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Franck-Condon Factors to High Vibrational 
Quantum Numbers IV: NO Band Systems 

R. W . Nicholls 1 

(Jun e 5, 1964) 

Franck-Condon facLo r a rrays have been computed num erica lly Lo h ighes L kJlown v ibra­
t ional quantum numbers for t he fo ll owing NO baJld sysLems. 

(3 : (B2II - X ' II ) 
'Y : (A2~+-X2II ) 
o : (C'II- X2II ) 
E : (D2~+-X 2II) 
(3': (B'2Ll.- X 2II) 
'Y ': (E2~+-X'II) 

F east 1: (D 2~+-A2~+) 
Feast 2: (I<;2~+-A2~+) 

Ogawa 1: (B'2Ll.- B2II) 
Ogawa 2: (b'~+-a4II) 
"j\I[": (a4II- X 2II) 

1. Introduction 

The NO molecule has a rich specLrum of electronic 
transit ions which extend from the vacuu In ultra­
violet region into the in frared. In addition, a 
vibration-rotation spectrum in the infrared is well 
known. The disposition of energy lel'els and transi­
tions between them have been extensively studied 
by Miescher [1962 and references therein] and many 
others. A partial energy level diagram is displayed 
in figure I, and transit ions are indicated on it which 
give rise to the b est known band systems which are 
t reated in this paper. The NO molecular spectra 
ha\-e important applications to a wide range of 
chemical and physical situations of co ntemporary 
interest; for example, radiation from hot air and 
chemiluminescent gas reactions. 

It is well known that the Franck-Condon factors 
qv'v" = If if;v.fv" dr l2 , which are the squares of the 
overlap in tegrals of vibrational wave functions, 
exer t a dominating and proportional influence on 
intensity dis tributions of molecular spectra [Nicholls 
and Stewart, 1962]. It is t hus the purpose of this 
paper to present tables of Franck-C,ondon factor f'. 
(calculated on the basis of the Morse model) for the 
NO band systems listed in table 1. 

TABLE 1. 

N O fJ (B 2II-X 2II) 
NO -y (A' )';+-X ' II) 
NO Ii (C2II- X 2II) 
NO. (D2),;+-X'Il) 
NO fJ' (B"Ll-X 2II) 
NO -y' (E2)';+-X 2II) 

Band systems treated 

NO Feast J (U2),; +-A2)'; )+ 
NO Feast 2 (E'),;+-A' )';+) 
NO Ogawa 1 (B'2Ll- B2II) 
NO Ogawa 2 (b')';--a4II ) 
NO "M"(I) (a4II- X 2II ) 

Note: (1 ) Sec Peyron anel Broida (1960). 

This paper is one of a series which treat astro­
physically and aeronomically important band sys­
tems. Earlier papers have treated O2 Schumann­
Runge [Nicholls, 1960], N2 and N t transitions 
[Nicholls, 1961], Oxides [Nicholls, 1962a], Vacuum 
Ultraviolet transitions [Nicholls, 1962b], CO+ tran-

1 D Cl)Clr I.LllC ll t of Physics, U niversity of "Vestern OntariO, London, Ontario; 
visiting P rofessor at Stanford University, Stanford, Ca lif. 

Sl tlOJ1S [Nicholls, 1962c], 12 [Nicholls, 1963], UN 
transitions [Nicholls, 1964a]. Papers arc in prep­
aration on O2, O2 , and H 2 tnmsitions. 

2. Method 

D etails 01' the method of computer calculations of 
the Franck-Condon factor arrays have been discussed 
in earlier papers of this series (see e.g., Nicholls 
1961). The input data are We, WeXe, re, J1-A, Vmax for 
each electronic state involvcd and a Morse model 
is assumed for the potential. This is admi ttedly an 
empirical expedient but is adequate in many cases. 
Vmax values appropriate to the spectroscopically high­
est known levels as summarized in Wallace's [1962] 
compilation and Pearse and Gaydon's [1963] com­
pilations and in the original papers listed therein, 
have been adopted. 

The input data used in the calculations (which 
were performed on the IBM 7094 computer in the 
NBS Computation Center), and the sources of these 
data are summarized in table 2 . 

TABLE 2. Basic data 

State ",,(em- I) Wt X i8 (Cln- 1) r ,(A) Vlllax a,(cm- I ) 

----- -----
X 'II I 1903. 85 ' 13.97 1 L 1508 23 10. 0 18 
A21;+ 2374.8 16.46 1. 0637 J5 0. 0192 
B'II 1037.69 7. 603 1. 415 19 
C2II 2395 15 1. 062 4 0.03 
])2)';+ 2323.9 22.885 1. 062 11 0.021 
E21; + 2373.66 15.87 1. Ofi6 5 0.01 82 
B'2a 1216.6 15.88 1. 303 6 O. 109 
b'),;- 1168 13.3 ' ( 1. 3(0) 3 2 (0. 02) 
a'II 1019 12. 8 2 ( 1. 407) 3 2 (0.02) 

1', = 7.46881 for a ll st ates. 

Notes: 
I Avcrage val ue of two components of the elonblet st ate. 
, See text for eliseussion of these elata. 

References: 
[1] Ogawa (1955). 
12j Barrow anel M ieseher (1957). 
[3 LagerQ vist a nd Miescher (1958). 
[4J Feast (1950). 
[51 Miescher (1956) . 
[6J Ogawa (1954). 

B ,(C",-I) R r frr-
cnce 

~-----
I 1. 707 III 

J. 9972 121 
121 

2.002 131 
2.0026 121 

141 
1. 33 [5] 
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In the case of the b4 "Z, - and a4 II states, Ogawa 
[1954] gives We and WeXe values but not r e values. In 
order to obtain Pe values for these states, recourse 
had to be made to an iteration method previously 
used by Nicholls , Fraser, Jarmain, and McEachran 
[1960] which involves the use of Pekeris' [1934] 
relation 

B e=-1- [aewe+B eJ2 
WeXe 6Be 

(1) 

8 

6 

B" 

8' 2[', 

C 2n 

8 2n 

A 2= ' 

E 2=' 

0 2=+ 

Feastl 
1 2 ?gawa I 
i T 

b 4 

j 1 ) 
Ogra 2 

a 4 n 

where the symbols are as defined by Herzberg [1950]. (ev) 4 
Some knowledge of the a e values for the b4 "Z, - and A' <: '0 

a4II states is required before eq (1) may be used 
iteratively to determine the Be values and thus, the 
Pe values from eq (2) 

(2) 

It is clear from table 2 that a e"'O.02 cm- I for 
most of the NO states. Further, the close similarity 
between the structure and energy level array of NO 
and. Ot pointed out by Vanderslice, Mason, and 
Maisch [1959], and the close equality between a e 
values for all Ot states, including V1:- and a4II, 
led to the adoption of 0.02 cm- I for the a e values of 
the corresponding NO states . The Be values for 
the Ot states were then respectively used as starting 
values for the iterative use of eq (1) . A very few 
(3 or 4) cycles of iteration were then required before 
convergence was respectively obtained to the Be 
values listed in table 2 for these states. 

3. Results 

Franck-Condon factors for the band systems 
listed in table 1 are displayed in tables 3- 13. The 
Condon loci are clearly indicated on them by setting 
the local maximum values in boldfaced type. In 
each of the tables, the negative number in each entry 
is the power of ten by which the entry is multiplied. 

4. Discussion 

The Condon loci of tables 3- 13 agree closely in 
each case with the commonly observed distribution 
of emission bands where they are known . [See 
Wallace 1962, and Pearse and Gaydon , 1963]. 

Franck-Condon factors for a few bands on the 
primary locus of some of the systems treated in 
table 3- 13 which contribute to the absorptivity. 
and emissivity of heated air have been discussed 
recently [Nicholls , 1964b] with other similar data 
of aeronomically important spectra at the Aeronomy 
Symposium on Laboratory Studies held at the In­
ternational Association of Geomagnetism and 
Aeronomy meetings, Berkeley, 'August 1963. 

0 ~ ,6" ,8" li M i t 

2 

o x 2n 

FIGURE 1 

Previously published arrays for the (3 and)' systems 
[Nicholls, 1961] are here extended to higher quantum 
num bel'S usin g better constants. They are in good 
agreement with the recent calculations of Ory , 
Gittleman, and Maddox [1964]. Marl' [1964] has 
recently used these data in a critical discussion of 
NO {3 and 'Y band strengths and his conclusions 
have been reviewed by Nicholls [1964], .Ory [1964] 
has recently reported N O Band f arrays which agree 
well with the more extensive ones presented in 
tables 5 and 6. An interpolation procedure , which 
will be discussed in detail elsewhere, has recen tly 
been set up, using the data of this paper and others 
reviewed in section 1, has recently been developed 
which allows interpolation of Franck-Condon factors 
(to moderate quantum numbers) for systems for 
which arrays have not yet been calculated. 
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TARLE 3. Franck-Condon factors to high vibrational quantum numbers for the NOB (B2II - X2II) band system 

X' 0 1 2 3 4 5 6 7 8 9 10 11 
v' 
--~ ---- ----
0 2.2641- 5 3.1095-4 2.0469-3 8.5693-3 2. 5605-2 5.7994-2 1. 0327- 1 I. 4802-1 I. 7347- 1 I. 6790-1 1.3507- 1 9.0595-2 
1 1. 8507- 4 2.0886- 3 1. 0933-2 3.4872-2 7.4613- 2 1.1026-1 1. 0966-1 6. 4327- 2 L 1898-2 4.5902.3 5.3129-2 1.1554-1 
2 7.9208- 4 7.2777- 3 2.9747- 2 6.9589-2 9. 8353-2 7.7835-2 2.2289-2 1.4296--3 4.3261- 2 8.2242-2 5.6926-2 7. 1534-3 
3 2.3649-3 1. 7488-2 5.4452-2 8. 8170-2 7. 0117-2 1. 4839-2 5.9847- 3 5.2637- 2 6.0405-2 1. 2969-2 7. 9981-3 5-9707-2 
4 5.5296-3 3.2499-2 7.4499-2 7. 5692-2 2.1921-2 3.2797- 3 4.7031- 2 4.8606-2 3.9214-3 2.0276- 2 5.8742-2 2.6351-2 
5 1.0802-2 4.9585-2 7.9752-2 4. 1835-2 3. 7l57- 5 3.3852- 2 4.8235-2 4.9013- 3 1. 9158-2 5.0219-2 1. 2252-2 1. 0677- 2 
6 1. 8342- 2 6.4437- 2 6.7479-2 1. 07 19-2 1. 3818-2 4.9225-2 1. 3360-2 9.9095-3 4.5081- 2 1. 2101- 2 1. 0996-2 4.6567- 2 
7 2.7819-2 7.2876-2 4.3789-2 2.3794-5 3.7263- 2 3.0752-2 6.8564-4 3.7234-2 2.0120-2 4.8586-3 4.0700-2 1. 1249-2 
8 3.8444- 2 7.2602-2 L 9422-2 9.9449-3 4.3958-2 5. 0880-3 L 9595-2 3.2589-2 1. 0085-6 3.2189- 2 I. 7899- 2 6.32 11- 3 
9 4.9137- 2 6.3933- 2 3.6587- 3 2. 7687-2 3.0196-2 1. 2409-3 3.5473-2 7.9236-3 L 6005-2 2.8679-2 2.8389-4 3.2754-2 
10 5.8772-2 4.9435-2 2.9977-4 3.9271- 2 t. 0517- 2 1. 5594-2 2.7802 2 8.2478-4 3.1758-2 4.6967- 3 1. 9531- 2 2. 11 29-2 
11 6.6403-2 3.2817- 2 7.3542-3 3. 8256-2 2.8930-4 2.9905-2 8.9732-3 1. 5262-2 2. 1772-2 3.0509.3 2.9308- 2 5. 1501- 4 
12 7.1413-2 L 7689-2 L 9359-2 2. 7069-2 4.0595-3 3.0554-2 5.3481- 6 2.7836-2 3.8248-3 2.0008-2 1. 2639-2 9.9564-3 
13 7.3571- 2 6. 6513- 3 3.0450- 2 I. 2957- 2 I. 5812-2 1. 8994-2 6.7309-3 2.3689-2 1. 4319-3 2.5947- 2 5.6462-5 2.4982-2 
14 7.2996-2 9.0715-4 3. 6607- 2 2.8272- 3 2.6140- 2 5.7878-3 1. 9242-2 9.6232- 3 I. 3388-2 1. 4008-2 8. 1734- 3 1. 8479-2 
15 7.oo7l- 2 3.4677-4 3. 6499-2 7.3785-5 2. 8933-2 2.9455-2 2.5371- 2 4.6136- 4 2. 2955-2 1. 5109-3 2.0787- 2 3.2791- 3 
16 6.5333-2 3.9283-3 3.1067-2 4. 1473-3 2.3758-2 3.6267- 3 2.1099-2 2.8819-3 2.0191- 2 2. 0937- 3 2.0 154-2 I. 3501- 3 
17 5.9379-2 1. 0159-2 2.2619-2 1. 1976-2 1. 4337- 2 1. 2312- 2 1. 0996-2 1. 2232-2 9.4610-3 1. 2049-2 8.8015-3 I. 1875-2 
18 5.2749-2 1. 7466-2 1. 3658-2 1. 9905-2 5. 47l7- 3 2.002)-2 2. 4494-3 1. 9680-2 1. 1169- 3 I. 9368-2 4.7738-4 1. 9226-2 
19 4,5918-2 2.4574-2 6. 2527- 3 2.5168-2 5.6459-4 2.2715-2 8.8207- 5 I. 9966-2 1.0485-3 1. 7461- 2 2.5012- 3 1. 5252-2 

