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rPart I--Fhotomstry
Abgtrect

Two spectrograms were obtained of the nuclear ex-~
plosion. A high time resolution spectrogram covering the first
5.5ms taken with & drunm spectrorraph, was secured from station
164 Northe 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 oud bends have been listed.

Approximate temperatures are obtained from the Hilger

spectrogram for the Tirst Sms.

NP UWeLisgipey
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A Hilger Intermsdiate Quartz Spectrograph as well as a

Bausch and Lomb Littrow Spectrograph were rebuilt to taks a spec-
trum of the bormb ms a functio: of tima. Tt was the purpose of ths
Hilger Spectrorraph to set a short time, hirh time resclution record
of the bomb for the first 10 ms. The Bsusch and Lomb spsctrograph,
eguipped to teke & roll of 7 AjAero film {ifteen 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 spectra obtrined from these two instruments ¥ were to
give the teuperaturs of the nuclear exnlosion £s8 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 repleced 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 a synchronous motor. The film had a linsar
velocity of about 60 meteres per second. The exact rate was obtained
ifrom marks produced by timing lights controlled by a 1000 eycle tuning
fork oscillator. Since it was impossible to focus the aspectrograph
visually, and very tedious to adjust it photographically, e gage was
designed which gerve the exact distance betwsen a finished surfance on
the spsctrorraph and the uvndersurface of the drum. Ninor edjustments
wore effected by moving the slit. A special spring oentrolled shutter
(See Fig. 4 for photorreph and Fir. 1 for schematic drawing) was mounted
directly in front of the slit (in fact it took the place of the Hartman
diaphregm , end limited the exposure time to approximately ten milli~

seconds. The shutter was trippsd 17 ms in advnnce of the detonation
by a remote control mechanism.

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

The apectrum of an H=4 Yercury Vanor lamp was used as a
wave length standard. This spectrum was photoprarhed two times, ebout
180° apart on the drum, to assure at least ons meesurable record in

case the other one should have the spectrum of the bomb superimposed
on it.

% An almost identical set of instruments was located at 10 Weat.
The B and L Spectrograph wes not set up in time for the explosicn,
the other, a 13‘-,6' -.If',ei" :%U:‘ograpn failed to operate.

o o
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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 time resolution is constant only if the slit
length equals the size of tha imspe, for image sizes smaller then
the slit length, the time resolution is governed by the size of
the immge, The time resolution may easily be computed from

T = 16.951pa ¥
wheres L is the length of the slit or imrre size in mm.

Thus for times less than cpe 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 & .

Bausch and Lomb Small Littrow Spectrograph (See Fig. 8.
To cover the tremsendous change in illumination which would take plece
in the first ten seconds during which the spsctrograph was te record
the spectrum, an extremsly complicated varying speed drive was design-
ed. A hydraulic motor drove the film take up spool 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 briphtuess curva.

Th% gpead ratio betwsen maximum and minimum speed was
40,000 to 1. The film sterted 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 gpeotrorrarh took a picture of the slit while the gpectrerraph
was recording the explosion. This {ilm showed that at no time was
the immre 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 rrovrd was enough to blacken
the film st the beginning of the spectrogram to a density of sbout
2 despite an exposure of about 1/1():3 sec., The film is interpretable
to 1.6 seconds after which the hydraulic mechanism seems to have
stalled, resulting in an overall fogzing of the film after 1.5 secs.

1) Actually the linear velocity of the film was 59.0 weters psr
second, henca the constant 16.95 rather than 16.67,

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

3 The hydrauliqo'sy:itc—i.o wa§ c;i:s ii:;iod bv N. Bifano.
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Installation

The high speed drum spectrogiaph was located in a con~
crete bunker 10,000 yards, (Stetion 10° North) , from the tower
on which the bomb was detonated. The instrument was lined up by
fooussing a searchlight, mounted 25 feet below ths bomh, on the

slit. The condensing leons was a quartz fluorite achromat of
30 em focal length.

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

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

Ixposurs

In both spectroyrechs Fastmen ¥edak Tri-X Aero film
was used, mainly because of its low shrink base. No other film
was available except Super ¥X, which although slirhtly slower
would have piven 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£:12.56.

The Bausch and Lomb Littrow Spectrograph hed n slit
width of 20p snd length of 4mm, nnd an aperture of f:13.6.

Discussion of Spectrogram Obtained
with Illigh Speed Spectrograph

(See Figs. 10~17 for photographs).

