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The Bloch-Siegert shift of the NQR frequency is calculated for the case when more than one 
resonance transition are excited by radiofrequency fields. 
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Bloch and Siegert [1] were the first who showed that 
the Larmor frequency must have a shift in the pres-
ence of the linearly polarized radio frequency (r.f.) 
field. The Bloch-Siegert shift of the NQR frequency 
was theoretically studied by Lurcat [2] for the case 
that the symmetry of the electric field gradient (EFG) 
is axial and that there is only one resonance transition. 

In the present paper the Bloch-Siegert shift of the 
NQR frequency is considerd for the case when more 
than one quadrupole resonance transition is excited 
by r.f. fields and EFG symmetry is arbitrary. 

Let the nuclear spin system (spin S > 1/2) be per-
turbed by r.f. fields. The behavior of the spin system 
is described by the equation 

id6(t)/dt = [H(t),Q(t)], (1) 

where g(t) is the density operator, 

H(t) = HQ+H1(t) (2) 
and 

Hq =eQq[4S(2S-\)]-1 

•[3S2
z-S(S + \) + (r,/2)(S2

++Sl)]. (3) 

eQq and rj are the quadrupole-interaction constant 
and asymmetry parametry of the EFG, respectively. 
H ! (t) is the Hamiltonian of the interaction of the spin 
system with the r.f. fields 

H1(t)= £ yHpScos(<v). (4) 
P= l 
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Here y is the gyromagnetic ratio of the nuclei in ques-
tion and Hp and cop are the amplitudes and frequen-
cies of the r.f. fields, respectively. 

All the spin operators will be considered in a basis 
in which the Hamiltonian HQ is diagonal. We intro-
duce the projection operators emn [3], with the matrix 
elements <m'| emn \n'} = Smm. önn. and express the 
Hamiltonian (2) in terms of them: 

H(t) = (2S + \y1Zco°mnemm 
mn 

+ Z ZyHpS:ncos(a>pt)emn. (5) 
p = 1 mm 

Here = — are the eigenvalues of H Q , and 
$mn = (.m \ IpS ln>; a r e the unit vectors lying along 
the r.f. fields Hp. 

After the unitary transformation [4, 5] of (1) the 
Hamiltonian (5) can be written as 

H(t)= Z Z yHpSmn exp(i ö)°„ t) cos(copt) emn . (6) 
p= 1 mn 

The expression (6) can be separated into two parts, a 
time-independent and a time-dependent term: 

H(t) = H0 + H0(t), (7) 

where 

Ho = I £ Z y H p S U ^ , c o p + <5*1,«,,) &mn , (8) 

p= 1 mn 

p= 1 mn ' (1 —ö(o°„,wp) emn (9) 
+ S £ n e x p [ - i K „ + « p ) r ] ( \ -ö w o m ^ ) e n m } . 

0<0°n,(Dp is the Kroneker symbol. The expressions (8) 
and (9) may be considered as a Fourier series of the 
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Hamiltonian (7), and using the averaging method [6] 
we obtain the expression for averaged Hamiltonian 
accurate to e2 (where e = (yHp /eQq) 1): 

N 
H = j I I y H p SPn(öMon COp + öwom W p ) e m n 

p = 1 mn 

p= 1 mn 

•[em„,enm]. (10) 

Using (10) it is easy to find the shift NQR frequencies: 

«W = <m' + I Z(yHp/2)2 
p= 1 n 

• {[SL SL + V-I.O0«. 1 - 8n.-i) Sp-u %] 

• [ ( l -«5 w o m > C U p ) (ca l + c o p ) - 1 

- ( I - ^ B J K + Ö) , )" 1 ] 

- Mn SP
nm. + 00 . . l-Sn.- l) SI l n 

" [ ( l " « 5 « ! , « , ) ( « £ ' n + W p ) _ 1 

- d - ^ o . ^ K V + co , , ) - 1 ]} . (11) 

As an example, we consider particular cases: 

1. 5 = 1 and rj = 0. From (11) it follows 

« 1 0 = « 0 [ i + i ( y H i s i n Ö/coq)2], (12) 

co_10 = co0[l + ±(yHl sin0/coo)2], (13) 

« i - i = (y# i sin 0)2/(8wo). (14) 
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Here w0 = 3 n e Q q/2. 0 is the azimuthal angle included 
between the Z-axis of the EFG and the direction of the 
r.f. field. In this case the degeneration of the energy 
level is taken off. 

2. For S = 3/2 and rj = 0. The shift NQR frequency is 

0>3/2 1/2 = « o { l + ( 7 ^ l / 1 6 « o ) 2 (15) 

• [(2 + 1 /0 sin2 0 + (1 - 1 i i 2 ) (cos2 0 + 1 / 3 rj cos (<p)/4]}, 

where £ = (1 +rj2 /3)1 '2 and co0 is NQR frequency. 

3. For S = 5/2 and 77 = 0, when the transitions 
±1/2— ± 3 / 2 and ± 3 / 2 - ± 5/2 are excited by the r.f. 
fields cos (co01) and H 2 cos (2 co01), respectively, the 
shifted frequencies are 

«3/2 1/2 = «0 + (yH! sin 01)2 /12w0 

- 1 4 3 ( y t f 2 s i n 02)/192coo, (16) 

«5/23/2 = 2 co0+ 7(y# 1 s in0 1 ) 2 / 12co o 

+ 47 (y H2 sin 6 2)/96 co0, (17) 

«5/21/2 = 3 « 0 - 2 (yHj sin 01)2/3coo 

+ 49 (y H 2 sin 02)/l 92 ai0 , (18) 

where a>0 is the NQR frequency of the resonance tran-
sition ± 1 / 2 - ± 3 / 2 . 

In particular H 2 = 0 and 01 = 7i/2 it follows from (16) 
that 

«3/21/2 = co0 + (yHl)2/\2co0. (19) 

This result was received early by Lurcat [2]. 
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