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Abstract: The dynamics of the reaction H + LiH are studied with the aid of 

Quasi-classical trajectory (QCT) method, based on a new ground electronic state global 

potential energy surface(PES) of Yuan et al.[ Phys. Chem. Chem. Phys. 2015, 

17(17):11732-11739]. The influence of collision energy on the dynamic properties of the 

title reaction is discussed from 0.01eV to 0.8eV. The results show that the variation trend 

of the dynamics of the H + LiH reaction at low collision energy is markedly different 

from that of high collision energy. The rotational angular momentum j' of product H2 is 

oriented along the positive y-axis all the time. The distributions of PDDCS are calculated 

and find that the polarized degree of the rotational angular momentum j' is stronger in 

the forward hemisphere. 
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1. Introduction  

Considerable attention has been paid to the lithium chemistry because of its importance in the 

evolution of the primordial universe [1-4]. Particularly the LiH formation (via the process of 

radiative association) and LiH depletion (via the collision with hydrogen atom to form H2), which 

leave the important imprint on the spectrum of the cosmic background radiation from early 

epochs, are frequently reported during the past decades [5-7]. For the LiH formation, the nascent 
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rotational population distribution of LiH (v=0) in the Li (2 2PJ) with H2 reaction was studied by 

Chen et al. [8] using a pump-probe technique in 2000. The results suggested that the reaction be 

dominated by the insertion mechanism. Bililign et al. [9] observed the LiH formation in the Li*+H 

collisions for the atomic states from Li (2s) to Li (3d). Moreover, the LiH2 system shows the complex 

features of the more complicated chemical species. Therefore, a series of studies have been carried 

out about this attractive system recently. 

It is well known that the construction of the accurate PES for a reaction system is fundamental 

to investigate its dynamic properties. So great efforts have been made to construct the PES [10, 11, 

18-21, 27, 30, 36] and investigate dynamical properties [10, 12-17, 22-36] for LiH2 system in the last 

few decades. Clarke et al. [10] firstly calculated the collinear arrangement PES (CA PES) of the 

ground-state of LiH2 system, and carried out classical trajectory calculations and time-dependent 

wave packet propagation studies. Their results showed that the LiH depletion reaction was 

exothermic with nearly 2.0 eV and existed a small barrier of 0.036 eV in the LiH + H entrance. 

Dunne et al. [11] constructed an ab initio global PES (DMJ PES) of the lowest state (2A) of LiH2 

system using the many body expansion method and the root mean square error (RMSE) of the 

fitting result was 0.09 eV. It should be noted that the barrier that existed in the LiH + H entrance 

channel on CA PES couldn’t be found in DMJ PES. Based on DMJ PES, a series of quantum 

mechanical (QM) calculation had been carried out to investigate the dynamics of this reaction in 

detail [12-17]. Bodo et al. studied the interaction between LiH and H in low energy collision 

regimes with the Coupled Cluster method when the strength of the coupling between the 

impinging atom and the ro-vibrational states of LiH was taken into account [18]. Kim et al. [19] 

constructed an interpolations of accurate ab initio PES and did trajectory calculation to investigate 

dynamics properties of the LiH formation and depletion reaction. Berriche and Tlili [20] developed 

an ab initio PES of LiH2 system, in which they observed the presence of a double well for the 

angles around 11º. Wernli et al. [21] developed a global three-dimensional PES (Wernli PES), 

which was fitted by large scale calculated energy data in the modified Aguado-Paniagua function 

and the RMSE was 0.022 eV. Based on the Wernli PES, Bovino et al. [22-26] calculated total 

reaction probabilities, rate coefficients, and channel reactivity of the reaction LiH + H → Li + H2 

using a time-independent quantum mechanical close-coupling (TIQM-CC) or Time Dependent 

Wave Packet(TDWP) method. Prudente et al. [27] developed an analytical PES (Prudente PES) and 

the RMSE was 0.064 eV. Besides, they calculated the reaction probabilities for both exothermic (Li 

+ H2) and thermal-neutral (H + LiH) reaction by using real wave packet (RWP) method. Based on 

the Prudente PES, Jiang et al. [28-34] investigated the dynamics of the reaction H + LiH using QCT 

or QM method. Hsiao et al. [35] constructed ab initio PES of the ground 12A′ and excited 22A′ 

states of LiH2 system. Recently, Yuan et al. [36] employed neural network method to construct a 

new ground electronic state global PES (YHC PES) of LiH2 system. The accuracy of fitting 

procedure of the YHC PES is fairly high with only 0.004eV. The spectroscopic constants of LiH 

(X1Σ+) and H2 (X1Σg+) obtained from the YHC PES agreed very well with the experimental data. 
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Subsequently the simple scalar properties of the reaction H (2S) + LiH (X1Σ+) → Li (2S) + H2 (X1Σ+) 

were studied with TDWP method. 

