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AN EARLY SPECTRUM OF NOVA V1494 AQUILAE 
(by James Bryan 605 San Gabriel Overlook East) 

(Georgetown, Texas 78628) 
e-mail: bryan@astro.as.utexas.edu 

INTRO DUCTION 

; .. ~ . 

Nova Aquilae 1999 No. 2 (V1494 Aql) was discovered on Dec. 1.8. 1999 UT and was the 
brightest Galactic nova in recent years, reaching a maximum of about V=4.1. Iobserved 
it on December 5.1 UT when its magnitude was about V=5.6. My equipment was a 16-inch 
telescope and slit spectrograph with CCD camera. The spectral resolution was about 11 
Angstroms (A) to keep exposures short since the wind was strong. Five frames were 
combined into one with a signal-to-noise ratio (S/N) of 16 for a one-dimensional pixel on 
the continuum. Novae are complex objects. A summary of what is known and theorized 
about them may be helpful before discussing the observation. 

WHAT IS A NOVA? 

The pre-nova is an interacting binary with an orbital period of hours. It consists of a 
white dwarf and a normal star that is redder and less massive than the Sun. The red 
star is losing atmosphere to the white dwarf via a gos stream. This occurs when the 
red star overfills its Roche lobe - the boundary beyond which the gravity of the white 
dwarf becomes dominant. The gas stream forms a thin accretion disk around the white 
dwarf. The disk itself is astrange object perhaps being an infrared emitter at its ou
ter edge while being a strong ultraviolet emitter at its inner edge. Matter in the disk 
migrates to the inner edge where it descends to the surface of the white dwarf. There 
it forms a thin hydrogen-rich envelope that accumulates, increases in temperature, and 
ultimately initiates a carbon-nitrogen-oxygen conversion cycle - a thermonuclear runa
way. Briefly, at about 2x107 K nuclear reactions begin. About lOB K violent convection 
in the envelope brings fresh material to the reaction site and transports unstable 
short-lived reaction products near to the surface where their decay releases enormous 
energy. 

The result is a nova, an explosion that initially expels 10'ro to 50'ro of the envelope into 
space and produces great luminosity. Following the initial outburst, ejection of accre
ted gas becomes continuous until most or all of it is removed. This process is sustained 
by a radiation-driven stellar wind from the white dwarf and by angular momentum relea
sed through friction as the red star ploughs through the expanding material that sur
rounds both it and the white dwarf early in the eruption. 

Both forces act to clear ejecta from the vicinity of the binary and to bring on the no
va's nebular phase os ionizing radiation acts on expanding material at a distance. On 
average, a nova expels about lxlO-4 solar mass into the interstellar medium. It takes 
years for the binary to become a quiescent post-nova, which is essentially the binary' s 
state before outburst. However, the accretion process probably resumes soon (refor
ming the disk if it was destroyed), in preparation for subsequent eruptions. 
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It is worth adding that some novae warn of their impending outbursts from 1-15 years 
in advance by increasing in brightness by 0.25-1.5 magnitudes. This synopsis follows 
Warner (1995). 

THE SPECTRUM OF V1494 AQL 

Figure 1 is a plot of the spectrum at 3.3 days after maximum. It covers 3200A in the 
wavelength range 4500-7700A (blue to near infrared) at a dispersion of about 
5.4A/pixel. For comparison, the spectrum of ct Cassiopeiae, a KO lIla normal star, is 
also plotted. The shapes of the plots reflect both the energy distribution of the ob
jects and the spectrograph' s unique response to wavelength. Whereas the star has an 
absorption line spectrum, the nova, with its expanding shells, has prominent emission 
lines. Both have in common absorption lines from Earth's atmospheric oxygen and wa
ter. The "check marks" beneath the continuum in the nova spectrum indicate the ap
proximate wavelength range of these molecular bands. l give suggested identifications 
for several neutral elements and ions in the nova and, in most cases, include their multi
plet numbers. A multiplet is a subset of lines among the lines of a species, such as Fe 
Il. 

Nova V1494· Aql and Alpha Ca:s (KO lIla) Spectra 
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Fiqure 1: Plot of the spectrum of Nova VI494 Agl taken on December 5.1, 1999 UT. The spectral resoluti
on is about lvI and the wavelength range is 4500-7700A with a dispersion of 5.4A/pixel. The spectrum of 
a Cas, a normal star with spectral type and luminosity class KO IIIa, is included for comparison. 