A record of the explosion was cbtained for the f:rst E.bms
end showad that no liiht of wave lengths 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 absorption
bands may be se~n, especially in the nesr ultra-violet rarion.

Although the spectrum does not chanre with time for the
first 6.5 to 6ms, oxcept for temperature, the very beginning of
the spesctrum shows some extremely interestin; features (See Figs.
11-16 for paotographs) .

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 surrounding the bomb, epparently
forming a luminous sphere sround the gadpret of 60 to 80 meters

in diameter., The luminosity of this "sphore"™ did not last longer
than five microseconds, however, it is difficult to determine how
short it was. The radiation from this luminous sphore produced
an emission svectrum 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 spectrum in the laboratory, however, s more
detailed sccount of the results is given balow.

The temperature redistion behaved g-iite peculiarly for
the first 70 microseceonds. The tempcrature stayed constant (within
the accurscy of messurement) from zero to 38 microseconds, then in-
orensed within five microseconds by 60 »nd stayed at this tempera=-
ture from 38 to 70 microseconds. There is indicaticn of a third
such period, but it is not very pronounced snd it msy very well be
dus to a stain in the nerative. After this pariod of violent change,
the borb reached its hirhest tempersture at ZOOt'5g microseconds,
and then graduslly cooled to a temperature of £CC0 K after 5.1 milli-
seoonds. (The highsst terpsrature is not Imown for ressons which will
be explained below, but it may be inferred from the densitiss of the
£ilm where the highest tempereture was reached)

Table T gives the temperature as a function of time from
0.8 to 6.6 milliseconds. This table should be compared with Table II

which shcws temperastures computed by J. L. rageel on ths basgis of
Brian O'Brients Crossrcads rssults.

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

Analysis of Film

Ths method used in determining the temperature of ths ex-~
ploding bomb was sugrested by Dr. S. N. Nicholson of lt. Wilson

observatory, and almost sll the important phases of this work were
directed by him.

The nature of the apparatus msde it practically impossibls
to put a stepwedge or even the spectrum of s standard source on the
film, we were therefore compelled to {ind the ratio of energies at
two wave lengths from the [ilm and compare them with theoretically

) J. L. lagee, Crossroads Report

2) PBrian O'Brien, Cerden Milnge. Bvian 7'Brien,’ Jr., Crossroads
Technical Repost,: Tdst 8, $roledt No, 11-12,



calculated values for different temperatures. A Plenckian dis-
tribution was assumed.

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

Two sterwedvres were prepared, one for each weve length,
covering the necesscry densitiss, The wedyes were printed on film
of the seme emulsion number used for the apectroscopic record.
Wratten filters introduced bstween the light source and the {ilm
gave the desired wave lengths, except for the sghortweve length
filter whish 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
FKodak Cgmpany, showing the sensitivity (reciprocal of exposurs in
ergs/hm reruired to produce a density of 1.¢) as & function of A,
The ratioc of ensrgies for blus and yellow light to produce the zsame
density was easily obtained from this curve. Firf. 2 shows schemati~-
cally the two characteristic curves for 4000 and 5700 A, and their
position reletive to each other. The log It difference st D 1.0
corrssponds to the above mentioned ratio. All density mesasurements
were made on a Capstaff = Purdy type densitometer.

The theoretically computed ratio of energies for the two
weve lenpths wap corrected for the dispersion of the spectrograph,
and the logarithm of this value was plotted against corresponmding
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 rro some serious snd justified objfections which may
be raised arainst the method of asnalysis.

The matter cf reciprocity lew failure carnot be te'en
lichtly, because of the tremendous range in exposure time betwesn
the lsboratory produced sterwedpges and the'acgual spectrogram. The
ratio of exposure times is approximately 2.10° to 1.

Little sesms to be known about reciprocity law failure for
very h};h intensities and extremely short times, snd althourh somd
curves™ were svailable 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




The probablo effect of reciprocity law feilure on
the I and D curves is shown schematically in Pige 9. This fipure
gshows the charscteristic curves used for the tempsrature determina-
tion, and the assumed actual ¥ end D curves. These curves show that
for the same density diflerence, (density at 4000 A minus density at
5700 A the aotusl differonce in the logarithm of illumination, Alog
B2, is grester than the measured differsnce, Alog Ej. Alog Zy then
represents the quantity used in determining the temperaturs from the
curve T vs lo; It g7po/ Itaooo* Alog Ep being grester than Alog 2,
gives a lower tempersrture. Ons would therefore suspect that the tem-
peratures presented in this report are too high. MNagee's results
show exactly the opposite.

