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ABSTRACT

This report contains an outline of some of the experimental
measurenents and theoretical considerations which are required for
the calceulation of tﬁe emissivity of nitric oxide. Because of lack
of sultable apparatus, the experimental part of the progranm was
restricted to the determination of apparent absorption coefficients
for the fundamentzal vibration-rotation band of nitric oxide. Theo-
retical calculations of emissivity were originally suggested by
Dr. Martin Summerfield. The present calculations were made by
the use of an approximate procedure which has been developed
recently at the Jet Propulsion Laboratory by S. S. Penner for the
determination of the emissivity of pure diatomic gases. The
results presented in this report facilitate making approximate
estimates of the emissivity of nitric oxide as a function of
temperature and optical density. TFor these emissivity caleulations
it is recommended to correct the experimentally determined apparent
absorption coefficients by analogy with available data for carbon

monoxide.
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II. TFUNDAMENTAL RELATIONS OF RADIANT HEAT TRANSFER

This section will be devoted %0 a description of some of the
important basic equations of radiant heat transfer and to & discuse
sion of the relations bebween line strengths, Einstein coefficients,
and spectral emissivities. These equations are, of course, well
known but are suwrmarized here in order to clarify the numerical cal-
culations of emissivities described in Section IV.

Aecording to Beerts law for the absorption of rzdistion by an
isotropic substance, the transmitted intensity varies exponsntially
according to the relation

‘-Pppl

IV = IOV ] (1)

whers Iy is the intensity of the transmitted light in the spectral
region between V and V¥ + dV , I,, is the intensity of the incident
light in the ssme spectral range, Py is the true spectral sbsorption
coefficient of the absorber, and the product of the pressure p and the
path length 1 is the optical density of the absorber. The intensity
of the light absorbed is, therefore,

Ay=1Iy -1, =1, (1-ce ). @)

oY

According to Kirchhoff'!s law the ratio of the spectral emissivity
to the spechtral zbsorptivity is unity for all substances. The absorp-
tivity is defined as the fraction of the inecident light absorbed and

the emissivity as the ratio of the intensity of the light emitted by
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a given substance ot temperature T to that emitted by a blackbody

at the same temperature. For an isotropic gasecus emitter, the spec-

tral emissivity,ffp s is, therefore,given by the relation

Ey=r-o 70 ()

The emissivity can be determined experimentally by direct measurement

or by measuring the transmission ratiocs at various temperatures and

pressures. Since it is difficult to make accuraie measurements of this

type over a wide range of temperatures and pressures, it is desirable

to consider thecretically the temperature and pressure dependencs of Py.
According to the Bohr frequency rule, transition betwsen two non-

degenerste, stationary energy states of values E; and E. with Ei) Ej

J
will be accompanied by the emission of radiant energy of the frequency
¥ Ei - E, ’
13~ “““3;“‘1 (4)
where h is Planck's constant.
For radistion emitted from an oscillating dipole, if the time be-
tween collisions is large compared to the duration of a collision, it
can be shcwn(7} that the spectral absorption coefficient is rslated to

the line strength, \S PVijdvzg’ and the spectral-line half-wzéth,a

by the well-known dispersion formula of Lor3¥tz.

é__; Py; 50¥; ;
=00 : (8)

’ 2 2
kv —Vi§} "é'é i3

Pv =

The spectral=line half-width is defined as the frequency interval for

which absorption is greater than one-half the maximum absorption,
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desired o present an approximsie method for radlsnt hest transfer cale

12 F oY mpnes 4wy wrmd s o s, E 2 £ .
sulations in which no explieit

of pressure' ’, it remains only gz 1ts temperature dependence
in order to determine Py as a function of temperature. Theoretical
OO
caleulations of \S Py dvas a function of temperature require the use
-eQ
of relations which can be derived from the Zinstein coefficients of
. e e G . . s
absorption and emlsslan()). These relastions will now be discussed.
The probability that a molecule will absorb a quantum of energy
and undergo a transition to a higher energy level in & blackbody radise
tion field is given by the term B .O(Y . .) where B, ., is the Iin-
grven by j-riP Vlj) i °
stein transition coefficient of induced absorption andP(V‘E) ig the
1
density of radiation emitted by a blackbody between freguencies V,j
: i

