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Part I--Photometry
.... ..

TWO apectroCrmns were obtained of the nuclear ex-

plosion. A high time resolution spectro~~am covering the first

5.%s t~kenwjth e drum spectrograph,was secured from station

104 lJorth. A low time resolution spectrogram coverinC the first

1.5 see, ta’kunwith a modified Bausch and Lomb Littrow small

quartz spectrograph was secured from the same station.

From the two records lines and binds have been par-

tially identified. Y-11lines ~rjdbands have been listed.

Appz-oximateternpera%uresare obtained from the IjilLer

spectrogram for the first 5me.

9** 9 ●:9 ● ** ● e
●** ●

● :0 ● : ::
● ● ● 9 ● ● , ● ●

● ● *
● 0 ●:0 :-0 ●:0 :00 ● 0

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛ ● 9* ● *
● a* ●°0 : .*9 ●

● .9**: ● 00
● **9 ● ** ●

#** ● *e ● *o*

-, ● * ● 00 ● ●**o@*

.. ● 00 ● 00 ●:0 :.~ :.O
● ● *
● .:.::* ::

●

●:0. ● *
● ● 00 ● .:. :00 ● 0

introduction

A Uilger Inter!@diata Quartz Spectrograph as wall as a
Bausch and Lomb Littrow Spectrograph were rebuilt to take a spec-
trum of the bomb as a functio: of time. It was the purpose of ths
Hilger Spectrograph to :et n short time, hi~h time roselution record
of the bomb for the first 10 ms. The Bausoh and Lomb spectrograph.
equipped to take a roll of P Aero film fifteen feet long, was in-
tended to record the spectrum of the explosion as IArell as the ri8”-
ing bnll of fire for about 10!)0secondss with low time resolution.

The spectra obt~i.n6dfrom tkLe8e two instrumants~ were to-
give the te.mperaturaof the nuclear explosion es a function of time.

.

App&ratu6——

Hiiger High Speed Spectrograph (See Fig. 1 for schematic
drawing and Figs. 3-7 for photo~raphs).

The plata holdsr assembly of the spectrograph was removed
and repleced by a hollow aluminum cylinder. (See Figs. 5-7 for
photo~aphs). The filmwns attached to the inside of this drum,
which was rigidly keyed to a synchronous motor. The film had a linear
velocity of about 60 meters per seoond. The exact rate was obtained
i’rommarks produced by timi~q lights controlled by a 1002 cyole tuning
fork oscillator. Since it was impossible to focus the spectrograph
visually, and very tedious to adjust It photographieally8 a gage was
designed whioh zcve thg exact distance between n finished 6urfaoe on
the speotropaph snd the undersurface of the drum ?Jinoradjustnvxrte
were effected ‘bymoving the slit. A special sprin~ onntrolled shutter
(See Fifi.4 for photo~rnph findFig. 1 for schematic drnwin~) waa mounted
directly in front of the slit (in fact it took the place of the Hartman
diaphrag~ s and limited the exposure tinw to ap~roximately ten milli-
seconds. The shutter was trip~d 17 ma in advnnce of the detonation
by a remote control meohaniem.

The delay of the shutter and its exposure tinm were chec’ked
with a phototube anplifier conneoted to a sin~le sweep scope.

.

●

The spectrum of an H-4 i!ercury Vapor lamp was used as a
wave length standard. This spectrumwae photographed two times, about
18!2°apart on the drum, to assure at least ona measurable record in
cnse the other one should have tlw spectrum of the bomb superimposed
on it=

**An almost identical set of instrumentswas located at 10 ‘#eat.
The B arklL SpeatroCraph wss not set up in time for the explosicn,
the other, a l~,~~;~:fi::lfie?~”~~~t!’ograpnfailed to operate.
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The time resolution of the spectrograph is obviously a
variable. It depends on the slit length or the size of th~ imnge
on the slit. The tim8 resolution is constnnt only if the slit
Ienc@h equals the size of the imate, for ima~e sizes smaller than
the slit len@h, the time resolution is flovernedby the size of
the ima~e. The time resolution may essily be copputed from

T s 16.95L+s 1)

where L is the length of the slit .orimn~e size in mm

Thus for times less than cne tenth of me milliagcond the
time resolution was cert~inly better than !?!!sS for times of the
order of ten microseconds the resolution WFS probably less than five
ps, and at th2 end cf five milliseconds waa probably about 0.08

7milliseconds .
,.