A series of H snd D curves were derived from the above men-
tioned Eastman Kodak Qompany reciprocity law failure curves, covering
times from 100 to 107 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, one gets a ratio of about 1.6 between
the two sammas. This would indicate an error of approximately 16 7.
at 60000, 25%. at 10,0000 and 6% at 20,0000, The error is much grester,
however, if the fairly flat top of the H and D curve is used, as it was
in this experiment.

[ J

The maximum densities measured on the Hilger Spsctrogram ex-
ceed meximum densities obtrined in the laborastory by 0.1 units for the
blue and about 0.05 for the yellow. This phenocmeonon has not been
sdenuately explained, .

Ona may check the consistenocy of the results by comparing
temperafures and densities in Table I. Thus for exampls a temperaturs
of 5.10Y °K at Bms seems to g ive a lower density at 3470 A and 570c]
than a temperature of 4.8 x 10° ©K at 1,72ms. Of course, these
varistions are well within the error of 15/ given above, ’

An error whict is berd to evaluate but which none the less
mey be very serious mey have been introduced by assuming the validity
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 meas:rements. Howsver,
D'Nrient's brirhtness determination is certeinly far superior in many
respects.

Part 11--Snectrosecopy
P e

Although temperature determination wes of primary import-
ence, the spsctrum in itself showed interssting enough features to
make & detsiled investigation extremsly worth while. Any informa-
tion concerning the identification snd determinestion of absorption
bands snd lines miht shed some more lizht on the temperature of
the explosion and the physice of explosion in general.

—



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 millisecends. nly exceptions are
three absorption bands at 30687, 3093, and 3100 % which graduvally
fade away and disappoar at the end of £.5 milliseconds. The emission
lines mantioned sarlier in the report will be discussed below. It
is interesting to note that the Bausch and Lomb spectrogram dees not
show these lines, which may probably be explained by the misalignment
of the spectrograph (it was focussed on s voint on the sround a con=~
siderable dist=nce in fromt of the bomb) . Significant chan-es occur
in the spectrum after six milliseconds, as evidenced by the Bausch
and Lomb record. A rreat number of new bsnds and lines sppesr, lines
or bands which had a broad and diffuse appearecnce are sharpsr and
show counsidereble structure. A wwmve lenrths chart has been prepared
for both records, showing the position of the lines, their intensities
(alao approximetely indiceted by the width of the line) snd wave lengths.
This chert represents the actual appearance of the lines on the film,
the lines are not shovm on a linear wave length scale, but conform to
the dispersion of the spactrogreph. All intengities 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
linses in about 2 centimeters length of spectrum. It is therefore
belisved that intensities derived from these records are of no great
value. The 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 plans for the whole length of the run. FHowsever, by
using lines measured on the TIilprer record es secondary standards on
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 Hilrmer record,
the Bausch end Lomb wave lengths could easily be corrected by direct
comparison,

Table TTI 4is sn sttempt at recordinz the changes which take
place in the structure snd sppearsnce of the besrdg in the {irst 1.8
secs. Approximnte times are jiven ‘or the appeerance end disappesrance
of almost all bands £nd lines. No great weight cen be attached to
these times since the exact point of disappasrance 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 chanres in structure or character of the lines nnd bends. Thus
for exanplo, the line at 3840 X which is easily recornizable on the
Hilger record ns a vory 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 corresponds to Lte lines num-

)
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bered 5¢ to 58 inclusive. These lines merpge into oms diffuse line
at 6 milliseconds. Again at 3237 A on the Uilger record there
appears ona 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 two.

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 errors have been estimated from the umcertainty in the com-
parator measurements, and the uncertainty in the dispersion formulae.
The Bausch acd Lomb spectro~ram ofiers additional difficulties due
to the irrsrular film motion snd the failure of the film holder to
kesp 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 mp way be estimated by direct
comparison with the Hilger wave length chart. Tt will be noted that
all weve lengths of' the Bausch and Lomb record from 38408 - 3067 are
low by about 1nA when matchod against the same lines of the Hilger
record. This ia primarily due to ths erratic dispersion of the low
time resolution spectrograph. Althouzh the Bausch and Lomb wave
lengths have been recorded on the wave length chart as computed, the
sbove wenticned diserepancy of 10A has been made use of in Table VII
by inoreasing each Bousch and Lomb wave length by 10A. This was done
to briap the latter in agreement with Hilger measurements.

