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Part I--Fhotomstry

e acEimTTIE:

Lbstrect

Two spectrorrams were obtained of the nuclear ex-
plosion. A hich time resolution spectrogram covering the first
Se.5ms taken with e drum spasctrorraph, was secured from station
104 North. A low time resolution spectrorram coverin: the first
1.8 sec, taken with a modified Bausch and Lomb Littrow small
quartz spectrozreph was secured from the same station.

From the two records lines and bends have been par-
tially identified. £11 lines ond bends have been listed.

Approximate temperatures are obtained from the Hilger

spectrogram for the {irs{ Sms.
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Tatroduction

A Hilger Intermsdiate Quartz Spectrograph as wall as a
Bausch and Lomb Littrow Spectrograph were rebuilt to taks a spec-~
trum of the bormb as a functio: of tims. Tt was the purpose of ths
Hilger Spectrorraph to ;et a short time, hirh time resclution record
of the bomb for the first 10 ms. The Bausch and Lomb spsctrograph,
eguipped to teke a roll of 7 AjAero film fifteen feet long, was in-
tended to record the spectrum of the explosion as well as the ris=-
ing ball of fire for about 1000 seconds, with low time resolution.

The spsctra obtrined from thess two instruments ¥ were to
give the teuperaturs of the nuclear explosion 28 a function of time.

Apparatus

Hilger High Spead Spesctrograrh (See Fig. 1 for schematic
drawing snd Figs. 3-7 for photorraphs) .

The plate holdsr assembly of the spectrograph was removed
and replaced by a hollow aluminum cylinder. (See Figs. 5-7 for
photographs) . The film was attached to the inside of this drum,
which was rigidly keyed to s synchronous motor. The film had a linsar
velocity of mbout 60 meters per second. The exact rate was obtained
i'rom marks oroduced by timing lights controlled by a 1023 eycle tuning
fork oscillator. Since it was impossible to focus the aspectrograph
visually, and very tedious to adjust it photographically, & gage was
designed which geve ths exsct distance betwsen a finished surfrnos on
the spsctrorraph and the undersurface of the drum. Ninor edjustments
wore effected by moving the slit. A special spring oentrolled shutter
(See Fig. 4 for photogreph and Fir. 1 for schematic drawine) was mounted
directly in front of the slit (in fact it took tho place of the Hartman
diaphragm , end limited the exposure time to approximately ten milli-
seconds. The shutter was trippsd 17 ms in advence of the detonation
by a remote control mechaniem.

The delay of the shutter and its exposure time were chscked
with a phototube amplifier connscted to a sinpgle sweep scope.

The aspectrum of an H~4 Yercury Vavor lamp was used as a
wave length standard. This spectrum was photorrarhed two times, ebout
180° apart on the drum, to assure at least ons measurabls record in
case the other one should have the spectrum of the bomb supsrimposed
on it.

% An almost identical set of instruments was located at 10 Weat.
The B ard L Spectrograph wes not set up in time for the explosicn,
the other, a lgz‘*'a' -.If'ei" :%U:‘ograpn failed to operatas.

(1] ... [ X 1] ... [ XY I ¥ ) *
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The time resolution of the spectrogreph is obviously a
variable. It depends on the slit length or ths sire of tha imege
on the slit, The tims resolution is constant only if the slit
length equals the size of tha imepe, for image sizes smaller than
the slit length, the time resolution is governsd by the size of
the immge. The time resolution may easily be computed from

T = 16.951ps ¥

whore L is the length of the slit or imere size in mm.

Thus for times less than cne tenth of cne millisscond the
time resolution was certninly better than Sus, for times of the
order of ten microseconds the resolution wes probably less than five
pue, and at tho) end cf five milliseconds was probebly about 0.08
milliseconds 2 .

Bausch and Lomb Small Littrow Spectrograph (See Fig. 8.
To cover the tremsndous change in illumination which would take plece
in the first ten ssconds during which the spsctropraph was te record
the spectrum, an extremely complicated varying speed drive was design-
ed. A hydraulic motor drove the film talke up spcol at a speed which
weg approximately directly proportionalt the 4llumination. In
other words if the illumination decreased by a factor of two, the
linear speed would also drop by a factor of two. & special cam was
designad which would regulate the motor speed in accordance with the
theoretically predicted brightuess curve.

