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A Complex Perseid Spe.ctrum 

D RI G o bservatio ns o f the Perseid 
me teor shower in August, 1952, the 
spectrum on the third page of this 

articl e was pho tographed by the writer at 
1\Iea nook Ieteo r Observa tory, Alberta, 
with the assista nce of G. A. Brealey. 
This is a sta tio n o pera ted by the Do min• 
ion Observa tory, Ottawa, and is loca ted in 
la titude 5·1 ° 36' 56" north, lo ng itude l 13° 
20' 45" wes t, at 2,2-1 0 feet above sea level. 
At the same time, A. A. Griffin and J. l\I. 
Grant were taking direct pho tograph of 
the Per ciel a t the 1ewbrook l\Icteor Ob
erva tory 25.6 miles distant, a t la titude 

54° 19' 26" north, lo ng itude 112° 57' 15" 
west, elevation 2,200 feet. 

The meteor appeared in Cygnus a t 
0:52:44 l\fST, August 13, 1952. l ts visual 
magnitude was estima ted as -2 by l\Ir. 
Griffin at ewbrook. I was walking clown 
to the power house in l\Ieanook a t the 
time to check the frequency control of the 
generators and die! not sec the me teor Ît· 
sel f. The fla h, however, was bright 
enough to be seen on the ground , and 
when I looked up the tra in was clearl y 
evident, remaining visible to the naked 
eye for between 10 and 12 seconds. From 
the appearance of the l\ Iea nook spectrum 
photograph , the Newbrook estima te o f 
visual magnitude may have bee n a bit 
faint. The dista nce of the meteor fro m 
Newbrook (where sky conditio ns were 
poor, with considerabl e cloud) was 5 to 
10 per cent greater tha n from l\ feanoo k 
(where the sky was clear). Thus it 
is quite possible tha t the meteor was 
brighter than magnitude - 4 a t maxi
mum light, as see n from the spectrum 
ca mera site. 

The picture was taken with a \Villiam
son aerial camera, equ ipped with a Pentac 
Jens o f 2.75 inches aperture and o f 8-inch 
focus. This camera was one of three o n 
the same mounting, which was des igned 
by ù1e R adio and Electri ca l Engineerin g 
Di vision o f the Na tio nal R esea rch Co un 
cil, Ottawa.1 A simil ar mo untin g, in use 
nea r Ottawa, is illustratecl here. At l\ Iea• 
nook, a fo ur-l'ane rotating shutter covered 
the Jens 2·1 tim es per second , g il'ing equa l 
intervals o f ex posure a nd occulta tio n , 
thu s cho pping a meteor tra il in to seg• 
ments, whose lengths indi ca te th e meteor 's 
veloc ity. 

T o fonn the spec trum, in fron t o f the 
Jens was placecl a Bausch and Lomb 
replica gratin g, mounted on glass and 
rulecl with 200 lines per milli meter. l t 
must be remem bered tha t a gra tin g, in 
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co ntrast to a prism, g il'es a direc t image 
a nd a num ber of spectrum images o n bo th 
sicles of thi s. ln old -fashi oned grat in gs 
th e perce n tage o f ligh t in any o ne image 
was small. l\ fodern techniques of cuttin g 
the gra ting grooves now ma ke it possible 
to co ncentra te most o f the li ght into o ne 
specific spectrum image. Thus, a t l\Iea
nook we used such a blazed gra ting, which 
clirectecl a bout tluee qu arters o f the inci
dent l ight in to the first-order pectru m 
a bove the direct image as the picture is 
here orien ted . 

The emulsion was Eastman Super XX 
,\ero film , which cornes in rolls 56 fee t 
long a nd 5½ inches wide. This is sensi
tive to li ght from the ultravi ole t through 
the visibl e spectrum to a wave leng th just 
to the recl o f the H1J. line of hydroge n. 

The exposure was for 22 minute , from 

0:40 to 1:02 l\ I T, a nd the lens was 
covered for 20 seco nds a t 0: 12. T he direct 
images o f the star tra ils ca n be see n run
n ing di ago nall y from lower lcft to upper 
ri ght, with the 20-second break clearl y 
visible near the beginning of each tra il . 
T he brightest star in the photograph is 
Deneb, a white supergiant star of ap• 
parent magnitude 1.3. Its spectrum can 
be seen a bove its direct trail , and o n the 
orig inal exhibits strongly the very n ar
row dark lines of hyd rogen typical o f 
these high-luminos ity A sta rs. Other stel· 
Jar spectra appear very faintly against the 
sky background. 

