTal
KaOe @opa mou petagpepovtal Oepueg
padec arIo pia Ieploxn) oe pia aAAn.
H petagopa pmopetl va yivetal pe
(PUOLKO TPOIIO (01a@Oopeg IIUKVOTITAC)
1] e{AVAYKAOUEVAL.



ITAPAAEITMA: ®OEPMANXH AQMATIOY

O agpag
Ocpuaiveral (GT)

|

WYuxpog Ideal gas law for
P l . aépag TTou ! constant pressure
, , | KaTapxaTal
O Bepuog agpag = " = constant
EXEI MIKPOTEPN Q;/

Kalopigpép

TTUKVOTNTA KAl

avepaivel ‘

Quoikn Metagopd oTov aépa




IIAPAAEITMA: KAAOPIOEP

E¢avaykaopuévn Metagopa

AvTAia
KUKAo@popnTAS




IIAPAAEITMA: NEPO I10Y BPAZEI

Kpuo vepo
KOTEPYXETAI

Quoikn Metagopd o€ uypo




ITAPAAEITMA: QAAAYYIIA AYPA

o Epgavidetal tig Oepueg KaAoKaipiveg NUEPES
otav 1 Oeppokpaoia Tng oTEPLAC ELVAL
peyaAutepn amo tn Oeppokpaoia g
OdaAaocoag.

Cooler air
sinks

Rising air helps form clouds

Land heats up
(heat source) Ocean is cooler compared to land
(cold source, aka heat sink)

NMOAA | The COMET Program




ITAPAAEITMA: QAAAYYIIA AYPA

o O Beppog aepag Iave amo T 0TEPLA OLAOTEAALTAL
KOl OVEPXETAL — TO KEVO KOAUIITETAL AIIO
WuxXpoTePOo aepa Iou Quoa oo tn Balacoca — o
aepag Iave amo tn Badaocoa avtikadiotatal oo
aAAo aepa mou KateBatlvel amo ta avetepa
OTPWLATA.

Couoler air
sinks

' Rising air helps form clouds

Land heats up
(heat source) Ocean is cooler compared to land
(cold source, aka heat sink)

NOAA | The COMET Program




ITAPAAEITMA: AIIOTEIOX AYPA

Engpavidetal tig Oeppueg KaAokaipiveg VUKTEG
otav 1 Oeppokpaoia Tng oTEPLAC ELVAL
XapnAoTtepn amo tn Oeppokpaocia tng

OdaAaooag.



MIA ITPOZOMOIQEH (DPYIIKH
META®OPA & AT'QI'H)

ApX1Ka

0:00:00:00

Insulator




MIA ITPOZOMOIQEH (DPYIIKH
META®OPA & AT'QI'H)

To oameoo etval Oepuo xkav apxidel n
O100001] Kl 1€ TOUg OUO TPOIIOUG.

“MHXANIZMOS: ®YZIKH METAGOPA MHXANIEMOS: ATQrH
" a;.MAZAz e

Insulator




MIA ITPOZOMOIQEH (DPYIIKH
META®OPA & AT'QI'H)

Meta amo apreto Xpovo

0:00:058:27

MHXANIZMOZ: dYZIKH META®OPA MHXANIEMOS: AFQFH
: MAZAX

1'C 0'C
| |

T1 ; T2

dojyensuj

Insulator




MIA I1IPOXOMOIQrH (EEANATKAXMENH
META®OPA & ATQT'H)

ApX1Ka

0:00:00:00

MHXANIZMOZ: EZANAIKA>MENH
META®OPA MAZAX

MHXANIZMOZ: ArQIrH

This model automatically stops at 30 minutes.




MIA ITPOZOMOIQEH (DPYIIKH
META®OPA & AT'QI'H)

Ta 0Uo ocwpata etvar Oeppa eve
EEK1LVA VA AELTOUPYEL O AVEILOTIPAC.

MHXANIZMO2Z: E=ZANAIKAZMENH
META®OPA MAZAX

MHXANIZMOZ: ATQI'H

This model automatically stops at 30 minutes.



AIAAOLH ME META®OPA MAZAY

Me tn pon Tou atpatog 0To
avOPWIILVO oA €IUTUYXAVETAL KAl
petagopa Oeppotntag.

H Beppoxpaocia 0ev eitval mavtou n
1010 0TO aAVOP®IILVO O®A, TO OIIOLO0
elval OeppoTepo 0To E0WTEPLKO AIIO
0Tl OTA AKPO KAl TV £IILPAVELA TOU.



AIAAOLH ME META®OPA MAZAY

Otav to oopa pag etvat Kpuo, ol pueg
TOU €AAOTLKOU TOLXOUATOC TOV
pAeBov cuoteAAovTal
(yye100U0TOAL)) wote va Ieplopl{ouv
TI] POI] TOU ALUATOC O€ IIEPLOXEC KOVTA
OTNV EILPAVELN TOU OWLATOC KAl £TOL
VA JELWVOVTAL Ol AIIWALLEC
Oeppotnta.



AIAAOLH ME META®OPA MAZAY

AvtiOeta, oTav To oA pag
vnepBeppaivetal, avolyel n BaABioa
IIPOC T1C eImuPavelakee eAebeg, o
OIIOLEC OLAOTEAAOVTAL, IPOKAAWVTAC
TO «KOKKLVLOUO» TOU O£PPATOC KAl
SIIVTPEIIOVTAC TNV AIIOTEAEOUATLKI
aray®yn Oeppotnrag mpog to
rmeplBaAAov yia tnv wuén tou
AlPLATOC.



2.YTKPIZH TON TPOIION META®OPAY.

OEPMOTHTAX
TPOIIOX MHXANIXMOX MEXO
ATAAOXHX
Ayoyn Kivnoeie oopatiolov 2TeEPEQ, UYPA,
(I.X. eAeuBepa aepla

NAEKTPOVLA OTA PETAAAQ)
Metagopa Metagopa Oepuav nalwv  Peuota (uypa

@UOLKL (OLa@opeg KOl 0ePLaL)
ITUKVOTNTAC) 1)
e AVOYKOOPEVT

AxtivoBodta H/M axtivoBolAia xteped, uypa,

aepla, Kevo




