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Calculation of collisional rate coefficients is a challenging and difficult task. When these data
are not available, their values may be estimated using a scaling law. In some investigations, we have
utilized a scaling law. Accurate collisional rate coefficients for cyclopropenylidene (c-C

3
H

2
) as a

complete set are available, and thus it may be appropriate occasion to test the applicability of that
scaling law. We have considered 50 rotational levels of each of the ortho and para species of
c-C

3
H

2
 having energies up to 91.53 cm

-1
 and 87.21 cm

-1
, respectively. We have compared the results

of radiative transfer using accurate collisional rate coefficients with those obtained using the scaling
law, and have found that the results of the scaling law are qualitative. Hence, for getting the
qualitative behaviour of an analysis, the use of the scaling law is quite reasonable.
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1. Introduction. Calculation of collisional rate coefficients is a challenging

and difficult task [1], and therefore, such data are available for a limited number

of molecules. As these data were not available, we [2-4] have used a scaling law
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for estimation of collisional rate coefficients in the downward direction

caca kkkk JJ  , ,   . This is cross section times the relative velocity between the target

and the colliding partner. A cross section   may be taken as 2
0a , where

a
0

 = 0.52917 Å  is the Bohr radius. Hence, 1610  cm2. For a velocity 1v m/s,

we have 1110v  cm3/s. Collisional rate coefficients for excitation (upward

direction) may be calculated using the detailed equilibrium:
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where, E  is the energy difference between the levels 
ca kkJ  ,  and 

ca kkJ   , .

Khalifa et al. [5] have calculated accurate collisional rate coefficients for

rotational transitions in the ground vibrational state of cyclopropenylidene (c-C
3
H

2
)

due to collisions with the He atom. It has been a regular practice to replace H
2

molecule (which is the most abundant molecule in a molecular region) by He

atom [6-9], as both of them have two protons and two electrons. It is because
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the calculations with He atom are easier as compared to those with H
2
 molecule.

The cyclopropenylidene (c-C
3
H

2
) is a planar asymmetric top molecule having

v2C  symmetry and large electric dipole moment 3.27  Debye [10] lying along

the b-axis of inertia. Earlier, the electric dipole moment   was calculated as 3.32

Debye [11]. The cyclopropenylidene has been analyzed in the terrestrial laboratories

from time to time [12,13]. After H
2
CO [14], the c-C

3
H

2
 is the second molecule

to show the phenomenon of anomalous absorption. Following first detection of

c-C
3
H

2
 by Matthews et al. [15], Madden et al. [16] found c-C

3
H

2
 ubiquitous,

through its transition 2
20
-2

11
 at 21.587 GHz, which was found in anomalous

Fig.1. Variation of excitation temperatures T
ex
 (K) versus molecular hydrogen density 

2H
n  for

the accurate and scaled collisional rate coefficients, written at the top, at kinetic temperature
30 K, for anomalous absorption lines of cyclopropenylidene, written on the left. Solid line is for

5
10


  cm

-3
 (km/s)

-1
 pc, and the dotted line for 

6
10


  cm

-3
 (km/s)

-1
 pc.

)/cmlog(n -3
H2

2 4 6

2
2
0
-2

1
1

2

2 4 6
1

3

2

1

3

0

4
4
0
-4

3
1

2.0

1.5

2.5
2

1

33.0

3
3
0
-3

2
1

2.0

1.5

2.5

2

1

33.0

4
3
2
-5

05

2.0

1.5

2.5

4

2

63.0
Accurate Scaled



461SCALING  LAW  FOR  COLLISIONAL  RATE

absorption (the absorption against the cosmic microwave background having the

background temperature of 2.73 K). Cox et al. [17], however, reported this line

in emission in the planetary nebula NGC 7027. Because of two equivalent

hydrogen atoms, the c-C
3
H

2
 has ortho and para species. For each species, the

collisional rate coefficients are available for 50 rotational levels having energies up

to 91.53 cm-1 and 87.21 cm-1, respectively. Using these accurate collisional rate

coefficients, Sharma and Chandra [18] have performed Sobolev analysis of both

species and have discussed results for four, 2
2.0

-2
1.1

, 4
4.0

-4
3.1

, 3
3.0

-3
2.1

 and 4
3.2

-5
0.5

,

transitions showing anomalous absorption, and two transitions, 4
0.4

-3
3.1

, 5
1.4

-4
4.1

,

showing the weak MASER action. One transition 1
1.0

-1
0.1

 connection the ground

state of ortho species was also considered.