!3auschand Lomb Small Littrow Spectrograph (See Fig. 6).
To cowr the tremendous change in illuminationwhich would take plcce
in the first ten seconds during whioh the spectrograph was to record
th& spectrum, an extremly complicated varying speed drive was design-
ed. A hydraulio motor drove the film take up spool at a spaed which
was approximately djreotly propofiionalh the illumination. In
other words if the illumination decreased by a factor of two, tlw
linear speed would also drop by a factor of two. A special cnmwas
de8ifinedwhich would r8gulate the motor speed in accordance with the
theoretically predicted brightne88 curva.

T~ speed ratio between maximum and minimum 8peed was
40,090 to 1. The film 8tnrted with a speed of abont 409 cq/sec and
then followed epproximetaly a I./tlaw (t. time in seconds). A 16mm
Cine Kodak movie cawara, mounted in front and sli~htly to one side
of the speotroCranh took a picture of the slit while the ~pectre~raph
was recordinC the explosion. This film &how& that at no time was
the imsfleof the bomb on the slit, but the spctro~raph was aimed at
a point on the ~round apparently several hundred yards in front of
the towey. The IiTht reflected off the ~round was enou~h to blacken
the film at the beginning of the spectro~ram to a density of about
2 despite an expost~reof about l/10d sec. ‘i’hefilm is interpretable
to 1.5 Beconds after which the hydraulic mechanism seems to have
stalled~ resulting in an overall fogging of the film after 1.5 uecs.

1)

2)

3)

Actually the linear velocity of the film was 59.0 inters per
second, henca the constnnt 16.95 rather than 16.67.

These i’iEuresare based upon the size ‘oftha bsll of fire as
a function of tires(J.E. ::aok,M-531) .

● 9**9 ●e, ●-m ●*
●:0 .::
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In8t811ution

The high speed drum spectrog aph was located in a con-
Zcrete bunker 10,000 yards, (Station 10 North)~ from the tower

OrI which the bomb wns detonated. The instrumentwas lined up by
foaussi.ng& searchlight, mounted 25 feet below the bomb, on the
slit. ‘Nw condensing lens was a quartz fluorite achromat of
30 cm focal length.

The Musoh and Lomb low tim resolutim spectrograph
W9S mounted on a ?:srtinrun turret. The gun turret was installed
on the roof of the same l!_!,!YY!yard ?xmker. An operetor was to
aim the spectrograph at the center of the slowly rising ball of
fire.

Expoeure

In both s~otroi~r~~hs Eastman Xodak Tri-X Aero film
WES used, mainly because of its low 8hrink b~se. No other film
was avoilable except Super XX, which although sll:htly slower
would have Civen trou’le with excessive shrinkage.

The slit’wjdth and length of thtsHiCh Speed Spectrograph
ware 10@ and 5mm respectively. This rather wide slit width was
cho~en to make sure that the very first stages would be recorded
by the instrument. The s~ectroCraphwas used at its full aperture
of f:12.6.

The Bausch and Lomb Littrow Spectrograph hcd n slit
width,of 2@ and length of 4mm, nnd an aperture of f:13.6.

Discussion of Spectrogram Obtained
Xi h llighSpeed Spectrograph

(See Figs. 10-17

A record of tho explosion was obtained
~nd showed ttit no li;-htof wave len@hs shorter
recorded on tbe i’ilmof the spectro~raph.

The spectrum is similar to that of the

for photo~raphs).

for the fjerst5.61ss
than 299!I A WF.IS

sun in Q* least
two reerects, it 5s continuous, nnd a peat number of absorption
bands m~y be seen, especially in the ne~r ultra-violet re:ion.

AlthouCh the swctrum does not chan~e with time for the
first 5.5 to 6ms, except for te!??per~ture,the very beginning of
the s~ctrum chows some extremely interestin~ fentures (See Figs.

11-M for photogrnphe).

lt the be~innine, about one to ten microseconds before
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my radiation from the shock front reached tho spectro~raph, a
flash of li~ht lit up the air surrounding the bomb, apparently
formin~ a lurainou8sphere around the gadCet of 60 to 90 meters
in diameter. The luminosity of this “sphere” did not last Ion&er
thnn five microseconds, however, it is difficult to dotormine how
short it was. The radiation fron thi8 luminous sphere produoed
an emission soectrum of eleven lin6s. See Table V and Fig. M
for photograph of emi8ciionlines.

A few experiments hsve been carried out in an uttempt
to reproduce this spectrum in the laboratory, however, a more
detailed eccount of the results is given below.