~ 12 13 

~~-.-----
14 15 16 17 18 19 20 21 22 23 

0 5.0689-2 2.3597- 2 9. 1027- 3 2. 8878-3 7.4549-4 1. 5431-4 2.5096-5 3. 1173- 6 2.8377- 7 1. 7756-8 6.8421- 10 1. 3104-11 
1 1.4280-1 1.2320-1 7. 9833- 2 4.0015-2 1.5714-2 4.8388-3 1. 1594-3 2. 1269-4 2.9090-5 2.8443- 6 1. 8574-7 7.1708-9 
2 1. 2322-2 7.5864-2 1. 3042-1 I. 2986-1 8.8602-2 4.4083-2 1. 6385- 2 4. 5704-3 9.4761-4 1. 4263-4 1. 4943-5 1. 0123- 6 
3 6.8810-2 1. 83 19-2 4.7608-3 6. 5497- 2 1. 2784-1 1.2901- 1 8.4249-2 3.8424-2 1. 2571-2 2.9539- 3 4. 8919-4 5.4748-5 
4 1. 6224-3 4.9422- 2 6. 8023-2 1. 7696-2 6.9462-3 7.5792-2 1. 3454-1 1. 2204-1 6.9882-2 2.7081- 2 7.2379-3 1. 3185-3 
5 5.3768-2 2.6914-2 2. 0392-3 •• 2566-2 6.2060-2 8. 4628-3 1. 9486-2 1. 0119-1 1.4083-1 1.0463-1 4. 8636-2 1. 4846- 2 
6 1. 2174-2 1.1883- 2 .>.2743-2 1. 84 14-2 8.0299-3 6.3074-2 4.6872-2 1. 4697-4 5.0259-2 1.3195-1 1. 3361- 1 7.5724-2 
7 1. 2526-2 4.38.4-2 5.9108-3 2. 1177- 2 5.0030-2 5. 5485-3 2.5526-2 6.9044-2 2.0771- 2 1. 0895-2 9.9568-2 1. 4868-1 
8 3.8668-2 5. 1603-3 2.1119- 2 3.7423-2 1. 3630-4 3-7517- 2 3-6402.2 5.2489-4 5.3480-2 5.3560-2 3.8131-4 5.7535-2 
9 1. 0379-2 1.3545-2 3-3780-2 7. 1077- 5 3.4275-2 2.1768.2 6.4394-3 4.8990-2 1.1683- 2 2. 0438-2 6.9370-2 1. 6505-2 
10 3.6263- 3 3.2974-2 1. 8543- 3 6.0339- 2 2.0389-2 6. 1236-3 4.0.58-2 3. 11 24-3 3.0510-2 3.8206-2 8.0584-4 •• 8834-2 
11 2.6162-2 9.7428-3 1. 3830- 2 2.5206-2 1. 7025-3 3.4698-2 3. 3557- 3 2.6620-2 2. 5301- 2 5. 4405-3 4-9403.2 H.8086-3 
12 2.2465-2 1.9396-3 2.8637- 2 4.8447-4 2.7188-2 8. 5052-3 1. 7183-2 2. 4509-2 3.9466-3 3.9391- 2 1. 6645-3 3.6562- 2 
13 2. 8169-3 2.0608- 2 9.3923- 3 1. 3518-2 1. 8548-2 5.6115-3 2.7767- 2 3,4153-4 3.3007- 2 2.7896-3 2.9233-2 1. 8219-2 
14 3.8203- 3 2.24.1- 2 8. 6198-4 2. 5221-2 5.3306-5 2.5973-2 2.3389- 3 2.3817- 2 8. 7599-3 1. 8041- 2 2.0035-2 8. 9963- 3 
15 1. 8489-2 5.8506-3 1. 5834-2 9.3064-3 1. 2759-2 1. 3723- 2 9.2113- 3 1. 9137- 2 5.3677- 3 2.5428-2 1. 7733-3 3. 1991- 2 
16 2.0625-2 7. 1007-4 2.1(27- 2 2.3282-4 2-24:;8.2 4.5613-6 2.3633-2 1.8138-4 2.4827- 2 1. 0716-3 2. 5782- 2 3.3045-3 
17 8.6593- 3 1.1749-2 8.8898- 3 1. 1678-2 9.4554-3 1.1646-2 1. 0397- 2 1. 1612-2 1.1841- 2 1. 1487- 2 1. 4040-2 1. 1104-2 
18 1. 6509-4 1.9296-2 2.8616-5 1.9595-2 1. 5027- 6 2.0148-2 5. 1225-5 2. 1003-2 1. 5523-4 2. 2251- 2 2. 8413-4 2.4061- 2 
19 4. 1831- 3 1. 3281- 2 6. 0357- 3 1. 1478- 2 8.0662-3 9.7961 - 3 1.0301- 2 8. 2149-3 1.2773-2 6.7481- 3 1.5520-2 5.4418-3 

TARf. E 4. Flanck-Condonfactors to hir,h vibrationa l quantum numbelsfoT the NO l' (A2Z+_ X2U) band system 

"-x: 0 1 2 3 4 5 6 7 8 9 10 11 
v' 
-~ ----------------

0 1. 6725-1 2.64:;6-1 2.3741- 1 1. 5978-1 9.0065-2 4.5066-2 2.0735-2 8.9783- 3 3.7l84-3 1. 4904-3 5.8326-4 2.2439-4 
1 3.3431- 1 1. 0242-1 1. 1589-3 7.4263- 2 1. 3.83-1 1. 3330-1 9. 72:;0-2 5. 9428-2 3.2279-2 1. 6143- 2 7.6049-3 3.4276-3 
2 2.9262-1 1. 7957- 2 1 . • 684-1 7. 1223- 2 1. 7613-4 3.7296-2 9.0778-2 1. 0578-1 8. 8520-2 6.0987- 2 3.6946- 2 2.0459-2 
3 1. 4727- 1 2.0259-1 4.2298-2 4.3396-2 1.1315-1 4.6214-2 9.8246-5 2. 6552-2 6.8918-2 8.6432-2 7.8086-2 5.811 1- 2 
4 4.7062- 2 2.4030-1 4.6886-2 1.2242-1 6.9213.4 6.1636-2 8. 5428-2 2. 8433- 2 3.0659-5 2.2765-2 5.6663- 2 7. 2814- 2 
5 9.9525-3 1. 2656-1 2.1521- 1 5.6888-4 1.1140-1 4.1408-2 8.1102-3 6.8293-2 6.3115-2 1. 637l- 2 5.1617-4 2. 1236-2 
6 1. 4083- 3 3.7778-2 1. 9572- 1 1. 2393-1 4.2608-2 4.8568-2 8.3044-2 4. 8751- 3 2 .. >923- 2 6.5414-2 4.5018-2 8. 6661- 3 
7 1. 3177-4 6.9239-3 8. 2277- 2 2.2290-1 3.9266-2 9. 5223-2 4.7082-3 8.0926-2 3.5837- 2 1. 1101- 3 3. 9436-2 •• 7040-2 
8 7.8608-<i 7.9343-4 1. 9317- 2 I. 3398-1 2.0240-1 1. 3818-3 1. 1050-1 5.9887- 3 4.6390-2 6.2561- 2 7.5553- 3 1. 0899-2 
9 2.7802- 7 5. 5665. 5 2.8807- 3 4.0138-2 1. 8008-1 1. 4909-1 1. 1266-2 8.5860-2 3. 6115-2 1. 2055-2 6.3411- 2 3. 1088-2 

10 5.0323- 9 2.2372-6 2.1883-4 6.6919-3 6.8965-2 2.0966-1 8.6078-2 4.6944-2 4. 4405-2 6.5703- 2 2.6556-5 4.2137- 2 
11 3.1794-11 4.4416- 8 9.9004-6 6.3044-4 1. 3747-2 I-D341- 1 2. 1685-1 3.4125-2 8.2605-2 1. 1286-2 7.5315-2 1. 1689-2 
12 1. 0538-14 2.9465-10 2.1380-7 3. 1855-5 1. 4852-3 2.4584-2 1. 3968-1 2.0170-1 5. 1603-3 1.0092-1 5.2344-6 G.2603-2 
13 5.9817- 16 4.3432-14 1. 4460-9 7.4006-7 8.3254-5 3. 0319-3 3.9587- 2 1. 7345-1 1. 6912-1 I. 2674-3 9.6855-2 1. 0133- 2 
14 7.5344-16 I. 9828-15 3.9044-14 5. 0256-9 2.0707-6 1. 8743- 4 5.5499-3 5.8691-2 2.0072-1 1. 2680-1 1. 6959-2 7.5373-2 
15 3. 5559-16 1. 1501- 15 4.3289-14 4.0394-14 1. 3928-8 4.9547-6 3.7671-4 9.3279-3 8. 1363-2 2.1848-1 8.3053-2 4.2871 - 2 

~." 12 13 14 15 16 17 18 I9 20 21 22 23 
v" , 
--~ --------

0 8.5321- 5 3.2209-5 1. 2103- 5 4.5436-6 1.7076- 6 6.4374-7 2.4383-7 9.2921- 8 3.5672-8 1. 3808-8 5.3939-9 2.1276-9 
1 1. 4955-3 6.3699-4 2.6664-4 1. 1026-4 4.5231- 5 1.8468-5 7.527l- 6 3.0692-6 I. 2545-6 5.1486-7 2. 1247- 7 8.8272- 8 
2 1. 0599-2 5. 2329-3 2. 4909-3 1. 1539-3 5.2316-4 2.3391-4 1. 0351- 4 4.5502- 5 1. 9939-5 8. 7l93-6 3.8184-6 1. 6768-6 
3 3.8016-2 2. 2703- 2 I. 2681- 2 6.7373- 3 3.4464-3 1. 7l31- 3 8.3333-4 3.9895-4 1.8882-4 8.8677- 5 4.1452-5 1. 9336-5 
4 6.8746-2 5.3949-2 3.7374-2 2. 3698-2 1. 4072-2 7.9528-3 4.32g1- 3 2.2886-3 1. 1839-3 6.0252-4 3.0300-4 I. 5113-4 
5 4.8783-2 1;.2751- 2 G. 0844-2 4.9624-2 3.5983- 2 2.3973- 2 1. 4995-2 8.9412- 3 5. 1399-3 2.8715-3 1. 5702-3 8.4479-4 
6 1. 4526-3 2. 0419-2 4.3056-2 5.4915-2 5.4193- 2 4.5567- 2 3.4317- 2 2.3857- 2 1. 5620-2 9. 7696-3 5.8983-3 3.4653-3 
7 3.1024-2 4. 1023- 3 2.5505-3 1. 9679-2 3.8461- 2 4.8531- 2 4.8.;41- 2 4.1881- 2 3.2604-2 2.3544-2 1. 6064-2 1. 0494-2 
8 4.5363-2 t.6723- 2 2.0772- 2 1. 6488-3 3.5524-3 1. 8797- 2 3.4499-2 4.3134-2 4.3666-2 3. 8564-2 3.0944-2 2.3138-2 
9 1. 4819-6 2.2000- 2 4.5125-2 3.6747- 2 1. 3627- 2 5. 0016-4 4. 2935-3 1. 7682-2 3.0914-2 3.8431- 2 3.9387- 2 3.5560-2 