Novae have many emission lines wh ich come and go throughout the event. My suggested 
identifications are based on comparison with spectra in Williams et al. (1991) and Wil
liams, Phillips, and Hamuy (1994). At about 1.5 magnitudes below maximum, V1494 Aql 
was probably in the "principal spectrum" stage. Weak P Cygni absorption lines are pre
sent for some emission lines. Strong Balmer (neutral hydrogen), Mg l, Na l, and Fe Il 
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emission lines are obvious. Novae change constantly and are not confined to one stage 
at a time. Figure 1 shows a mixture of "principal spectrum" and "diffuse enhanced spec
trum". The bulge at the continuum on the red side of the HIX line (arrowed in Figure 1) 
is probably "diffuse enhanced" HIX emission which is observational evidence for conti
nuous ejection as described above. 

GROUP, PHASE, AND SUBCLASS 

McLaughlin (1942) described stages of development in novae based on the appearance 
of their spectra. I use his terminology in the previous section. Williams, Phillips, and 
Hamuy (1994) suggested that ",ost novae belong to one of two general groups (Fe TI or 
HeIN) based on the strength of certain emission lines near maximum light. Williams et 
al. (1991) classified novae according to four phases (permitted, auroral, nebular, and 
coronal), each with subclasses, which are based on the strengths of selected non
Balmer emission lines in the range 3400-7500A. V1494 Aql may belong to the "Fe II" 
group due to the prominence of ist singly ionized iron emission lines. No helium lines are 
obviously present . 

On December 5 the phase appears to be "permitted." This means that the strongest 
non-Balmer emission line was apermitted transition (Le. Fe II 5018A) and that the 
spectrum lacked emission lines from forbidden transitions, such as [Fe Xl [0 III]. and 
[Ne Vj. The iron subclass is probably correct based on the strength of Fe TI 5018A. 

UNE PROFILES 

The speed, orientation, and opacity of expanding material influence the shape of emissi
on lines that arise from it. Novae ejecta are often described as shells but this is not 
meant to imply only spherical symmetry. A shell could be a ring of matter expanding in 
the equatorial plane of the binary or blobs of gas ejected along the polar axis. Depen
ding on the opacity of expanding material, an observer whose line of sight is in or near 
the plone of expansion may find that emission lines are wide and their peaks are saddle
shaped. The blue and red cusps of the saddle correspond, respectively, to the shell' s 
fast-moving leading edges which are traveling toward and away from the observer. 

This effect can be observed when the ejecta begin to thin which permits a view deep 
into the shells. If the plane of expansion is not in the line of sight, or even if it is but 
the material is still too opaque, emission lines will not have saddle-shapes (Payne
Gaposchkin 1957 and Hauschildt 2000). 

There is little evidence of saddle-shaped peaks on December 5 probably because the 
ejecta were too dense. From December 3 to 7 the Ha emission line's P Cygni profile 
(defined in the next section) steadily weakened and disappeared (Gavin 2000) wh ich 
indicates that expansion was thinning the ejecta. A possible example of saddle shape is 
the Fe II line at 5018A in Figure 2. Since the spectral resolution was low the line could 
be ablend of He I 5015A and Fe TI 5018A. I examined spectra in Williams et al. (1991) 
and Williams, Phillips, and Hamuy (1994) to learn when and where HeI lines appear. 
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Shortly after outburst some novae showed Fe II lines without He I lines. Later, Fe II 
and He I were both present. 
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Figur.. 2: Veloeities for the broad peaks of ·Fe Ir 4924A and 5018A. Positive values indieate reeession 
while negative values indieate approach in units of km/so Although it is not apparent at this plot seale, the 
blue side of HP shows poorly resolved P eygni absorption with a veloeity of 1600 km/so The emission line has 
2300 km/s FWHM. 

When He I 5015A was present, helium lines at other wavelengths tended to be present. 
I could not identify other helium lines in Figure 1 wh ich implies that He I 5015A is ab
sent. At three days past maximum, it is likely that conditions needed to excite He I did 
not yet ex ist in V1494 Aql (Hauschildt 2000). The feature at 5018A is an ambiguous 
example of a saddle-shaped peak but enough evidence exists to treat it as unblended Fe 
II. 