and.Vi + db{‘. The probsbility of transition from an upper to a2 lower
i3

J
energy level is, on the other hand, the sum of two parts, one being inde-

pendent and the other proportional o the radiation density, leeet

Ay ¥ By )

where B, . and A . are the Hinstein coefficients of induced and spon=-
13 i

taneous emission, respectively. At thermal equilibrium the net rate

of transition is zero, snd, therefore,



s . g

oy
e s o N
) [ (¢ ] L8,
S Haregui® g R

) 4511

s
e

oy
o
ks
A
]
Gy
O
ey
iy o
G ©
U pf
U
S -~ o Y
@ (]
Q ) £
o
oo g2

pen
AT

}+o0
Iy

s 7
W

£

44




-
o f

o

N .

s

&

@

,k
n;{“
4

st

gy

e
g
1
Bt
e

o~ o

oy ey

- P

g g
N

e
P e

Lam
.

o
4
43

e
]
B

ey




-8'

equilibrium conditions, and of Bohr's correspondence principle permits

the derivation of the following relatiengé' i1, 12)

e

h
; Pe -(u-1) 377 K'I’
g - :"’“:"‘ noe
EQT-‘TE k7
Ppdb = —=—— (1l =-ce T
A=l 3 e S ~(n-1) h}g/kl
2_.\ €
=1 7
or (15)
X 1T£
E P AP 23 e
=20 n«-l—»n Z’/J’ ©

where N‘I‘ is the total number of molecules, € is the effective charge,

and M is the reduced mass of the molecule. Igquetion (15) states that

the summation of the line strengiths contributing to emissicn or absorp-
tion in the region of the fundemental vibration-roitation band is inde-
pendent of the temperature for & given number of emitterse This relation

will be used in the approximaie caleculation of emissivities described in

Section IV.
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III. ABSCRPTION CORFFICIENTS

Ao INTRODUCTION
This section is devoited to a discussion of true, apparents and average
absorption coefficients. The introduction includes a brief deseription

(13) (14)

of the methods used by Bourgin and Barthoclome for the determina-
tion of trus absorption coefficlents. Beceuse of lsck of sultable
equipment for the determination of the true absorption coefficients, the
experimental studies were restricted to the measurement of apparent ab-
sorption coefficients. The significance, use, and temperature dependence
of an apparent average absorption coefficient will also be considered.
The method used by Bourgin does not permit the determinstion of
true absorpiion coefficients directly, but does allow the calculation
of speciral line-strengths. Once spectral line-strengths have bsen obe
tained it is possible to calculate true absorption ccefficients by
application of the Lorentz dispersion formula (Cfe Eqe §) provided half=
width data have also been obtained. The genersl plan used by SBourgin
for determining line intensities involves the accurate measurement of
the area under each absorpiion line for several cell lengths, the pres-
sure being maintained constante.¥ DBecause the instrument availsble for

the present expsriment did not give sufficiently high resolution, Bour-

gin's method could not be used. If a plot is mede of percentage of

oot

izht sbsorbed against wave number, it follows that the area AH, under

the absorption line M is given by the expression

*[t is evident that this technique requires high spectral resolution in
order to separate the rotational fine structure of the abscorption band.
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- IV
%;'5 [1'“—':'['; av (16)

Expending the exponential term in Beer's law for sufficiently small

values of the optical density, pl, leads to the relstion

e = 1Pyl (17)

ov

Combining equations (16) and (17) yields the result that

by = plS P, ay (18)
M

From eguation (18) it then follows that

Lim 3 Ay 5?,,@) (19)
pl-=0 apl

b

ie8e, the integrated absorption coefficient, or the line strength, is
equal to the slope of an area versus length plot for the limiting case
of zero cell lengthe In order to permit accurate extrapolation of
this curve to zerc, small cell lengths were employede It should be
mentioned that the extrapolation of ithe curve to the zero value of the
optical density becomes a difficult problem because of the rapid change
of slope of the curve at small values of pl.

