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HANDOUT FOR MEETING #7

46 THE GREAT LaWSE OF MCROSCUOPIC PHYSICS

encigy levels of hydrogen alom
E
I
Eh

B

= Lymtn
\3 phoLos - photon
A<912k

Figure 3.20. Radigtive transitions 1o and fom the comtinum.
Bound sates of hydrogen are repreiented by the horizontal knes
iabelednm Le=2 ..., r= c,with the heighn from the ground
sate (n = 1) proporuonal to the energy difference of the Rates.
Abave ke Last bound S1S0E A = o, s 4 continvam of Foe
wates jionized hydrogen). A eiectron can be freed into the con-
usyum Fom the ground state by the sbsorpuon of o Lyman
continuEm Conversely, & fee electron may be captored,
say, inlo the level n = 3 with the emision of o Paschen contiouum
photon. The slectron in n = 3 may then cascade 10 the ground
ievel by the subssquent emission, say, of a Balmer a photoo and
& Lymae x photon,

emission or in absorption, would constitute speciro-
scopic evidence for the presence of kvdrogen.

Problem 3.7, For atomic hvdrogen show thal equation
[3.8) resulis in the expression

. LT mTiL.
imtnl 3 ) )

Wee :

Pembihon es, ¢.g. H10d
® Eew Drewr ldm e
high bk Simles (eg = 10])

where n° and n are, respectively, the principal guanium
numbers associated with the upper and lower levels, The
combination heie® is known as the ioverse of the “fine-
structure constant” and has un approaimate value of 137,
The combination n*k%/me” is the size of the hydrogen
atom in the lower state. Thus, if the last term is of order
unity, the hyérogen atom typically emits and absorbs
radiation witk wavelength roughly 107 tmes i3 own
size. (This fact leads to en mmporant approximals method
for calculating radiztion probabilities. but it lies cutsade

Gt e Oopsal e, 1152
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Wavelength Dependence of Extinction and Polarization

Computed R=2.75
mm-=---- Observed

HD 48099
R= 352

/A (um’)

Fui. 4—Same as Fig. 3 excepl for the UV portion of the mean
Ry-dependent extinction law from eq. (4). The data at U, B, and ¥ from Fig. 3
are also plotied. Again, the “error  hars in the lower insel represent the com-
puted standard deviation of the data about the best fit of A{AVA(V) va, R, 7!
with a(x) + b{x)/R,. The open symbols in the insel represent the difference
between A4/ A(F) from eg. (4) and the average curve of Seaton (1979) for
Ry = 3.2 The only serious deviation occurs for x = 7 um ~ ' (s2e exi).

Cardelli, J. A., Clayton, G. C. & Mathis, J.S.1989, ApJ, 345, 24

PlPmax = eXp [— K In? (A1)

qum.,__. - ; e S ~ - —
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|

Q8-
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J
1 1 1

[+2:3 1 15 2 R

Fig. 3.—The normalized wavelength dependence of interstellar linear polarization derived from the observations with the
Siding Spring multichannel polarimeter-photometer. The solid line is calculated from eq. (4) for K = 1.15. Every open circle is
based on 20 stars, while each dot represents the observations of an individual star with a particular filter,

Serkowski, K., Mathewson, D. L.& Ford, V. L.1975, ApJ, 196, 261
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H Il REGIONS 137

more than an order of magnitude greater. Coillisional excitation of the
former levels, which produces radiation in the infrared, is quite insensitive
to temperature for T greater than 1000°K. Excitation of the latter, how-
ever, increases quite sharply with increasing T, since only the electrons in
the tail of the Maxwellian distribution have the 1.9 to 3.3 eV of energy
required, and the number of these rises sharply with T. Hence these
transitions to different spectroscopic terms provide a thermostatic
mechanism that tends to keep the temperature in the neighborhood of
10,000° K.