Th% speed ratio betwsen maximum and minimum spsed was
40,0070 to 1« The film stasrted with a speed of about 400 cm/sec and
then followed epproximately a 1/t law (t, time in seconds). A 16mm
Cine Kodak movie ca=era, mounted in front and slightly to one side
of the gpeotrograrh took a picture of the slit while the spectrorraph
wes recording the explosion. This film showed that at no time was
the imm;e of the bomb on the slit, but the spectrograph was aimed at
a point on the rround apparently several hundred yards in front of
the tower. The lirht reflected off the rrournd was enough to blacken
the film st the beginring of the spectrogram to a density of sbout
2 despite an exvosure of about 1/1():3 sec. The film is intsrpretable
to 1.5 seconds after which the hydrasulic mechanism seems to have
stalled, resulting in an overall fogzing of the film after 1.5 secs.

1) Actuelly the linear velocity of the film was 59.0 meters psr
second, haenca the constant 16.95 rather than 16.867.

2) These figures are based upon the size of the bell of fire as
a function of time (J.E. “ack, LA~53D) .

3 The hydrauli(;o'sy:itc—i.- wag QoS i$:{ou by W. Bifanoa
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Instnllution

The high speed drum spectrogiaph wag located in a con-
crete bunker 10,000 yards, (Station 10 North) , from the tower
on which the bomb was detonated. The instrument was lined up by
focussing a searchlight, mounted 25 fest below the bomh, on the
slit. Ths condensing leons was a quartz fluorite sachromat of
30 cm focal length.

The Beusch snd Lomb low time resolutirn spectrograph
weg mounted on a XNartin cun turvet. The gun turret was installed
on the roof of the same 10,""2 yard bunker. An operetor was to

aim the spesctrograph at the center of the slowly rising ball of
fire.

Txposurs

In both spectrorranhs Bastwen ¥eodak Tri-X Aero film
was used, meinly because of its low shrink base. No other film
was aveilable except Super YX, which although slirhtly slower
would have pgiven trouble with excessive shrinkage.

The slit width and length of ths High Speed Spectropraph
were 100p and 6mm respectively. This rather wide slit width was
chosen to make sure that ths very first stages would be recorded

by the instrument. The spectrograph was used at its full aperture
of f£:12,5.

The Bausch and Lomb Littrow Spectrograph hed n slit
width of 20p and length of 4mm, nnd an aperture of f:13.5.

Discussion of Spectrogram Obtained
with Iligh Speed Spectrograph

(See Figs. 10-17 for photographs).

A record of the explosion was obtained for the f:rst E.bms
and showad that no lirht of wave lensths shorter than 2990 % wes
recorded on the film of the spectrograph.

The spectrum is similar to that of the sun in at least
two resrects, it is centinuous, end a preat number of sbsorption
bands may be se~n, especially in the nesr ultra-violet rerion.

Although the spectrum deoes not chance with time for the
first 5.5 to 6ms, oxcept for temperature, the very beginning of
the spesctrum shows some extremely interestiny features (See Figs.
11-16 for paoctographs) .

At the beginning, about one to ten microseconds before
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any radistion from the shock front reached the spectrograph, a
flash of light 1it up the mir svrrounding the bomb, epparently
forming a luminous sphere sround the gadret of 60 to 80 meters

in diameter. The luminosity of this "sphere"™ did not last longer
than five microseconds, however, it is difficult to determine how
ghort it was. The radiation from this luminous svhore produced
an emission snectrum of eleven lines. Sec Table V and Fig. 15
for photograph of emission lines.

A few experiments have been carried out in an sttempt
to reproduce this spsctrum in the laboratory, however, s more
detailed sccount of the results is given below.

The temperature redjation behaved g-1ite peculiarly for
the first 70 microseconds. The tempcrature stayed constant (within
the accurascy of messurement) from zero to 38 microseconds, then in-
orensed within five microseconds by 605 »nd stayed at this tempera-
ture from 38 to 70 microsoconds. There is indicaticn of a third
such pariod, but it is not very pronounced snd it mey very well be
dus to a stein in the nerative. After this pariocd of violent change,
the Lomb reached its hi-hest tempersture at ZOOt'5g microseconds,
and then gradually cooled to a temperature of &CCO K after b.1 milli-
seoonds. (The highsst terpsrature is not Imown for ressons which will
be explained bslow, but it may be inferred from the densities of the
£ilm where the highest tempereture was reached)

Table T gives the temperature as a function of time from
0OeB to 6.6 milliseconds. This table should be cgmpared with Table II
which shews temperastures computed by J. L. rageel on the basis of
Brian O'Brien's Crossrceds rsgults.