Bartholomé‘s method has the advantage over Bourgin's of not re-
guiring high resoclution. By the introduction in the light absorption
cell of anocther ges which is opitically inactive in the infrared region

of study, the fotal pressure is increased to the point vwhere the
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rotational lines overlap sufficiently to obliterate completely the

fine structure. This method is now being employed at the Jet Propulsion
Laboratory to determine the relation between the true absorption coef-
ficient and an absorption coefficient measured with low resolution and
at low pressures, le.es., an apparent sbsorption coefficiente.

Before proceeding to discuss the apparent absorption coefficlient,
it is of interest to note that an aprroximate method is available for
the determination of an average value of the line strength for a given
absorption bande This method was originally proposed by §enniscn(15>
and has been modified by Cornell(lé), Elsasser(l7), Summerfield(lSD,
and others. The prinecipal objection to this method is the necessity
for assuming that the rotational lines are of equal intensity and are
equally spacede In spite of the fact that these assumptions are invaligd
for real molecules, it should be pointed ocut thet the method of Elsasser
and Summerfield has been shown to lead to reasonable numerical

results(l7' 18).

Be. ZEXPERIMENTAL RESULTS

The apperent absorption coefficient, P}, is a coefficient replac-
ing the true absorption coefficient,P pe in Beer's law and is determined
with resolution insufficient to study individual rotational lines and
at pressures lower than required to zive complete overlapping of the
rotational lines. Since the necessary fecilities for carrying out an
accurate determination of the true line strength were not available st
the time the studies deseribed in this thesis were conducted, it was

decided to measure apperent absorption coefficients with the infrared
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spectrometer available tc the authore It is recognized that the
relation between true and apparent coefficients is unknown. However,
the preliminary measurements of apparent coefficients deseribed in
this thesis should be of value ultimately to the overall program of
heat transfer now under way at the Jet Propulsion Laboratory. By use
of the empiricelly determined relations between true and apparent
coefficients for CO, the values of the apparent coefficients of NO
can be converted approximstely to the true velues. That the true and
apparent absorption coefficients for 00 and NU should be related fol-
lows from the similarity in rotational spacing and resolution in the
P and R branches of the fundamental absorption bends of these two come
pounds. The apperent absorption coefficients were determined by straight-
forwerd application of Beer's law. From the linearized form of this law,
it can be seen that
}'n""'"‘:"Pv' pl (20)
ov ;

where P,' is, in general, a function of pressure. In the limiting
case of zerc optical density, pl, it can be seen that

Pyt = - lim  alln (1w )] /a(e1) (21)

pli~0

Since the path length was kept constant because cells of different lengths

were not available, equation (21) may be written as

Pyt = - ¢ um a(in (2v/1)] /ap (22)

=0

Pl

from which it follows that the apparent absorption coefficient is
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proportional ic the limiting slope, for zerc pressure, of a plot of

the logarithm of the fraction of the light transmitted as s function

of pressurse. In the present investigations the pressure of the absorber
was kept below 1 atmosphere in order to permit more accurate extrapola=

tion of the curve to zerc pressure. Readings were made at pressures of

NO corresponding t0 13¢5, 159, 283, 3665, 48.0, 7leb, and 72.0 cme

of Hge

All measurements were mede on a Model 120, Perkin=Elmer infrared
spectrometer using a lithium fluoride prism and a 10 cme. long gas cell
closed with scdium chloride windows. A resclution of about 4 wave
numbers was obteined near the center of Q=branch for ithe fundsmental
vibration=rotstion band of NO with the particulsar slit widths employed
for the present studies. The wave length scale had been previously
calibrated by using known sbsorption lines of Hé@, 802, CH, , and NE%.

A wave length-micrometer scale reading calibration curve obtained by the
author is shown in figure (1).