10 4. 9878-2 9.3409-3 3.9025-3 2.9486-2 4. 1250-2 2. 8220-2 8. 8623- 3 7.7919-5 4.6979-3 1. 6339-2 2.7560-2 3.4225-2 
11 1. 6139- 2 5. 1337- 2 2. 7809-2 7. 2225-4 1. 1148-2 3. 2700-2 3.5873-2 2. 1503- 2 5.8073- 3 2.8993- 7 4.7569-3 1. 4768-2 
12 3.4143- 2 1. 2195-3 3.6912- 2 4.1425-2 1. 0967- 2 7.6408-4 1. 7442- 2 3.2675-2 3.0367- 2 1. 6473- 2 3.9313-3 3.8995-5 
13 3.7.191.- 2 •• 2056-2 3.0281- 3 1. 7060-2 4.2315-2 2. 5738-2 2.3872-3 4.4728- 3 2. 1384-2 . 3.0738-2 2.5451- 2 1. 2866-2 
14 3.2091- 2 1.3825-2 5. 6~47-2 1. 6982-2 2.9801- 3 3.1414-2 3.5468-2 I. 2739-2 1.3328-5 8.6629-3 2.3068-2 2.7953-2 
15 4.6484-2 5.3923- 2 1.1027- 3 4.6382- 2 3.3404- 2 5. 5857- 4 1. 5809-2 3.5165-2 2.4487- 2 4.7749-3 9.1649-4 1. 1894- 2 

537 
7:\6- 657- 64--8 



/ 

TABLE 5. Franck-Condon factors to high vibrational quantum numbel's for the NO 0 (C2II- X2II) band system 

~ 0 1 2 3 4 5 6 7 8 9 10 11 
v' 

------------ -----

0 1. 5303- 1 2.543Q-I 2.3802-1 1. 6619- 1 9.6817- 2 4. 9932-2 2.3636- 2 1. 0519-2 4.4751- 3 1. 8427- 3 7.4117-4 2. 9329-4 
1 3.1826-1 1. 1664- 1 3.4184-8 6.0911- 2 1.2789- 1 1.3UI- I 1.0312- 1 6.5614-2 3.6935-2 1. 9091- 2 9.2807- 3 4.3144- 3 
2 2.9469-1 7. 9811- 3 1.4637- 1 8.5132-2 2.7400-3 2.5826-2 8.0610-2 1. 0384-1 9.2717- 2 6.7154-2 4.2452-2 2.4415- 2 
3 1. 6035-1 1. 7343- 1 6.0846-2 2.6051- 2 1. 0916- 1 6.0224-2 2. 7988- 3 1. 6010-2 5.8190-2 8.2,01- 2 8.0396- 2 6.3852- 2 
4 5.7021- 2 2.3879- 1 2.3254-2 1. 2922-1 7.2589- 3 4.3165- 2 8.7758- 2 4.2110-2 1. 6656-3 1. 2539-2 4.5861- 2 6.8255- 2 

""f 12 13 14 15 16 17 18 19 20 21 22 23 

V"" - ------------------------------------
0 1. 1482-4 4.4676-5 1. 7338- 5 6.7318-6 2.6214- 6 1. 0259-6 4. 0423- 7 1. 6060- 7 6.4411-8 2.6109- 8 1. 0705-8 4.4435- 9 
1 1. 9412- 3 8.5299-4 3.6861-4 1. 5751-4 6.6851- 5 2.8281-5 1. 1960-5 5.0690-6 2.1574-6 9. 2372- 7 3.9846. 7 1. 7339- 7 
2 1. 3117-2 6. 7023- 3 3.2999-3 1. 5807- 3 7. 4226-4 3.4367-4 1. 5764-4 7.1906-5 3.2722- 5 1. 4895-5 6.7968-6 3.1150-6 
3 4.3869- 2 2.7359- 2 1. 5905-2 8.7778-3 4.6592- 3 2.4021- 3 1. 2119-3 6.0200-4 2.9580-4 1. 4435-4 7.0177- 5 3.4085- 5 
4 7.0512- 2 5.9148- 2 4.3297- 2 2.8806-2 1. 7873- 2 1. 0527- 2 5.9615- 3 3.2773- 3 1. 7621- 3 9.3202- 4 4.8729- 4 2.5281- 4 

TABLE 6. Franck-Condon factors to high vibrational quantum numbers for the NO. (D2~+ X'II) band system 

" ~ 0 1 2 3 4 5 6 7 8 9 10 11 
v' 

------------~----- ----- ---------
0 1. 6588-1 2.583Q-I 2.3329-1 1.603Q-l 9.3089-2 4.8237- 2 2.3038-2 1. 0357- 2 4. 4465-3 1. 8421- 3 7.4210-4 2.9239-4 
1 3.5011- 1 1. 008Q-l 9.9080-4 6.8939-2 1.2782- 1 1.2813- 1 9.603Q-2 6.0461-2 3. 3872-2 1. 7458-2 8.4579-3 3.9080-3 
2 3.0414-1 2.7624-2 1.593Q-l 6.5280-2 6. 1723- 5 3. 5531- 2 8. 5003- 2 9. 971Q-2 8.4761- 2 5.9552- 2 3.6842- 2 2.0812-2 
3 1. 3914-1 2.4466-1 2.6133-2 5.7407- 2 1.0916-1 3.7944-2 1. 7524-5 2.7373-2 6.5869-2 8.1111- 2 7.3182-2 5. 478(}-2 
4 3.5527-2 2.4918-1 9.4737- 2 1. 0469-1 1. 243(}-3 7.3266- 2 7.5852-2 1. 9318- 2 8. 0186-4 2 .• \773-2 5. 59i7-2 6.8586-2 
;; 4.9046-3 9.9762-2 2.7168-1 1.1081- 2 1. 2446-1 1. 7093-2 2.275(}-2 7.2794-2 4.92311-2 7.8166-3 2.8982- 3 2.624(}-2 
6 3.1618-4 1. 8287- 2 1. 7000-1 2.2881>-1 4. 2543- 3 9.1441- 2 5.4692.2 4.7379-4 4.3883-2 6.1092- 2 2.8727- 2 1. 9091-3 
7 5.7018-6 1. 3859-3 4. 0353- 2 2.2847- 1 1.6074- 1 3.5644-2 4.5282-2 7.6794-2 7. 7805-3 1. 5239-2 5.1876-2 4.4812- 2 
8 9. 6899-9 2.3825-5 3.4892-3 6.8911- 2 2.6769- 1 9.6204-2 7.0993-2 1. 2617- 2 7.5117- 2 2.7981- 2 1. 1079- 3 3. 2171-2 
9 5.6809-9 1. 879(}-7 5.2947-5 6.613(}-3 1. 0096-1 2. 8811- 1 4.8315-2 9.31>43-2 3.2044-4 5.7738-2 4.5765-2 2.2409- 3 

10 7. 3032- 12 3.8313-8 1. 3231-6 7.9711-5 1. 0461- 2 1.3381- 1 2.9422-1 1. 8977-2 1.0018-1 3.8388- 3 3.5876- 2 5.3909- 2 
11 7.9047- 12 3.3321- 10 1. 2892- 7 5.5882-6 8.4722-5 1. 4540-2 1. 6551-1 2.9157- 1 4.619(}-3 9.4486- 2 1. 5442-2 1. 7394-2 

~ 12 13 14 15 16 17 18 19 20 21 22 23 
v' 

---- - --- ---- -----
0 1. 1317-4 4.3176-5 1. 6279-5 6. 0774-6 2. 2498-6 8.2658-7 3.0156-7 1. 0925-7 3.9284-8 1. 4005-8 4.9415-9 1. 7208-9 
1 1. 7402- 3 7.5254-4 3.1788-4 1. 3174-4 5.3748- 5 2.1642- 5 8.6174-6 3.3975-6 1. 3275-6 5.1422- 7 1. 9744-7 7.5088-8 
2 1. 0987-2 5.5063-3 2.6493-3 1. 234(}-3 5.5994-4 2.487(}-4 1. 0852-4 4.6661-5 1. 981(}-5 8.3178-6 3.4577-6 1. 4238-6 
3 3.6149-2 2.1781-2 1. 2258-2 6.5436-3 3.3506-3 1. 6593-3 7. 9981-4 3.7705-4 1. 7450-4 7.9524-5 3.5765-5 1. 5901-5 
4 6.3389-2 4.9235-2 3.3939-2 2. 1443-2 1. 2682-2 7.1239-3 3. 8415-3 2.0043- 3 1. 0181- 3 5.0583-4 2.4675-4 1. 1853-4 
5 4.9996-2 5.9522-2 5.5314-2 4.3907-2 3.1215-2 2.0455-2 1. 2593-2 7. 3819-3 4.1611- 3 2.2725-3 1. 2093-3 6.2997-4 
6 5.9169-3 2.7203-2 4.5736-2 5.2484-2 '.8597-2 3.9086-2 2.8435-2 1. 9189-2 1. 2219-2 7.4313- 3 4.3562-3 2.4783- 3 
7 1. 4425-2 2.8285-5 9.2474-3 2.7989-2 4. 2235-2 4.6703-2 4.2927- 2 3. 4823-2 2. 5802- 2 1. 785(}-2 1. 1705-2 7.3565-3 
8 4.8059-2 2.9026-2 5.6900-3 7.0713- 4 1. 2367-2 2. 832(}-2 3.907(}-2 4.1769- 2 3.8083-2 3.1091- 2 2.3399-2 1. 6546-2 
9 1. 3544-2 3.9989-2 3.7873-2 1. 6437-2 1. 3354-3 2.7327-3 1. 4937-2 2.8119-2 3. 6069-2 3.7458-2 3.3906-2 2. 7839-2 

10 1. 2408- 2 2.5127-3 2. 6501-2 3.8493- 2 2.6214-2 7.8228- 3 1. 475(}-5 5.2175-3 1. 6798- 2 2.7422-2 3. 318Q-2 3.3642- 2 
11 5.2U7- 2 2.4534-2 1. 3430-4 1. 3426-2 3.24;;2-2 3.1465-2 1. 6044- 2 2. 8045-3 5.1857-4 7.5892-3 1. 7928-2 2.6317- 2 

I 

TABLE 7. Fmnck-Condon factors to high vibrational quantum nurnbers for the NO {3' (B'2/l. - X2II) band system 

" x l I I 
0 1 2 3 4 5 fi 7 8 9 10 11 

'-, ---- ----- ---
0 1. 8358- 2 8.3318-2 1.7687- 1 2.3362-1 2.1542-1 1. 4749- 1 7.7849- 2 3. 2466-2 1. 0877. 2 2.9605-3 6. 5948- 4 1. 2076-4 
1 5.8594-2 I. 5426- 1 1. 4162- 1 3.4431- 2 6.8166-3 9. 3789-2 I. 7119- 1 1.6350- 1 1. 0405-1 4.8403-2 1. 7244-2 4.8310-3 
2 1. 032(}-1 1. 3858- 1 2.4259- 2 2. 4264- 2 1.0688- 1 6.5626- 2 3.5856-4 5.3227-2 1.430Q-I I. ;;77;;-1 1. 0719-1 5.1162-2 
3 1. 3331- 1 7. 1848- 2 5.6975-3 8.8161- 2 3.8636-2 8.5167- 3 8. 6451- 2 6.5503- 2 1. 0381-3 4.7414-2 1. 3547- 1 1.5018- 1 
4 I. U63- 1 1. 681(}-2 5.0973- 2 5.7444-2 2.7502- 3 7.3045- 2 3.2065- 2 9.8989-3 8. 2331- 2 •• 4604-2 1. 4135-5 5.6873-2 
5 1. 3163- 1 2.4605-5 7.5678- 2 7.0741- 3 4. 779(}-2 3.9753- 2 7.4184- 3 6.926Q-2 1. 8513- 2 1. 9357-2 8.2901- 2 3.7695-2 
6 1.1117- 1 1.3118- 2 5.9638- 2 5.5592- 3 5.9402-2 1. 8304-4 5.4105-2 2.0365- 2 1.9830- 2 6.3426- 2 5. 173(}-3 3.6551- 2 