EXPANSION VELOCITIES 

The rate of expansion can be found from an emission line and its related blueshifted 
absorption line. This combination, called a P Cygni profile, shows the presence of an 
expanding shell of 90s. That part of the shell which is directly in the observer's line of 
sight to the hot "photosphere" of the nova will produce absorption. Because the shell is 
expanding toward the observer, the absorption line will be blueshifted. The majority of 
the shell, which is not superimposed on the photosphere, will create an emission line. 
The fo lIowing equation can be used to translate a shift in wavelength into radial veloci
ty: 

[v / cl = [w(obs) - w(rest)] / w(rest) 

where v is the radial velocity, cis the speed of light, w(obs) is the observed wavelength, 
and w(rest) is the rest wavelength. 
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In Figure 3 the "shelf" in the blue side of the Ha line is a P Cygni absorption line that 
has been blurred by eombining the five low S/N frames. I eomputed expansion veloci
ties at the blue edge of absorption and at full width and half of maximum intensity 
(FWHM) for emission. Following is a eomparative table of results. 
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Figure 3: Ha-emission Jine profile with 2000 km/s FWHM. P eygni absorption hos veJocities of 1300 km/s 
and possibly 2700 km/so The doshed curve is a reversed version of the red side of the line. 

Deeember Ha Ha 
Observer (UT 1999) v (km/s) FWHM (km/s) 
Ayani (1999) 2.4 1020 1700 
Moro et al. (1999) 2.71 1850 1300 
Bryan 5.1 1300 2000 
Gavin (2000) 5.7 1050 

Hß has a very weak P Cygni profile. The velocity at its blue edge is 1600 km/s and the 
emission line has 2300 km/s FWHM. The differenee in veloeities for Ha and Hß implies 
that their soure es were at different depths in the ejeeta. Higher velocities oeeur to
ward the out er edge while lower velocities mean greater depth. Even weaker P Cygni 
absorption might ex ist at the blue edges of both emission lines. With doubt, I found 
2700 and 3300 km/s for Ha and Hß, respeetively. 

The broad peaks of Fe II emission lines at 4924, 5018, 6238, and 6456Ä yielded 800, 
800,900, and 1000 km/s, respeetively. The velocity for the blue and red peaks of the 
5018Ä line was 500 km/so The uneertainties for all measurements are large beeause 
the spectrograph's resolution was about 500 km/so The eentral values are probably 
good enough to give an idea of the expansion rates in this nova. 
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Refenences of SIlectrogmph De..<ügili ~Short Vhsion) 

J. Draeger 

1 IntrodlucHon 

SpeatrO.'laopy offers a deep in5igh~ into rho na~uro oi' 
an a.c;t.rooomiC'd! objeot. Heneß! more and more aDl

a~eur astronomen! become imeresn.'1d in [his special 
obsen",tiotlJ technique. Wiherp.a.s il is eas)' lO bu)' 
a "mall sper,trrJj;Taph for edur.ational purpOSOS, the 
instrumelltation requirAd for scienLilic purpases i6 
usually much mooo exp,ensive. Fhrth"rmort'l , il' has 
uo mee~ olle llersanal, in many. oa.<;eS VBr)' specific. 
requiremEmts. COIlRequenrtly, amateur A..'1lronOmers 
are oD:en euiorOAd to oonstnllot IUld huild a de
"ire by themadve,;. guoh an ambitious prajocl6 
Slarls usually with a sturly m the avd.iJable bibli
ography, It is tllO iruteatiun uf thi • . paper to sim
plily th •. otherwise vel1}' tim<>-consuminll search for 
suitable paper6 A!lld haok.<!. Though the referP.nr.es 
prffil'llltad here enntnin mORt of tho .tß.llciard refer
ane"" aboui spoctr.ograsphs, eire bibliography never 
ailllli a( eompletenesa. Both simple solueiolls IHre 
[ho usaga of photoglllJ.phioal trick len""" and spec
lrographs based an ;uto.rfemmo.trnc principles are 
omiüed. Flurlharmore, tOO list iR to somA extent 
orien(ed al (he requirl!IlIell~6 of tbo. author, whkh 
is c.urrenlly buidling L'WO spoofnographs himself. 

The paper do not con,i(I~.T spectrnsc.opy: a.. iRO
laied area oD r.s.arch, bni as one of, Beveral 1001,
niques for analyzing Lhe pl.J!.nCM ooacactetiistics of 
an asfranomkal objecC In m:tay r.n."iP.s 1 [nforma.~ 

Lions produeed by photoIDe(~llIDrl pnlarimetny aT<' 
used as ",eIl fur measuring plvysi~oJ d,tt.a:. If t.hey 
are perforrnBd simulfanoousl}; wi'Lb 6pectroBt:opi
ca! obsen.alians, ane speaks af spectropllotometny 
and 6pac.tropolarimBlry, respeetivel}, o.r counse, 
rhe remarks valid ihr photo.me(~ (md polanimp-t.y. 
are holding fur spectrophotcrmet~ ,,,.d' spedropn
larimelry, tool honce, discussions of' tbe90 metbods 
are eontained in the lü.ra[ure lis[ as weU . 