Analysis of Spectium

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

Dr. E. Teller suggested that the ultra-violet cut-off at
2990A was due to the formation of Ozone. The ultra-violet cub~off
is shown as a function of tims in Piga. 24 and 25. And indeed ab-
sorption bands extending from 3000 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 obtained in this experiment.
The Beusch snd Lomb readings have been corrected by adding 10 A, since
the latter showed an almost constent deviation from corresponding
Rilger measwurements. The sbscrpticn lines whose origin seems to be
fairly well establishad are the Calecium and Sodium lines et 420 milli-
microns and 584 millimicrons respectively, believed to be CaT 42267A
and Nal 5889.9, 5895.9 A. They are probasbly 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 sbsorption lines occurring in mixtures of NO, NO,, Tf’d Hp0 has led
to the belijef thot 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-
feldor end J. L. lagee™ . Velvin and Julf® obtamined a series of
gbsorpticn bends with a NO - NO, = H,C medium which bear a striking
resamblance Lo the bnnds at 3423, 35%5, 3696, and 3840A. Nowitt
and Qutridge™’ obtain similar bands from the ewplosion of a CO ~
O30 = NO medium at hirh pressures. Thoy sugrest that these bands
may be due to the enhancement of certain bsnds of the normal NOg
absorption spectrum. Table VIII is a comparison of wave lengths
obteined by lelvin sand Wulf, Newitt and Outridge, snd wave lengths
of bonds obteinod with the hirh speed svectrecrsrh. The agreement
is fairly cood, the intensities seem to check with the published
data.

The emisgion lines (See wave length chart and Table V)

have boen investigated by Dr. J. E. Vack. A piocture was tsken of ths
"rlory hole" at Cmege with a fast 2 glass spectrograph. Mo visible
radiation emanated from the hole. & ten hour exposure at a boller
rate of 6.5 KV resulted in two or three faint lines at approximatsly
4085, 4280, and 4348 A. These values may be compered with the
emission lines of Table V. Further experiments will be necessary

to substantiate these results.__J. L. kspfee sugrested that the
enisgion lines may be due to oll

D J. Vages, J. Hirsahfelder, LA-1020, Vol. ¥IT, Chap. 4,
Radiation Phenomena in Alr Blast of Gadpet

2 E. Yelvin, 9. Mulf, J.C.P. 3, 765, 35

3 Yewitt, Outridge, J.C.P. 6, 752, 38
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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 light tirht connection between the
drum housing snd the spsotrograph itself. It also

allowed daylight loading of the drum.
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Figure 4
E 486 llilger Spectrograrh. Frontview of shutter and
slit. The shutter slide 1s pulled across the slit by means of a
spring. The srutter is released by a solenoid. The pip lights
are operated sutomstically by the motion of the shutter. As the
shutter moves psst the glit a contact is8 established whioh oloses a
circuit to the piplights. The piplights are on aa long as the slit .

is exposed to the lightsource.







Figure &
E 488 Tilger Spectrographs Drum and drum housing.
The grooves which guide the £ilm in the drum are eamsily

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

spectrograph with its plate holder removed.
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Figure 7
Hilger E 498 Quartz Spectrograph. This instrument
failed to operate., This shows the piplight installation, which
was similar on both instrumsnts. The image of a neon bulb

slectrode was focusgssd 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\uartz Spectrograph. The violet end of the spectrum
is on the left hand side of the fipure, zeroc time is at the

‘bop.
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Figure 11

Bomb spectrum, 0-3.8 ms.

spsctrograph,

Hilger E 486 quartz
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Figure 12
Bomb spectrum, 0~3.8 ms. Hilger E 486 quartz

spectrograph.
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Figure 135
Boxb spectrum, 0~3.8 ms. Hilger E 486 quarts

apactrograph.
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Figure 14
Bomb speotrum, 0-5.8 ms. Hilger E 486 querts

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

at the very beginning of the record.




1 S D Do W




Figure 16
Bomb spectrum, 0~3.8 ms. ¥Wilger E 486 quarts

specstrograph.
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Figure 17
Composites, showing the beginning and end of the
bomb spectrum, The Hg vapor comparison spectrum shows at
the very end of the bomdb spe.ctrum. (This was & luocky
accidentl The violet end of the speotrum is here on the
right hand side of the figure,
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This page wes inasdvertently omitted when the
report was numbered.
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Figure 23

Spectrum of the bomb taken with the Bausch and Lomb
Littrow speotrograph. 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 waviness of the bands is dus
to the irregular motion of the film transport mechanism end the
failure to hold the film in one plans. Ths dots on the left are

caused by an electriocal discharge.
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