The spectrogram obtained with the Bausch and Lomb Spectro-
groph wns not used for temperature determination.

Analysis of Film

The method used in determining the temgerature of ths ex-
ploding bomb wns sugrested by Dr. S. N. Nicholson of !t. ilson

observatory, #nd almost sll the important phases of this work wers
directed by him,

The nature of the apparatus msde it practically impossibls
to put a stepwedge or even the spectrum of & standaerd source on the
film, we were thereforoe compelled to find the ratio of ensrgies at
two wave lengths from the film and compare them with theoretically

) J. L. laree, Crossrosds Report

2) DBrian O'Briens, Cerden 'yulnge. B¥ian N'Rrien, Jr., Crossroads
Technical Repost,: Tdst 4, $roledt No, 11-12,
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salculated values for different temperatures. A Planckian dis-
tribution was sgsumed.

Density messurements were made at 3470 A and 5700 A,
although a greater srread between the wave lengths would have bsen
desirable. Tt was felt, however, that 3470 A was the shortest
possible weve length that cou1ld be used and still not be affected
by absorption.

Two sterwedves were prepared, one for each weve lsngth,
covering the necesssr; densities. The wedpges were printed on film
of the seme emulsion mumier used for the spectroscopic record.
Wratten filters introduced bstween the light source and the {ilm
gave the desired wave lengths, exceprt for the shortweve length
filter which transmitted lirht of about 4000 A rather than 3470 A.

The position of ome characteristic curve with respect to
the other was obtained by using a praph prepared b. the Eastman
Fodak Cgmpany, showing the semsitivity (reciprocal of exposurs in
ergB/Bm reruired to produce a density of 1.C) as & function of A,
The ratio of ensrgies for blue and yellow light to produce the zsame
density was easily obtained from this curve. Mir. 2 shows schemati-~
cally the two characteristic curves for 4000 and 5702 A, and their
position reletive to each other. The log It difference at D 1.0
corrssponds to the above nmentioned ratio. All density mesasurements
were made on a Capstaff - Purdy type densitometer.

The theoretically computed ratio of energies for ths two
wave lenpths wap corrected for the dispersion of the spectrograph,
and the logarithm of this value was plotted against corresponding
temperaturas. The temperature of the exploding bomb was found by
transferring the log It difference from ths charmcteristic curves
to the plot T vs. log Itgryg/ Ity oo 80d reading off the temperature.

Discussion of Results

There rre some serious snd justified objections which may
be raised arainst the method of snalysis.

The matter cf reciprocity lew feilure carnot be teven
lichtly, because of the tremendous ranre in exposure time betwesn
the lsboratory produced sterwedges and the'acgual spectrogram. The
ratio of exposure times is approximately 2.10° %o 1.

Little sesms to be known about reciprocity law failure for
very h};h intensities and extremely short times, snd althourh soms
curves™ were available to us showins reciprocity law failure for
densities up to 2.0 and time of 10 ° seconds, and a light source of
3000% K, they were of little value to us for quantative work.

1) Supplied by Bsstman Fodak Company

APPROVED FOR PUBLI C RELEASE
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The probable effect of reciprocity law failure on
the II and D curves is shown schematically im Pig. 9. This figure
shows the charrcteristic curves used for the tempsrature determina-
tion, and the assumed actual F end D curves. These curves sghow that
for tha same density difl'erence, (density at 4000 A minus density at
5700 A the actusl difference in the logarithm of illumination, Alog
Bz, is grester than the mesasured difference, Alog Eje Alog Zy then
represents the quantity used in determining the temperature from the
curve T vs lo; It g7go/ Itaoooe Alog Ep being grester than Alog 2,
gives a lower tempernture. Ons would therefore suspect that the tem-
peratures presented in this report are too high. lNagee‘'s results
show exactly the opposite.