Comparing with Prudente PES and Wernli PES, the YHC PES seems to be more accurate and 

the spectroscopic constants obtained from it agreed very well with the experimental data. So in 

order to an accurate understanding of the H+LiH reaction, we calculate its dynamics based on the 

YHC PES. In this paper, we study the effect of collision energy on the dynamics of the title 

reaction in detail. This paper is organized as follows: in Section 2, the basic theory is given. In 

Section 3, the results and discussion are presented. Finally, Section 4 closes with the conclusion. 

2. Theory 

The QCT method is well established to deal with the bimolecular reactive collision processes 

and has been very successfully applied to numerous atom-diatom and diatom-diatom 

chemical reactions in recent years. Since the details of such methods are well documented in 

the literature [37-42], we will be concerned only with the essentials here. 

In this calculation, the initial conditions are selected by a standard Monte Carlo sampling 

and the adaptive-step Adams and Runge-Kutta method are employed to ensure the adequacy 

and the stability of the trajectory integrator. The vibrational and rotational levels of the 

reactant molecule are taken as v=0, j = 0 respectively. Batches of 100 000 trajectories are 

calculated as the sample for each condition. The integration step is chosen to be 0.1 fs and the 

initial distance between H atom and the center of the mass of LiH molecule is 15 Å  for every 

trajectory. Reaction probabilities and integral cross section, as a function of collision energy 

(Et) for the H + LiH reaction, have been calculated at the randomly and uniformly sampled 

collision energies within the range 0.01~0.8 eV. The total reaction probability as the impact 

parameter b = 0, can be written by: 
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The bmax is the maximum impact parameter for the different collision energy and listed in 

Table 1. 
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Table 1. Maximum impact parameters. 

Collision 

energy(eV) 

0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

bmax(Å ) 5.985 4.800 4.303 3.760 3.625 3.570 3.530 3.490 3.460 3.420 

The impact parameter used, ensure that no reaction occurs at a given collision energy for 

values of the impact parameter larger than bmax. For the equation that describes the rotational 

polarization of the product, they are listed in the appendix. 

3. Results and discussion 

3.1 Topological features of the YHC PES  

Yuan et al. analyzed the topographical features and minimum energy paths of the YHC PES 

at four different Li–H–H angles (180°, 135°, 90°, and 45°) [36].  

 

Figure 1: Potential energy surfaces for the four Li-H-H angles 10º, 24º, 46º, 75º. 
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Two valleys are found in each of the four angles: the product valley of Li+ H2 is deeper 

than the reactant valley of H + LiH because of the exothermicity of H + LiH → Li + H2. But, 

they have not analyzed the topographical features and minimum energy paths of the YHC 

PES at the small Li–H–H angle, which play an important role in the dynamic calculation. In 

order to compare with the other PES, we further analyze the topographical features and 

minimum energy paths, which are shown in Figures 1 and 2, respectively. Figure 1 provided 

the topographical features of the YHC PES at four different Li–H–H angles (10°, 24°, 46°, and 

75°). One can find from Figure 1a that there is double well to exist in the entrance side of the 

PES when Li–H–H angle is less than 24°, which is in accord with the PES constructed by 

Berriche and Tlili [20]. The energy barrier between the double well will weaken with the 

increase of Li–H–H angle. As the Li–H–H angle reaches 24° (Figure 1b), the double well will 

turn into a single deeper well until Li–H–H angle approach to 46°. When the angle of 

approach to 46° (Figure 1c), the well disappear entirely. 

The minimum energy paths (MEPs) from LiH to H2 at four different Li–H–H angles given 

in Figure 2 clearly show that there is double well or single well when the Li–H–H angles is 

less than 46°. 

