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lllanHpo <:>.n.- E4-4827 

KoMMeRTapHli no noB OilY cTaTbH .U>K, T, .UeRa '0 paanH'IHH Me>Klly 
CMeiileJII!eM, Bbi3BaJIJibiM 113MeHeHHeM MaCChio II CMemeHHeM 

11a-aa a~eKTa .Uonnnepa BToporo nop~AKa B ~~eKTe 
Mllccoayapa 

B HaCTOSIIIleli pa6oTe llOKa3biB8eTCSI 1 'ITO aenb3SI npOBOilHTb pa3n.R'IHO 
Me>KllY CMeiileHHeM, Bbi3B8HHbiM H3MeHeHHeM MaCChi, .H CMeiileHI!eM 113-3a 
a~eKTa .Uonnnepa 2-ro nopsmKa, KaK aTo 11enaeT .U>K. T, .Uea B caoeA pa6oTe 
B Phys. Lett . , 29A ( 1969) 132, TaK KaK aTo nHillb pa3Hbie aaaBaHnSI Anll 

Oll~oro H Toro >Ke SIBneHHSI, 

.llpenpHHT 06wAJ111eHHoro HHCTHTy-Ta 3,{\epHhiX . HCCJie,I\OBaHHJl. 

· )br6Ha, 1969 

£4-4827 
Shapiro F.L. 

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

Shift in the Mossbauer Effect" 

It is being proved that one cannot distinguish between the mass
change shift and the second-order Dopp!Br shift (as· it is don~ by 
J.T. Dehn in his paper (see Phys.Lett., 29A (1963) 132)) because of 
their being different lebels for one and the same phenomenon, 
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Considering the emission of a Mossbauer gamma-ray as a 

quantum transition between initial and final energy levels of a nuc

leus bound in a crystal, one obtains for the energy of the emitted 

quantum the well-known relation 

E=E {l-.l<v 2 >/c 2
). 

0 2 (1) 

Here E0 is the transition energy for a rigidly bound nucleus and 

E 0 ..!-2 < v 2 >I c 2 is the change. in the energy of atomic vibrations 
2 

due to the difference E0 /c between the masses of the nucleus in 

its isomeric and ground states/
1

/. 

In an alternative picture of the Mossbauer effect, the excited 

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

quency w0 = E0 /h • Atomic vibrations modulate via Doppler shift. 

the frequency of the emitted radiation splitting the line into a central 

·one (the Mossbauer line) and a great number of satellites. In this 

approach the .frequency of the Mossbauer line w =E /h is given by 

the same equation. (I), the second term in the bracke;ts appearing 

this time as manifestation of the relativistic time dilatation or, equi

valently, of the second-order Doppler shift(/
2

/; for more detailed dis

cussion see/3 /). 
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In a recent lette/4 /, J.T. Dehn co"mes back to the procedure 

of obtaining the Mossbauer line frequency w by time averaging of 

the Doppler-shifted frequency w 1 : 

{1-//cz)Yz 
(U ==<U 

1 0 (2) 
1- ( v / c ) cos a 

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

tion of emission of the radiation and the velocity v' of the sourc8. 

Unfortunately, Dehn comes to a· result (a wrong one) \Nhich · 

differs from . (I). This difference has probably provoked the errone

ous opinion expressed by .the title of his paper. In fact, as it is 

clear. from the previous 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 emitting 

nucleus. The point missed by Dehn is that the frequency w 1 , at 

the point of detection at time t is determin~d by the velocity which 

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

tion 

X-x(r) 
t == r +· -----· 

c (3) 

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

tion of the source (we suppo~e that X-> oo ) and x( r) is the pro

jection of the displacement of the source on the direction of emis

sion. Taking this into account, one has. for the average frequency 

acting on the dete dor 

l T Tz d 
w == - I w (t) dt == 1. I w (r) -

1 
d r, 

To .Tr· t dr 
t 

(4) 
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dt 
Combining (4) with (2) and (3) ( - = 1-

dr . 

. , 

v ( r ) cos a 

c 
) and 

observing that for an atom confined. in a crystal .r
2 

-r 
1 

.... T as T .... oo, 
one immediately comes to the relation (I). 
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