E1d1kd Aouikng BioAoyiag

Niahegn 6n

MéBodor emriduong Tou TTpoBAfuaTog Twy Qaoewy [2] :
H cuvaprtnon Patterson.



To uNOevIKO TTPOLRANMA

ATTougia KATTOIOU YVWOTOU MOVTEAOU VIO TNV UTTO PEAETN
ooun (WoTE va PTTOPEI va XpnoipotroinBei n yEBodog TNg
MOPIOKNG QVTIKAaTaoTaong), Eival avaykaia n xpnon
peEBOdWY ommweg To MIR kai to MAD. H etriAuan tou
TIPOPBANMATOC TWY PACEWY PE QUTEG TIG pEBODOUG,
QTTQTEI TOV O TTROCOIOPITHO TG QOMNG TWY Papewy
ATOPWY (N TWV AVWHOAWY OKEDQOTWY) PE povadika
dedopeva Ta rAarn |Fp| kar |[Fph|. YTroBetovTag o1 n
ammoAuTtn Tipn Tng dlagopac (|Fphl-|Fpl) eivar pia
IKQVOTTOINTIKN TTpooeyyiIon yia 1o |Fh|, To mpoBAnua

OTN YEVIKI TOU pop@n viveral ;. pe dedopeva 1a h,k,l|F|,
KQl TN CUPPETRIO TWY KPUOTAAAWY, TTOIA Eival n doun ;



To uNO&evIKO TTPORANMA

O TTPOTDIOPITHUOG TWV KAGOHATIKWY CUVTETAYHEVWY
(X,y,Z) Twv aTOPwy TTOU TTEPIEXOVTAI O TN OTOIXEIWDN
KuweAida pe povadiko dedopevo 1a hk,| kan [F| eivan
TO TTPAY PATIKO TTRPORANUA TWY PATEWV.

21N YEVIKI TOU TTEPITITWON TO TTRORANHA Eival
BEPEAILWOWG PN EMAUCIPO | YTTAPYOUV ATTEIPEG
OUVAPTATEIC NAEKTPOVIKAG TTUKVOTITAG Ol OTTOIEG Eival
OupBaTeEg HE Ta DEDOMEVA .

payz) = 3 [Frugleitnsse—2milha ki)
hkl



NMpouTtrapyxouca TTAnpo@opia

H egaywyn dopikng mAnpogopiag ato 1a h,k | |F| eiva
EQIKTI POVO OTQV PTTOPOUUE va BECTOUUE ETTITTAEOV
TTEPIOPIOPOUG AOY W TWV IBIOTITWY TTOU AVAUEVOUE v
£XOUV Ol CUVAPTNOEIG NAEKTPOVIKNG TTUKVOTNTAG.

TETOIEC 1DIOTNTEC Eival :

» H ouvaptnon nAEKTPOVIKAG TTUKVOTNTAC Eival
TTavToU BETIKN 1 PNdEv.

» H ouvaptnon nAEKTPOVIKAC TTUKVOTNTAC
ATTOTEAEITAI ATTO N ETKOAUTITOHEVA ATOPA (HE YVWOTA
dopn yia KABE atopiko TUTTO).



2uvaprtnon Patterson

O1 apeceg pebodol eival To TTAEOV TTAOUTIO O€
HaBnuaTiKa TUAPa TNG KpUuaTaAAoypagiag Kal yia 1a
TTAQiOIO QuTOU TOU pabnuaTtog KaBe TTepaItepw avaiuon
Da amro@euxBel. Mia GAAN OIKOYEVEIQ (CUYYEVIWLV)
HMEBODWY Opwe TTou Ba avagepbei oe peyaAutepo Pabog
gival auTr Tmou aTnpieTal aTIg IDI0TNTES TNG
ouvaptnang Patterson. O opiopog TNG ouvaptnong
Patterson Ba egayBei w¢ amavinon Tou EpWTNHATOC !
UTTAPX €l QOUIKN TTANPOQOPIT TTOU VO TTEPIEXETAI OTA
TTAGQTN JOVO TWY TTaPayovTwy BOMHNG (XWpPIS Kapia
TTANPOYOpPIa yIa TIG PACEIG TOUG) ;



2uvaprtnon Patterson

Mia icodUvapn EpWTNON Eival : TTOIO Eival TO PUOIKO
vonua [EL‘W UTTAPXEI) TWV OUVBETEWY TOU TUTTOU |

UL-{J' tﬂ) _ Z |Fh —21‘1 (hut-kv+lw)
hkl

P(uvw) = Z |F'hk£|2 ¢~ 2mi(hutkv+lw)
hkl

V(H’UHJ) — Z |ﬁhk£|33_gﬂi{hu+kﬂ+£w}
hkl

Ol OTTOIEC UTTOPOUV VO UTTOAOYIOTOUV HE HOVO EQODIO TA
h,K,LIF];