 

Figure 2: Minimum energy paths for the LiH2 PES at four Li-H-H angles 
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3.2 Reaction probability and integral cross section 

The reaction probability of the LiH depletion (R1) and H-exchange (R2) channels with J = 0 

are calculated by running batches of 100000 trajectories with a zero impact parameter (b=0) as 

a function of collision energy. The obtained results and previous results are shown in Figure 

3. 

In order to certify the validity of our calculations, we firstly compare the QCT 

probabilities with the quantum results, which have been calculated by TDWP method on the 

YHC PES [36]. It is obvious from Figure 3 that the QCT results are in general agreement with 

the quantum results. However, there is still a tiny difference. The QCT calculations can’t 

reproduce the strong resonance structures character that can emerge on the curve of the 

TDWP reaction probabilities. Subsequently, we compare our results with the QCT results of 

Jiang et al. [31] that are calculated on Prudente PES [27]. The results are mainly the same 

except for the collision energy less than 0.2eV. The reason is that there is an early energy 

barrier on the Prudente PES, which cannot be found in YHC PES. All of the results show that 

the reaction probability of the LiH depletion is higher than H-exchange channel. Generally 

speaking, a free atom A prefers to react with the low electronegative atom of BC molecule in 

the reaction process of A+BC [43]. Therefore, the free atom H has priority to attack the H of 

LiH to form H2 in the reaction H + LiH, because the electronegativity of H is weaker than Li. 

In addition, the reaction probabilities are very high at low collision energies, which imply that 

the PES is attractive. 

 

Figure 3: Comparison of the reaction probabilities between the QCT (our results and cf.Fig.1 of Ref. 31) and 

QM (cf. Fig. 1 of Ref. 24 and Fig. 3 of Ref. 27) calcula -tions of LiH depletion (R1) and H exchange (R2) 

channels. 
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The integral cross section (ICS) values for the reaction H + LiH at v=0, j=0 state in the 

collision energy range 0.01~0.8ev are calculated and compare with the quantum results [24, 27, 

36] based on Wernli PES, Prudente PES and YHC PES in Figure 4. 

One can find that the ICS depends strongly on collision energy and decrease 

monotonically with the increase of collision energy. It can be explained by the topographical 

character of the YHC PES. The YHC PES is a typical attractive potential energy surface. And 

for this PES, the reaction is principally dominated by the centrifugal potential that has a direct 

relationship with collision energy. The centrifugal potential increase with the increase of 

collision energy, which results in the reducing of the ICS values. Our QCT results are in 

agreement with the quantum results of Yuan et al. 

3.3 The reaction mechanism 

To clarify the reaction mechanism, the variations of internuclear distances of Ha-Hb, Li-Ha, 

and Li-Hb, as functions of propagation time by random selecting reactive trajectory of 

different collision energy, are presented in Figure 5.  

As can be seen in Figure 5(a), the strange phenomenon is found that the internuclear 

distances of Ha-Hb, Li-Hb increase suddenly before the collision occurs. It is caused by the 

reason of the repulsive wall provided by Li atom. From the Figure 5(b), one can find that the 

attacking atom H collides with the target molecule LiH to form the short lifetime (about 10-13s) 

complexes LiHH before breaking-up into the LiH depletion channel.  

 

Figure 4: Comparison of total integer cross section between the present results and previous theoretical 

results that calculated on the YHC PES [Ref. 36], Prudente PES [Ref. 27] and Wernli PES [Ref. 24] using 

TDWP method for the LiH depletion reaction. 
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Figure 5: Internuclear distances of Ha-Hb, Li-Ha, and Li-Hb as a function of propagation time, with the fixed 

scattering angle t. The collision energy is 0.01eV, 0.1 eV, 0.2 eV and 0.5 eV respectively. 

In order to verify whether the emergence of complex associated with shallow potential 

well, the value of potential energy of reaction process as the function of collision time are 

calculated and plotted in in Figure 6.  

 

Figure 6: Potential energy of Ha-Hb-Li as a function of propagation time, with the fixed scattering angle t. 
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As can be seen from Figure 6(b), the potential energies suddenly decrease during the 

formation of complexes. Combined with the minimum energy paths plotted in Figure 1(b), 

the existence of complex is confirmed to be connected with the potential well. When the 

collision energy is higher than 0.2eV, as can be seen in Figure 5(c) and 5(d) respectively, the 

reaction process is very rapid and the indirect reactive trajectories can’t be found. The 

variation of potential energies can be seen in Figure 6(c) and (d) respectively. Besides, the 

oscillation amplitude of the product H2 become strong with the increase of collision energy, 

which signify the vibration level of the product H2 is excited to a higher vibrational state. 