Values of A/ n,n, for low-density H II regions (n, < [0°cm ™) are shown
as a function of temperature in Fig. 6.1 [4], computed on the arbitrary
assumption that O, Ne, and N, the only three radiating elements consid-
ered, are each BO percent singly womized and 20 percent doubly ionized.
The abundances relative to H are essentially those in Table 1.1. At n,
significantly above 10°c¢m ™3, collisional deexcitation reduces A below the

& T IR

trea amizdion
smampmEans

log [Heating or Cooling Rale /n, n, (erg cm® s7) ]

-25 Rl s et i I
4000 6000 8000 10,000

Tempearature [“K)

Figure 6.1 Heating and cooling functions in H Il regions. Both ;"Ll.-"-'t,.l'rp and I‘fﬂ,ﬂr
are shown as functions of the temperature T. In addition, the contributions to
A/ n,n, from individual transitions in O and ¥ ions are plotied for the low-density
limit (m, < 10* cm™% [4]. The dotted line shows gy/n.n,. The heating function
represents an average for the H [I region as a whole (see text), for a central star of
color temperature, T, of 35.000° at far ultraviclet wavelengths.
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Fig. L. The 13-5Hz radio continuum contours, in umits of main-beum brightness emperaliare, o0 an
aptical phato in Ha and [NIT] of NGC 1976 (Odon A, M4Z), below, and NGC 1982 (M43, above. The
angular rescdution = 417, whach at the distamces of Crion A, correponds 10 & lpear resciution af
010 po. (Wikson and Puuwls, [584),
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Fag. 1L Speciral fux density of the Orien Mebuala plotred against frequency. The shaded reglons mark
the aptically thick xad chin regions of the speczram, (Reprinted with permuision by Cuordon and Breseh
Ssience Publishers from: Terzian, ¥. and Parmish A, Astrophypsieal Cerrerg. Vol 515700 pp. 161
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Spectrum Of The Orion Nebula. e
(Central 5 ArcMinutes)

s Data points are ones taken from the literature as described in the notes accompanying these graphs.

Ini{7?%i;

In(7&j;

HITEEEE

In(7E]:

In[(7%]:

linsar = ([42%*&, 74}, {240°+6, 120}, (600*~&, 268),
{1.4*%9, 324}, {59, 380}, {23*~9, 400}, {B6**9, 307}, (2TI*=9, @00},
{380%+9, 2136}, (4B0*+9, 14000}, {6T0%+%, 16000}, (750°=3, S0000),
{790%+9, 50000}, (850%*5, 48000}, {1.1*+12, 0.13%*&}, {3.3%+12, I*=§),
{1.2*413, 0.24*=6), (3*=13, 11000}, ($*+13, 1620}, {5.4%5%=14, B10},
{6.8*+14, 910}, {1.24%+15, 215}, {1.33*+15, 230}, {1.64*~15, 190},
{2.14%+18, 337}, [1.2%417, 1.6%+-8), {2.41%417, S.8%4-§), (1.8%418, 1%2=T}};

nufnolin = linesaz;
Do [mafoulin( (i, 2]] = linsar[[i, 2])] « lineax[[i, 1]] « L**=-26, {41, 1, 28}]
nufmulog = N[Log[10, nufnulin] |

ListPlot [mufmulog, PlotJoined = Trus,
FlotLabel = "Spectrum of the Orion Hebula (85I units )=,
AxasLabal + ["Log[v]", "Log[v F(v)]"}]

Loglv F':ﬁrl'uéctrum of the Orion Hebula (5I unitcs |
—

the units wsed are ; Fl W m"*-2Hz"-1]

¥{Hz]

The strunght lines are of course amifacts of the poor resolution | have in some pans of the spectrum.