The temperature redjation behaved Q“litepeculiarly for
tho first 7(’)microseconds. The tempcrnture stayed constant (within
the accurscy of meesurewnt) from zero to 38 microaeuonds, then in-
ore~sed within five micyosecozdsby 60$ ~nd steyed at this tempera-
ture from 38 to 70 microseconds. There is indic~ticn of a third
SUCIIperiods but it is not very pronounced end it mey ~ury well be
due to a stain in the ne~ative. After this period of vi(olentohange,
the bomb reacbd its hi;hest temperature at 20035 mioroseo’ends,

8
and then gradually cooled to a temperature of 5cW0 K after 6.1 milli-
seoo@s. (The highest te=.p~r~tureis not known for reasons which will
be explained below, but it may be inferred from ths den8jtiM of the
film where the highest temperature was reaohed)

Table T gives ths temperature as a funotion of time from
0.8 to S.6 knillisecond8. This table should be c mpared with Table II

fi “onthe basis ofwhich shrws temperatures computed b J. L. !.’aLee
Bri’an!3’Drien$8Crossrcad8 re%ult8.

@
.

The spectro~ram obtained with the Bauech and Lomb Spectro-
graph w~s not used for temperature determination.

Armlvsis of Film

The method used in determining the temperature of tha ex-
ploding bomb wns sug~e8ted by Dr. S. H. ?Ticholsonof I.’t.“L’ih.on
observatory, ~nd almost all the important phases of this work were
directed by him.

The nature of the Rpparatus mnde it practically im~ossible
to put a stqnvedge or even the spectrum of a standard source on the
film, we were therefore compelled to find the ratio of energies at
two w~ve lengths from the film and compare therewith theoretically

1) J. L. lli~ee,Crossroads Report
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oalculated values for different temperatures. A FWnckian dis-
tribution wss nssuuwd.

Density measurements were made a+ 3470 A and 6700 A,
although a ~rsititerspread between the wave lengths would hhve been
desirable. It WRS felt, hcwever, that 3470 A was the shortest
possible weve lenCth th~t co!lldbe used and still not be affected
by ab80rpti0n.

Two stepwed~os were prepared, one for eaoh wsve length,
covering the necessory den8!t!08. The wedges were printed on film
of the same emulsion nunher ueed for the spectroscopic record.
Wratten filters introducedbetween the light eource and the film
gave the desired wave lengths, except for the shortwave length -
fillxw whioh transmitted li~ht of about 4!200A rsther than 347o A.

The positionof one characteristic cm-vu with respect to
the other was obtainod by using a flraphprepared b::the Eastman
Kodak C mpany, showing the sensitivity (reciprocal of exposure in
er@’om3 reeuired to produce adeneitv of 1.c) as a function of A.
The ratio of ener~ies for blue and yeilow light to produce the same
density was easily obtained from this curve. Yi2. 2 ~hows 8uhemti-
cally the two characteristic curves for 4000 and 570!2A, and their
position reletive to eaoh other. The log It difference at D 1.9
corresponds to the above mentioned ratio. AII density measurements
were made on a Cspstaff - Purdy type densitometer.

The theoretically computed ratio of enerEieB for the two
wsvo lenCths wap corrected for the dispersion of the spectro~raph,
and the IoCakithm of this value was plotted againat corre8poriding
temperature. The temperature of the exploding bomb MS found by
transferring the log T% difference from ths ohar~oteristic curves
to the plot T vs. log It570~ I*40C0 and reading off the temperature.

Discussion of Results

be raised
There nre some serious ~nd justified objections which may
apeinst the method of analysio.

The matter cf reciprocity law failare cannot be to”an
li~htly, because of the tremendous ran~e in exposure time between
the laboratory produced ste~edges and theficual spectro~ram. TFs

bratio of exposure time8 i8 approximately 2.10 to 1.
Little seem8 to be known about reciprocity law failure for

very h- h intensities and extrexely short times, end althou:h sow
curvesF were avsilable to us showin~ reciprocity law failure for
densities up to 2.0 and tine of l@‘6 “seconds,and a light souroe of’
3000° K, they were of little vRhe to us for quantative work.

1) Supplied by Eestmnn Kodak Compnny
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the IIand
shows tlw
tion, and

The probablo effect of reciprocity law failure on
D curves is shown 8ch@~tically in Fig. 9. This fizure
char~cteristic curves used for the temperature determina-
te assumed aotual E nnd D curves, These c’~rve68bOW that

for ~ha s$uw density djfl’erence,(density at 4000 A minus density at
S700 A) the aotual difference in the logarithm of illumination, Mog
E2, i8 greater than the measured difference, Alog El. A1OC 51 then
represents the quantity used in detennini~ the temperature from the
curve T vs 10C It 57~(3/I*goo* A1OC E2 bein~ greater than Alog !31=
gives a lower temperfiture. One would therefore suspect that the tem-
perfiturespresented in khis report are too high. Xnzee$s reaulta
show ex~ctly the oppoalte.