2 Technical Constl'luction' 

Basic Tecb!niques hr Practice: ~25, 78, 187] 
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eooling flystem.<:: [39, Hil, 257] 

Forming: [324] 

Madrine ElemantH: [149, 324] 

Materials: ~217, 284J 

Meclranical COIl'IlBctions: ~176 , 217, 284] 

Metirodolllgy:: f.176, 217, 223, 284:] 

Moving Paris: r~17, 2231 

Separat~, r,"I241 
Tech'nieal Meclranies, [j217) 

Vaeuum Tecbnology: ~57, 2171 

3 Optics 

Eleetromagnetie RladiatiO'Dl ~20, 33, "5, %, 
129, 130, 133, 161, 186, 222, 270, 2(7) 

Technical Optics: ~O, 41, ~~, llll, 129, lR2, 2~1 , 
270, n"ll 

Materials, f!32 , 67, 99, 189, 211, 21 7, 265, 275, 
3OD] 

Fiber Optics, 18,9, 10, 16, 85, 109, 123, 189, 193, 
192, 202, 2241, 267) 

Beam Splitter: [11] 

CoatiogR: ~17] 

Filters: [17, 99, 189, 2171 

Lense,,: [129, 188, 169, 196, 217, 230, 301] 

Monntings: [217, 262] 

Rarliation SOlmces, ~17, 45, 217, 278] 

Pri=lB: [n, 129, 188,217, 1'i'] , 199,228,230,2403, 
247, 252, 278] 

GrRtings, ~17, :10, 3:1, 34, 129, ]7], 181, 191, 199, 
207, 217, 24L3, 247, 252, 272, 278] 

Polarizers: [17, 99,129,11711,217, 260J 

R!etardAr: [17, 129, ]71] 

Optical Sy.tamA: ~\l7, 42, 99, 129, 161, 182, 186, 
]'88, 189, 119B, 230, 2412, 252, 262, 30:1] 



Image Intensifter: 1:186, 200, 235] 

n"tectiors, ~7, (8, 49,82, N6, 155, In, 1~6, 200, 
206, 207, 201,217, 210,238,243, 275, 27B,29~, 

300] 

Photograpruc Flilms, [45,88,186,206,243,247, 
262, 278, 322] 

A.lignem'ent> [1'<5, 217] 

Digitaliza/;ion: ~43] 

Dat" RedllcHon: [82, 104, 220, 264:, 285, 290, 
294, 30i] 

Deconvo[ution: [70, 106, 306] 

Imag>c I1roClAssi:ng: [30, 50, 52, 118, 127, 132, 
135,146, 1R!!, 241, 2B9, 291 , 305, 312] 

IR-Detcct"rs, [45, 46, 104, 133, 161, 186, 199, 
203, 204, 261, 273] 

IR Datia AJ1AIy!.i.: [133] 

4 Spectrographs 

Theory. p4, 36, Il5, 128, 88, 163, 16{1, 170, 172, 
180, 186, 206, 207-, 243, 246, 251, 252, 275] 

Flaram"tiers, IHi8, H1 , ~86, 200, 217] 

De.ign. 13, 17, 1.4, 18, 25, 34, 53, 37., 60, 79, 83, 
89, 93,94:,108,114, b25, ~33,88, 141 , 140, 1164, 
167,172,178,184,186,199, 200,210,213,2117, 
236,24:7, 251,262, 266, 2M, 27.';, 295, 298, 3M, 
303, 314:, 326] 

Objective Spectrographs: [87, BIl, 167, 1.n, 
200, 24:3, 251 , 2521 

N an"bjecöive Gratiult SRe~f.rograph": 
!38, 95, 175, 252, 221] 

Slit-Spectrog>raph'" !Si, 1I5, 1'67, 2413, 252, 270] 

Slits, [87, 2511 

Imaging Spectrograph'., [2,,1, 29i] 

Multiabject: [4, 2, 5, 12, 40, ,'i3, 6B, 74, 96, ]07, 
119, 122, 128, 14'2, 147, 162, ~72, 183, 1941, 195, 
215, 216, 233, 293, 316] 

Tele.cope Interface: [41,5,8,40,77,119,87, 143, 
150,162,171, 186, 194,195,233,292,293,310] 

Guidance: [37, 87, 143, 172, 1941 

Mechanies, [37, 87, 152, 172, 251] 

Optlcs. [413, 60, 92, 90, 87, 136, 156, 1!6J, 114, 182, 
212, 270, 313] 

Focal RJeducer, [29, 72, 73, 102, 113, ]22, 237, 
258] 
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ADC, [28, 64, 74', 75, 80, 84, 80, 91, 97, 263, 315] 

Pdsnu [34, 67, 167, 168, 171, 172, 199, 200, 206, 
217, 247, 270, 27'5, 278] ; •. 