Frior to taking transmission readings on the infrared spectiromeier,
the instrument was allowed the customery wermeup psricd of one-half hour
in order t¢ insure stable operation. Next a transmission record was
obtained for the empty gas cell. Then a transmission record was ob-
teined for the cell filled with the gas under the study, end finally
ancther reference run with the evacuated cell was completed. From
these three sets of data it is possible to obtain reasonably reliable
percentage of transmission values as a function of wave lengthe. The

wave length celibration curve was checked daily by using the water
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bands at 1794, 1830, 1846, 1870, 1891, end 194k cm“l as reference
pointse The wave length calibration led to a value for the wave number

at the peak of the Y=branch of 18779 em™ which agrees reasonably well
with results reparted by other investigamrsiw’ 20, 21).
Representative datz of the logerithm of the percentage of irans-
mission as & function of pressure, calculated from the experimental
measurenents are shown in figzures (2) and (3). The values of the apper-

ent abscorpiion coefficient computed from these plots are summsrized in

Teble I and are plotted in figure (4) as a funciion of the wave numbers

T4BLE I

APPARENT ABSORPTION COEFFICIENTS FOR NO.

ch‘l P (meter-atm)™+
180040 1.38
181645 3405
135046 6433
1866.4 Tell
18779 1128
1881.8 258
1896.8 7405
1907.7 900
19170 9620
19240 8.58
193601 6-85
1954.0 2600

Ce CALCULATION OF APFROXIMATE AVERAGE ARSCRPTION COEFFICIENTS.
From the discussion in Section II it is apparent that rigorous
caleulation of spectral emissivities at verious temperatures is a pro-

ject of tremendous proporticns. In order to avoid some of the
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Here, :j Ep dy represents, for example, the intensity of radietion

n->ntl
j=ji=1

absorbed as the result of the transition n-—»n+l, j—»j=-l, and ZSVF and
lxl/F.G. ere the effective band widths of the fundamental and first over-
tone, respectively.

Relzations of the form of equations (25) and (25a) permit the cal-
culation of average absorption coefficients if the sum of the irue line
strengths 1s knowne As has been pointed ocut previously, the present
experiments yielded only spparent absorption coefficients. Neverthe-
less, 1t is insitructive to consider the relations between apparent
spectral absorption coefficients and apparent average sbsorpiion coef-
ficientse In order to distinguish epperent average coefficients from
the true average coefficients, the former will be designated by §§.
k'F.O.’ etc. The experimentally observed result that for small vélues
of the opticel density, the aversge apparent absorption coefficient,

defined by the relstion

-kl a
Avav{l -e ¥ } Lopd¥ (26}
AVF OFp
is identical with the aversge arpparent sbscrption coefficient

\ES P,tav
- (g
et = [ S——
“F AV, (27)

will now be established on the basis of a more detailed analysis of



«18=

equation (26).
In the limiting case of small pl, the exponential term in equa-
tion (26) can be expanded and only the first two terms retained with

the result

= k¢ pl
AvdV/jKOVéV kF he! (28)
AVF N

from which it follows that for ¢onstant path length, 1,

S

Ay gV
14\ Ay } —
T & ““"""““““Szzkg (29)
(e
S
B

Furthermore, integration of the spectral form of Beer's Law for the

apparent coefficient, P,'s and for swall velues of F,' pl,

A
ot
]
=t
<

y =B, pl, (30)

l

vields the result that

oy - Iy ay

= pl P, av
Toy g (31)
AVF APF

If the enerzy of the incident light is nearly independent of fregquency

within the limits of the effective band width, then equation (31) can
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be replaced, approximately, by the relzstion

5(xov~ I,)ap 5&,@\»

AV
- . Yr _ L\,
- = AVF FlLav
\S I_ay 510,,&;»
ov MWy

and, therefore,

Sixvd)) )S _ 5A2dv

NV

i S G Ve .
R AP -

Av;cv&w

B
Comparison of equations (29) and (32) leads to the desired result
Bl om : 2
! (21)

It should be noted that equation (27) between the apparent average
absorption coefficient and the apperent spectral coefficient is of the
same form as equations (25) and (25a) relating the true average coeffic-
ients to the spectral line strengthse.