A series of H and D curves were derived from the above men-
tioned Eastman Kodak ;omp8ny reciprocity law fa;.lureourve8, oovering
times from 100 to M-o 8@conds~ If’one computes the ~amma from these
curvo8 for 100 seconds, whi ?!would correspond to the exposure time

-8for the stepwed~es~ and M see, one .@ts a ratio of about 1.6 bdnveen
the two ~amas. This would indicate an error of approximately Mrt
at 6009°S 259’~at 10sOOOO and 6% at 20~oo0°0 The error is much greater,
howover, if the fa”irlyflat top of the H and D curve is used, as it was
in this experimmt.

The maximum densities awasured on the Hilger S&ctrogramex-
ceed maximum densities obt?ined in the laboratory by 0.1 units for the
blue and about 0.05 for the yellow. This phenomenon has not been
adequately explained. 6

One may check the consistan~y of the results by comparing
tem~ra ures and densities in Table I.

i
Thus for example ~ temperature

of 5.10 OK at SM seem to Live a lower density at 347o X and 570Cfi

than a temperature of 4.8 x Id ‘K at 1.72ms. Of oourue”.these
partitions are well within tM error of 15’t given above.

An error w+%ck.is brd to evaluate but which none the less
may be very serious mey have been introduced by assumin~ the validity
of the dat~ obtnined from the ?Mstman Kodak Ccnqxmy sensitivity curve.*

It is difficult to believe th8t there is 8uch a tremendous
discrepancy between our results and 0~!3rjenlsmess’lrements. However,
~l~rien~s bri~htness determination is cort~fnly far superior in many
respects.

Part 11--S9ectroscopy

Althou&h temperature determination W8S of primary import-
ances the s~%ctrum in itself showed interesting enough features to
ma’kea detailed investigationextremely worth while. Any informa-
tion concerning the identification end deterrnimtion of absorption
bands and lines mi~:.htshed some more li~ht on the temperature of
the explosion and the physic8 of explosion in Ceneral.
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General Discu8aion of Spectrum—

The spectro~ram obtained with the Hilger Intermediate
.

Quartz Spectrograph showw a great many absorption Iinss and bands,
whose intensity,broadness, and structure do not ohange appreciably
if at all for the first 5.5 milliseconds. The nly exceptions are

ithree absorption bands et 3C67,3093, QM 3100 , which gradually
fade away and disappear at the end of 5.S milliseconds. The emission
lines mmnti.onedearlier in the report will be discussed below. It
is intered.incto note that the Bausch and Lomb 8pectroCramdws not
show these lines, which may probably be explained by the misalignmxt
of’the spectrograph (it was focuesed.on a point on the Rround a con-
siderable dist=nce in front of the bomb). Si~nificmnt chan;es occur
in the spectrum after six milliseconds, as evidenced by the Eausch
and Lomb record. A Crest number of new bnnds and Iiaes ap~ar, lines
or bands which had a broad and diffuse appearance are sharper and
show considerable structure. Awuve len~ths chart has been prepared
for both records, showing the po8ition of t“helines, their intensities
(also approximately indicsted by the width of the line) and wave lengths.
Thi8 ehert represents the actual appearance of the lines on the film.
the lines are not shown on a linear wave len@h scale, but conformto
the dispersion of the spectrograph. All intensities are listed on a
scale of 10. See Figs. 18-22 for wave length oharts. NO intensities
aro given for about half of the lines found on the Hilger reoord.
These lines could onlybe measured after having been printad in high
contrast. A Crest number of prints were necessr+ryto bring out all
lines in about 2 cenkimeter8 length of speotr’um. It is therefore
believed that intensitiesderived from these records are of no &reat
value. The measurement of wave lengths on the Bausch and Lomb film
presented Ereat difficulties, because the dispersion chnxyqedcontinu-
ously. The plate holder was not well enou~h designed td hold the
film in the focal plane for the whole length of the run. However, by
usinC lines msasured on the I?ilcerrecord as secondary standards on”
the BRusch and Lomb record fair result8 have been obtained. M some
instnnces where the Bausch and Lomb msasvremants showed a constant
deviation in wsve length from similnr mess’nernentson the IIilgerrecord,
the Bausch end Lomb wove lengths could easily be corrected by direct
comparison.