The direct image o f the meteor on the 
original film showed l 6 segments, the las t 
eight of which are reproduced ; the meteor 
traveled fro m left to right. Two maxima 
of light occurred , one a t segment 13, the 

Pe ter]\[, ]\[il!man and a battery of meteor spectrographs simila r to the one with 
which the Perseid spectrum on page 377 was obta ined. Pho togra ph by George 

Hunter for the Dominion Observa tory. 
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This chart provides a key to the photograph of the Perseid meteor spectrum 
opposite, which was made with a diffraction grating. It shows at the bottom a 
direct image of the meteor itself in the zero order, broken into segments by a 
rotating shutter. But the turning of the shutter was too rapid to affect the star 
trails, which appear in the zero order also. Next upward in the picture is the 
spectrum of the first order, with the violet H and K lines of ionized calcium 
prominent, together with lines of many other elements. Then come spectra of 
the second and third orders, but these are relatively weak and show practically 
only the H and K lines. The first-order spectrum of Deneb contains typical 
hydrogen absorption lines. A portion of the meteor fragmented off between 
segments 12 and 13, producing the secondary spectrum of lower excitation. 
From the original negative of this picture ail of the lines in the table on page 

378 have been identified. Dominion Observatory photograph. 

other at the end of the trail, segment 16. 
The first of these segments is compound, 
for it shows a secondary image trailing 
behind the primary. This secondary im
age resulted from a portion broken off 
from the main meteor mass, giving a spec
trum of much lower excitation and hence 
very different from the primary spectrum. 

A direct photograph of the same Per
seid was secured at Newbrook, where the 
height of appearance was l 12 kilometers, 

according to a preliminary reduction of 
the two photographs. Segment l on the 
i\Ieanook plate corresponds to a height of 
l 07 kilometers. The heights of the last 
11 segments of the spectrum photograph 
are: Segment 6, 97.8 kilometers; 7, 95.8; 
8, 93.9; 9, 91.9; 10, 90.0; 11 , 88.1; 12, 
86.2; (secondary, 85.0) 13, 84.3; 14, 82.4; 
15, 80.5; 16, 79.0. 

The visual persistent train that I 
plotted at i\Ieanook wa found to occupy 

a position from segment 6 to segment 13, 
corresponding to heights from 9 to 84 
kilometers. The lower end of the visual 
train apparently coincided with the first 
light maximum of the primary mass, and 
with the maximum light of the seconclary, 
which was trailing the main ma s by about 
1.5 kilometers at this point. (The height 
of the secondary spectrum here is nearly 
the same as that of the brightest part of 
the train spectrum of a 1949 Perseid 
recorded at Ottawa.2) 

The apparent radiant point of this 
meteor was at altitude 48°, azimuth 51 ° 
east of north, very close to the average 
position of the Perseid radiant for the 
date. A preliminary calculation of the 
observed velocity gives just over 60 kilo
meters per second, again in close agree
ment with the mean for the Perseicl 
shower. 

It will be noticed that the images of 
the ionized calcium lines are twisted at 
the ends, making them resemble integra
tion symbols. This peculiar appearance 
results from lens aberrations, which are 
stronger at the violet end of ù1e spectrum. 
The resulting slightly out-of-focus image 
is shifted when part of the Jens is covered 
by the shutter, as is the case at either end 
o[ a egment o[ the trail. 

This meteor spectrum is No. 126 on the 
world list.3 i\Iore ù1an 100 lines were 
measured in the primary spectrum and 
over 30 in the secondary. The [eatures of 
the primary agree well wiù1 ù1ose of typi
cal Perseids,4 but they are shown here in 
greater detail than in any other meteor 
spectrum yet photographed. Thus Table 
I, in which are given the wave lengths of 
ù1e lines measured, ser\'es as a convenient 
guide to lines normally present in the 
spectra of fast meteors. The strongest 
lines are marked with asteriiks. The 
reader should be able to pick out most o[ 
the lines with ù1e help of the wave-length 
scales given in the key to the photograph. 
ln general, the observed meteor wave 
lengths agree very well wiù1 those pre
dicted from blend of laboratory wave 
lengths. 

An atom of any element may exist in 
one of a number of states, each charac
terized by a definite amount of potential 
energy of the atom. "\,Vhen an atom 
changes from a higher energy level to a 
lower, light may be emitted, and this 
light has a wave length inversely propor
tional to ù1e energy lost by the atom. If 
the energy levels in an atom are them
selves complex, one pair of levels may 
have several possible energy differences, 
and give rise to several wave lengths, or 
spectral lines. These are said to form a 
multiplet, and a single multiplet may 
contain many lines. In discussing spec
trum photographs such as this one, it i 
convenient LO consider the multiplets as 
units, since the lines of one multiplet 
generally appear or disappear together. 
Therefore Table I also shows the multi
plets identified for each element, num-
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TABLE 1- WAVE LENGTHS ME,\ SURED IN SPECTRUM NO. 126 

Priman· 
Spectnw1 

I .A. 
i\Iultiplets 
I dentified 

Secondary 
SJ1ectrum 

I.A . 

Primary 
Spectn1111 

I .A. 
"111/ti/1/l'ls 
ld,·11ti/lf',/ 

Secondary· 
Spectrum 

I.A. 