Bmpirical proof of the existence of an average apparent absorption
coefficient can be obtained by comparison of the values of £; calculated
by means of eguations (27) and (29), respeé tively. Data for equation
(27) was obtained by numerical integration of figure (4), which resulted
in a value for the 15 Py dvof 965.2 (meter-atm=cm)™l. The effective

AVF



oo 2w

bend width was chosen ag 198 cmﬁi, Substitution of these values in
equation (27) yielded a value ef'§§:= 5,03 {mster«aim)“z for the
average apparent absorption coefficient. For evaluation of the aver-
age coefficient by means of equation (29), suitable band limits were
chosen by inspection of the trensmission records for the verious pres-
sures, and the areas under the *transmission lines between these limits
were obtained by numerical integration. The ratios of the integrated
percentage of absorption were then plotted as functions of pressure

in figure (8) and the slope of the line noted. Substitution in equa-
tion (29) geve = value of h.78{meter~atm}"l fer'§§. The approximate
eguality of the twoe values for E% mzy be taken as prosf of the exist-
ence of sn aversge apparent absorption coefficient.

The average apparent absorption coefficient is related %o the
true average absorption coefficient, which can be expressed in terms
of the sum of the individual line strengths according to equation (285),
in a complicated fashion depending upon instrumental resclution, How-
ever, since the rotztionsl spacing and resolubtion for studies of the

()

apparent absorption coefficients of CO and WO were similar, it is
reasonable to assume that the itrue aversge sbsorption coefficient bears
the same relaiion to the apperent aversge absorption coefficient for
these two gases. This ratic has been found to be 23 for CO*. It is
therefore recommended, that an average absorption coefficient Eg

2% x 5,03 (meter x atm}_} = 115,69 {meter x aﬁm}p} be uszed for rediant

heat $rensfer csleulations on O until more reliable experimental

messurements become avallebls,

*Unpublished results obtained by S. S. Penner and D. Weber
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The temperature dependence of *f? can be caleulated by use of
equations (15) and (25). Reference to these two relations indicates

that

%.(T.) A (T T
2 - 7“;‘)“ — (33)
() Ay T

since the number of molecules per unit volume, N‘I" varies inversely

&s the absolute temperature for an ideal gase
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therefore, not sultable for pressures greaiter than a few hundred
atmespheres.

Refore proceeding a description of the physieal appearance of the
sbsorption band of N0 and =z statement of the relation between the com=
ponent parts of the band and particuler transitions are of intersst.
The band is composed of three distinct branches designaied &s the Py &
and R branches, respectively. The P-~branch is the high frequency
branch, the R-branch is the low frequency branch, and the Q-branch forms
the center of the band and joins the P- and R-branches. The rotational
transitions j-~l-=»j are responsible for the R-branch, the transitions
j=i=1 for the P-branch, and the transitions j—j for the Q=branche.

The number of rotational transitions associsted with line strengths
large enough to contribute sppreciably to radiation from the P- and
R=branches is the same, as can be shown by a detailsd analysis of the

(6)
dependence of line strength on rotational guantum number.

It is well known that a factor of the fype j exp(wEQ’j/k?} or
j exp(-Eo j/kT) is the dominant term depending on j in the expression

¢
for line strenzth. Use can be made of this fact, if as a Tirst approx-
imation, the band limits are chosen as those points at which the sirengths
of the individual rotational lines ftend to zeroe The eriterion used
for the proper choice of ngx was arblitrarily chosen as that value of
j for which j exp (-Eg’j/kT} corresponds approximetely to 1073 of the
meximom value of j expisﬁe’j/kT)e A study of figures (6) through (11)
in whiech j exp {-20’3/RT) has been plotted as a funciion of j at 300,

1000, 1500, 2000, 2500, 3000° X indicates that no very great difference



Db

in Jo.e results if the value of jmax iz set equal to the value of § for
which j exp émEG'éfkTB has decreased to 1072 or 107 of its maximun
value, It should be noted that the emissivity does not depend cridi-
cally on the value of Imax because the uncsrieinty in the valus of

Jmax is partly compensated for by a larger or smaller average absorp-
tion coefficient 1if too small or too larse a value has been chosen,
respectively, for jp... Band emissivity calenlistions heve been carried
out for values of j . corresponding to somewhat different criteria for
choosing jpax. By the use cf figures {8) through (11) the values of
jmaxz =nd jmaxg given in Table II were obitained for caleulating the
probable effective band widths whers jmgxl corresponds to the value of
j for which j exp {«Ee’éfkﬁ) has deeresased to approximately 10™% of its

maximun value,

TABLE 11
THE VAIUZS OF jmazl and J AS A FUNCTION OF TEMPERATURE
T jmaxi 3&&32
300 30 33
1000 54 &8
1800 85 69
2000 77 81
2500 88 g1