Overall, the reaction H + LiH is mainly controlled by the direct reaction mechanism. However, 

the formation of intermediate complex indicates that the indirect mechanism plays a role 

during the reaction process of low collision energies. 

3.4 The polarized distributions of the  rP  ,  rP  , ),( rrP   

The P(r) distributions of the product H2 at the selected collision energies (0.01ev, 0.1ev, 0.2ev, 

0.5ev, and 0.8eV) are presented in Figure 7, which reflects k-j' vector correlation.  

As can be seen from Figure 7, the P(r) distribution exits a maximum at the r ≈ 90o and is 

symmetrical with respect to 90o at the given collision energy, which indicates that the product 

angular momentum j' is aligned along the direction perpendicular to the initial relative 

velocity direction k. When the collision energy increases from 0.2 eV to 0.8 eV, the peak of  

 

Figure 7: The distribution of P(r) as a function of polar angle r at five collision energy (0.01eV, 0.1 eV, 0.2 eV, 

0.5 eV and 0.8eV) is plotted. 
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P(r) distribution becomes higher and broader, which indicates the degree of alignment of H2 

from the reaction H + LiH becomes stronger with the increase of collision energy. It is 

in well agreement with the previous results [29, 30]. However, when the collision energy 

increases from 0.01 eV to 0.2 eV, an opposite tendency is showing that the peak of P(r) 

distribution becomes lower and narrower, which indicates that the rotational alignment 

degree of the product becomes weaker. This phenomenon can be explained by the reason that 

the well that exists around H of LiH diatom [36], contribute to the rotational alignment degree 

of the product H2 when the collision energy is small. With the increase of collision energy, the 

effect of well become small, which lead the alignment degree to weaken. When the collision 

energy is higher, the translational energy of H atom acts as a mainly factor for the distribution 

of the product rotational alignment. In order to obtain a better understanding of the 

alignment degree of the product, we calculate the product alignment parameter P2(j’﹒k), 

which are shown in Figure 8.  

For the product alignment parameter, there exists a classical limiting value of -0.5, the 

closer the value of the parameter approaches -0.5, the stronger the product is aligned along 

the direction perpendicular to k. It is obviously seen from Figure 8 that the calculated values 

of P2(j’﹒k) are agree with the distribution of P(r). 

The P(φr) distributions shown in Figure 9 describe the k-k -́j  ́vector correlations at five 

collision energies Ecol = 0.01ev, 0.1ev, 0.2ev, 0.5ev, and 0.8eV, which reveals the rotational 

polarization of product H2 and its collision energy-dependent behaviors.  

Some similar features for the five collision energies of the title reaction are found: the P(φr) 

distributions are asymmetric with respect to the k-k  ́scattering plane (or about r =180o) and 

there are two peaks appear around r = 90o and 270o. The peak at r angle closes to 90° 

indicates a preference for right-handed product rotation while the peak in the P(φr) 

 

Figure 8: The rotational alignment parameters of the product H2 for the reaction H + LiH (v = 0, j = 0) → H2 + 

Li at several collision energies. 
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distribution at r angle closes to 270° implies a preference for left-handed product rotation. 

The peaks of P(φr) appearing at r = 90° and 270° indicate that the rotational angular 

momentum vectors of the products are mainly aligned along the y-axis of the CM frame. One 

can be found from Figure 9 that the peak at r =90° is higher than r =270°, which indicates that 

the rotational angular momentum vectors of the H2 are not only aligned but also oriented 

along the positive direction of y-axis of the CM frame. When the collision energy increases 

from 0.01eV to 0.1eV, the two peaks at r =90° and 270° both become lower, which means that 

the rotational alignment degree of the product along the y-axis of the CM frame dramatically 

weaken. However, when collision energy increases from 0.2 eV to 0.8eV, the peak at r 

=90° significantly heightens while the peak at r =270° becomes a little lower, which means 

that the orientation degree of the product along the positive direction of y-axis of the CM 

frame evidently strengthen. It should be specially mentioned that the P(φr) distribution based 

on the YHC PES has significant difference from the P(φr) distribution based on the Prudente 

PES [27] at low collision energy. The rotational angular momentum vectors of the H2 are 

oriented along the positive direction of y-axis all the time in this paper; however, they are 

oriented along the negative direction of y-axis of the CM frame in the results of Jiang et al. 