A series of H snd D curves were derived from the above men-
tioned Eastman Kodak (ompany reciprocity law failure curves, covering
times from 100 to 107 Y seconds. If one computes the zamma from these
curvea for 100 seconds, whigh would correspond to the exposure time
for the stepwedces, and 10 ° sec, ons gets a ratio of about 1.6 between
the two sammas. This would indicate an error of approximately 16 ¢
at 60000, 25%. at 10,000° and 6%, at 20,000°. The error is much greater,
however, if the fairly flat top of the I and D curve is used, as it was
in this experiment,

[ J

The maximum densities measured on the Hilger Spsctrogram ex-
ceed meximum densities obteined in the laboramtory by C.l units for the
blue and about Q.05 for the yellow. This phencmenon has not been
adenuately explained. .

Ona may check the consistenoy of the results by comparing
temperatures and densities in Table I. Thus for exampls a temperaturs
of 5.10Y 9K at Bms seems to g ive a lower density at 3470 X and 570c]
than a temperature of 4.8 x 10° OK st 1.72ms. Of course, these
variations are well within the error of 15-7/- given above, :

An error which is berd to evaluate but which none the less
may be very serious may have besen introduced by assuminr the walidity
of the date obtrined from the Enstman Kodak Company sensitivity curve.

it is difficult to belisve that there is such a tremendous
discrepancy between our results and O'Brien's measirements. Howsver,
O'Nrien's brirhtness determination is certeinly far superior in many
raspects.

Part II--Snectroscopy
P e e

Althourh temperature determination wes of primary import-
pace, the spectrum in itself showed interesting enough features to
make a detsiled investigation extremsly worth while. Any informa=
tion concerning the identification end determinestion of absorption
bands and lines mi;ht shed some more light on tre temperature of
the explosion and the physics of explosion in general.

—
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Genoral Discusaion of Spectrum

The spectrogram obtained with the Hilger Intermediate
Quartz Spectrograph shows a great many absorption lines and bands,
whose intensity, broadness, and structure do not change appreciably
if at all for the first 6.5 milliseconds. nly exceptions are
three absorption bands at 3067, 3093, and 3100 % which graduvally
fade away and disappoar at ths end of £€.5 milliseconds. The smission
lines manticned earlier in the report will be discussed below. It
is interesting to note that the Bausch and Lomb spectropram dees not
show these lines, which may probably be explained by the misalignment
of the spectrorraph (it was focussed on a noint on the fround a con-
sijderable dist=nce in front of the bomb) . Significant chan-es occur
in the spectrum after six milliseconds, as evidenced by the Rausch
and Lomb record. A rroeat number of new bands and lines appear, lines
or bands which had a broad and diffuse appearcnce are sharpsr and
show considereble structure. A wave lenrths chart has been prepared
for both records, showing the position of the lines, their intensities
(alao approximstely indiceted by the width of the line) aund wave lengths.
This chert represents the actual appearance of tho lines on the film,
the lines are not shovm on a linear wave length scale, but conform to
the dispersion of the spactrogreph. All intensities are listed on a
scele of 10. See Figs. 18-22 for wave length charts. No intensities
are given for about half of the lines found on the Hilger rscord.
These lines could only be measured after having been printed in high
contrast. A great numbsr of prints were necessary to bring out all
lines in about 2 centimesters length of spectrum. It is therefore
believed that intensities derived from these rscords are of no great
valus. Thoe measuremsnt of wave lengths on the Bausch and Lomwb filwm
presented great difficulties, because the dispersion changed continu-
ously. The plate holder was not well enough designed to hold the
£ilm in the focal plane for the whole length of the run. Howsver, by
using lines measured on the TIilprer record as secondary standards om
the Bausch and Lomb record fair results have been obtained. In some
instances where the Bausch and Lomb measuremsnts showed a constant
deviation in wsve length from similar measvrements on the Hilger record,
the Bausch end Lomb wave lengthas could easily bs corrected by direct
comparison.

Table TTT 4is en sttempt at recordinz the changes which take
place in the structure snd sppearsnce of the besrds in the {irst l.8
secs. Approximnte times are jiiven or the appeerance end disappesrance
of alnost 8ll1 bands £nd lines. No great weight caen te attached to
these times since the exact point of disappaaranca or appearance is a
matter of perscnal opinion, end the error in the time scele itself is
of the order of 20 to 30% .

The fourth column in the aforemsntioned teble aims to indi-
cate chan-es in structure or character of the lines nnd bends. Thus
for example, the line at 3840 X which is easily recornizable on the
Hilger record ns a very broad and diffuse absorption line, is very
difficult to find on the Bausch and Lomb spectrogram, but closer study
reveals that the single line at 3840 X corresrtonds to Lte lines num=-

)
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bered 54 to 58 inclusive. These lines merpe into oms diffuse line
at 6 milliseconds. Again at 3237 A on the Uilger record there
appears one line, the same line may be seen on the Bausch and Lomb
spectrogram (See lines numbersd S and 10}, but 6 milliseconds after
to the line has split into twoe.