Tnble TTI is m attempt nt recordin~ the changes whiclitnke
niece in the structure end ~ppearfinceof the ber!dain the first 1.5
aec6* Approximate times are /:iven!’orthe appearance end disappetirance
of almost all bands end lines. No great weight can be attached to
these tismessince the exact point of disappasrance or appearance is a
matter of personal opinions and the error in the tima scele itself id
of the order of 20 to 33~a .

The fo~wth column in the aforementioned t~ble aims to indi-
cste chan:es in structure or char~cter of the lines nnd 3Rnds. Thus
for example, the line at 3840 ~which is eaeily recognizable on tM
Hil~er record ns a very broad and diffuse absorption line, is very
diffic~~ltto find on the Bausch and L mb spectrogram, but closer study

Freveals thnt the single line at 3W=0 ; corresponds to the lines num-
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bered 54 to S8 incluai.ve.These l’nes merge into one diffuse line
at 6 milliseconds. Again at 3237 k on the Eilger record there
appears one lirw, the same 1ine may be seen On the Bausch and Lomb
spectrogram (We lines numbered 9 and 10)~ but ~ mil~iseoo~ds afier
to the line has 8plit into two.

A table
prepared for both
These errors hwe

Acouracy of Measurement

of limits of errors and wave lengths has been
apectrofiraphicrecord8. See Tables XV, V, and VI.
been estimated fromths uncertainty in the com-

parator measuremmt8, and”the uncertainty in the dispersion formulae.
The Bausch and Lomb speotrornramof!’ersadditional difficulties due
to the irre;vlnr film motion snd the fa;lure of the film holder to
keep the f’ilmin me plme. See l?is.23 for pi?oto~raph. Li!nitsof
error have been est~mated for wave lengths from 610-375 w by taking
into amount the uncertainty due to the erratic behavior of the film.
Error8 for wavelengths Iess.than 376 w may be estimated by direot
comparison with the Hilger wnve length chart. It will be noted hat
all w~ve length.

f
iof the Bausch and Lomb retard from 3840~ - 3067 are

lowby about lq when xatchod against the sack lines of tho Hilger
record. This ia primarily due to the erratio dispersion of th low
ti~ resolution spectrograph, Although the Bm.mh and Lomb WEVO
lengths heve been recorded on the wave length chnrt as oomputed, th
above mentioned discrepancy of 10A has been made useaof in Table VII
by increasing each Bmu80h and Lomb wave length by lOA. This wa8 done
to brinR the latter in agreemmt with Hilger measurenmdm.

Analysi8 of Spec’t.$um

A great deal of tinu and effort has been 8pent on the ident-
ification of the lines and bands, and a few have been identified.

12r.E. ‘fellersug~ested that the ultra-violet cut-off at
2990A was due to tki formation of Ozone. The ultraviolet out-off
is ehown as a function of tim in Figs. 24 and 25. M indeed ab-
sorption bands extending from 300(?A to 3300 A check fairly well with
wave lengths of published 03 bands. Table VII gives a comparison be-
tween published dat8 and wave lengths obtajned in this experiment.
The BeUSCh HnCILomb re~dfnR8 ~ve been corrected by ~dding lo & ~inca
the latter shored an almoqt constant deviation from corresponding
Hi15er maesvrenents. The absorption lines whose oriGin seem to be
fairly well established,are the Cnlcium and Sodium lines at 420 milli-
microns and S84 millimiorons respectively, believed to be CaT 42267A
and I$aI5889.9, 6895.9 A. They are probably due to the dust and sand
vaporized by the heat of the bomb. ‘i’here is no evidence of these lines
being present before 5 millisecorids.

The strong absorption 13nes at 3A27, 3555, 3696, and 3840A
have aroused a ~reat deal of interest and their striking resemblance
to absorption lines OWXrring in IUi~Ure8 of’N03 ~?* p %0 ‘a8 ‘ed
to the belief thqt N!32 was formed during the explos on ,
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H31.in and fhlf’~yu%%i!%’i%&-of’The formatio$ of ??02has been di ~
folder and J. L. Yagee .
absorption bands with a NO - ??0 - H O madiurnwhich bear a striking
resemblance

h
o the bends at 342$, 35~5, 3696, and 3840A. Nowitt

~nd Outridge obtain similar bnnds from the explosion of a CO -
IIzo- !?0medium at hi~h pressures. They sug-est that these bands
may tiedue to the enhanoenwmt of certfiinbands of the normal N02
absorption s~ctrum. Tshle VIII is a comparison of wave lengths
obtained by Kelvin find;Iulf,Newitt and Outridge, snd wave len~ths
of bonds obtained with the hiCh speed swctrogroph. The a:rewwnt
5s fairly qood, the intensities seem to check w;th the published
dat~.