000 100 1906



By use of the familiar quantum relation the approximete band limits of

the fundamental can, therefore, be determined as follows:

Eéns 3 ) b Eén‘“lc jmax - 1)
max

y = (34)
max h e
n-—>n=l
J—=i=1

E(n’jmax - 1) - E(n'l‘jmax) {'%!;a)

v)min - B

n—h=l he
=13

The energy levels of N0 can be calculated from following relaticn

E id . 3 .o I TR~/ /o
il = (nv B W= (a4 E) x, 0y v (3¥1) B,=32(5+1) De=(n+)3(3+1)< (35)

%here(d%ﬁ Beg De’ xganﬁﬂare well-known constants for NO determined from
spectroscopic measurements. The following numerical values were used

for NO: W_ = 1906.5 em™t; x_ = 0.7564 x 1072, B,= 1.7006 cm™t

- «2 w1 22D
D, = 5e4124 cm 1;9(:= 1.8366 x 10 Zem™t 7, The spectroscopic data
for NO has recently been revised by Gillette and Eyster(21>. However,

for the present purposes, the data given by Sponer are sufficiently
accurate. The approximete band limits of the fundamental of NO as
caleulated from equations (3L) and (34a) are tabulated below as fune~

tions of temperature for the values of 3maxli
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TABLE IV
BAND LIMITS OF FUNDAMENTAL OF NITRIC OXIDE

CALCULATED FROM THE VALUE OF Jpax,

e =1 -3
by jwz Vm’cza - me’cm Alsea™= )\mﬁm /\min,em
300 30 19618 17609 200.8 5.6789 5.0981
1000 54 2002.7 1645,.8 356.9 6.0761  4,9932
1500 &85 2012.8 158%7.4 425.4 8.29886 4,9682
2000 77 2018.3 1518.4 498,9 6.5815 4.954%
2500 8088 S0l8.8 1454.0 564.8 B.8776  4,9534
3000 80100 2018,.8 1379. 4 639.4 7.2488  4,9534
TABLE V

BAND LIMITS OF FUNDAMENTAL OF NITRIC OXIDE

CALCULATED FROM THE VALUZS OF 3max2

-

. wl =1 -1
Jmazx Vmax, e Vming cm AV, em Amax, cm )‘min, em

300 33 1968.0 1747.5 220.5 5.7225 5.0813
1000 58 2007.2 1625.1 382.1 6.1635 4.9821
1800 69 20156.3 18865.7 440,6 6.3869  4,9620
2000 80=81 2018,.8 1496.2 522.6 6.6866  4.9534
2800 80-91 2018.8 1435.8 583.0 §.9648  4.9534

3000 80106 2018.8 1340.7 578.1 7.4588  4.9834



£
Deteiled exeaminetiorn of the line strengthgh} indicates that the

L

overitone will decrease to 107~ of its maximum value at spproximately the

same value of § as the fundeamentale The same j values have, there-
max max

fore, been used for the first overtone as for the fundamentale Tasbles

V and VI summerize the band limitas for the Tirst overtone of NO corrected

for the bandhead for the two choices of j The bendhead in the case

max
of the first overione, determined by the same detalled caleulations as

for the fundamental, occurred at jmax = llie

TABLE VI
BAND LIVITS OF FIRST OVERTONE OF NITRIC OXIDE

CALCULATED FROM THE VALUES OF j

ma:xl
T jmaxl Vi;ex,cm"l V{;in,cm'l AVen™1 )‘::sax‘ cm Nl eCm
300 30 37934 35959 1995 207825 246362
1000 Lii=5L 38007 S4k2el 35846 2.9052 266311
1500 Lh=E5 3800.7 336040 4067 2.9762 266311
2000 =77 380047 326063 5h0el 3.0672 2.6311
2500 =88 380067 316262 63845 3.1625 2.6311

3000 =100 3800,7 30/1549 75468 3.2831 266311
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the fundamental occurs at approximately 85&0 ¥ and for the first over-
tone at 1506O HKe These results can be understood gualitstively in
terms of the temperature dependence of the wave length at which the in-
tensity of rediation is a meximum (Wien's displacement law).