Acouracy of Measurement

A table of limits of errors and wave lengths has been
prepared for both apsctrographic records. See Tables IV, V, and VI.
These errorsg have been estimated from the uncertainty in the com-
parator measurements, and the uncertainty in the dispersion formulae,
The Bausch ard Iomb spectrorram ofi'ers additional difficulties due
to the irrezular film motion snd the failure of the film holder %o
keep the film in ~ne plane, See Fig. 23 for photograph. Limits of
error have been estimated for wave lengths from 610-37¢ mp by taking
into account the uncertainty due to the erratic bohavior of the film.
Errors for wavelengths less than 376 my way be estimated by direct
comparison with the Hilger wave length chart. Tt will be noted that
all wave lengths of' the Bausch and Lomb record from 38408 - 3067R are
low by about 1nA when matchod against the seme lines of the Hilger
record. This 18 primarily due to the erratic dispersion of ths low
time resolution spectrograph. Althouzh the Bausch and Lomb wave
lengths have been recorded on the wave length chart as computed, the
above wenticned discrepancy of 10A has been made use of in Table VII
by inoreasing each Bousch and Lomb wave length by 10A. This was done
to bring the latter in agreement with Hilger measurements.

Analysis of Spectium

A great deal of time and effort has been spent on the idente
ifioation of the lines and bands, and a few have besn identified.

Dr. E. Teller suggested that the ultra-violet cut-off at
2990A was due to the formation of Ozone. The ultra-violet cut~off
is shown as a function of tims in Figa. 24 and 25, And indeed ab-
sorption bands extending from 300C A to 3300 A check fairly well with
wave lengths of published 0, bands. Table VII gives a comparison be-
tween published data and wave lengths obtmined in this experiment.
The Beusch snd Lomb readings have been corrected by adding 10 A, since
the latter showed an almost constant deviation from correeponding
Rilger measurements. The sbscrpticn lines whose origin seems to be
fairly well establishad are the Calcium and Sodium lines at 420 milli-
microns and 684 millimicrons respectively, believed to be CaT 422677
and NaI 5889.9, 6895.9 A. They are probably dus to the dust and sand
vaporized by the heat of the bomb. There is no svidence of these lines
bYeing present before § milliseconds.

The strong absorption lines at 3427, 36E6, 35696, and 3840 A
have aroused a ;reat deal of interest and their striking resemblance

to absorption lines occurring in mixtures of NO, NO,, ifd Hy0 has led
to the belief thet N0p was formed during the explosion™ ,

) J. %. Maok, Space Time Report, LA =631 —
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The formatiog)of NOz has been digfussed by J. Hirsch-~
felder end J. L. Yagee™ . Yelvin and ulf® obtained a series of
sbsorpticn bsnds with a NO = NO, = H,C medium which bear a striking
resamblance L0 the brnds at 3423, 35%5, 3698, and 3840A. VMowitt
rnd Qutridge"’ obtain similar bands from the evplosion of a CO -
O30 = NO medium at hirh pressures. Thoy sugrest that these bands
may be due to the enhancement of certein bands of the normal NOg
absorption spectrum. Table VIII is a comparison of wave lengths
obtained by lLelvin snd Wulf, Newitt and Outridge, snd wave lengths
of bands obtained with the high speed smectrogrerh. The agreement
is fairly rood, the intensities seem to check with the publishsd
data.

The emissjion lines (See wave lenprth chart and Table V)
have been investigated by Dr. J. E. Mack. A picture was tsken of ths
"rlory hole" at Cmega with a fast 2 gless spectrograph. Mo visible
radiation emanated from the hole. 2 ten hour exposure at & boller
rate of 6.5 KY resulted in two or three faint 1lines at approximately
4086, 4280, and 4348 A. These values may be compsred with the
emission lines of Table V. Further experiments will be necessary
to substantiate these results. _J. L. ¥agee sug-ested that the
enisgion lines may be duve to oll

D J. Lages, J. Hirsahfelder, LA-1029, Vol. YIT, Chap. 4,
Radiation Phenomena in Air Blast of Gedget