The emission lines (See w5ve len~th ch=rt md ?abl.e‘O
have been investigatedby Dr. J. E. ?Xack. A pioture was teken of ths
‘Klory holeffat Cmega with a fast f 2 glass spectrograph. ~Jo~fsibl~
radiation”emanated from the hole. # ten hour exposure at a boiler
rate of 5.5 IW Hsulted in two o= three faint lines at approximately
4066, 428o, and 4348 A. These values may be compred with the
emission lines of Table V. Further experiments will be necessary
to substantiate these results. J. L. lia~eesug:ested thst the
emission lines may be due to O11.

1. T ::a~ee,J. Hir8ehfelder, LA-102!I,Vol. ‘(TIT,Chap. 4,
;;diation Phenomena in Air Blsst of Cedget

2) E. :Jelvin, 0. !fulf,J.C.P. g, ‘?55,35
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4

Figure 3

Hilger E 486 Quartz Spectrograph, showing tho

changi~ bag, shutter, ad pip light oonneotion. The

chmgi~ bag mde a licht tiflhtoonneotl.onbetween th

drum housixq and tlw spmtrograph itself. It also

allowed dayli~ht loading of the drum.
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.

Figure 4

E 486 llilgerSpectrograph. Frontview of 8hutter and

slit. The shutter slide is pulled aoro8s the ulit by means of a

spring. The ukutter is released by a solenoid. The pip lighte

are operated autoniatiaallyby the motion

ehutter moves past tha slit a contact i8

aircuit to the piplights. The piplights

is exposed to the lighksource.

of the shutter. As the

established whioh oloaea a

are on aa long as the 81it
●

I
I
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Iugure 6

E 486 riilgerSpectrograph. Drum ami drum housing.

The groows which guide the film in tb drum are easily .

recognizable.
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Figure 6

Hilger E 466 Spectrograph. The ohanging bag has been

partly removed, showing the drum, and the busines8 end of the

spectrograph with its plate holder removed.
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F@re 7

Hilger E 498 Quartz Spect%ogz%ph. ThifJinstrument

failed to operate. This shows the piplight installation,which

ww similar on both instrumnta. The imnge of a mon bulb

electrode wa8 focu868d on the fihn.

o
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#

Figure 10

The Spectrum of tha Bomb. Timascales 1 millisecond

corres~onds to 69 m. This record shows tb qeotrum for the

first 3.8 ms. This spectrogram was taken with the E 486

Hilger !Wrtz Spectrograph. The violet end of the speotrum
t

is on the left hand $ide of the fi~ure, gero ti= is at the

top.
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i’igure11

Bomb spectrum, o-3.8 ms. Hilger E 486 quartz

spectrograph.

/
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Figure 32

Bomb spectrum, O-3.8 ms. Hilger E 486 quartz

spectrograph.
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Fig- 13

Bomb spsctrun, o-3.8 ms. Hil&er E 486 quarts

spectrograph.
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Figure 14

Boribspaotrumg o-3.8 M. Hilger E 486 qumrts

spactrograplb

.

0 i

I

.9
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Figure 15

Botd) speetrum, ()-3.8MS. ~il~er E 486 quartz

speotrographo This print shows olearly the emis~ion lims
.

at the very beginning of the reoord.

I

o
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Figure 16

Bomb speotrum, O-3.8 ms. Hilger E 486 W&X

spectrograph.
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Figure 17

Compositu, showi~ the beginuing and end of tho

bomb apeotrtun. The Hg vapor compariaon spectrum shows at

the very OLKIof the bomb speotrum. (This was a luo’ky

aocident] The violet end of the speotrum is here on tlw

richt hand side of the ffgure.
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Figure 23

Speotrum of the bomb taken with the Bausch and Lomb

Littrow spectrograph. Time soale, see Fig. 26 for ‘Tinm!ISoale

fOr 13au80hand La& Speotro&am”. I.,ength of raoord as ShOW&

‘0-0.09seconds. Zero time is at the top, the violet end at the

left hand Side @f the figure. The woviness of the bands is due

to the irregular motion of the film transport mechanism Qnd ~he

failure to hold the film in one plane. The dots on the left are

oaused by an electrical disaharge.

. .,’ *
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TABLE I

Table of ‘l!WiIU8M3%We8

Time Temperature Density Density
m8 Deg. X 3470 A 6700 A

o- 0.038

0.038 - 0.073

0.8

1.0

1.6

1.72

1.85

2.0

2.3
.

