arXiv:gr-qc/0003108 v5 27 Jun 2001

Modern Physics Letters A, Vol. 16, No. 17 (2001) 1147-1150

f_{c World Scientific Publishing Company}

ERRATA AND ADDENDA

DARBOUX CLASS OF COSMOLOGICAL FLUIDS WITH TIME-DEPENDENT ADIABATIC INDICES

H.C. Rosu

[Mod. Phys. Lett. A, Vol. 15, No. 15 (2000) 979-990]

A number of corrections to the work in which I introduced one-parameter Darboux supersymmetric barotropic fluids in cosmology are performed. As addenda, the flat FRW case, which was left apart, is presented in detail in the supersymmetric approach.

Errata. On p. 981

(i) In the second line of the last paragraph the tanh function should be coth. On p. 982

(ii) The function w in Equation (7d) should carry the subindex f to emphasize that the solution w_f is not the same as in Eq. (7c), i.e., ( d dη − cu_p ) ( d dη + cu_p ) w_f = w^{00}_f − c(−u^0_p + cu^2_p)w_f = w^{00}_f − c · c_{κ,susy} w_f = 0 ,

(7d) (iii) In the unnumbered equation following (7d) the tan function should be squared, whereas the tanh should be coth squared.

(iv) At the end of the same paragraph, the following sentence should be included: The solutions w_f are w_f =^c_{cos(cη+d)} and w_f =^c_{sinh(cη)} for κ = 1 and κ = −1, respectively.

(v) The general Riccati solution should be written u_g(η) = u_p(η) −^1_c^1_{v(η)} . This leads to a free term equal to unity in the Bernoulli equation (10) and to the dropping of c everywhere in the argument of the integral I. In addition, in Eq. (11) c in the argument of w^2_κ should be dropped.

(vi) In Eq. (12b), I_{cκ}(η) should be replaced by I_κ(η). (vii) The left hand side of Eq. (13a) should be −κc_κ(η; λ).

On p. 990, the page number of Ref. 8 is 4850 and not 2850, whereas the e-print at Ref. 15 should be hep-ph/0002297.

Addenda.

We would like to present shortly the flat case κ = 0 in the supersymmetric approach. For this case the analog of Eq. (4) at page 980 reads ä a + c ( ȧ a )_2

= 0 , (1)

where c =^3_2 γ − 1. Writing b =^ȧ , Eq. (1) is rewritten in the form

ḃ + (c + 1)b^2 = 0 . (2)

There are two cases.

(i) For c + 1 ≠ 0, the solution is b_p =^1_{c+1}^1_t , or in terms of the scale factor a = a_0t^{1c+1} = a_0t^{23fl} , which is a standard result.

(ii) For c+1 = 0 (γ = 0), one gets ḃ = 0, i.e., b_p =^ȧ = const =H (in cosmology). Thus, we get the standard result a = a_0 exp(Ht). This case is completely degenerate from the point of view of the supersymmetric constructions.

For the first case, the solutions b_p enter factorizations of the following type ( d dt + (c + 1)b_p ) ( d dt − (c + 1)b_p ) w = ẅ − (c + 1)[ḃ_p + (c + 1)b^2_p]w = 0 . (3)

Thus, because of Eq. (2), we get ẅ = 0. The solution is a linear function w_b ∝ t. The supersymmetric partner (or fermionic) equation with respect to Eq. (3) will be ( d dt − (c + 1)b_p ) ( d dt + (c + 1)b_p ) w_f = ẅ_f − (c + 1)[−ḃ_p + (c + 1)b^2_p]w_f = 0 . (4) This leads to ẅ_f −^2_{t2} w_f = 0. The linearly independent solutions are w_{f1} = t^2 and w_{f2} = t�^1.

The general Riccati solution comes out from

(c + 1)b^2_g − db_g dt = (c + 1)b^2_p − db_p dt , whose general solution can be written down as b_g(t) = b_p(t) −^1_{c+1}^1_{v(t)} , where v(t) is an unknown function. Using this ansatz, one obtains for the function v(t) the following Bernoulli equation

dv(t) dt + 2(c + 1) v(t) b_p(t) = 1, (5)

that has the solution v(t) =

I_0(t) + λ

w^2_b(t)

, (6)

where I_0(t) =

∫_t 0 w^2_b(y) dy ∝ t^3/3, and we consider λ as a positive integration constant that is employed as a free parameter.

Thus, b_g(t) can be written as follows

b_g(t; λ) = b_p(t) − 1 c + 1 d dt [ ln(I_0(t) + λ) ] (7)

= d dt [ ln ( w_b(t) [I_0(t) + λ]

) 1_{c+1} ] . (8)

One can get a one-parameter family of quantities P_b(t; λ) as follows

P_b(t; λ) = (c + 1)b^2_g(t; λ) + db_g(t; λ) dt (9)

= − 2 c + 1 d^2 dt^2 [ ln(I_0(t) + λ) ] (10)

= − 4w_b(t)ẇ_b(t) (c + 1)(I_0(t) + λ) + 2w^4_b(t) (c + 1)(I_0(t) + λ)^2

. (11)

The interpretation of P_b is similar to that in the original paper, namely as the general Riccati contribution to any constant barotropic index γ. The corresponding parametric scale factors of the universe will be

a_b(t, λ) = ( w_b(t) [I_0(t) + λ]

) 1_{c+1}

. (12)

Plots of γ(t; λ) and a_b(t; λ) for the dust universe and for a particular value of λ are presented in Figs. 1 and 2, respectively, together with the standard counterparts.

Fig. 1 Time-dependent adiabatic index of a Darboux barotropic fluid of dust type for λ = 0.9. There is a �1/t^2 singularity at the origin, after which the index becomes rapidly γ = 1.

Fig. 2 Scale factors of a γ = 1 barotropic flat universe and of the corresponding one-parameter supersymmetric flat universe (for λ = 0.9).