""vn 
12 

I 
13 14 

I 
15 16 17 18 19 20 21 22 23 

V'"" ------------ - ------
0 1. 821(}-5 2.2607-6 2.3052-7 1. 9206-8 1. 2959- 9 7.0744-11 3.1971- 12 9. 1352-14 6.7896- 16 1. 4617- 15 1. 0247- 17 7.7555- 16 
1 1. 0812-3 1. 9507-4 2.8509-5 3.3782-6 3.2389-7 2.5016-8 1. 5473- 9 7.5319-11 2.7691- 12 9.4006- 14 2.9641- 15 4.3000-16 
2 1. 8234-2 5.0168- 3 1. 0863- 3 1. 8714-4 2.579(}-5 2.8460-6 2. 5088- 7 1. 7569- 8 9. 6709-10 4.0835-11 1. 3275-12 3.9485- 14 
3 1. 0035- 1 4.6455- 2 1. 5884-2 4.1519-3 8.4605-4 1. 3586-4 1. 7272- 5 1. 7388-6 1. 3806-7 8. 5618- 9 4.0909-10 1. 5428- 11 
4 I. 3853-1 1.4128- 1 8.8042-2 3.8075-2 1. 213(}-2 2.9101- 3 5.5198-4 8.1016-5 9.3256-6 8.4029-7 5.8892- 8 3.1800-9 
5 2.4457- 3 7.5874-2 1.4415- 1 I. 2892-1 7.2534-2 2.8579- 2 8.3082- 3 1. 8329-3 3.1160-4 4.1104-5 4.211l- 6 3.3356-7 
6 7.9081- 2 1. 8448- 2 1. 3839-2 1. 0006-1 I. 4617- 1 1. 121(}-1 5.5842-2 1. 9706-2 5. 146(}-3 1. 018(}-3 1. 5437- 4 1. 8019-5 
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T ABLE 8. Franck-Condon factors to high vibrational quantum nmnbers for the NO' -y ' (E2~+-X2II) band system 

~v" 0 1 2 3 4 .5 6 7 8 9 10 11 

~ - ------------ - - --------- ----- ---------- -----
0 1. 8292- 1 2. 7657.1 2.3718-1 1. 525(H 8.2230-2 3.9369-2 1. 734&-2 7. 1987- 3 2.8604-3 1. 1012- 3 4. 1436-4 1. 5345-4 
1 3.HI9- 1 8.8265--2 4.8132- 3 9.0257-2 J. ~532-1 1. 32H ... l 9. 1120-2 5.2865--2 2. 7374-2 1. 3087 ... 2 5.9058-3 2. 5550-3 
2 2.8488- 1 2.8268-2 1.6337- 1 5. 859&-2 6.1843-4 5.0870-2 1.019~ ... 1 I. 0809- 1 8.4 .;01 ... 2 5.4997-2 3. 1674-2 1. 6735--2 
3 1. 3638-1 2.1667-1 3.0458-2 5.8301-2 1.1413 ... 1 3.4941 ... 2 8.4098-4 3. 85 18-2 7.9760-2 8. 9988- 2 7.5535- 2 5.2958-2 
4 4.1780-2 2.3390- 1 6.1865--2 1.1475- 1 1.8000-4 7.5 107- 2 8.1670- 2 1. 8913- 2 1. 9603- 3 3.3699-2 6.6678-2 7. 6744- 2 
5 8.5623- 3 1. 1620-1 2. 2U 2-1 1. 5384-4 I. 1958- 1 3.0105- 2 1. 6595--2 7.69118- 2 5.6403- 2 8.9686- 3 3.6710-3 3. 1358-2 

~v" 12 13 14 15 16 17 18 19 20 21 22 23 
v' " 
~ --~--- -------'--

0 5.6232-5 2.047&-5 7.4344-6 2.6992-6 9.8222- 7 3.5895-7 1. 3195- 7 4. 8862- 8 1. 8247- 8 0.8785- 9 2. 6195--9 1. 0084- 9 
1 1. 0717- 3 4. 3949-4 1. 7738- 4 7. 0817- 5 2.8084- 5 1.1100-5 4.3843- 6 1. 7347- 6 6.888&-7 '2. i5QO-7 1. 1053- 7 4. 4774- 8 
2 8.3041- 3 3.9337-3 1. 8002- 3 8.0297- 4 3.5152-4 1. 518&-4 6.5028- 5 2. 7698- 5 1.1770-5 5. 0020-6 2. 1304-6 9. 1099-7 
3 3.2889-2 1. 8737-2 1. 0020-2 5.1101- 3 2.5150-3 I. 2051- 3 5.6609-4 2.6212- 4 1. 201&-4 5. 4738- 5 2. 4852- 5 1. 1273- 5 
4 1;. 71 55-2 4. 9581- 2 3.2599-2 1. 9720-2 1. 1215--2 6.0882- 3 3. 1904-3 1. 6277- 3 8. 1396-4 4. 0107-4 1. 9558-4 9.4721-5 
5 5. 7873- 2 6.6675-2 5.9894-2 4.5962- 2 3.1634-2 2.0118- 2 1. 2061- 2 6. 9141- 3 3.8302- 3 2.0672- 3 1. 0939- 3 5. 7045- 4 

TAR I,I, D. Franck- Condon fae/ol's to h'igh vibrational quant um nwnbe1's fo1' the NO Feast 1 (D2~+-A2~+ ) band syste/ll 

"-"-v" 0 I 2 3 4 5 6 7 8 
v'''-

"-- -- -- -- -------- ---- ---

0 9. 996!J-1 I. 8711 -4 1. 2792-4 4.2490-7 1. 984 1 ... 7 5.0558 ... 8 6.3344- 9 6.0985- 10 4.3012- 11 
J 1.8680-4 9. 9943- 1 2.3871- 7 3.8609 ... 4 2.6853-6 7.9047- 7 2,4905--7 3.52 16- 8 J.8579- 9 
2 1.2809-4 7. 3738- 7 9. 9843- 1 6.3266- 4 8. 1095-4 1. 0154- 5 1. 8354-6 7. 1982- 7 1.11 45- 7 
3 3.5713- 7 3.8558-4 7.2 150-4 9.9407 ... 1 3.3205--3 1. 4801- 3 2.9837- 5 3. 1627- 6 I. 5993-6 
4 5.8411- 7 1. 1705- 7 7.2576-4 3.8448 ... 3 9.8354-1 9.3034-3 2.5250-3 7.5208- 5 4.3234-6 
5 5. 0012 ... 8 2.6448- 6 6.7206- 7 1.0513- 3 1.1049- 2 9. 6:185- 1 1. 9746- 2 4. 1490-3 1, 7088-4 
6 2. 7548- 9 3.5 170- 7 6.7 176-6 9. 1700-6 L 2300 ... 3 2.409&-2 9. 3205 ... 1 3.5616- 2 6.6496- 3 
7 2.2567- 10 2.5801- 8 I. 3 23-6 1. 2174 ... 5 3.9537- 5 1. 1380-3 4. 4657- 2 8.8552-1 5.750(\-2 
8 3.774 1- 11 2.2890-9 I. 3468- 7 3.9507-6 1. 6793 ... 5 1. 0863-4 7.3893-4 7. 4031 - 2 8. 2227-1 
9 8.7 194- 12 3.7557- 10 I. 3324-8 5.1088- 7 9.0455- 6 I. 7403- 5 2. 2596-4 2.0 102-4 1.1 279- 1 

10 2. 1009- 12 9. 1238- 1\ 2. 1272- 9 5.8012- 8 1. 5584 ... 6 1. 7336- 5 1. 2044-5 3. 7816- 4 4. 1487- 5 
11 5.0514- 13 2.3801- 11 5.2379- 10 9.2181- 9 2. 0777- 7 4. 0169- 6 2.8339- 5 3. 2728- 6 5. 1520-4 

X 9 10 I I 12 13 14 15 
v' 

---::::" ----
0 I. 69 11 - 12 2.3259- 16 3.1030-14 I. 3183- 14 I. 382&-15 1. 63 14- 16 5.8860- 16 
2 3.0600-10 1. 3939- 11 J.8679- 14 I. 8562- 13 1. 550J-l3 6.4 102- 14 1. 5042- 14 
3 1. 3713- 8 1. 2183- 9 6.2007"'11 1. 8049 ... 13 8.9484- 13 7.0600-13 3.0022- 13 
4 2,6348- 7 3.5901- 8 3.5164--9 2.018&-10 8. 4664- 13 3. 1340- 12 2.5370-12 
5 3.0336- 6 5. 16 1()-7 7.7344-8 8.2311- 9 5.2672- 10 3. 4074-12 8. 4579-U 
6 4.6428-6 5.2018- 6 8.8229- 7 I. 4520-7 L 6592- 8 1. 1609- 9 1. 0351- 11 
7 3.6005-4 3.5015- 6 8. 3708- 6 I. 3538- 6 2. 4566- 7 2.9855- 8 2.2503- 9 
8 1. 0440-2 7. 1600-4 1. 1120-6 I. 3002- 5 J. 8932- 6 3.8328- 7 4.9008- 8 
9 8.5431 - 2 1. 0061- 2 1. 3587- 3 2. 7157- 7 1. 9942- 5 2. 4248- 6 5.6 189- 7 

10 7.4152-1 1.1859- 1 2.4 178- 2 2. 4779- 3 9.8849-6 3.0794"'5 2.8234-(; 
1\ 1. 6033- 1 (;.441 2- 1 1. 5518- 1 3.5529- 2 4.3617- 3 5. 151&-5 4.8609- 5 
12 1. 2692- 3 2. 1446- 1 5.3305- 1 I. 9223- 1 5.0831- 2 7. 4293- 3 I. 7076- 4 

TABL8 10. Fmnck-Condon factoTs to high v£bmtional quantum nwnbel's Io'l' the NO Feast 2( 1 ~2 ~+- A2~+) band system 

3 6 8 

-- --
9. 9870- 1 I. 2883- 3 1. 0997- 5 4.9375- 9 I. 0915- 9 1. 0213- 10 5.6952- 12 3.3202- 13 2. 4765- 14 
1.2730-3 9. 9633- 1 2. 374 1- 3 3.4489- 5 3.2079- 8 4.7978- 9 6.0333- 10 4.0994- 11 2.8670- 12 
2.5361- 5 2.3180- 3 9. 9433- ( 3. 2624-3 7. 1876- 5 I. 1942- 7 I. 2403- 8 2.0753- 9 I. 6988- 10 
3.2103- 7 7.3484- 5 3.147 1- 3 9. e271- 1 3. 9593- 3 1. 2441-4 3. 3486- 7 2. 434£- 8 5.369 1- 9 
2. 7010- 9 1.2658- 6 I. 4188 3.773 1- 3 ~. 9144- 1 4. 4718- 3 1.9311;-4 7.8683- 7 3.9737 ... 8 
9.3350- 13 I. 4230- 8 3. 11 53- 6 2.28 15- 4 4.2094- 3 g. 905(1-1 4.8079- 3 2.7895-4 1. 6346-6 

"-",,1''' 10 11 .1 2 13 1'1 15 

v'~ 

0 3.2792- 15 I. 450H5 4.7722- 16 7.8604-17 1. 0406- 15 6.2341 - 16 4.5463- 19 
1 2.829 ]...] 3 3.0768- 14 6. 4091- 16 2.002()-W l. 6107- 17 2. 9577- 18 6.4610- 17 
2 I. 2876- Li 1. .1 715- 12 I. 5147- 13 I. 4358- 14 2.0644-16 1. 2891- 15 2.6996- 18 
3 5. 1900-10 4. 4829- 11 4. 1309- 12 4.6474- 13 6.8501- 14 5.5006- 15 4.0016- 16 
4 I. 1648- 8 1.3082- 9 1. 2731- 10 I. 3003- 1\ 1. 4734-12 2.0122- 13 2.7711- 14 
5 5.603 1- 8 2.2302- 8 2.8997- 9 3. 1344-10 3.511 0-11 4.2122- 12 5.4726- 13 
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TABLE 11. Fmnck-Condonfactors to high vibrational quant1!m numbers for the NO Ogawa 1 (B'2L', - B2II) band system 

