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KoMMeHTapuii mo MoBoAy CTaTbH Ox, T, lena "O pasnuuui Mexny *
cMeleHIeM, BHIBBAHHHIM M3MEHEHHEM MacChl, H CMemMeHHeM
na-3a sppexta [lonmaepa BTOpPOro MOpanka B addexTe
Mécc6ayapa

B nacToamell pa6oTe NOKa3HBAETCH, UTO HENL3S MPOBOAUTH paanuyue
MexXny CMemeHHeM, BHI3BAHHBIM H3MEHEeHHeM Macctl, ‘W cMelIeHHeM H3-3a
abthexTa Lonmiepa 2-ro nopsadka, KaKk 3To AenaeT Ox. T. Den B ceoe#t paGoTe
p Phys. Lett. , 28A (1969) 132, Tax xax STO JHWL pa3Hkie Ha3pahud LM
OQHOTO X TOTO Xe ABJIeHHd.

TipenpuuT O6be/MHEHHOTO MHCTHTYTA AflepuBIX MCCAeioBanuil.
Oy6ua, 1969

Shapiro F.L. . . E4-4827

Comment on the Letter of J.T. Dehn "On the Distinction
Between Mass-Change Shift and Second-Order Doppler
Shift in the Mdssbauer Effect”

1t is being proved that one cannot distinguish betweeﬁ the mass:-
change shift and the second-order Doppler shift (as it is dong by
I.T. Dehn in his paper (see Phys.Lett, 29A (1963) 132)) because of

their being different lebels for one and the same phenomenon. :

Preprint. Joint Institute for Nuclear Research. ;
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Considering the emission of a Mdssbauer gamma-ray as a
quantum transition between initial and final é‘nergy levels of a nuc-
leus bound in a crYstal,l' one obtains for the energy of the emitted

quantum the well—i;nown relation

CE (- Lcyzs/e? L
E_Eo(l 2<v >/e¢ ). . (1)

-

Here E| is the transition energy for a rigidly bound nucleus and
E 0_12.< v2>/¢? is the change in the e€nergy of atomic vibrations
; , 2
due to the difference Ey/c” between the masses of the nucleus in
f1/ : : -

its isomeric and ground states’ ™,

In an alternative picture of the Mdssbauer effect, the excited -

nucleus is considered as a classical oscillator having a proper fre- -

quency o, =E;/h , Atomic vibrations modulate via Doppler shift.
thé freduency of the emitted radiation splitting the line into a central
- one (the Mdssbauer line) and a great number of satellites, In this
approach the frequency of the Mossbauer line o =E /h is given by
“the same equai;ion. (I), the second term in. the brackets appearing
‘this time as manifestation of the relativistic time ,dilatation or, equi-
valently, of the second-order Doppler shift(/ 2/; for more detailed dis-

J3i,

cussion see



In a recent letter/ 4/ ' ‘J.T. Dehn comes back to the procedure

of ebtairxing the Mossbauer line frequency @ by time averaging of

the Doppler-sh1fted frequency ‘01 :
(1 -v /c
0 Jo(v/e)eosa (2

where a is the angle in the laboratory frame between the direc~

 tion. of emi'ssion of the radiation and the velocity v’ of the source,

Unfortunately, Dehn comes to a‘result '(a wrong one) which -
differs from.(I), This difference has probably provoked the errone-
ous oplmon expressed by the title of his paper. In fact, as it is
clear from the prev1ous discussion, "mass—change shift" and 'se-
cond—order Doppler shift" are two different labels for one and the :
same shift caused by thermal and zero-point motion of the emlttmc
nucleus. The point missed by Dehn is that the frequency o, , at
the point of detection at time t is ‘determine@d by the wvelocity which

the nucleus had at earlier time 7 connected with t by the rela-

tion » ‘ ‘ ‘ =
Lera _)i— x(r )_ -
B v e ) ' ' ’ (3)

Here X is the distance between the detector and the mean posi-

tion of the source (we sup'poée that X-e ) and x(r) is the pro—

]ect1on of the displacement of thé source on the direction of emis-

51on. Taking this into account one has- for the average frequency

acting on the dete dor
1 r

= Tof o () dv =

1

12 dt . : e
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Combining (4) with (2) and (3) ( = 1-

qbsérv‘iyng‘that for an atom confined in a crystal ,rz' -r»T asTae,

- one immediately comes to the relation .
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Note added at proof: The same conclusxons as in this letter

‘were obtained by J.Trooster and N.Benczer-Koller, Phys,Lett,,
30A, 27 (1969) and by M.C.Clark and A.J.Stone, Phys,Lett,,
30A , 144 (1969), ' -