Inlrgal:

foulin = linear;

Iafal) ;= Do[fmlin[[i, 2]] = linear[[4i, 2]] «1**-2&, (i, 1, 28}]

fnfa2):= foulog s N[Log[l0, fomlin] ]

{;ff- .E%B\l

b



spectrim.nk

Infai):= ListPlet|[foulog, Plotloined + Trae,
FlobLabel -+ “Spactrum of the Orion Hebula [(5I units )%,
AwssLabal = {"Log([v]™., "Log[F{v}]"}. PlotRangea = (=316, =18])]

L&g[F':H]E“pectrlm of the Orion HNebula (5I units )

: : ' - Log[«
t 10 12 14 16 18 alv]

{ B ]



specrrimLith

Iard4d) ;= LisePlat [faulog,. PlotJoined = Falaa,
PlotLabel + "Spectrum of the Orion Mebula (ST units )=,
AxesLabel + {"Log[v]", *Log[F(v)]*}, PlotRange - {-16, -18}]

Log[Fi¥)] gpecerum of the Orion Mebula (SI units )

=20

=22.57© A

_25 L
-27.5¢
T

=12.57¢

: Log[v
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ASCA Obsermtion of the Orion Region
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seen in all regions containing lominous IR sources, it s most
wiows in the Mon R2 region.

344, Oviow Nebula (M42) and NGC 1977

The H 0 region M42, the most luminous region in our study,
is located in the midsection of a 1° long north-south flament of
thdmﬁlyé&;:'ﬂ::;p.:]i,}} ::"u::“]guhﬂwmﬂn—
eIm portion 6 A molecular cloud sz the photogra-
phie illustration of the "*CO emission in Bally et al, 1987a)
The H 1t region forms a blister on the near side of the molecular
ridge which contains a high-luminosity embedded source, [Rc
2, located at a projecied distance of only ' north of the Tra-
pezium cluster (which is responsible for ionizing the visible
nebula) The infrared morphology of M42 is very different from
that of the molecular clowd ; all four TRAS bands show M42 1o
consist of a very bright core surrounded by a ring of emission
located just outside the optical boundary of the H n region,

DUST AND GAS IN ORIOMN

635

A less luminous and more evolved H 0 region, MG 1977, 15
located at the northern end of the molecular rdge. Just like
hi42, this region is also surrounded by a ring of i Emis-
sion, 3 morphology very different from that of the associated
malecular cloud.,

Ima 15 = 1Y region which contains the core of the Orioa A
cloud and the Orion Nebula (M42), neither the 100 um inten-
sity mor opacity appears Lo correlate well with I{"*CO) (Fig. &1
However, these quantities do correlate with I'*CO) up fo
about 200 K km s~ corresponding to I{100 gm) of about 20
Gly sr~". At higher values of I{'*CO), the dust opacity and
100} gm intensity do not vary. These high values correspond to
the BN-E L source and the high-velocity outflow surrounding
IRc . The north-south cuts throwgh the BM-K L soorce in all
four bands show that the peaks in 100 and 60 gm ermission are
Aat, whilc 25 and 12 ym cmission exhibit sharp peaks, suggest-
ing saturation i the long-wavelength bands.
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infrared peak of the H 1 region are also shown