2uvaprtnon Patterson

ATTO auteg, n deutepn cuvaptnon [ P(uvw), yvwaTr wg
ouvaprtnaon Patterson | n omroia ¥pnoipoTroiel 0x1 1A
TTAATN auTa KaB'autd, aAAG TO TETPAYWVO TOUG, EXEI
QUOIKN anuaacia. [a v amodeIgn auTtrng TNG QUOIKNG
Onuaciag amaITeiTal 0 OPITHOG Tou complex conjugate :
Eav F eival evag mapayovtag dopng, pe mhatog |F|
Kal gaaon (), 10Te TO0 complex conjugate auTtou
oupBoAileTal pe F* Kal opifeTal w¢ O TTapayovTag
dopng He TAartog |F| kal gaon (-@).

Eav pe A kal B oupBoAicOUpE TO TTRPAYHATIKO Kal
@avTAOTIKO (avTioTOIXO) HEPOG TOU F, TOTE N TIHN
TOU YIVOUEVOU TwV (avuopaTtwy) F kal F* givar ;



2uvaprtnon Patterson

FF* = (A+iB)(A—iB)
A? + B2 +iBA — AiB
— AE —{—BE
= |F|?

Apa n ouvaptnon Pluvw) gival o HETAOXNUATIO YOG
Fourier Tou yIvOpEVOU TWY TTAPayOVTWY DOMNG UE TA
complex conjugates Toug.

To QUOIKO VONPa autou TOU PETAOXNUATIOWOU Fourier
MTTOPEI va PpeBei pEow TOU BEWPANATOC TNS CUVEAIGNG :



To Bewpnua TnNG CuveAIRnG ...

O peTaoynuanopog Fourier Tng ouveAigng duo
OUVaPTACEWY Eival iI00¢ (TAUTICETAI) ME TO YIVOHEVO
TWV PETaOYNUaTIoPwy Fourier Twy ETTINEPOUG
ouvaptnoewy. AnA.

FT(f®g)=FT(f) - FT(9)



Patterson & ocuveAIin

Apa, To ammoteAeopa piag ouvBeong Fourier Twy
TETPAYWVWY TWY TTAATWY TTApayovTwy DOPNG (HE OAEG
TIC YACEIC IOEG PE TO PNdEV) eival ion (TauTtideTal)

ME TN OUVEAIGN TOU HETAOXNMaTIGpou Fourier Twy
TTapayovTwy dOUNG HE TO JETAO Y NUATIOpoU Fourier Twy
complex conjugate Toug.

AAAG, O HETQOXNMATIOMOG Fourier Twy TTapayovTwy
OOMNG Eival N CuvapTnNon NAEKTPOVIKNG TTUKVOTNTAG
p(xyz). To JOvO TTOU PEVEI Eival VT TTPOTDIOPITOUME TO
QUOIKO VONPa TOU PETAOXNUATIONOU Fourier Twy
complex conjugates Twv TTapayovTwy dourg.
AMERPIKA :



Patterson & ocuveAIign
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Apa, o peTaoxnuanopog Fourier Twyv complex
conjugates Twv TTapayovTwy dopng eival 1o p(-X,-y,-2)
ONA. TO KEVTPOOUMHETPIKO EIBWAO TNG CUVAPTNONG
NAEKTPOVIKNG TTUKVOTNTAG.



H ouvaptnon Patterson

Apa, To amoteAeopa piag ouvBeong Fourier Twy
TETPAYWVWY TWY TTAATWY TTApayovTwy DOPNG (ME OAEG
TIC QYACEIC IOEG PE TO PNdEV) eival ion (TauTtideTal)

ME TN CUVEAIZN TNG CUVAPTNONG NAEKTPOVIKNAG
TIUKVOTNTAG Tou KpuoTaAAou [ p(xyz) | pe eva
KEVTPOOUMMETPIKO €idwA0 TNG [ p(-x,-y,-Z) ].

Emeidn n mpagn tng cuveMIiEng €iXE OPIOTEI WG



H ouvaptnon Patterson

) ® g(z)

conv(u) = f(z
= Jo f(z)g(u —z)dz

n ouvaptnon Patterson givai :

P(u) = p(z) ® p(—2)
= [, px)p(r +u)du



Patterson : To QUOIKO vOonua

To QUOIKO VONMa TngG TTRONYOUHEVNG ECITWONG Eival :
n ouvaptnon Patterson [ P(u) ] avrimpoowTrevel eva
XApPTN OAWY TWV dIQ-ATOMIKWY aQVUTHATWY (OAWY TWV
AVUOPATWY HETALU OAWY TWV ATOHWY TNG OTOIXEILWOOUG
KuweAidag). O Aoyog eival 0TI TO OAOKANpwHa
Ip(x)p(x+u)du Ba TTaipvel PN PNOEVIKES TIMEG HOVO
OTaV TO U €ival TETOIO WOTE TA P(X) Ko p(x+u) va
£XOUV KN UNOEVIKEG TIMES, ONAQdN OTav OTIC BECEIG

(x) kan (x+u) uttapyouv atopa. Eav oTig BETEIg (X)

Kal (X+u) uTTapyOUV ATOPA, TOTE TO (U) AVTIOTOIXEI OE
£VO AVUO MO TTOU OUVOEEI TA ATOHA auTa.