In order to test the applicability of the scaling law (1), we have repeated the

simulation of Sharma and Chandra [18] where the accurate collisional rate

coefficients have been replaced by the values obtained using the scaling law (1).

The two sets of results are compared and the conclusions are drawn. The parameter

Fig. 2 Variation of n
u 
g

l 
/n

l 
g

u
 versus molecular hydrogen density 

2H
n  for the accurate and scaled

collisional rate coefficients, written at the top, at kinetic temperature 30 K, for the transitions of
cyclopropenylidene, written on the left. Solid line is for 
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 pc, and the dotted
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  is defined as  drdn rmol v , where n
mol

 denotes the density of the species

of molecule, and drd rv  is the velocity-gradient in the region.

2. Results and discussion. Details of calculations and information about

the data used are available in Sharma and Chandra [18]. To check the applicability

of equation (1), we have repeated the simulation of Sharma and Chandra [18]

as such, where the accurate collisional rate coefficients of Khalifa et al. [5] are

replaced by those obtained by using equation (1). Comparison of results for kinetic

temperature of 30 K is shown in Fig.1 for four anomalous absorption lines and

in Fig.2 for two weak MASER lines and the line connecting the ground state

of ortho species. The Figures show that though the results may vary significantly,

but their qualitative behaviour remains the same. Similar results have been

obtained for other kinetic temperatures, 10, 20, 40, 50 K also. The results support

the idea that when accurate collisional rate coefficients are not available, the scaling

law expressed by equation (1) may be used to get qualitative behaviour of results

of investigation.
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ÏÐÎÂÅÐÊÀ ÏÐÈÌÅÍÈÌÎÑÒÈ ÇÀÊÎÍÀ ÏÎÄÎÁÈß
ÄËß ÑÒÎËÊÍÎÂÈÒÅËÜÍÛÕ ÊÎÝÔÔÈÖÈÅÍÒÎÂ

Ì.Ê.ØÀÐÌÀ1, Ñ.×ÀÍÄÐÀ2

Âû÷èñëåíèå ñòîëêíîâèòåëüíûõ êîýôôèöèåíòîâ ÿâëÿåòñÿ ñëîæíîé è òðóäíîé

çàäà÷åé. Êîãäà ýòè äàííûå íåäîñòóïíû, èõ çíà÷åíèÿ ìîãóò áûòü îöåíåíû ñ

èñïîëüçîâàíèåì çàêîíà ñêåéëèíãà (çàêîí ïîäîáèÿ/ìàñøòàáíàÿ èíâàðèàíòíîñòü).
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Â íåêîòîðûõ èññëåäîâàíèÿõ ìû èñïîëüçîâàëè çàêîí ïîäîáèÿ. Òî÷íûå êîýôôè-

öèåíòû ñêîðîñòè ñòîëêíîâåíèé äëÿ öèêëîïðîïåíèëèäåíà (c-C
3
H

2
) äîñòóïíû

â âèäå ïîëíîãî íàáîðà, ÷òî ïîçâîëèëî àíàëèçèðîâàòü âîçìîæíîñòü ïðèìåíåíèÿ

çàêîíà ïîäîáèÿ. Ðàññìîòðåíî ïî 50 âðàùàòåëüíûõ óðîâíåé êàæäîãî èç îðòî-

è ïàðà-âèäîâ c-C
3
H

2
 ñ ýíåðãèÿìè äî 91.53 ñì-1 è 87.21 ñì-1, ñîîòâåòñòâåííî.

Ñðàâíåíèå ðåçóëüòàòîâ ïåðåíîñà èçëó÷åíèÿ ñ èñïîëüçîâàíèåì òî÷íûõ ñòîëêíî-

âèòåëüíûõ êîýôôèöèåíòîâ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè ñ èñïîëüçîâàíèåì

çàêîíà ïîäîáèÿ, ïîêàçàëî, ÷òî ðåçóëüòàòû çàêîíà ïîäîáèÿ ÿâëÿþòñÿ êà÷åñò-

âåííûìè. Ñëåäîâàòåëüíî, äëÿ ïîëó÷åíèÿ êà÷åñòâåííîãî ïîâåäåíèÿ àíàëèçà

èñïîëüçîâàíèå çàêîíà ïîäîáèÿ âïîëíå ðàçóìíî.

Êëþ÷åâûå ñëîâà: ìîëåêóëû: çàêîí ïîäîáèÿ: LVG àíàëèç Ñîáîëåâà: ïåðåíîñ

      èçëó÷åíèÿ
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