~ 0 1 2 3 4 5 6 7 8 9 10 

0 2.2557- 1 Z. 8877- 1 Z. 2351- 1 1.3509-1 7. 0194-2 3.2915-2 1. 4329-2 5.8961-3 2.3208-3 8.8114-4 3.2453-4 
1 4.0580-1 4.6505-2 2.355()-2 1. 1453-1 1.4Z23- 1 1.1537- 1 7.3699-2 4.0680-2 2.0291-2 9.3929-3 4.1043-3 
2 2.7386-1 1. 1578-1 1.56(1- 1 1. 7228-2 1. 6543-2 7. 7701- 2 1. 0553-1 9. 3033- Z 6.4867-2 3.8907-2 2.0902-2 
3 8.3679-2 3. 3228-1 3.4276-3 1. 2714-1 7.406~2 2.3923-3 2.1451-2 6.6632-2 8. 5455-2 7. 5983-2 5.4691-2 
4 1. 0751-2 1. 8393- 1 2.6978-1 1. 7606-2 5.9222-2 9. 532z-.2 2.7899-2 5.3014-4 2.8988-2 6.2000-2 7. 2264-2 
5 3. 5658-4 3. 1720-2 2. 6413- 1 1. 8477- 1 5.8488-2 1, 4883- 2 8,121 9-2 5.2826-2 5.4958-3 6.7032-3 3. 6077-2 
6 1. 2371- 6 1. 0260-3 5.7520-2 3.189~ 1 1.1736-1 8. 5432-2 3.5003-4 5.4379-2 6. 3103-2 2.0003-2 1. 9756-5 

~ v' 11 12 13 14 15 16 17 18 19 

0 1. 1640-4 4.0756-5 1. 3947- 5 4.6642-6 1. 5223-6 4.8350-7 1. 4867- 7 4. 3883-8 1. 2264-8 
1 1. 7124-3 6.8749-4 2.6702-4 I. 0068-4 3.6917- 5 1. 3170-5 4.5652-6 1. 5331-6 4. 959z-.7 
2 1. 0467- 2 4. 9076-3 2. 1894-3 9.3698-4 3. 8680-4 1. 5457-4 5.9913- 5 2. 2531-5 8. 2092-6 
3 3.4207- 2 1. 9338-2 1. 0124-2 4.9879-3 2.3382-3 1. 0510-3 4.5528.4 1. 9072-4 7.7389-5 
4 6. 2697- 2 4.5351-2 2. 8935-2 1. 6827-2 9.1070-3 4.6524-3 2.2655-3 1. 0587-3 4.7706-4 
5 5.8454-2 6. 1900-2 5.1823-2 3.7208- 2 2.3934-2 1. 4165-2 7.8501-3 4. 1227-3 2. 0693-3 
6 1. 6053-2 4.1013-2 5.4306-2 5. 2854-2 4.2646-2 3.0243-2 1. 9496-2 1. 1672-2 6 .• \842-3 

TABLE 12. FTanck-Condon factors to high vibrational quantum 
numbers fOl' the NO Ogawa 2 (b4~-a4) II band system 

o ~ ----------1·----1-----
o 
1 
2 
3 

2.5072-1 
4. 1515- 1 
2. 53b2-1 
7.0990-2 

.2. 831fr l 
3.3835-2 
1. 3i74-1 
3. 3382- 1 

2. 0542- 1 
2.6i02- 2 
1. 531;9- 1 
3.7309-3 

1.2337-1 
1. 0337- 1 
I. 9506-2 
1.2598- 1 

T ABLE 13. F'mnck-Condon f actors to high vibrational quantum nmnbe1's fo r the NO J\II (a4 II - X2 II) band system 

"" ," 2 

~'~ 
0 3.6173- 5 4. i769-4 2.9981- 3 1.1897-2 3.3501- 2 7. 1222- 2 
1 2.5281-4 2. 7560- 3 I. 3784-2 4. 1550- 2 8. 2978- 2 1.1254- 1 
2 9. 4105-4 8. 4217- 3 3.3078- 2 7.3176-2 9.5485- 2 6.6157- 2 
3 2.4832- 3 I. 8123-2 5.4838- 2 8. 4.01- 2 6.1\86- 2 9.2341- 3 

~ v" 12 13 
v' ~ 

14 15 16 17 

0 4.1458- 2 I. 8860-2 7.2505-3 2.3524- 3 6.4232-4 I. 4695-4 
1 1. 4096-1 1. 1536- 1 7.2979- 2 3.6789-2 I. 5015- 2 5.0007- 3 
2 1. 7871- 2 8. 11 74- 2 1.29.4-1 1. 2693- 1 8.8657- 2 4.6953- 2 
3 6. (;459- 2 I. 7411- 2 3.9705-3 5.8645-2 1.1957-1 1.2921- 1 
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Thermodynamics of perrect elastic fluid s, B. Bernst ein , 
E. A. K earsley, and L. J. Zapas, J . Res . NBS 68B (Math. 
andMath . Phys.),No.3, 103-11 3 (J uly- S ept. 1964). 75 cents. 
A simple non equi libruim thennodvnamics is developed a nd a 
particular example is stud ied. The t heory is formulated to 
deseribe a viscoelastic fluid, capable of finite deformation, 
whICh need not be locally in or near a state of thermodynamic 
equilibrium. This fluid may support shear stresses only 
when away from local t hermodynamic equilibruim. A notion 
of t ime-temperatures superpos ition is conta in ed in t he formu­
~ation of t he constit u tive eq uations. Conservation of energy 
IS obeyed and t he second law of t hermodynami cs is satisfi ed 
as a conseq uence of simple req uireme nts on t he constitutive 
~·elations . In an ad iabat ic isochoric motion t he tem perat m e 
Il1creases \\'hen wo rk IS don e on t he material and deCl'eases 
when t he mate ri al docs work. For given volume a nd te m­
perature, ent ropy decreases when the material is defo rm ed 
from eq uilibrium . It is shown in what grnr ral way viscosity 
depends upon temperature. For infinitesima l strain, t he 
specml form of t he stress-strain relations arc deri ved in order 
to determine how temperature and t ime-te mperature super­
posit ion enter in t his case. 

Theory of radiation from sources immersed in anisotropic 
media, J. R. Wa it, J. Res . NBS 68B (Math. and Math. Phys.) , 
No . 3, 11 9- 136 (J uly- Sept. 1964). 75 cents . 
The electromag netic fi elds produced by an electri c dipole 
Immersed in an anisotrop ic medium arc co nsidered. Various 
approaches to t he problem a re ou tlined with special r efe rence 
to a cold p lasma. An attempt is made to show t he close 
relationship between previously publishrd work on t hi s 
s ubj ect. 

Response of highly precise balances to thermal gradients 
L. Macmdy, J. Res. NBS 68C (Eng . and I nstr.) , No.3 
135- 140 (J uly- S ept. 1964). 75 cents. 
As small thermal grad ients often ca use la ro'e instabilities in 
t he indications of the more precise balances~ a n investigation 
was made of the effects of various types of thermal gradients 
on several such balances. It was found t hat t he la r"est 
insta,?ilit ies result when t he ai l' at t he top of t he bal: nee 
case IS cooler t han t hat at ~ he bottom, and further t hat t he 
best perforrr;ance is obtained when ai l' at t he top is warmer, 
rather t han III a state of t hermal equi li brium t hroughout t he 
case. The desired t hermal gradi ents, i.e., top wal'm el' t han t he 
bottom, can be achieved t hrough propel' insulation of t he bal­
ance case, wit h provision being made for some flow of heat in 
t hrough t he lower front of t he case and ent rapment of warm 
all' at t he top of t he case. These results apply directly to 
t he eq ual-arm type of balance; a separate study would be 
reqUIred fo r balances of different design. Ho~wever, t he 
general nature of the effects of t hermal gradients is applicable 
to so me degree to all types of t he more p recise balances. 

A new high resolution small-angl e x-ray camera, H. Brum­
berger a nd R D eslatte's, J. Res. NBS 68C (Eng . and I nstr.), 
No.3, 173- 175 (J uly- S ept. 1961,). 75 cents. 
A novd small-a ngle x- ray camera, utili zing t he Borrmann 
effect IJ1 the 220 Laue re fl ect ion f rom germ a nium to form 
t he inc ide nt beam, has been cles ignrd and tested . A test 
pattern of amorphous carbon showed angula r resolution of 
0.8 millimdian. In p ri nciple, an im provement of resolution 
by an order of magnitude is possible. 

Creep and drying s hrinkage and lightweight and normal­
weight concre tes, T.W. Reichard, NBS Mono. 74 (Mal'. 1" 
1961,), 30 cents. 

This is t he first edition of a standard on r equirements for 
reinforced masonry. It is a complete code of minimum 
requi rements for reinforced masonry const ru ction, includin" 
definitions and req uirements for m ate ri als, stru ct ural design~ 
and allowa ble stresses. This docum ent, prepared by Ameri­
can Standards Associat ion Sectional Committee A41, under 
t he sponsorship of t he National Burea u of Standards is 
one of a series of related standarns being developed by various 
committees under t he :i uri sd iction of t he Co nstru ction 
Standa rds Board of t he Ameri can Standa rds Association. 

Quantum field theoretic techniques and the electromagnetic 
properties of a uniformly magnetized electron gas, L. A. 
Steinert, NBS Tech. N ote 207 (Apr. 6,1964), $1.50. 
~ield t heoretic operators for t he cha rge, p, and current, 

j, densit ies of t he electron gas were obtained using t he 
Darwin Hamiltonian in "second quantized" form . T em­
perature dependent Green's funct ions were formed from 
certa in averaged combinations of t he fi eld creat ion a nd anni­
hilation opl' rators . Eq uat ions of motion were obtained fOI· 

-') 

t hese Green's functions, and p and j were written in terms 
of t he Gree ll 's functions. 

-> 
In order t hat p a nd .i might be expressed explicitly in te rms 
of t he perturbing fi eld, formal functional series expansions 

-> 
were obtained for p and j in terms of t h e potentials. Con­
nect in g relations obtained [rom t he req uirements of gauge 
Il1val'la nce and charge conservation were used to show the 

-> 
genNal res ult t hat p and .i reduce to fUlletionals of t he elec­
t ri cficJd alone. 
Usin g t he "self-consisknt fil'ld " app rox imation, calculations 

-> 
were perforilled dC'te rmining j expli cit ly to an o rder lineal' 
in t he pert urbin g elect ri c fi eld . Specific calculations are 
given for a zero temperatu re gas a nd for classical high tem­
peratures. Discussed brie fl y was t he " d ielectric screening" 
as induced by a magnetized electro n gas. The Green's 
functions eq uat ion of motion for t he "spin magnetizat ion" 
was obtai ned . Brief mention is mane of diaoTarnrnatie 
tec hni q ues. '" 

Mechanism of the photolysis of ethane at 1470 A, R F. 
Harnpson, Jr. , J. ll. McNesby, H. Akimoton , and 1. Tanaka, 
J. Chem. P hys. 40, No.4 , 1099-1105 (Feb. 15, 1964) · 

A co mplete analys is of t he products of the photolys is of 
ethane at 1470 A has been carried out. I sotopic anal yses 
of products of t he photolys is of C2H 6 + C2DO a nd of CI-I3CD3 

have led to t he followin g conclus ions. 
l. It is possible to explain the bata on the basis that nearl " 

a ll molecular hydrogen produced ill the primary process comes 
from t he end carbon atom. 

CI-I,CDr ·. Jl 2+ CIIDCD2* 
CII3CDr -7 D2 + CII2CHD* 

The I-ID ciln be accOllntcn for by the drcompos it ion of ex­
cited CI-I D CD,* and CI-I 2CI-ID * 

CH 2CHD *->I-I]) + CHCH 

C])2CI-ID *->H]) + CDCD 

2. Other pr im ary processes are 

CH3CD3->CH3 + CD3 

CH3CD3->H + D +CH 2C D2 
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The importan ce of the latter, relative to tte molecula r 
e li m ination , is about 15 :85. 

3. Propane and butane arise from ethyl radicals form ed by 
addition of Hand D ato ms t o ethylene. 

4. The excited state of ethane has a lifetime s maller t han 
10- 8 seconds . 

Continuum theory of a plasma, J . L. J ackson and L . S. Klein, 
Phys. Fluids 7, No.2, 232-24 1 (Peb . 1964). 
A continuum descrip t ion of a class ical plasma in equilibrium 
is presented. Thermodynamic proper ties an d equilibrium 
flu ctuations are disc ussed in terms of the fl uctuations of t he 
net cha rge density function n(r). The proba bili ty distribu­
t ion function of t he potent ia l at a typical point, and t he join t 
distribution of the potent ia l at two points are calcul ated . 
As was noted in t he preceding paper, t hese results lead to t he 
chemical potentia l and two-particle distribution fun ction of 
c lass ical Debye-Hilckel theory . A first order correction 
to t he potential distribution of t he continuum theory is 
obtained b y t reating t he nearest neighbor cha rge as a discr ete 
c harge and t he remainder of the plasma as a continuum. 
T he corresponding correction to t he free energy is obtained 
a nd compar ed with t he results of diagrammatic calculations, 
to which the present r es ults are simil ar. 