3.1

5.1

5.9 103

8.0
.

12*

5.0

4.9

4*L?

5.8

5.6
.

6.9

5.s

5.0

.

2062

3.o8

3.14

3.08

2.93

2.82

2.81

2.71

20?4

2.4’7

1.98

3.30

3.30

3.33

3.33

3.30
.

3,25

3.23

3.22

3.18

3.01

.
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TABIiE11

0

1“

TiresTemperature Relationship

OrBrien’6 original results (in multiples .ofsolar

brightness) have been oonverted into temperatures by J. h Ymgee.
1)

!Fims
ma-

0.15

0030

0.6

100

2.0

3.0

4.0
.

6.0

6.(I

7.0

Tempeyture

184,400
.

119,260

64,770

40,000

21,800

16,S00

13,000

10*86O

!3,240

7,840

f) JO L. Magee, Crossroads Report
Brian OtWion, A Crossroads Teohnical InstrumentationReport
to the Technical Director, Aqywk 21, 1s46.
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TABLE III

Lihe or and
No. ~)s b

Appears at Disappears at Changes in struoture
*ec seo or appearance of bands

I

1

2

s

4 and 5

6 and 6a

7md8

9 and 10

11

12

13

14 md 15

16 “ 19

20

21 ‘

22

23

24

26

26

0

0

0

0

0

0

0

0

0

0

0.01

0.006

0

0

0.005

0.008

0.006

0.006

00005

0.005

0.006

0.91

O*01

0.01

0.C2

0.02

o*02

0.(23

o*03

0.02

0006

0.06

0.02

C?.05

0.05

().06

appears single from O r
0.006 double from 0.006 -
0.01

6ame as 6 and 6a

S$UT@as 6 and 6a

1) For numbers of lines sea ‘r;t%velenpth chert, Bausch and Lomb
Spectrograph”.

2) A number of Iinus and bands havu been omitted, b~c~use the data
is not very reliable.
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TABL!?111

(continued)

M@ or Fhwld Appmrs at Disappears at Changes in structure or
see aec appearance of banda

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44 -53

54 - S8

0.01 0.02 28 and 29 appear to be
single and very
from (’).- 0.01

0.01 o*02

0.01 0.02

00005 0.06

0 o*06

0 cl. X5

o 0.13

0 0.13

da+m too unreliable

0.006 0.06

0.!106 0.06

0.006 c).06

0.005 0.06

0 0806

O.(Y25 0.OG

o 0.09

32, 33, 34, 36 appear as
ons band from O - 0,0Q6, as
two bands from O,c06 *O
0.02= ~nd as four from 0.02
to 0.13

0.0?5 001

0 0.09 54. 55, 56, 67. 58 appear
a8 Onei diffusi]tnefrom
o to 0*UY3. See Hilgor
wave len@h chart, line
No- 18.

1. See Beusmh and Lomb Wave length Chart

, r’
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TABLE 111

(eontinued)

Linl or Band
7

Appears at Disappears at Changas in structure or
??0. afsc 8ec appearance of banda

61

62

63

64

65

66

67

68

69

71

7?

78

79

80

0.02

0.01

0.02

O.oti

00004

0002

0.006

0.01

0001

0.02

0,01

0.m

O.cl

81 0.01

86, 86, 8?, 88 0.01

89 , 0.01

90 “ 0.01

91-92 0.02

94 O*02

94a o*06

(!.06

0.07

0.07

0608 64 end 65 ap~ar single
frcnn0.004 fm 0.02, and
double from 0.02 to 0.08

0.08

0.09

o*C2

0.06

data too unreliable

1.5
.

1.3

1.3

1*3

0.11

0.11

0.11

0.3

0.3

1.3

visible to
end of record
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T4BLE IV

Table of Wave Lengths end Limiix of Error

1)
Hilger E 486 Spectrograph

Absorption 8p80tium

Wave length

A

3067t 3

30932 3

31002 3

31832 M

322o t 16

3237% 15

3257: 15

3289: 2

3319t 2

3427t 2

3556: 2

36962 3

3696i 3

3840% 6

1) These ~imits Of error were derived from the uncertainty in
the reading8 of the coordinate comparator, uncertainties in the
dispersion formula. Som wave lengths seem to have disproportionately
large errors. They are due to the use of different mcthcxisof
measuring. It was not always possible to use the comparator, Spec-
trum viewers, (least count 0.2 ml, and rulers (least count 0.5 @
WOre ussd in placef3. Not all wave lengths
are about the s~me as those of nei~hborin~

are listed. “Their errors
lW@ lines.
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TABLE IV

(continued)

Table of Wave Lengths and Limits of Error

I:ilgerE 486 Spectrograph

Absorption spectrum, (cmt$d)

Wan length

h

40G5Z 15

4094: 15

4222 Z 10

4342 % lo

4412% 5

4782 z 20

49962 20

6241Z 2S

6429 % 25

5710 z so

6977 %35

.
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TABLE V .