. -- ~ 

Grisms. 119] 

Glratlng: [6, 26, 21, 34, 60, 67', 88, Hl7, 17.1, 172, 
186, 19U, 19!J, 200, 206, 207, 217, 24,'), 247, 2~2, 
266, 270, 275, 278, 309] 

Echelle: [54, 56, 6Y, HO, 137, 138, 139, 144, 219, 
245, 253, 254, 252, 278] 

Example.: [12, 13, 15, 37, 44, 46, 67, 62, 81 , 93, 
105, 107, 122, 151, 81, 161, 1.72, 190, 208, 199, 
200, 225, 250, 253, 286, 30Y] 

Focus.i:ng' [2451 

Error., [23, 24:, 88, 143, 161, 206, 207, 252, 270, 
271] 

Te.Hs. [31, 69, 124, 140, 200, 251 , 262, 310] 

Calibratiion De.igno [~7, 09, RO, 07, 87·, 88, 2RR] 

Calibration Source., [134:, 179, 188, 24:7] 

Wavelength' Calibratiiom [58, 172,229, 247] 

Intensity Cahoratiom [311, 247] 

Sky Cehocatiom [76, 3161 

Backßround Calibratiom [59, 110, 161, 316] 

Str.aylighii Cahoraffion, [54:, 69, 111, 110, 128] 

Observatiion .. , [AO, 1M, lRß, 2fil] 

Data Reductian. [48, 84:, 103, 139, 87, 88, 157, 
198,200,197,219, 255,234,239, 251,271,296, 
308] 

Digibalization of Spectra. [M, 2fil] 

Photometry: [60, 63, 64, 84,97, 1241, 88, 168, 172, 
232, 270, 271, 298, 3111 

Polarim"try' D11, 60, 98, 148, 214', 283, 259, 270, 
297:] 

IR-Spectrogra~hs: [46, 77, 100, 101, 115, 121 , 
124,133,172,199,205,218,240, 244,24'7,256, 
257-, 273, 270, 265, 278, 317, 318] 

TR-CaJihratlon: [65, 66, 120, 133, 161] 

TR-Observntions: [60, 133] 

UV-CaIibration Sour~e": [32,2<15] 

UV -FjJte~. ~45] 

UV-MRterial.: 124<5] 

UV-Polarimebry, 11245] 

UV-SpeC'.trograpru., [32,115,275] 



5 Photometers 

Th'eoTY\' [22, 45, 49, 14:6, L 70, 171, 200, 243, 268, 
251, 2711 

Deslgn: ~~7, 419,133, 14i6, 171, 2413, 262, 271, 3001 

OhSfllwations, [14'6, 171, 200, 226, 3191 

High Speed Ol:Jservatians, ~1] 

Elm-nrs: [88, 17, 160, 226, 243, 268, 265, 282, 3211 

Data R'erludion: [47, 49, 71,146,159,160, 171, 
200,227, 226,243,268,269,271,2S2, 299,300, 
3191 

IR Calihrartion: [1:20, 185, 268, 2761 

IR Pho~ometry,: [1,6,35,51,117,133, 185, 265, 
3201 

6 P.olarimeters 

Theory' [.20, 4"il, 61, 116, ]2&, N8, b58, H1, 260, 
283] 

Desigm ~17, 86, UB, 126, 14.8, 153, 171, 173,209, 
231, 249, 2719., 280, 283] 

Magnetometer, [1 H, 283] 

Observations, [60, 2481 

Errors, f17, 214:, 281, 283] 

lJIatia RJeductiom [n, 111, 214, 231, 287, 283] 

Addiüonal infbrmariolls or h·igl. va[ue C.all He 
faund in documenls likll tho pMliminany "nd criti
ical design reviews fbr Srf\te-Nf~thp,. a~ instrnrnentH 
ur large lelescopes. 
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