Patterson : 1010TNTEG

= Eav 10 (u) avTioTOI¥El OE Eva OIQ-ATOMIKO AVUO A,
TO0TE OV BEon (u) TN ouvapTtnong Patterson Ba
UTTAPXEI Eva TOTTIKO PEYIOTO (I kopu@n (peak)). To
UWog auTng TnS KopuPng Ba eival avaAoyo PE 10
VIVOUEVO TWV ATOMIKWY QRIBPWY TWV ATOPWY TToU
ouvdeovTal aTro TO (u).

= Emme1dn yia u=0 KGBe ATOMO CUUTTITITEI JE TOV EQUTO
Tou (MNOEVIKO avuopa), ol auvapTnoeig Patterson
EXOUV HIa TTOAU uwnAn kopugn [ avaioyn tou Z(Z%) |
oTNV apxn Twyv agovwy.

= ETre10n €av 10 (U) QvTIOTOIXEI OE EVA DIQ-UTOMIKO
Avuopa, 1o (-u) eTTiong eival eva dIQ-aTopIKo avuopa,
n ouvaptnon Patterson gival KEVTRPOOUPUETPIKN.



Patterson : Trapadeiypara

(A) ‘ (B)



Patterson : Trapadeiypara
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Patterson : Trapadeiypara
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Patterson : uttoAoyiouog (1D)
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Patterson : eapuoyeg

H Baoiki mpoogyyion gival oTi n diapopd Twv TTAQTWY
( |[Fph| - |Fp| ) ytropei va xpnoipoTroinBei w¢ YETPO

Tou |Fh|. Edv autd 1oxUEl, uttoAoyi{OuldE TH ouvapTnon
Patterson mrou avriotoixei ota ||Fph| - |[Fp||?, kai

ato autn (kal e Baon Tn yvwoTr) CUPPETPIT)
TTPoOTIaBoUNE VO OUVAYOUUE TIC CUVTETAYHEVEC TWV
Bapéwv aropwy. Atrag Kal BpouuE QUTEC, HTTOPOUME va
UTTOAOYIOOUE TN OUVEICQOPA TWV PBAPEWY ATOPWY
(TrA@TOC K (pAon) Kl OTr OUVEXEID TIC (PATEIC TWV
IFp| (dmmw¢ avahuBnke oTnv TTponyoupevn OIGAEEN).



Patterson : eapuoyeg

H apxn ¢ xpnong tng cuvaprtnong Patterson yia v
gUpeECN TOU TTpoCavaToAIopoU Kal TS BEong TNG
YVWOTHG OOWNG OTOV UTTO PEAETN KPUGTAAAO Eivail :

To poTio TwV aVUOPATWY KOVTA OTNV apyn Twyv agovwy
Tng Patterson egaptaral povo amo Tov TpooavaTtoAITuo
TWv Hopiwy Kal ox1 Tn Bean Toug. 'ETol pmmopoupe (pe

TO va PPOUNE TOV TTPOCAVATOAICHO EKEIVO TNG YVWOTNG
OOMNG YIa TOV OTTOIO Ta TTPORBAETTOMEVO Kl
TIapaTnPoOUMEVA avuauaTa 'Taipiadouv' KaAuTepa) va
TIPOOBIOPICOUKE TA A,[3,y Xwpic yvwan Tng Beong Tou
MOpIiou, ZTnN CUVEXEIQ, KpATAUE Ta a,3,y oTaBepd Kal
EPEUVOUE YIQ Ta BEATIOTA X,Y,Z (BECEIG).



KpuoTaAAoypa@iag eTiAOyoOG

H opdda autr Twv dIaAECEWY AyyILE TNV ETIPAVEIT HOVO
TWV KpuoTaAloypa@ikwy HEBGDWV.

Ma Tou Adyou 10 aAnBEC, o1 TTAPOUCIACEIC QUTES Ba
KAEIOOUV HE PO TETOIOU TUTTOU IOTOPIKN QvaoKOTINON
TToU Aiyol ahAhol kAGdol Ba prmopoucav va kauynbouv
OTI PTTOPOUV VA TTPAYHATOTIOIOOUV.