2) Eo T.’.elvin. De ."L(Ulf, JoCoPo 3. 755, 35

3 Yewitt, Outridge, J.C.P. 6, 752, 38

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

" —

Part I1I--Figures snd Tables
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Figure 3
Hilger E 486 Quartz Speotrograph, showing the
changing beg, shutter, ard pip light connection. The
changing, bag made a lirht tirht connection bestween the
drun housing and the spsctrograph itself. It also

allowed daylight loading of the drum.
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Figure 4
E 486 Ililger Spectrograrh. Frontview of shutter and
s8lit. The shutter slide 1s pulled across the slit by means of a
spring. The s'utter is released by a solenoid. The pip lights
are opsrated sutomatically by the motion of ths shutter. As the
shutter moves psst the slit a contact is established whioh ocloses a
circuit to the piplights. The piplights are on aa long as the slit .

is exposed to the lightsource.
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Figure &
E 488 Tilger Spectrographe Drum and drum housing.
The grooves which guide the £ilm in the drum are eamsily

recognizable,

. APPROVED FOR PUBLI C RELEASE



34SV313d O 1'1dNd d04 d3INOHddV

>
>
5
<
0
O
©
3
)
-
W
~
O
Y]
2
i
z
G




APPROVED FOR PUBLI C RELEASE

-2 -

Figure 6
Hilger E 486 Spectrograph. The changing bag has been
partly removed, showing the drum, and the businees end of the

gpectrograph with its plate holder removed.

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

~ APPROVED FOR PUBLI C RELEASE

S T



APPROVED FOR PUBLI C RELEASE

Figure 7
Hilger E 498 Quartz Spectrograph. This instrument
failed to operate. This shows the piplight instaellstion, which
was similar on both instrumsnts. The image of a meon bulb

slectrode was focusssd on the film.
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Figure 10
The Spectrum of the Bomb. Timescale, 1 millisecond
corresponds to 69 mm. This record shows the spectrum for the
first 3.8 ms. This spsctrogram was taken with the E 486
Hilger Q}xartz Spectrograph. The violet end of the spectrum
is on the left hand side of the fipure, gero times is at the

top.

APPROVED FOR PUBLI C RELEASE




3SV3ATA O 179Nd ¥04 d3anOdddV

T
v [ i

3ASv313d O I'1dNd d04 d3N0odddVv



APPROVED FOR PUBLI C RELEASE

- 28 - da—

Figure 11

Bopb svectrum, 0-3.8 ms. Hilger E 486 quartz
spactrograph,
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Figure 12
Bomb spectrum, 0~3.8 ms. Hilger E 486 quartz

spectrograph.
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Figure 13
Boxb spectrum, 0~3.8 mse Hilger E 486 quarts

spactrograph.
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Figure 14
Boub spesotrum, 0-3.8 ms. Hilger E 486 quarts

spectrograph.
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FPigure 15
Bomd spectrum, 0-3.8 ms. Hilger E 488 quartz
specstrograph. This print shows clearly the emiszion lines

at the very beginning of the record.
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Figure 16
Bomb spectrum, 0-3.8 ms. Wilger E 486 quarts

spectrograph.
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Figure 17
Composits, showing the beginning and end of the
bomb spectrum, The Hg vapor comparison spectrum shows at
the vsry end of the bomb spe'ctrum. (This was & lucky
accidentl The violet end of the spectrum is hsre on the
right hand side of the figure,
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This page wes inasdvertently omitted when the
report was numbered.

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

- 48 - L

Figure 23

Spectrum of the bomb taken with the Bausch and Lomb
Littrow spectrograph. Time scale, see Fig. 26 for "Tims Scale
for Bausch and Lomb Spectrogram®". Length of racord as shown,
'0-0.09 seconds. Zero time is at the top, the violet end at the
left hand side of the figure. The weviness of the bands is due
to the irregular motion of the film transport mechanism and the
failure to hold the film in one plane. Ths dots on the laft are

caused by an elesctrical discharge.
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TABLE I

Table of Temperatures

Time Tercperature Density Density
mg Deg. XK ‘3470 A 8700 A
0 - 0,038 5.9 105 2362 3.01
0.038 = 0.071 8?0 3.08 3.30
0.8 12. 3.14 3430
1.0 . 5.0 3.08 3.35
1.6 4.9 2.93 3.33
1.72 4.8 2.82 3.30
1.85 5.8 2,81 3025
2.0 5.6 2,71 5.23
2.3 5.9 2.7 3.22
3.1 5.5 2.47 3.18
6.1 5.0 1,08 3.01
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TABIE 11