Pressure broadening of DCl by RCI and of RCI by D CI. 
A comparison of experimental results with Anderson's 
theory, T. C. J a mes and R. J. Thiba ult, J. Chem. Phys . 40, 
No . 2, 534-540 (Jan. 15, 1964). 
Line wIdths in t he ]- 0 band of DCI broadened by H C I and 
in t he 1- 0 band of H Cl broadened by DCl are reported for 
rotational levels up to Iml=15 and 13, respectively. TI' eEc 
experimental resul ts are cow.p ared with calculated values 
using Anderson's theory as amplified by Tsao a nd C urnutte. 
Calculations are m ade at 300 oK for qu adrupole moments 
of 2, 4, and 6 Debye angstroms and calculations at 194.5 oK 
are also made for a Q of 6 Debye angstroms. 

Energy losses and elastic resonances in electron scattering 
from R " C.E. K uyatt, S. R. Miel czarek, and J . A. Simpson, 
P hys . R ev . Letters 12, 293 U 964) . 
R ecently developed techniques of hi gh-resolution spectroscopy 
have been applied to molecular hydrogen. Inelastic scatter­
ing measurem ents for t he first t ime show well resolved 
v ibrat ion al levels of several electronic states of H 2• Elastic 
scattering measurements show at least eight narrow resonan ces 
in thc clast ic cross section . 

Intensity of the forbidden X 2I1 3/ 2-X 2I1 1/ 2 satellite bands in the 
infrared spectrum of nitri c oxide, T . C. James, .I. Chem. Phys. 
40, No.3, 762- 771 (pe b. 1, 1964). 
Satelli te lines in the spectr um of nitri c oxide whi ch correspond 
to t ransit ions 2IT I/ 2, v= O, J ->2II Z/2' v= 1, .II were observed . 
IntensIt ies wer e measured and found to be in agreement with 
t he t heoretical predi ctions. Freq uency m easurem ents and 
line width measurements are also r cported. A value for the 
inte nsity of t h e fundamenta l of 138 c m- 2/atm at 273 °K has 
been obtain cd. 

Energy spectra and angular distribution of electrons trans­
mitted through sapphire (AI 20 3 ) foils , ~VI. J. Berger and S. 
M . Seltze r, Nail. A ero. Space Admin. Spec. Publ. S1"3008, p. 
1- 107 (1964) . 
Monte Carl o results are presented, in the form of 72 tables, 
p ertaining to t he t r a nsmission of elcctrons incident with 
e nergies of 1, 2, 2.954, 4, 5.907 and 8 Mev on sapphire fo ils 
wi t h t hicknesses of 0.1 , 0. 2 and 0.3 g/cm 2. Two typcs of 
beam geometry are treated for a ll source e nergies: (a) per­
pendi c ular incidence : (b) beams with an initial cosine-l aw 
a ngula r distribution (corresponding to an isotropic electron 
flu x). For a source energy of 2 Mev, var ious in cident beam 
obli quiti es ar p, also treated, ranging from gra 7. ing to p er­
pend icu lar inciden ce . The physical factors taken into ac­
count in clude the energy losses due to collisions with atomi c 
electro ns (mean valu e and flu ctuat ions), the mean energy loss 
d ue to bremsstrahlung, a nd t he angular deflections a nd pat h 
d etours du e to mult iple Co ulomb scattering by atoms. 

Effects of anharmonicity on vibrational energy transfer, F. H . 
Mies, .I. Chem. Phys. 22, No.2, 523- 531 (Jan. 15, 1964). 
Certain diagonal matrix elem ents which enter into the 
quantum t heory of vibrational energy t ransfer generally have 
been assumed to be identical. If morse potentials are used 
to describe t he molecular forces, the elem ents are approxi­
mately but not ident ically equal. The t ransition probability 
is found to decrease markedly whe n the ratio of the diagonal 
elements is allowed to deviate even slight ly from one. Morse 
potentials wer e choosen to re produce t he observed an­
harmonicities of a variety of diatomi c molec ules and an 
anharmonic correction factor was calculated. It is fou nd 
t hat t he generally used t ra nsition probabiliti es shoul d be 
reduced by a fa ctor of t he order of lO- L 10- 2. 

High-resolution infrared determination of the structure of 
carbon suboxide, W. J. Lafferty, A. G . Maki, and E. K . 
Plyl er, J. Chem. Phys. 40, N o. 1, 224- 229 (Jan. 1, 1964) . 
High resolut ion spectra have been obtained and t he vibra­
t ion-rotation absorption spectrum has bee n analyzed for a 
~U - ~ g and a U g- ll u transit ion in C30 2 between 3142 cm- I 
a nd 3195 cm- I. The absorption region studied contains a 
parallel combination band and a series of associated " hot 
bands." The successive " hot bands" a re displaced toward 
high frequencies in sucha manner t hat t he ~ - ~and II - II bands 
are relat ively free of overlapping lines. The analysis shows 
that the molecule must have D ro h symmetry with B o 
= 0.073206 cm- I. The large number of "hot bands," theil' 
var iation wit h temperat ure, and t he la rge value of t he /­
doubling constant q all indicate t hat t he lowest frequency 
bending mode m ust lie at quite low wave numbers. 

Infrared spectra and the structures and thermodynamics of 
gaseous LiO, Li20 , and Li20 2, D. White, K . S. Seshadri , 
D . F. D ever, D . E. Mann, and M. J . Linevsky, J. Chem. 
Phys. 39, No . 10, 2463- 2473 (Nov. 15, 1963). 
The vapor above heated lit hium oxide (Li 20) has bee n invesci­
gated mass spectrom etrically and by infrared matrix-isola­
t ion spectroscopy . The vapor composit ion and Knudsen 
effusion rates were m eas ured as functions of temperature, 
and t he mat ri x spectra of the prineipallithium oxide species­
Li 20 , LiO, Li 20 2- identifi ed and analyzed for different 
isotopic abundances. The predominant vapor specics Li' 20 
is probably linear w ith T(Li- O) = 1.59 A, and has fundamentals 
VI, V 2, v, at [760], [140], and 987 cm- I, respectively . Its heat 
of formation t>Ho °U) = - 43.7 ± 2.5 kcal/mole. The dia­
tom ic molecule LPO has v = 745 cm- I, and esti mated bond 
length 1'= 1.62 A, and t>HoO(.f) =+ ]6.0 ± 5 kcal/mole. 
The previously undetected molecule Li' 20 2 is shown to rc­
semble t he alkali halide c1 imers in having a planar rhombi c 
(V,,) stru cture for which t he O- Li- O a ngle and Li- O bond 
lengt h are estimated to be 116 ° and 1.90 A, respectively. 
Its B 2u and B:lu freqnencies are found at 324 and 522 em- I, 
respectively, in a krypton matrix. The remaining nnobsprved 
modes arc estimatcd in cm- I as follows: "I(A g)=400, v2( A/) 
= 250, v3(B lg) =300, v,(B l u ) = 270. Its t> H oO(.f) = + 27.5 + 6 
kcal/ mole. 

Exact conditions for the preservation of a canonical distribu­
tion in Markovian relaxation processes, H . C. Andersen , 
I. Oppenheim, K E. Sh uler . and G. H. Weiss, J . Jt;j'ath. Phy s. 
.') No.4, 522- 636 (A pr. 1964)· 
~ecessary and suffi cient con di t ions ha ve been determin ed 
for t he exact preser vation of a canoni cal distribution char­
acter izcd by a t.ime dependen t temperat ure (canonical in­
vari:J.I1ce) in Markovia n relaxation processes governed by a 
master equation. These condit ions, whi le physicall y r eali zable, 
are qu ite r estI"i ctive so th at canoni cal in variance is t he excep­
t io n rather than t he rule. For p rocesses wi th a continuo us 
energy varia ble, canon ical in vari an ce r equires t hat the 
in tegral master equation is exactly equivalen t to a Fo kker­
P lanck equation with linear transition mom ents ot a special 
form . F or p rocesses wit h a dIscrete energy variable, canoni cal 
invariance requires, in addit ion to a specia l form ot t he level 
degenerac.v, eq ua l spacing of t he energy levels and tranRitions 
betwcen nea rest n eighbor levels on ly. Physically, t hese con-
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ditions imply that canonica l invd,l'ian ce is m9inta ined on ly 
for weak interactions of a sp ecial type between the r elaxing 
s ubsystem and t he reservoir. It is a lso shown that canolllcal 
invaria nce is a s ufficient condition for t he exponentia l relaxa­
t ion of the m ean energy. A number ot syste ms (ha rd s ph ere 
Rayleigh gas, Brownia n motion , harmoni c oscillators, nu clear 
s pins) are discussed in the fra mewor k of t he above t heor ". 
Conditions for approximate canonica l in vari ance valid up to· a 
certain order in the e ner gy a re a lso developed a nd t he n applied 
to nuclear spins in a m agnetic fi eld. 

Changes in relation between refractive ind ex and Young's 
modulus as the result of successive heat treatme nts, E. H. 
Hamilton, J . Am. Cemm. Soc. 47, No.4, 167- 170 (A pr. 1964) . 
The relat ion between refract ive inde x and clastic mod ulus is 
found to be a sensitive indicator of the nucleation and sepa­
,·ation of submicroscopi c phases in glass. While studying t he 
c hanges in properties with heat treatments of a wide va riety 
of glasses co nta ining Si02, B20 " and ZnO as major constitu­
e nts, large decreases in Young's moduli were observed that 
were not accompanied by decreases in refractive indi ces of 
the magnitude us ually observed. The abnormal changes in 
properti es " ·e rC' t he res ul t o f a seq uCli ce of two heat-t reat­
m ents. The results indi cate t hat during the firs t heat-t rea t­
m ent a n immiscible phase is nucleated \rhi ch on subsequent 
heat-trcat me nt at a hi gher temperatu re develops into hetero­
geneous regio ns prod uci ng t he cha nges in the refractive indC'x 
versus clastic morlu lus I·elation. 

Calorimetry of portland cement. I. Etl"ects of various pro­
(:edures on determination of heat of solution, H . A. Berman 
and E. S. New ma n, AST M Proc. 63 , 830- 851 (1 963) . 
N ine calculat io n procedures for correct ing the obse rved te m­
perature ri se in a solution calorimeter a re compa red. Eig ht 
o f these procedures a re used in va ri ous specifications for de­
termining thc hcat of hydrati on of hydrauli c cements by t il(' 
heat-of-solut ion method. 
The best reproducibility was Found \\·it ll methods t hat us(· 
lon g rating p eriods a nd readiHg inte rvals rather t ha n short 
ones, that use consta nts of stirri ng e nergy a nd heat lea kag(! 
t hat are indcpe nd ent ly calculated fro m cali bl·ations or other 
p ertinent tests of t he apparatus or t hat a re obtain ed in part 
from t emperat ures of t he init ia l rating peri od rathe r t han 
from tem perat url'S of t he fi nal rat i ng peri od (provided t hat 
they a re accurately obtai ned), and t hat are not ,·est ri cted by 
definitely specified duration t imes for the solu t ion and rat ing 
p eriods. The bl'st acc u racy was fo u nd in methods t hat 
e mploy solut ion peri ods longer t han 20 min a nd in methods 
that employ t il(" most ri goro us poss ible approac h to t he heat­
leakage in tegrat io n calcul atio n co nsisten t with t he data 
a vaila blc. 

Calorimetry of portland cement. II. Application of various 
heat-of-solution procedures to determination of heat of 
hydration, E . S. Ne wma n and H . A. Berma n, , lSTlJIf Proc. 63 
852-860 (1963) . 
The heats of hydrat ion o f t wo cement samples were determined 
usin g three t.vpes of heat-ot-solution calorimeter. The t hrec 
calorimete rs were t he ASTM s tandard a ir-bath D ewa r, a 
s ubmer ged D ewa r wi t h a metal cover, a nd a subm erged m f)ta l 
precis ion calorimeter using a resistance thermom eter. The 
d ata were taken in s uffi cient detai l to permit t he computation 
of t he co rrected temperature rise by eight d ifferent methods, 
a ll based on Newton 's law of cooling, r ecomme nded by various 
a ut hori t ies in t he United States a nd abroad. The d3ter­
minations were made .in two dift'erent roullds of d uplicates, 
a nd t he aec umc,v a nd precision of the calori meters and Of t he 
methods a re d isc llssed on t.he basis of t ile res uHs obtained. 
D ifferences a mong t he calorimeters a nd methods fOUlldin 
heat-of-solution detennin a,tio ns l a rge l~' d isappea red in com­
p u t ing the heals of hyclrat ion. B.v t he most ri gorous method, 
standard deviation s of ] A5, J .:38, and 0.70 cal/g ,,·pre found 
fo r t he heat of hvdr flt ion as deiermin ed by t he a ir-bath 
D ewar, the s ubll1cr·ged I)ewar, a nd the p reeis (oll calorim eter, 
respect ive ly. 