3706.9 
3740. 7 
3766.l 

3813 .9 
3833.4 
3843 .5 

3859.6 
)868.2 

3886.8 

3933 . 5• 

)968. 7• 

4005.3 

4031.0 

4045.2 

4063.4 

4071.3 

4105.3 

4116.4 

4129 . 9 

4143.0 

4177-5 

4188.5 

4201.1 

4211.2 

4226.5• 

4235.4 

4249.l 
4254.8 
4261 .8 

4272.4 

4291.0 

4307 .7 

4325.6 

4338 . 5 

4352.8 

4376.5 

4383.3• 

4394.2 

4404.9 

4415.6 

4427 . 8 

443;,9 

4462.0 

4481.4• 

4508.l 

4516 . 6 
4523 .l 
45Jl.0 

4546.0 
4552.6 
4556.9 

4570 . 2 

4584.7 

4616.9 

4630.l 

4647 .4 

4666.4 

Fel 23 3612 Mg! ll 

Fel 5 Fel 21 Fel Jl8 HI l 

1 1 
Fel 4 Fel 20 Mgl 3 

~700 .7 

4863.l 

4873 . 9 

4888 .8 

4923 .o 

4957 . 6 

5012 .8 
5018 . 4 
5024 . 4 

1 

Cal! l 

Fel 43 

Sill l 

MnI 2 

Sil 3 3927.5 

3963 . 7 

4045 . 0 

4063. 7 

Sil 2 

Fell 28 

5040. 2 

5056. 8 Fel l 

5110.2 

5126 . 8 

5143 . 8 

5170 .3• 

5184 .0• 

5186.2 

5206.1 

Fell 42 Fel 16 

Sill 5 

1 

Mgl 2 

1 

Fell 49 Cal 49 

5108.8• 

5167 .9• 

5180. 9 

Fel 3 Fell 27 SUI 3 
5229.8 

5206,4 

5225 , 6 

5248 . 6 
1 Fe~ 42 
FeI 152 

MgI l4 

FeI 2 

MgII 4 

MgI l 

5249. 2 

5269.1 Fel 15 FeII 48 Cal 22? 5271.6 

Fell 37 

4214 . 7 

Cal 2 4225 . 2* 

4254.8 

4270.0 

FeI 41 4290. 7 

4307 . 7 

4324 .8 

Cal 4 

1 

Fell 38 

4426 . 2• 

4460 . 9• 

4482.5• 

Cal 23 4569 . 4 

1 

Fao/note ta table:-

5301 .8 

5313 . 7 

5326 . 0 

5369.4 

5403.4 

5429. 4 

5453 .2 

5559. 9 

5591.3 

5603 . 9 

5635 . 9 Fel 1087? 

5659.6 1 

5683 .4 

5861 . 3 

5870 .7 

5892 . 4• 

5948 . 0 

5979. 4 SUI 4 

NI 25? 

Cal 21 

NaI 6 

NaI l 

Sil 6 

NI 16? 6oo8,3 

6124 . 5 

6159 , 4 

6316 . 9 

6347 .3• 

6371.2• 

6399.1 

6438 . 9 

6448 . 6 
6459,3 
6465,6 

FeII 74? CaI 20 Nal 5 

6478 . 5 
6486.4 
6494.2 

6505.6 

6562 . 9 

6620.3 

6657 .7 

6695.7 

Fel 13? 

AlI 5? 

Fel 168 MgI 23 

Sill 2 

1 

CaI 19 

1 

Fel 26S HI l 

NI 20? 

1 

\\.herc threc wa, e lengths arc close-spacccl 
th e "tlue, refcr to the cc11Lcr and the wings 
of a inglc linc or band. 

5327 .8 

5432 . 6 

5454.1 

5484 . 3 

Mgl 9 5531.4 

Cal 47 

Cal 3 

1 6163 . 3 

CaI 18 

Cal l 6573.0 

t594 . 6 

bered as in the tables by Charlotte E. 
i\Ioore, in Contributions from Princeton 
Observatory, No. 20, 1945. 

The secondary pectrum, produced by 
the material that broke off from the main 
mass, has a marked ab ence of ail the 
ionized lines but those of Cali (singly 
ionized calcium), which appear at greatly 
reduced strength. On the other hand, 
multiplets arising from the ground levels 
of the neutral atoms are unusually strong, 
notably Fel l, Fel 2, Mgl 1, and Cal 1. 
Generally the spectra of fast meteors show 
the ionized lines of magnesium, silicon, 
iron, and calcium, but this secondary 
spectrum confirms evidence from other 
meteor spectra that the light from the 
small particles or dust trailing behind a 
fast meteor may be of relatively low exci
tation. Bursts in meteor trains seem to 
result from rapid disintegration of a por
tion of the main mass, which increases 
the number of trailing dust particles; thus 
it is not surprising that the excitation of 
the iron vapor tends to be lower at bursts, 
as was found by the writer in 1935.5 

In ail, 66 multiplets of nine neutral 
elements (Fel, i\Inl, Cal, Sil, Ail, l\Igl, 

al, I, and Hl) and of four ionized 
elements (Feil, Cali, Sill, and Mgll) have 
been identified in tl1e spectrum of tl1Ïs 
meteor. The photometric study of this 
photograph has not been completed. 
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