Time Temperaturs Relationship

O'Brien's originel results (in multiples of solar

brightness) have been couverted into tempecratures by J. L. Mngee.n

Tims Temperature
ms °K
Or15 184,490
0.30 119.250
0.6 64,770
1.0 " 40,000
2.0 21,800
5.0 16,300
4:0 13,000
5.0 10,860
6.0 ‘ 9,240
7.0 : 7,840

o

D J. L. kagee, Crossrosds Report
Brisn O'Brien, A Crossroads Technicel Instrumentation Report
to the Technical Director, August 21, 1?46.
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TABIE III
Lins_or Band Appears et Disappaars at | Changes in structure
No. D % sec gec or appearance of bands
l 1 0 Q.OOS
2 0 0.006
3 ' 0 00008
4 and § 0 0.005
6 and 6a 0 0.01 appears single from O ~
0.006 double from 0.008 -
. 0.01
7and 8 0 | 0.01 ?ame as 6 and 6a
9 and 10 0 0.01 seme as 6 end 6a
11 o] 0.02
12 0 0.02
13 0 0.02
14 and 15 0.01 0.03
l6 - 19 0.008 0.03
20 0 0.02
2y 0 0.06
22 0.005 0.06
23 0.008 0.02
24 0.006 0.05
256 0.606 0.05
26 0.706 0.06

1} For numbers of lines see "‘ave lenpth chert, Bausch and Lomb
Srectrograph”.

2) A number of lines and bands have been omitted, because the deta
is not very reliable.
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TAB

18 I11

(continued)

Lin?)or Band Aprears at

No.

Disappears at
sec

Changes in structure or
appearancs of bands

0.02

0.02
0.02
0.06
0.06
Q.13
0.1%
0.13

013

date too unreliable

[.1.14]
27 0.01
28 0.01
29 0.01
30 00005
31 0
32 0
33 0
34 0
35 0
36
37 0.006
38 0.008
39 0006
40 0.005
41 0
42 0.006
43 0
44 - 53 0.005
B4 - 58 0

0.06
0.06
0.08
0.06
0. 08
OfOG
0.09
0.l

0.09

28 and 29 sppear to be
single snd wery broad
from Q. = Ce(l

32, 33, 34, 35 eppear as
ons band from O - 0,006, as
two bands from 0.C06 to
0.02, and as four from Q.02
to Q. 13

64, 55, 56, 57, 58 appear
as Ono, diffuse line from
0 to 0.008. See Hilger
wave length chart, line
¥o. 18.

LY

Ses Bausch and Lomb Fave length Chart
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TABLE 111
(continued)

Lin%)or Barrd  Appears at Disappears at Changas in structure or

No. sgoc sec appearance of bands
6l 0e 02 C.06
€2 0.0l 0.07
63 | 0.02 0.07
64 0004 0.08 64 end 65 appear single

from 0,004 to 0.02, and
double from 0.02 to 0.08

65 0.004 0.08

66 0.02 0.09

67 0.008 0.C2

68 0.01 0.06

69 data too unrelisble
71 0.01 1?5

77 Of02 1?3

78 0,01 1.3

79 0.01 1.3

80 - 0.C1 0.11

81 0.01" 0.11

86, 86, 87, 88 .01 0.11

89 . 0.01 0.3

90 : 0.01 Q3

91 - Qé 0.02 - 13

94 0,02 visible to

end of record

84a 0.08 - -

I} See Bausch and Lomb Wave lengthChart
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TABIE IV

Table of 'Yave Lengths and Limits of Error

Bilger B 486 Speotrographl

Absorption spectrum

" Wave length
A
30671 3
3093t 3
3100* 3
3183 * 15
3220 * 16
3237 + 16
3257 T 15
3289 % 2
3319 2
3427% 2
3556 2
3696 3
3696 L 3

3840% 6

1) These limits of error were derived from the uncertainty in
the readings of the coordinate comparator, uncertsinties in the
dispersion formula. Some wave lengths sesm to have disproportionately
large errors. Thaey are due to the use of different methods of
nmeaguring. It was not elways possible to use the comparator, Spec~
trum viewers, {least count 0.1 mn) , and rulers (lsast count 0.5 mnm)
wore used in places. Yot all wave lengths are listed. " Their errors
are about the same as those of nsighboring listed lines.
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TABLE. IV
(continued)