Table of Wave Lengths and Limits of Error

Hilger E 486 Sgx!ctrogrsph

Emission 8mdm.un

Wave Length

A

3127~3

3s77% 4

3542% 6

3684= 6

3717Z 5

3762Z 6

38M ? 6

392056

4006 :6

4073~ 6

4291 27

#

.
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●
● m:0:0 ●0::
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‘i’ABxEVI

Table oi’Limit’sof Error for Wave Lengths Obtain--

From Bausch snd Lomb Spectrograph

Wave Length

A

610- 5g4 2

647” 6002

490 - 480k

470 - 449 %

440- 402Z.

4000- 37s0

.

7.s lqA

4.0 xql “

3.5 rqb

3.0 Y!#

=25 .

Errors for wtwe lengths from 3740 - 3060 A may be

obtained by direct comparison with lima and bands obtained

with I!i.lgerE 486 epeetrograph.
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●

● ☛ ● ✎ ✎
● 9*

● m●°- :
● oe**m

.*. .

● ***
● O.

● **
● 8* ●00:

● 9 . . . . ● *. : : .*O

Ultraviolet system of 03. Measurements of Fow3er and

~ruttl), compared withwmw lengths obtained with Mlger E486 ,

Quartz nnd Bausuh and Lomb Litkrcw Spectrographs.

J?owlerand Intel~ity2 Hilger Intensity2 Ba;;sh ~~ Inten8ity2
St:ukt E ~M

A

A A A

3432.2 1
.

3421.4 1

3402.6 1

337?.7 1

3374.1 3

3365.2 1

3346.0 1

3338.6 4

3331.2 1

3312,5 Sd

3304.1 s

3284.0 2

3279.8 8d

3272.0 3

3266.5

3249.7

3243.o

8

ld

3232,8 1

3227.2 10

3319

326?

3237

4 3318

4 3288

lW

3233

7

7

s

3

1, ?.R.S, ~s 57’7s1917
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●
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● *.
9* . . . ● ● ● ..:

● m. ● ●

TABS.EVII (oont‘d)
Fowler and Intensity ITilger Izlter165ty Bausch an6 Tnten8ity
Stytt E :86 Lomb

h

A A A

3221-5 10 3220 5 321S 4

3206.8 2 32(!3 4’

3201.0 8d !
.

3194.8 6

3180-8 1

3181.S 1

3177.0 . 8d

3171.6 4

3162.6 2d
.

3156.1 8
.

313i’#4 lod

3114.3 8d

3196.0 s

3096.5 4

3089.s 8d

3183

3100

3093

3067

4

“3

2

1

3187

3180

3170

3152

3092

3082

3070

● @a ● ● 9* ● 00 ● *
●°0 ● ● ● * ● *

● Ca::o: :● *:.
●

● *
00 ●:0 000 ●:0 :00 ● *

● ☛ ● *9 ● ● ** ● ●

9** 9** ● ● ●**
● *O.* 800 ●

:: :00 .9*
● 0: bee

● *****= ● **

2’

2

1
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GABLE VIII

“Ultra violet absorption of mixtures of ??0,N02,”H20 at ~

normal temperatures~
1) and absorption bands obtained from the 1

explosion of a CO - H20 - NO mdium at hiCh pressures z), Oomparod

with bands obtajned with Hilger I 486.

No - N02 - IiO# Intensity CO - NO - H20 Intensity Hilger Intensity
m8dium (: S&e modium (~ ;~le E 486 (on scale

of 10)

3843

3681

366o

3539

3610

3416

3388

3307

3278

32o7

3177 .

5

10

M

9

1

8

2

2

1

M

ld

3845
3726
3680

1
2
3

384o
3741
3696

3656
3575
3s46

3656
3595
3556

Iw
lW
10

3613
3440
3418

3521 lw

3427 9

3390 1 3396 1

3305 0

3270

3202 0

3183 0

1) L!elvin and :lulf,J. Chem. Phy8., ~, 765, 1935

2) Newitt and Outridge, J. Chem. Phys., ~, ?62, 1938
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