[30]. The main reason is that the Prudente PES exists a barrier but not find in YHC PES. 

 

Figure 9: The distribution of P(φr) for the H (2S) + LiH (X1Σ+) → Li (2S) + H2 (X1Σg+) reaction at five collision 

energy as a function of azimuthal angle φr 

In order to better understand the rotational polarization of the product H2, we calculated 

the P(r,φr) distributions in the form of polar plots in Figure 10 for a series of collision energy. 

It is evident that the distributions P(r,φr), which peak at (90o, 90o) and (90o, 270o), are 

consistent very well with the distributions of P(r) and P(φr). The distributions P(r,φr) also 
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show that the products H2 are preferentially polarized perpendicular to the scattering plane 

and rotate in planes parallel to the scattering plane. 

 

Figure 10: The P(r,φr) distribution at the five collision energies (0.01ev, 0.1ev, 0.2ev, 0.5ev, 0.8ev) for H + LiH 

(v = 0, j = 0) → Li+ H2 reaction. 
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3.5 The distribution of PDDCS 

The calculated results of the PDDCS for the five different collision energies are shown in 

Figure 11.  

The (2π/σ)(dσ00/dωt) distribution corresponds to a simple differential cross-section (DCS), 

which describes the k-k' correlation. The scattering direction of the product molecules is 

mainly dominated by the forward scattering and the sideway and backward scattering are 

weakly visible. The tendency of the forward scattering increases remarkably with the increase 

of the collision energy while the sideway and backward scattering always weakly appear, 

which can be explained by using the purely impulsive effect [30]. One can be found from 

Figure 11(a) that the results of (2π/σ)(dσ00/dωt) are well agreement with the results of Jiang et 

al [30]. As can be seen in Figure 11(b), the negative value becomes much larger as the collision 

energy increases from 0.2ev~0.8ev, which is in accordance with the results of Jiang et al [30], 

however, the negative value of (2π/σ)(dσ20/dωt) at the extreme forward direction (t=0o) is 

decreased when collision energy increases from 0.01~0.2ev. When the scattering angle t <40o, 

the polarization of j' along the direction perpendicular to k firstly decreases and then 

increases with the increase of collision energy. This variation tendency is in agreement with 

the distribution of P(r). At the extremities of forward (t=0o) and backward (t=180o) 

scattering, the (2π/σ)(dσ22+/dωt) and (2π/σ)(dσ21-/dωt) values equal to zero. Figure 11(c) shows 

the values of (2π/σ)(dσ22+/dωt) are basically negative for all scattering angles, which indicates 

the j' of product H2 prefers to align along the y-axis. With the increasing of collision energy, 

the negative value of (2π/σ)(dσ22+/dωt) firstly decreases and then strongly increases, therefore, 

one can conclude that the degree of the polarization of the product H2 firstly weakens and 

then enhances with the increasing of collision energy. The products display a stronger 

polarization at t close to 30o, 90o and 135o at the collision energy of 0.8 eV. The variation trend 

of (2π/σ)(dσ22+/dωt) with scattering angle is similar with the results of Jiang et al at the same 

collision energy [30]. The distribution of (2π/σ)(dσ21-/dωt), which is related to sin2rcos2φr, 

can be seen in Figure 11(d). At the collision energy of 0.01~0.2eV, that the values of 

(2π/σ)(dσ21-/dωt) are positive and nearly close to zero. This result indicates that j' is aligned 

along the direction of vector zx   (in the forward hemisphere) and the polarization of the 

product H2 is not evident. But the value of (2π/σ)(dσ21-/dωt) becomes higher in the scattering 

angle ranges of 0~45o with the increase of the collision energy, which indicates that the 

polarization of j' of the product H2 in the forward hemisphere becomes evident as the 

collision energy increases. One also can find that the strongest polarization of the product H2 

is in 20o from the Figure 11(d). It must be said that the values of  (2π/σ)(dσ21-/dωt) are positive 

(in the scattering angle ranges of 0° to 40°) at all of the selected collision energy, however, the 

corresponding value of Jiang et al [30] is negative at the low collision energy (<0.4eV), which 
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is in part because of the barrier existed on the Prudente PES. 