Table of Wave Lengths and Limits of Error

Hilger E 486 Spectrograph

Abgorption spectrum, (cont'd)

wava length
A

4065 T 15
40% T 15
4222 £ 10
4342 ¥ 10
4412 6
4782 < 20
4996 2 20
65241 * 256
5429 = 256
5710 = 30

5977 £35
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TABIE V

Table of Wave Lengths and Limits of Error

Hilger E 486 Spectrograph

Emission spectrum

APPROVED FOR PUBLI C RELEASE

Wave Length

A
3127 X3
B77 4
3542 &6
3684 T §
3717~* &
3762 ¢ 5
3814 ~ 6
5920 < 6
4005 - 8
4073k 6

4200 = 7
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TABIE VI

Table of Limits of Error for Wave lengths Obtained

From Bausch snd Lomb Spasctrograph

Wave Length

A .
610 - 584 £ 7.6 mu
547 - 600 % 6.0 mp
490 ~ 480 £ 4.0 mp
470 - 449 £ 3.5 mp

440 ~ 402 € 3.0 mp

4000 - 3760 £ 25

Errors for wave lengths from 3740 ~ 3060 A uay be
obtained by direct comparison with lines and bands obtained

with Hilzer E 486 spectrograph.
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TABLng P

Ultraviolet system of Oz. I!easurements of Fowler and
Strutt]), compared with wave lengths obtained with Filger E 486

Quartz and Bausch and Lomb Littroew Spectrographs.

Fowler and Intenqityz Bilger In.tensity2 Bausgh and Intensityz
St{utt B tae Lomi
A A A
3432.2 1
3421.4 1
3402.6 1
3377.7 1
337%.1 3
3365.2 1
3346.0 1
3338.6 4
3331.2 1
33126 6d 3319 4 3318 7
3304,1 3
3284.0 e 5289 ¢ 3288 7
3279.8 84
3272.0 3
3266.5 5 3267 lw 3258 5
3249.7 8
3243.0 1a
3232.8 1 3237 lw 3235 3
3227.2 10 3233 ' 3

1) P.R.S, $3, 5§77, 1917

2) Intensities on & scale ofoteno . :

T S R

3) All Bnusch and Lomd readinra.haho Yol eintreased by 10 A to conform
W1th,ni1ger measurements,, cee o

m{{‘\jf‘i’... APPROVED FOR PUBEJ'Q.RE‘I.EASE
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TABLE VII (contt'd)
Fowler and Intensity Hilger Inbtensity Bsusch and  Intensity

Strutt E 486 Lomb

A A A

A : A A
3221.5 10 3220 6 3216 4
3206,8 2 3203 4
3201:0 8d
3194.8 6
3188.8 1 3187 2 -
3181.5 1 3183 % 3180 2
3177.0 - ed
31?1:6 4 3170 1
3162.8 24
3156:1 8 3162 1
3137.4 ilod
3114.3 &d
3106.0 5 3100 3 3092 5
3096.5 4 3093 2 3082 b
3089.5 8d

3067 1 3070 ]

fw’f (1o
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FABLE VIII

" Ultra violet absorption of mixtures of YO, NOZ.'HZO at

normal temperatures, D

and absorption bands obtained from the

explosion of a CO = H20 - NO medium at high pressuresz) » caomparsd

with bands cbtained with Hilger & 486.

NO - NOp ~ HaO 1Intensity CO - NO - Hz0 Intensity Hilger Intensity

mad ium (on scale med fun (on scale E 486 (on scale
of 10 of 3) of 10).

2843 3] 3845 1l 3840 Tw
3728 2 3%l lw

3681 10 3680 3 3696 1o

3660 14 3666 1 3856 lw
3676 0 3596 1w

3559 9 3646 3 5656 10

3510 1 35613 1l 3621 Iw
3440 o

3416 8 3418 3 3427 9

3388 2 3390 l 3396 1

3307 2 3306 0 ‘

3278 1 3270 1

3207 18 3202 0

3177 14 3183 0

) Kelvin and Fulf, J. Chem. Phys., 3, 765, 1935

2) VNewitt and Qutridge, Je. Chem. Phys., 6, 762, 1938
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