Relative oscillation st re ngths of so me 0 II and 0 JU lines 
from measurements on s hock-heated plasmas, JI . F. Berg, 

K. L. Eckerle, R. W. Burris, and W. L. 'Vies, !lslrophys. J. 
139 No.2, 751-757 (Feb. 15, 1964). 
The layer of p lasma behind reflected s hock waves, which 
were produced in a T-tube fill ed with a helium-oxygen mix­
ture, served as a high-te mperature li gh t source for t he 
m eas urement of relative oscillator strengt hs of some 0 II 

a nd 0 III lines. D ensit ies and temperatures were determined 
u in g the lin e-broaden in g data of some neu tral and ionized 
helium lin es as well as th eir relative intensit ies. Some rela­
t ive 0 II a nd 0 III oscill a tor s trengths were t be n dete rmined 
by in te nsity meas urem en ts, usin g a scannin l!, tec hnique. 
The 0 II resu lts compared very well wi th pre viou s work em­
ploying a hig h-curren t arc. Fur t hermore, for a ll measured 
osc ill ator strengths, t lleorat ica l values we re obtained from 
t he Coulomb approximation . The rel ative valu es from 
t heory a nd experiment were fo und to be in satisfacton· 
agreement. Absolute 0 III oscill ator str engths could not b·c 
given wit h certain ty duc m a inl y to t he r a pid t ime character­
ist ics of t he source w hi ch made t hc establis hm ent of a.n 
equilibriurn popul ation in the second ioni zat io n s tage of 
oxygen un certain. 

The crystallography of some M 2+ borates, S. Block , A. 
Perloff , and C. E . Weir , Acta CTYSt. 17 Pt . 3, 314-315 (M aJ . 
1.964) . 
Crys' a ll ograp hi c informa tion is presented for Ba O·2B20 3, 

SrO.2Bz0 3, PbO·2B20 3, SrO·B20 3 and BaO.B20 3 . All con­
st a nts a re presen ted. A s hort d isc uss ion of t he structUl es of 
13aO.2B20 3 and SrO ·2B,O, is a lso g iven. The po\\·dC'l" pat­
terns o[ SrO.21320 3 a nd PbO·2B20 arc give n. 

Theory of the electronic s usce ptibilities of stoichiometric 
rutile (TiO?) , A. 11. Ruffa, Phys. Rev. 133, No. 5A, 1418- 1426 
(Mal·. 2, 1964). 
A t heoretical a na lys is of t he SY rl1ml'try propcrties of crystal­
lin e ruti le is made lead in g to t he conclusio n t hat t il(' isotropic 
solut io n of the local fi eld equat ions for t his materi a l is correct. 
It is shown that t his co nclusion is supported by t he ex pe ri ­
mentally determined isotropic nature of t he magnetic s us­
ceptibi lity of rut ile. The isotropic solut io n of t he local 
field eq uat io ns y ields a value for t he electro ni c pola ri zabili ty 
of the t itanium ion in rut ile of <>T = 2.7 A3, an orde r of magni­
t ude greatcr t han t he f rce io n valucs us ua lly ass ig llC'd to t he 
Ti+4 ion. 
Th is res ult is supportcd by a correlat ion of thc ionic sizes as 
obtained from a n electron density map of ru t ile d('te rmined 
by x-ray analysis with the polar izab ili t ies in a mannc r 
described p reviously. Moreover, this conclusion is in 
reaso nably good qua ntitati ve agrecment w it h a t heoretica l 
p red iction made previously of t he (,(frct of t he crystalline 
potential on t he cation polarizability. 
The resul ts of t his study give a speci fi c exa mplr of a co nclusion 
arrived at in an earlier ,,·ork to t he effect t hat a cation polari ­
zability in a crystal may be many times its frre ion value. 
Moreover, it demons t ratcs t hc unreli abili ty of t he us ua ll .v 
accepted add it ivity rule for t he io ni c radii. 

The electrolysis of formamides, acetamides and propion­
amides, D. E. Co uch, Eiectrochem. Ada 9, No . 4 , ::127- 336 
(A pr. 1.964.). 
Solid products \\·crc prorl ucC'd by th(' electrolys is of N-meth.vl 
amides, and N, N-d im C't hylam ides. Thc products a rc of t\\'o 
general classes, i.e., bi s-a midcs of Ilwt hane (C nH 2n M 20 2) or 
bis-amides of methyl ('t he r (en H2nN 20 ,,). Thes(' products 
show that it is t he gro ups or ato ms attached to t he ni t rogcn 
t hat ente r in to t he ell'ct rolyt ic r('act ion, a nd t hat the ll1 eth,v l 
groups a rc mor(' s uscC'ptib lC' to electrolyt ic changC' t ha n is 
hydrogC'n \\'hrn both arc attac hC'd to the sa me nitrogen atom. 

A revi e w of photodetachment. and re lated negative ion proc­
esses relevant to aeronomy. L. M. Branscomb, Ann. Geophys. 
20,88- 102 (Jan. - Mar. 1964.). 
Tak ing t il(' interpretation of the mecllanism fo r P ola r Cap 
Abso rpt io n as an illustration of t il(' importance of negatiH' 
ion reactions in ae ronomy, processes for negative ion forma­
tion, dpst ru ction and rl'a rrangemen t (other than r ecombina­
t ion w ith pos it iV<' ions) arc reviewed. When p ossible cross 
scctions, ratc coe ffi cients and binding energies a rc given. 
The morll'ls used in t he interpretation of negative io n-pffects 

543 



in PCA and Auroral Absorption events are criticized and 
several possible m echanisms are discussed. 

Microwave studies of butadiene derivatives. II. Isoprene, 
D. R. Lide, Jr. , and M. J en, J . Chem. Phys. 40, No. 1, 252-
253 (Jan. 1, 1964). 
The microwave sp ectrum of fluoroprene, H 2C= CH CF = CH z 
has been previously studied in this laboratory. The isoprene 
molecule, in which t he fluorine atom is replaced by a CH3 

group, shows a very similar spectrum except for uniformly 
lower inte nsities. A number of b-type t ransitions in t he 
20- 30 kmc r egion have been measured and assigned to the 
ground v ibrational statc of isoprene. The observed and 
calculated rigid-rotor frequencies are list ed in Table 1. No 
attempt was made to obtain a syst ematic assignment of 
v ibrat ional satelli te lines because of the weakness of the 
spectrum. As in t he case of fluoroprene, no evidence for 
another isomer was found . 

Effects of tensile stress on the domain structure in grain­
or iented 3.23 % silicon, J. J. Gniewe k, J . Appl. Phys. 34, N o. 
12, 3618- 3622 (Dec. 1963). 
A Kerr magneto-optic apparatus has been used to obser ve t he 
effects of an electrical c urrent and tens ile st ress on t he domain 
structure in commercial, 3.25 % silicon steel. Photographs 
are presented showing that it is possible, nnder certain condi­
t ions, for an clect rical current to have a signifi cant effect 
on the domain structure. This s hould be considered in 
elastoresista nce and low fi eld magnetoresista nce experiments. 
Upon application of a tens ile st ress of only 0.57 KGjmm2, a 
domain pattern r esembling the 'lozenge' pattern is sho lVn to 
occur in certain gra ins. The corresponding strain-free pat­
tern is identified here as a 'c hevron' pattern. From observa­
t ions on the type of domain structure changes res ul t ing from 
stress, it is concluded t hat in grains where the [001] direction 
tilts out of the surface plane by 4 to 8 degrees, t he wall 
energy of the r everse domains and t he surface pole energy 
combined make a signifi cant contribution to t he total crystal 
energy in .012" t hick material. 

Other NBS Publications 

J. Res. NBS 68B (Math. and Math. Phys.), No.3 (July- Sept. 
1964), 75 cents. 
Generation and composit ion of funct ions. A. J. Goldma n. 
Thermodynamics of perfect elastic fluids . B. Bernstein , 

E. A. Kearsley, and L. J. Zapas . (See above abstracts.) 
Zeros of polynomials in sever al variables and fractional order 

differences of t heir coefficients. B. Mond and O. Shisha. 
Theory of radiation from sources immersed in anisotropic 

media. J. R. Wait. (See a bove abstracts .) 

J. Res . NBS 68 C (Eng. and Tnstr.), No.3 (July-Sept. 1964), 
75 cents . 

R esponse of highly precise balances to t hermal gradients 
L . B . Macurdy. (See abo ve a bstr acts.) 

A direct-reading two-knife 50-pound bala nce of hi gh precision 
s uitable fo r State weights a nd m easures la boratories. H . E. 
Almer, H . A. Bowman, M . W. J ensen, L. B. lVlacurdy, 
H . S. Peiser , and B . Was ko. 

Wave fron t s hearing prism interferometer. J. B. Saunders. 
A new high resolution small-angle x-r ay camera. H. Brumber­

ger a nd R. D eslattes. (Sec a bove abstracts .) 
Experimental determination of a ir drag on a textile yarn 

strnck tranversely by a high-velocity projPctile. J. C. 
Smit h, C. A. Fenstermaker, an d P. J. Shouse. 

Radio Sci. J . Res. NBS jUSNC-URSI, 68D, No.8, (Sept. 
1964) $1.00. 
Extens ion of cosmic noise absorption measurements to lower 

freq uencies, us ing po lorized antennas. C. G. Little, G. M. 
Lerfa ld, and R. Parthasarathy. 

Broadband radio-star scintillations, part 1. Observations . 
D. G. Singleton. 

F -r egion irregular it ies stud ied by scin t ill ation of signals from 
satelli tes. K. C. Yeh and G. 'V. Swenson, Jr. 

Angels, insects, and weather. A. H . LaGrone, A. P . Deam , 
an d G. B . Walker. 

Measurement of the attenuation of ra,d io signals by jungles . 
J ack W. Herbstreit and W . Q. Crichlow. 

Influence of a circular ionospheric depression of VLF propa­
gation . J. R. Wait. 

An experimental study of mixed-path groundwave propaga­
t ion. S. W. Maley and H . Ott·esen. 

Radio Sci. J . Res. NBSjUSNC-URSI, 68D, No. 9 (Sept. 1964), 
$1.00. 
Symposium on Signal Statistics, Seattle, Washington, U.S.A., 

D ecember 6- 7,1963 : 
Signal statistics, yesterday and today. F. L. H . M. Stumpers. 
Rayleigh distribu t ion a nd its generalizations. P . Beckmann. 
Some nonlinear problems aris ing in t he study of random 

processes. M. Rosenblatt . 
An approach to empirical time series a nalysis. E. Par zen. 
Effect of linear and nonlinear signal process ing on signal 

statistics. A. V. Balakrishnan . 
R andom volume scattering. H . Bremmer. 
Phase fluct uation statistics. J. B. Smyth. 
Current topics in the stochast ic t heory of r adi at ion . F. J . 

Zucker. 
On the intensity distribution 

and its application to s igna l statistics. ]\1[ . Nakagam i. 
Statistical inference for R ayleigh distribut ions. M. M. 

Siddiqui. 
A proba bilistic approach to the problem of large antenna 

arrays. Y. T. 1,0. 
Influence of data processin g on t he design and communication 

of experiments. S. "V. Golo mb. 
Spectral m eas urem ent techniques in p lanetary r adar. 

G. P ettengill. 
Quantum statistics and lasers. J . P . Gordon. 
Statistics of random surfaces. 1. Kay and P . Sweriin g. 
Modified gauss ian d ist.ribut ions for slightly nonlin ear vari -

ables . M . S. Longuct-Higgins . 

Radio Sci. J. Res. NBSjUSNC- URSI, 68D, No.10 (Oct. 1964). 
Theoretical heights and durations of echoes from lar ge 

meteors. L. A. Manning. 
Experimental determination of meteoric lin e densit ies and 

attachment ratps . L . A. Manning. 
Broadband radio-st:H" scintillations, II . In terpret.at ion . 

