Quantum effects in interaction of electromagnetic field and liquid-crystal films

E.Sapova, E.I.Dorodnov Samara, Moscow highway,71, PIIRS, 443011 Russia

Abstract As is known [1, 2], the biological membranes are cooperative systems. The properties of these systems are defined by peculiarities of their construction and peculiarities of their dynamical behaviour. The cooperative behaviour arises in processes with a local excitation transfer caused by physical actions on separate components of the membranes. Natural and artificial membranes can be in two basic states: in the form of a 2-D crystall (gel) or as a liquid cristall. In the paper a spectrum of fluctuations of a unordered one-dimension chain is analysed. That allows one to consider a number of special features of the electromagnetic field interaction with the membranes.

The equation of fluctuations of a partially unordered chain has the form

M_iω^2U_i = K_i(U_{i+1} − U_i) − K_{i−1}(U_i − U_{i−1}). (1)

We shall define the phase ϕ_i as follows ctgϕ_i = U_i U_{i−1} . (2)

Then from (1) and (2) one can obtain the recurrent relation:

ctgϕ_{i+1} = 1 + K_{i−1} K_i − M_i K_i ω^2 − K_{i−1} K_i tgϕ_i. (3) After differentiation of ϕ_i in (3) with respect to ω^2, we obtain dϕ_{i+1} d(ω^2) = M_i K_i sin^2ϕ_{i+1} + K_{i−1} K_i sin^2ϕ_{i+1} cos^2ϕ_i dϕ_i d(ω^2) . For all i > 1 one have^{dϕi}_{d(ω2)} > 0, and therefore a number of states can be calculated in accordance with the formula [3]: N(ω^2_1, ω^2 ) = lim_{N→∞}[ 1 πNa (ϕ_{N+1}(ω^2 ) − ϕ_{N+1}(ω^2_1 )],

where g is a chain constant . First we shall consider an isotopical partially nonodered chain, when all force constants are equal: K_i = K. Then one can write (1) in the matrix form : ( U_i U_{i+1} ) = T_i ( U_{i−1} U_i ) , (4)

where T_i = ( 0 1 −1 2 − M_i^{ω2}_K ) . Now let redefine the phase in order that it linearly fluctuates on districts occupied by the most light molecules. The matrix T^0 which describes the transition through the knot occupied by the lightest molecules has the form T^0 = ( 0 1 −1 2 − M^{0 ω2}_K ) . Because of detT^0 = 1 the frequencies satisfying the condition T r(T^0) ≤ 2 correspond to the wave propagation in the ideal chain with M_i = M^0. In this case the eigenvalues of the matrix T^0 are equal e^{±iK} , 2 cos K = −T r(T^0), with 0 < K < π and the corresponding eigenvectors ⃗t_1 and ⃗t_2 = ⃗t^∗_1 may be normalizated in order that

t^{(1)}_1 = −i,

t^{(2)}_1 = R + iJ, where R = sinK T^0_{12} , J = T^0_{11} + cosK

T^0_{12} . With the use of the matrix S = ( −i i R + iJ R − iJ )

the transformations of similarity lead T^0 to a diagonal form

S^{−1}T^0S = ( −e^{−iK} 0 0 e^{iK} ) . We shall introduce a new phase χ by means of the relation S^{−1} ( sinϕ cosϕ ) = A ( e^{−iχ} e^{iχ} ) , where ϕ is defined in (2): ( U_{i−1} U_i ) = I_i ( sinϕ_i cosϕ_i ) , I_i > 0 and A is the c-number. Then we have −ctgϕ = Rctgχ + J. (5) It follows from (4) and (5) that phases χ up to and after transition through the knot occupied by the lightest molecules (T_i = T^0) satisfy the equality: ctgχ_{i+1} = ctg(χ_i + K), (6) that explains the aim of the introduction of the new phase. By differentiation of (5) one obtain dχ_i d(ω^2) | | | |_{[ χiπ ]=0} = −sinK dϕ_i d(ω^2) | | | |_{[ ϕiπ ]=0} < 0.

Therefore in case of fastening the end of the chain ( that corresponds to the boundary condition [^{ϕN+1}_π ] = 0) the number of states in interval (ω^2_1 , ω^2 ), per unit of the length can be calculated with the use of the phase χ:

N(ω^2_1 , ω^2 ) = lim_{N→∞}(Na)^{−1}[ χ_{N+1}(ω^2_1 ) − χ_{N+1}(ω^2 ) π ] The matrix T_i of transition through an arbitraty knot has the form:

T_i = e^{(−ãiQ12)}T_0 (7)

where (Q_{12})_{ij} = δ_{i2}δ_{j1}ã_i =

M_i − M^0 K ω^2 > 0.

It follows from (4) and (7) that in a general case the recurrent relation (5) will admit the following form ctgχ_{i+1} = ctg(χ_i + K) + ã_i R . With use of the condition K(ω^2_m) = 0 and χ_{N+1}(ω^2_m) = χ_1(ω^2_m) = O(N), (which is resulted from (6)) one obtain the following formula for the number of states N(ω^2, ω^2_m) in the surroundings of the fluctuative boundary

N(ω^2, ω^2_m) = lim_{N→∞}(Na)^{−1}[ 1 π χ_{N+1}(ω^2)]. (8)

We shall notice, that after the replacement v_i = K_i(U_{i+1} − U_i), the equation analogous (1) may be received − M_iω^2 K U_i = U_{i+1} − 2U_i + U_{i−1}. (9) A complete analogy of (8) with the well known solution of the Shrödinger equation [3, 4] for the random type potential U(x) = ∑ i K_iδ(x − i), permits one to apply results obtained with account of quantum effects to the problem considered above with the use of the parameter K = arccos( M^0ω^2 2K − 1), in (1) or K = arccos( Mω^2 2 min{K_i} − 1), in (9) as a quasi-momentum. In this case the true fluctuation boundary of the fluctuation spectrum corresponds to the maximum significance of the frequency ω_{max} = 2(^{Kmax}_{Mmin} )^{12} .

References

[1] Membrane fluidity in biology, N.Y.:AcademicPress,1983,T1,309. [2] V.R. Jain, G.H. DeHaas, BBA, 1981,T.642.,p.203-211. [3] H. Schmidt, Phys.Rev.,1957, v.105, p.425 [4] J.M. Luttinger, H.K. Sy, Phys. Rev.,1973, v.A7, p.701.