 

Figure 11: Four PDDCSs for the H (2S) + LiH (X1Σ+) → Li (2S) + H2 (X1Σg+) reaction at five collision energy 

are plotted as a function of scattering angle t  

4. Conclusion 

In this paper, we firstly analyze the topological features of the YHC PES in detail, which exists 

the double-well or single-well as well as the repulsive wall when Li–H–H angle is small. 

Therefore, the YHC PES presents significant new feature comparing with the previous PES 

[11，20，21，27]. Based on the YHC PES, we calculate the stereodynamics of the H + LiH 

reaction at five selected collision energies of 0.01 eV, 0.1 eV, 0.2 eV, 0.5 eV, and 0.8eV. The 

results show that the variation trend of the dynamics of the title reaction at low collision 

energy is markedly different from that of high collision energy. The reaction probability and 

integral cross section both decrease with the increase of collision energy, which indirectly 

prove the existence of the well. The indirect reaction mechanism plays a role during the 

reaction process of the reaction H + LiH at low collision energy, although the reaction process 

is mainly dominated by the direct reaction mechanism at high collision energy. The degree of 

alignment of the rotational angular momentum j' of product H2 becomes firstly weaken and 

then strengthen with the increase of collision energy. Besides, the j' is not only aligned but 

also always oriented along the positive y-axis. The normalized PDDCSs show that 

the polarized degree of the rotational angular momentum j' is stronger when scattering angle 

less than 45°. Comparing with the results of Jiang et al., the variation tendency of  

(2π/σ)(dσ00/dωt), (2π/σ)(dσ20/dωt), and  (2π/σ)(dσ22+/dωt), are basically similar. However, the 



92                                     M. – S. Wang et al. / Commun. Comput. Chem., 4 (2016), pp.78-97 

 

values of (2π/σ)(dσ21-/dωt)
 
are positive in the scattering angle ranges of 0° to 40° at all of the 

selected collision energy, however, the corresponding value of Jiang et al [30] is negative at the 

low collision energy (< 0.4eV). These results indicate that j' is aligned along the direction of 

vector zx   in the forward hemisphere at all the collision energy. 
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Appendix 

In this paper, the center of mass (CM) frame is shown in following figure.  

 

k that denotes the reagent-approach directions is parallel to the z-axis, and y-axis is 

perpendicular to the x-z plane containing k and k' vectors. k' is the product-recoil directions. 

j' is the final product angular momentum and its polar and azimuthal angle is r and φr 

respectively. The t between k and k' is defined as the scattering angle. 

The distribution function P(r) describes the k - j' correlation and can be expanded in a 

series of Legendre polynomials as: 
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ka  are called orientation parameter (when k is odd) or alignment 

parameter (when k is even). As k = 2, the expression for the expansion coefficient )2(
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The dihedral angle distribution function P(φr) representing the k - k' - j' vector correlation 

can be expanded in a series of Fourier as:  
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with rn na cos2  and rn nb sin2 . 

The joint probability density functions of angles r and r , which describe the direction 

of j', can be written as ),( rrP  . 
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The expanding coefficients 
k

qa  can be estimated by: 
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The 3D angular distribution associated with the k - k'- j' correlation can be described by 

following expression in the CM frame: 
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Where [k] = 2k + 1,  rrkqC  ,  refers to the modified spherical harmonics. k denotes the 

quantum number of the product rotational angular momentum and q denotes the magnetic 

quantum number of the product rotational angular momentum. The real polarization 

dependent differential cross sections (PDDCSs) can be defined by: 
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the coefficients  
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where )(i

t

i

r ，）（ and )(i

r are the scattering angle and the polar angles of j´ for the ith 

trajectory  respectively, and Nr is the number of trajectories ending in a specific rotational 

state of the H2 molecule. In particular, the DCS, corresponding to k =0, q =0, is calculated as 
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series in Legendre polynomials whose coefficients are the  
1

0

k

ks of the last equation. 

Many photon-initiated bimolecular reaction experiments are sensitive to only those 

polarization moments with k= 0 and k= 2. So only the (2π/σ)(dσ00/dωt), (2π/σ)(dσ20/dωt), 

(2π/σ)(dσ22+/dωt), (2π/σ)(dσ21-/dωt) are all calculated in this paper. 

 