Physics 1901

RONTGEN, WILHELM CONRAD , Germany, Munich
University, b. 1845, d. 1923:

"in recognition of the extraordinary services he has
rendered by the discovery of the remarkable rays
subsequently named after him"



Physics 1914

VON LAUE, MAX, Germany, Frankfurt-on-the Main
University, b. 1879, d. 1960:

“for his discovery of the diffraction of X-rays by
crystals”



Physics 1917

BARKLA, CHARLES GLOVER, Great Britain, Edinburgh
University, b. 1877, d. 1944

“for his discovery of the characteristic Rontgen
radiation of the elements”



Chemistry 1936

DEBYE, PETRUS (PETER) JOSEPHUS WILHELMUS,
the Netherlands, Berlin University, and

Kaiser-Wilhelm- Institut (now Max-Planck-Institut)

for Physik, Berlin- Dahlem, Germany, b. 1884, d.

1966:

“for his contributions to our knowledge of molecular
structure through his investigations on dipole
moments and on the diffraction of X-rays and
electrons in gases"



Physics 1937

The prize was awarded jointly to:

DAVISSON, CLINTON JOSEPH, U.S.A., Bell Telephone
Laboratories, New York, NY, b. 1881, d. 1958; and

THOMSON, Sir GEORGE PAGET, Great Britain, London
Universi ty, b. 1892, d. 1975:

"“for their experimental discovery of the diffraction
of electrons by crystals”



Chemistry 1946

The prize was divided, one half being awarded to:
SUMNER, JAMES BATCHELLER, U.S.A., Cornell
University, Ithaca, NY, b. 1887, d. 1955:

“for his discovery that enzymes can be crystallized"
the other half jointly to:

NORTHROP, JOHN HOWARD, U.S.A., Rockefeller
Institute for Medical Research, Princeton, NJ, b.
1891, d. 1987, and

STANLEY, WENDELL MEREDITH, U.S.A., Rockefeller
Institute for Medical Research, Princeton, NJ, b.
1904, d. 1971:

“for their preparation of enzymes and virus proteins
in a pure form”



Chemistry 1954

PAULING, LINUS CARL, U.S.A., California Institute
of Technology, Pasadena, CA, b. 1901, d. 1994

“for his research into the nature of the chemical
bond and its application to the elucidation of the
structure of complex substances”



Chemistry 1962

The prize was divided equally between:

PERUTZ, MAX FERDINAND, Great Britain, Laboratory
of Molecular Biology, Cambridge, b. 1914 ( in
Vienna, Austria); and

KENDREW, Sir JOHN COWDERY, Great Britain,
Laboratory

of Molecular Biology, Cambridge, b. 1917, d. 1997

“for their studies of the structures of globular
proteins”



Physiology or Medicine 1962

The prize was awarded jointly to:

CRICK, FRANCIS HARRY COMPTON, Great
Britain, Institute of Molecular Biology, Cambridge,
b. 1916;

WATSON, JAMES DEWEY, U.S.A., Harvard
University, Cambridge, MA, b. 1928; and
WILKINS, MAURICE HUGH FREDERICK, Great Britain,
University of London, b. 1916:

“for their discoveries concerning the molecular
structure of nuclear acids and its significance for
information transfer in living material”



Chemistry 1964

HODGKIN, DOROTHY CROWFOOT, Great Britain,
Royal Society, Oxford University, Oxford, b. 1910,
d. 1994.

“for her determinations by X-ray techniques of the
structures of important biochemical substances”



Chemistry 1976

LIPSCOMB, WILLIAM N., U.S.A., Harvard
University, Cambridge, MA, b. 1919:

"for his studies on the structure of boranes
illuminating problems of chemical bonding"



Chemistry 1982

KLUG, Sir AARON, Great Britain, MRC
Laboratory of Molecular Biology, Cambridge,
b. 1926 (in Lithuania):

"“for his development of crystallographic electron
microscopy and his structural elucidation of
biologically important nuclei acid-protein
complexes"



Chemistry 1985

The prize was awarded jointly to:

HAUPTMAN, HERBERT A., U.S.A., The Medical
Foundation of Buffalo, Buffalo, NY, b. 1917: and

KARLE, JEROME, U.S.A., US Naval Research
Laboratory, Washington, DC, b. 1918:

“for their outstanding achievements in the
development of direct methods for the determination
of crystal structures”



Chemistry 1988

The prize was awarded jointly to:
DEISENHOFER, JOHANN, Federal Republic of
Germany, b. 1943;

HUBER, ROBERT, Federal Republic of Germany,
Max-Planck-Institut for Biochemie, Martinsried, b.
1937; and

MICHEL, HARTMUT, Federal Republic of Germany,
Max-Planck-Institut for Biophysik, Frankfurt/Main,
b. 1948:

"for the determination of the three-dimensional
structure of a photosynthetic reaction centre”