= private communication cited bn Baars or af, [1965).
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1000 1% g 73,5 em 1z 7 il and Shaver {1968)
1" 408 73,5 em PRI Parkes Catalogue®
i { * [ Lok 50 cm I6R + 40 Piddimgion and Treni {1956
+H|ﬁ . #l ,* " 90 em 420 + B4 Denisse 1 af, (1957)
L300 I i + b 26l Sl em 42 5 o Huorris and Roberts (1960)
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H n L] I em M1 + 68 Conway ef ai, [ 1963)
'l kil | 1370 22 em 43 + BA ‘Westerhout {1958)
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I # B 1420 21 cm 430 4 84 Hagen ot al. (1954)
T . M 142D 2l em 131 £ 50 Hugen er al. {1954)
J £ o 1 cm 411 % 41 Altenholl er al. (1961)
| 2 H »  Bw 103 em 434 3 35 Sloaneker amd Nichols (1960)
Fo | 3x 96 om 411 & 62 Kuzmin 1 af. (1960
VM Wi 0 3200 9.4 em 426 £ 4 Haddock o al, (1954)
1 3200 0.4 cm 450 + 90 Pariskii (1961}
%o 1000 i G 0 3200 9.4 em 460 + 12 Medd i(p.c.) (1964)
Fig. I. The radio specirum of the Orion nebula (M42 and M43}, ﬂ e e s o :—ﬁ'ﬂ'ﬂ.’m}
k)] 4700 B4 cm 410 + 82 Galmev o1 al, {19463)
34 SO} i om M+ Mezger and Hendersan {1967
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Q400 1lcm 108 Kaidano Ay
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ke M 100 28 em 434 + 20 McLeod and Daherty {1958)
i} (P15 Zom 343 + &9 Banrs ¢f af, (1965)
I 422 T.00m AT+ 18 Haynes and Hamilan (1968) o 15350 198 cm 1+ 79 Terzian e al. | 1968)
2 473 6.35m 0 £ 04 Haynes and Hamilian (1%68) a1 15330 1.95 cm 00 + B0 Schiraml aml Mezger (19%6%)
3 CEE] 355 m 69+ 14 Mills e al, (1958) ] i8530 .54 cm 364 + 2 Grordon (1969)
i L1 350m &850 £ 17 Risheth {1958) ] 18740 I.&cm 430 + 432 Kuzmin and Salomonavich | 1963)
5 B6.0 150 m L Mills ¢ o, {1956) "0 31400 0435 mam 4y 4+ 37 Johnsion snd Hobbs {1963)
& 153 1.96m 416 + 9 Hamilion and Haynes (1967) 5 L] £.5 mm 150 + M Tolberi {1965)
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Spectrum. 1

Spectrum Of The Orion Nebula. (_‘%mf; »f’f iv 77
(Central 5 ArcMinutes)

® Data points are ones taken from the literature as described in the notes accompanying these graphs.

In[75);= linesr = {{43*+6, T4}, [240**6, 120}, [(GODO**6, 268},
{1.4%»9, 324}, (5*+9, 360}, (213*=9, 400}, [(RE*~5, 307), (273%~3, BOO},
{380*+3, 2136}, {480+, 14000}, (ETO"*9, 16000}, (750*=8, 60Q0Q},
{790**9, 50000}, {#50**9, 48000}, (1.1%~12, 0.13%=§}, {3.3*+12, 2*=*4},
(L.2**13, 0.2d*~6}, (H*~13, 11000}, {5**13, 1620}, {5.45*~1d, B10),
(6.8**14, 910}, {1.24*~18, 218}, {1.33%215, 330}, (1.64%*15, 180},
(2.14*+18, 333}, (1.2*~17, 1.6**=6}, (2.41**17, S.8**-6}, (l.A*"=21@, 1%aaT}};

In{76];» nufmalin = lineac;
Inf77] ;= h{ﬂm:.iﬁ[[i, 2]] = linear([[i; 3] ] wlinear[[di, 1]] »1**=26, {4, 1, 28}]

In(78]:» nufmuleg = N[Log[10, aufmalin]];

InfA5] = ListPlot[nufnulog, PlotJolioed -+ False,
PlotLabel + "Spectrum of the Orion Nebula (ST unditas )=,

Axselabel = {"Log[v]", "Log[v F(¥}]*}]

s 7 : apion |
o SRR
| /A G

ouc[85]= = Graphics =

the units used are : Fl W m*-2Hz"~1]
v{Hz]
The siraight lines are of course artifacts of the poor resolution 1 have in some parts of the spectrum.
Inf80]r= Emglin = Linear)
Inf#1):= Do[fmulin[[i, 2]] = linear[[i, 2]] «1*+=26, {1, 1, 28)]

Inf{fd)erz foalog = N[Log[10, foaldin]]s
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