The average absorption coefficient for the fundamental can be cale-
culated at different temperatures by mesns of equation (33)e Similar
calculations can be made to determine the averasge absorption coceffic-
ient for the first overtone as a funcition of temperaturs if the room
temperature value of k is known. If the room temperature value of

0
§% has not been determined experimentally, then it can be calculated,
approximately, by an equation given by Rosenthal(QAD,

kp,0. _ Xe(l=5x.)

v
—

2
B (l'Sxe>

(36)

-’

&

where Xy is the anharmonicity constant which has a value of 0.756 x 10-2
for NOe. Using equation (36) and the value for the fundamental aversze
absorption coefficient of 11569 (meter—atm)-lgthe value of first over=
tone average coefficient at room temperature is found to be 83.09 x lOmQ
{meter-atm)'l.

The necessary information is now available %o calculaste the emiss-
ivity of NO as & function of temperaturs. Because of the uncertainties
in the numerical values of E% discussed in sectlon III, emissivity tables
have not been calculated for NO. However, in order to facllitaie the

use of the results described in this thesis for making spproximate emigse-

ivity calculations, the procedure for determining the emissivity of NO



-
‘jiw

as a function of temperature is outlined agsin in some detail.
The Calculation of the Dmissivity of NO

The emissivity of NO is given by the aprroximate relstion

A max N max
. IadA
- I, a A o " A
I Y “kp.0.Pt
E'={l ~-¢ ) ‘zﬁgﬁh + {1 -~¢ ) Nmin + - (23)
I_.ax e
2 I_ah
o} SA
Q
~Nmae 400 Nrax 400
The ratios I,ax / I 8N and InaA / I an
7 IS5
SAmin 0 min

O
are plotied in figure (14) as functions of temperature.

The value of
k? cean be calculated as a function of temperature from the relation

- AVF§T1> T, -
kAT,)) — o — kalTy)
FU2 DV (Ty) T, T 1
similerly,
Keoo.(T,) _AVro T Ty -
B G. ( L] e k’%‘!,O (Tl>
AV o, T2) T,

The effective band widths AV? and AVF o

are given, &s a function of
&
temperature, in tables VI and VII.

iTh

ihe recomuended valuss for the aver=
age absorption coefficients at 300° X are

-]
11569 (1 x atm) —

o o =1
88,09 x 107° (m x atm)
L‘eo.
The vslues of ko and k.
‘E‘ J#.G.

are not known accurately =t the present time

and may require revision as the result of eurrent exXperimental situdies

L3



If the values of the average absorption coefficients are changed, the
. / . .
method of calculating &’ remains unaltered except for the use of the

new values of kF and kF o
® L
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TABLE OF SYMBOLS

intensity of light absorbed

Finstein coefficient of spontanecus emission

area under roistional line

Einstein coefficient of indunced emission

Einstein coefficient of induced absorption

velocity of light

ensrgy

Planck's constant

apper energy level

intensity of transmitted light

intensity of incident light

lower energy level; rotational quantum number
Boltzmenn's constant

Trae aversge absorption coefficient for fundamenisl
True average sbsorption coefficient for first overtouns
Apparent average absorption coefficient for fundemental
Apparent average sbsorption coefficient for first overtone
path length

molecular population

vibrational gquantum number

pressure

optical density

True spectral absorption coefficient

Apparent absorption coaefficient

Absolute tempersture
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GREEK SYMBOLS

Spectral hal feyidth

effsctive charge

effective smissivity

spectral emissivity

wave length

reduced mass; wicronsg

wave number, [requency

frequehcy corresponding to n¥0—=n =15 j=0—j= 0
density of radiation of blackbody

external dengity of radiation

line strength in absorption
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URITS

Ay ys - (ec x see)”*

By ,j; Bjwy = (e7g x sec x sec) ™t

P, ~ (meter x aém).z
SPV av - (meter x atm x cm)“}‘
\S I,4v¢ - ergs/cc x sec

P(V) - erz x sec/ce

Vv - emt

- ¢m, microns
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