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Spin temperature concept Phys.Rev.81, 279 (1951)
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Zapasski, “Measurements of nuclear spin dynamics by
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l. I. Ryzhov, G.G. Kozlov, D. S. Smirnov, M. M. Glazov, Y.
P. Efimov, S. A. Eliseev, V. A. Lovtcius, V. V. Petrov, K. V.
Kavokin, A.V. Kavokin, and V.S. Zapasski, “Spin noise
explores local magnetic fields in a semiconductor”, Sci.
Rep. 6, 21062 (2016)

200
400
Time, s

600

800

1000

o 4=

[
Frequency, MHz



TemnepaTypa penmnKkToBOro U3nyyeHus

2,72548 + 0,00057 K
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Temperature

A. S. Oja and O. V. Lounasmaa: Nuclear magnetic ordering in simple metals

ImK
O A SUPERFLUID ';llc
A.A A "Ilc/“‘llc
0.1 R bt S SnepHbIC CIUHEI B
- IIOJIYIIPOBOJHUKAX
o soLID’He ¥
0.01 St s 2 i

1uK
FIG. 132. Low-temperature records: green
triangles, superfluid *He; green inverted tri-
GASEOUS ATOMS angles, solid *He; green diamond, *He/*He

® mixture; red spheres, conduction electrons in
copper; yellow sphere, Bose-Einstein conden-
sation in gaseous Rb; white squares, nuclear
spins in Cu, Ag, or Rh; white triangles, nega-
tive nuclear-spin temperatures in Ag or Rh.
For references, see Sec. XVI.C.
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OceHHAsA n BeceHHAa murpauma gynens (Gallinago media)

Ake Lindstrom, Thomas Alerstam, Peter Bahlenberg, Robert Ekblom, James W. Fox,
Johan Raghall and Raymond H. G. Klaassen

Journal of Avian Biology 46: 001-014, 2015
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Franz Bairlein’, D. Ryan Norris?, Rolf Nagel’,
Marc Bulte!, Christian C. Voigt3, James W. Fox?,
David J. T. Hussell® and Heiko Schmaljohann™-*

Biol. Lert. (2012) 8, 505-507
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Wolfgang Wiltschko

local geomagnetic field horizontal component
deflected by 120°

Wiltschko W, Wiltschko R. 1972. Magnetic compass of European robins. Science 176:62-64
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-- 1 yTO X€e, No BalleMY MHEHUIO, ABNSAETCA CaMbIM
BaXXHbIM OTKPbITMEM 3a 3TU TPUHAAUATb NeT?
-- Cam dbakT lNocelleHus.

A. N 6. Cmpyzaaukue, «TUuKHUK Ha 0604UHE»
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Schulten K, Swenberg CE and Weller A.
A biomagnetic sensory mechanism based on magnetic field
modulated coherent electron spin motion. Z. Phys. Chem. (NF). 1978. Klaus Schulten

Ritz T., Adem S., Schulten K. 2000. A model for photoreceptor-based magnetoreception in birds //
Biophys. J. V. 78. Ne 2. P. 707-718.
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CwuvrHanbl MarHMTHOro Komnaca
obpabaTtbiBaloTCS
B «knactepe N» 3putenibHoOu Kopbl
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B vioncteasommses | Zapka M, Heyers D, Hein CM, Engels S, Schneider N-L, et al. 2009. Visual but not trigeminal
Magnetic compass

e — mediation of magnetic compass information in a migratory bird. Nature 461:1274-77
Olfaction
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MarHmtHoe none

npeweccus

[lepunog npeueccun crmHa areKkTpoHa
B reoMarHMTHom none - 0.6 MKc
BHYTPEHHUN MarHUTHbIN LWIYM, CO34aHHbIM MarHNTHbIMA
MOMEHTaMM A4ep B MOSIEKyre KpUNToxpoma, NpUBOAUT K NOTEPEe OpUeHTaLnm
9NEKTPOHHOro crnnHa 3a 1 MUKPOCEKYHAY.

(Kattnig DR, Solov’yov I, Hore PJ. Electron spin relaxation in cryptochrome-based
magnetoreception. Phys.Chem.Chem.Phys. 2016. 18: 12443-12456)



KcriepumMeHmbl ¢ OCUUTIUPYROWUMU MagHUMHbIMU MOAsIMU

Ritz et al, 2004; Thalau et al, 2005

[ToBeoeH4Yeckas CNeKTPOCKOMNms
MarHUTHOro pe3oHaHca
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Pagno4yacTtoTHble MarHUTHbIE NONS
OEeNCTBUTENBbHO HapyLllatoT paboTy
MarHMTHOro komnaca nrtumu!




Kavokin KV. The puzzle of magnetic resonance effect
on the magnetic compass of migratory birds. Bioelectromagnetics. 2009. 30: 402-410
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Ritz, T., Wiltschko, R., Hore, P. ]., Rodgers, C. T., Stapput, K., Thalau, P.,, Timmel, C. R., and
Wiltschko, W.,

Magnetic compass of birds is based on a molecule with optimal directional sensitivity,
Biophys. J. (2009)



Buonornyeckasa ctaHuusa «Pbibadyniny

B ., 5 w, Nl

65 o A N PAH, Kypuickasa koca

oy ' ) AR W e e

Yo
'




A Pakhomov, J Bojarinova, R Cherbunin, R Chetverikova, PS Grigoryev, K
Kavokin, D Kobylkov, R Lubkovskaja, N Chernetsov,

“Very weak oscillating magnetic field disrupts the magnetic compass of
songbird migrants”

Journal of The Royal Society Interface 14 (133), 20170364
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Engels S, Schneider N-L, Lefeldt N, Hein CM, Zapka M, et al. 2014. Anthropogenic electro-
magnetic noise disrupts magnetic compass orientation in a migratory bird. Nature 509:353-56
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Disruption of Magnetic Compass Orientation in
Migratory Birds by Radiofrequency
Electromagnetic Fields

Hamish G. Hiscock,' Henrik Mouritsen,®® David E. Manolopoulos,’ and P. J. Hore""

'Department of Chemistry, University of Oxford, Physical and Theoretical Chemistry Laboratory, Oxford, United Kingdom:; ZInstitut fiir Biologie
und Umweltwissenschaften and *Research Centre for Neurosensory Sciences, Carl von Ossietzky University of Oldenburg, Oldenburg,
Germany

ABSTRACT The radical-pair mechanism has been put forward as the basis of the magnetic compass sense of migratory birds.
Some of the strongest supporting evidence has come from behavioral experiments in which birds exposed to weak time-depen-
dent magnetic fields lose their ability to orient in the geomagnetic field. However, conflicting results and skepticism about the
requirement for abnormally long quantum coherence lifetimes have cast a shroud of uncertainty over these potentially pivotal
studies. Using a recently developed computational approach, we explore the effects of various radiofrequency magnetic fields
on biologically plausible radicals within the theoretical framework of radical-pair magnetoreception. We conclude that the current
model of radical-pair magnetoreception is unable to explain the findings of the reported behavioral experiments. Assuming that
an unknown mechanism amplifies the predicted effects, we suggest experimental conditions that have the potential to distin-
guish convincingly between the two distinct families of radical pairs currently postulated as magnetic compass sensors. We
end by making recommendations for experimental protocols that we hope will increase the chance that future experiments
can be independently replicated.
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PloS One 12 (3), e0173887 (2017)







“Chemical compass”

K. Maeda, K. B. Henbest, F.
Cintolesi, |. Kuprov, C. T. Rodgers,
P. A. Liddell, D. Gust, C.R.Timmel,
P. J. Hore,

Nature 453, 387 (2008)
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