D. G. Singleton. 
E lectron collis ion freq uen cy in th e ionospheric D r egion. 

R. F. Benson . 
A d isc uss ion of t he t heory of ionospheric cross modulation. 

R. F. Benson. 
T heory of a slotted-sphere a ntenna immersed in a compressible 

plas ma . Part 1. J . R. Wait. 
Theory of a slotted-sphere antenn a immersed in a compress ible 

plasm a. Part II . J. R. Wait . 
Electromagnetic sca.ttering coeffi cients for concentr ic spheres 

and t he problem of in terfer en ce free enclosur es . R . A. 
E ldred, H. A. Las itter, a nd J . Rober ts. 

Ionospheric sounding usin g coded pulse signals . D. C. Coli 
and J. R. Storey. 

Meas urement of th e complex t ime-frequency channel cOlTel­
at ion function. P . A. Bell o. 

The NBS standard hygrometer, A. Wexler and R . ,~r H yland, 
N BS Mono. 73 (M ay 1, 1964), 30 cents. 

M icrostru ctu re of ceramic materials, Proceedings of an 
American Ceramic Society Symp osium, Pittsburgh, Pa., 
April 27- 28, 1963, NBS Misc . P ub l. 257 (Apr. 6, 1964), 
$1.75. 

Physical aspects of irradi at ion, Recommendations of the 
In ternational Commi ssio n on R a diological U ni ts and 
2Vleasurements, NBS Handb. 85 (Mar. 31, 1964), 70 
cents. (Supersedes parts of H 78. IIandbooks 84 t hrough 
89 extend and largely repl ace H7S.) 

544 



Vinyl-coated glass fibe r insect screening and louver cloth, 
NBS CS248- 64 (Feb. 17, 1964), 10 cents . 

Shoeboard, CS260- 63 (Sept. 10, 1963), 10 cents. 
St ructural insula t ing board (wood or cane fiber), NBS 

R179- 63 (Dec. 2 3, 1963), 10 cents. (Supersedes R179- 56.) 
Correction factor tables for four-point resis tivity measure­

ments on thin, circular semiconductor samples, L . J. 
Swartzendruber, NBS T ech. Note 199 (Apr. 15, 1964), 
30 cents. 

The normal phase variations of the 18 kc /s s ignals from NBA 
observed at Maui, Hawai i, A. IT . Brady, A. C. Murphy, 
and D. D. Crombie, NBS Tech. Note 206- 2 (M ar. 19, 
1964) , 25 cen ts . 

The normal phase variations of the 18 kc/s signals from N BA 
observed at Boulder, Colorado, U.S.A., A. H . Brady, 
A. C. Murphy and D. D. Crombie, NBS Tech. Note 
206- 3 (Apr. 10, 1964) , 25 cents . 

Quantum field theoretic techniques and the electromagnetic 
properties of a uniformly magnetized electron gas, L . A. 
Steinert, NBS Tech. Note 207 (Apr. 6, 1964), $1.50. 

A portable rubidium-vapor frequency standard, R. J. Car­
pente r, NBS Tech. Note. 235 (Apr. 6, 1964), 25 cents. 

Research on crystal growt h and characteriza t ion at the 
National Bureau of Standards, JUly t o D ecember 1963, 
ed. H. S. Peise r, N BS Tech . Note 236 (Apr. 6, 1964), 
40 cents. 

Disclosures on variou s subjec ts: A frequ ency meter , a phase 
shifter, a dOli ble-tu ned t ransformer, and a ra m-cont rolled 
system, NBS T ecll. No te 237 (Apr. 10, 1964), 15 ce nts. 

Miscellaneous studies in probability and sta t istics: dis­
tribution t heory, small-sample problems, and occasiona l 
t ables, The Statistical E nginee ring Laborator.v, N BS 
Tech. Note 238 (Apr. 24, 1964), 20 cents. 

Average power d issipated in a diode swep t a long its reverse 
characteristic, II . A. Scha ff t, NB S Tech. Note 240 (Apr. 30, 
1964), 20 cen ts. 

Conference on non-linear processes in t he ionosphere Decem­
ber 16- 17, 1963, E d . D. II . Menzel and E . Ie. Smith , Jr., 
NBS T ech . Note 211 , Vol. 2 (Apr. 17, 1964); Vol. 3 (Apr . 
19, 1964); Vol. 4 (Apr. 22, 1964); Vol. 5 (ApI'. 24, 1964); 
and Vol. 6 (Apr. 24, 1964), 45 cents each. 

Bolometric micro wave power calibrat ion techniqu es "t t he 
National Bureau of Sta ndards, R. F. D esch and R. E. 
Larson, IEEE Tra ns. Instr. M eas. IM- 12, No.1 , 29- 33 
(Jun e 1963). 

Pote nt ia l d istribu t ion method in equ ilibriu m statistical 
mecha nics, J . L . Jac kson a nd L . S. K lein , Phys. Fluids 7, 
No . 2, 228- 231 (Feb . 1964). 

Gage blocks of superior stabi li ty. II. Fu lly ha rde ncd 
steels, M . R . M eyerson a nd W . A. P ennington , Am. Soc. 
Meta ls Tra ns. Quar t . 57 , No. 1, 3- 25 (Mar. 1964) . 

The U.S. bas is of electromagnetic measurements, J . M · 
Richardson a nd J. F . Brockman, IEEE Spectrum 1, No. 1, 
129- 138 (J a n. 1964) . 

An "air-core" pr im a ry radio freq ue ncy permeameter for 
reversible perm eabili ty measurements, C. A. H oer a nd 
R. D . H arringto n, Froc. IEEE 51, No . 12, 1795- 1796 
(Dec. 1963) . 

Comparative rate meas urements wit h a single-pulse shock 
t ube, W. Tsang, J . Chem. Phys. 40, No. 4, 1171- 1172 
(Feb. 15, 1964) . 

R adio propagation by re flection from meteor t rails, G. R 
Sugar, Proc. IEEE 52, No . 2, 116- 136 (F eb . 1964). 

F abry-P erot dila tometer, V. E. Bottom, R ev. Sci . Instr. 35, 
No . 3, 374- 376 (Mar . 1964) . 

D ata processing system for th e aut omat ic t ransformat ion of 
observed plasma intens ities int o t heir radial distribu tion, 
D . R. Paqu ette and W. L. Wiese, App!. Opt . 3, No.2, 
291- 295 (Feb. 1964). 

Obser vat ion on dislocation loops in deformed copper, A. W. 
Ruff, Jr. a nd L . M. Ku shn er, Proc . Con£. Relat ion Between 
t he Stru cture and M ec hani cal Propert ies of Metals, 
Nat ional Physical Lab., Tedd ington, M iddlesex, England 1, 
146- 156 (1963) . 

Estimation of weight ing factors i n li near regression a nd 
a nalys is of varia ncc, J . Ma ndel, Tec hnomctrics 6, No. 1, 
1- 25 (Feb. 1%4). 

Gage blocks of superi or stabil ity. III. The attainment of 

ultras tabili ty, NL R. M eyerson and M . S. Sola, Am. Soc. 
Metals Trans. Quart. 57, No . 1, 164-185 (Mar. 1964). 

Precession equat ion of a spinning particle in nonuniform 
fields, U. F a no, Phys. Rev. 133, No. 3B, B828- B830 
(F eb. 10, 1964) . 

Magnet ic tape recording and reproducing of atmospheric 
noise wi t h a wide dyna mic r ange, E . C. Bolton, R ev . Sci . 
lnstr. 35, No. 3, 377- 380 (M ar . 1964) . 

Class ical model for the study of isotope e fl'ects in energy 
excha nge a nd pa rticle exchange r eactions, R. J . Rubin, 
J . Chem. Phys. <to, No.4, 1069- 1077 (F eb. 15, 1964) . 

Condensation model producing crystalline or a morpho us 
t etra hedral n etworks, F. Ordway, Science 1<l3, N o. 3608, 
800- 801 (Feb . 21, 1964). 

Standards and contact lenses, A. G. M cNish, Contacto 7, 
No.9 , 4-5 (N ov.- D ec . 1963). 

On t he a nomalous N MR linewidt h in li thium and sodium , 
D . Za mir, R . C. Wayne, a nd R. M . Cotts, Phys. R ev. 
Letters 12, No . 12, 327 (Mar . 23, 1964). 

Linewidths in t he 2-0 ba nd of carbon monoxide broad ened by 
nit rogen and hydrogen, T . C . Ja mes and E. K . Plyler, J. 
Chem. Ph ys . <to, No . 1, 221- 223 (Jan . 1, 1964). 

D evelopments in polym er evalua tion procedures, G. M. 
Kline, Mod . P lastics 41 , No . 5, 182 (Jan. 1964). 

Intensity of the quadrupole fundamental of molecular h ydro­
gen . Ro tation-vibra tion interaction correct ion, T . C. 
J a mes and W. Klemperer, J . Ch ern. Phys . <10, No.3 , 914-
915 (F eb. 1, 1964) . 

Observatory reports, C. E . Moore a nd L. M . Branscomb, 
As tron . J . 68, No.9, 657- 659 (Nov. 1963). 

Absorpt ion spec trum of th e " pink" afterglow of ni t rogen in t he 
vacuum ul t raviolet, A. M . Bass, J . Chem. P llYS. <to, No .3, 
695- 700 (Feb . 1, 1964). 

Spherical mirror F abry-P ero t resona tors, R. W. Zimmerer, 
IEEE Tra ns. Microwa ve Theory T ech. MTT- ll, No .5, 
371-379 (Sep t. 1963). 

Excitation by local electric field s in t he a urora and a irglow, 
L . R. Megill a nd N. P . Carleton, J . Geophys. R es. 69, No . 1, 
101- 122 (J a n. 1, 1964). 

Local curvature of wavefron ts in an op t ical system, J . A. 
Kneis ly II ., J . Opt . Soc. Am . 5<l, No . 2, 229- 235 (Feb. 1964) . 

T he 'Y-abso rp tion cross section of holm ium in the dyna mic 
collective theory, M. D a nos a nd W. Greiner, Phys. Letters 
8, No.2, 113-115 (Jan. 15, 1964). 

E lectrical properties of elastomers and r elated poly mers, 
A. T . McPherson, Rubber Chem . T echno!. 36, No .5, 
1230-1302 (D ec. 1963). 

Relationships between different kinds of network param eters, 
not assuming reciprocity or equality of t he waveguide or 
t ra nsmission line characteristic impedances. R. W. Beatty 
a nd D . M . K erns, Proc. IEEE 52, N o. 1, 84 (J an. 1964). 

D etermination of error rates for na rrow-band communication 
of binary-coded m essages in atmospheric r adio noise, A. D . 
Spa ulding, Proc. I EEE 52, No .2, 220- 221 (F eb . 19 64). 

Examples relat in g t o t he simplex m ethod, A. J . Goldm a n a nd 
D . Kleinman, Operations R es . 12, N o .1, 159- 161 (J an.­
F eb . 1964) . 

The ult raviolet r ealm of spectroscopy, C. E. Moore, J . Wash. 
Acad . Sci. M, 58- 62 (1964). 

Ra te dependence in a solar izing co mmercial X-ray emu Ision : 
Sensitometric properties, n umb er , a nd s tru cture of devel­
oped grains, M . E hrlich, 'Vm. L . M cLa ughlin , a nd E . 
Zeit ler, J. Op t . Soc. Am . 54, No.2, 176- 183 (F eb . 1964). 

The 1963 Symposium on Humidi ty a nd Moist ure, 20- 23 
May 1963, ' Vashington , D .C., A. Wexlcr, In tern . J . H eat 
Mass Transfe r 7, 275- 277 (1964). 

H ydride and proton transfer reactions in vol vi ng sec-propyl 
ions, R. P. Borkowski and P . Ausloos, J. C hern. Phys . <l0, 
No.4, 1128- 1132 (Feb . 15, 1964). 

Cat ion-excha nge bet ween molte n salts a nd a special porcelain 
of high sodium con tent, R. J . Labri e, J. E lectrochem Soc . 
111, N o. 4, 473- 476 (Apr. 1964) . 

On t he height distribu t ion of t he ratio of negative ion and 
electron dens ities in t he lowest ionosphere, G. C. Reid, 
D . K . Bailey, a nd ] r. Leinbach, J . Atmospheric and T errest . 
Phys. 26,1451- 47 (1964). 

The following a re chaptcrs in the book, Modern Elect roplating 
(1963) : 

545 



Elect roless pla ting, A. Brenner, pp. 698- 713. 
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