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BOT= O CIDEDT ROTAPING-EHIBROR THOTCTRAYES

In tre following paper, & number of references are made to
direct rotating=-airror photographs. These rhotorrzphs were tuken with a
roteting mirror cemera built by Dr. inderson, Tris camere was decceribed
by Dr. fnd=srson a2t the Pag dena meeting of the fmer, Thys., Zoc, of way
5, 1923. 45 the full dsscription of this instrument is not yet in the
literature, the followin: description is given.

The general sr:anvevent iz as shown on the dizcrvam, An

image o;f;ource to be studied is grojected on the slit of the instrument.
The 1irht coning thrqﬁslit vasses thru the camera lens, and after neving
been reflected from one of the faces of the octaponal mirror, coves to &
focus on the film as shown. In use, the instrument isolates & narrow strip
oi.sedtion across thatJbarﬁ.of %ﬁe_soyrce-image whighffa;is bn.thé s1it,

and registers on the_fibn_the chénges that teke place in this region of

the source.

1.PHys. Rev. Vol. 22. p. 206, 1923,
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4 SPUDY 0F ALACTYICLALY “SHPLODED UIRES

Dr., Anderson has dhown thet eglectrically explodsd wires furnich
spectroscopists with a siurce of metzllic vapor &t an excsedingly high
temperature, and further that this vapor retains a high intrinsic brilliancy
for @ relatively long time after the excitation has ceesed. 4is the spectrum
shows & great variety of lines, the guestion mnaturslly arises, Do 211 the lines
appear,simmltaneously, or doedifferent lines:appear’at different»timesF"In
f.eorder to. answer tbls question, a new type of spectrograph was hullt whldh
‘made p0351ble the study of tbe varldtlons of the quctrum Wltb tlme.:ve

. | NETHDDS AND PITPRATU& | | ”
e"}.' The eosentlallv new feature of this SPectrograph is.a rotatln miffor Sq:
_"nounted that the beom after bav1nb p ssed ‘thra the sllt and %ﬁi& suffered
.leper810n,_ls reflectea from one. of the faces of the rotatlng mir or to‘tbe
efocai olane of the insﬁrument;' Two of theqe 1nstruments ‘were bullt one us:hg'

a prlsn, and the other a concave. vratlng.: The arraneement of “the - optlcal parts'
of the prlsm 1nstrument 13 shown diagrammdt1ca11y in Flg. 13 Fig, '2-shows the
'9051t10n of ‘the photogrephlc fllm.relaflve to the rotating mirtor. 'Thie‘kind .
| “of en 1nstrument should be faster than the one to be desorlbed but though a
;number of @ood camera lenses were trled no iere combination was - valldble hav1ng
_;the desired characterlstlos. hat is needed is a comblnetlon wrleh Will |
.accurdtely foous the de51red range of speotrum on a pﬁane perpend1culdr‘to the
‘ex1s of projection, A range of only about 100 A was the best that could be
| done with tﬁe‘ienseS‘avallable, 80 this form of the instrument wes abandoned and )
the concave grating type was adopted;
: 2; ‘The arranﬁement of'the slit ratlng, and rotatlnx mlrror, 'is shown in Flg. 3,

wnlle the p051tlon of the film relatlve to the rOtdtan mirror is am before.
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i(Séé wig. &Y. 4 four-insh, OPb-T zter radius, conceve grating haviang 15,000

lineg per inch wes used., The slit wes plsced two mebers from the grating which
fiwed ths distence from. the grating to the fosal plane at 66 cm,, & zeve =
sezie in the Flirst ordsy of 25 A per mu. The film wes held in & clirculer

nolder laving & 25 ow. redius, The actual focal surve ig not 2 cirele, but

3 cir 3@ was found to approximste it sufficiently well., 7The oct
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a rvecord of every exposure, As the film subtends su av

of &iiﬁhtly more than 90° as geen from the robeting mivror, the light Ffrom the
srating will slways fall somewhere on the film, rsgordless of the position of
the mirvror,

3, When the instrument iz in adjustment, the spectrum smst of course bes focussed,

and further, the rulings of the gratings wust be varsllel to the $1it snd at the

same time the projected s1it imaes

es, i,e.,the spectrun lines, wust be

Bl

te the direction in which they move when the mirror is rotsted, The foau;51nw
can be done visuslly with & high power lens, bub ikis second comblﬂation of
d&a&uﬁc& alrove,

conditions,can not ve met so ezsily. The procegdure adopted was ss follows,

s st rotated to a position such that the central image fell

A £ilm wes then plesced in the holder snd exposed to a seriss of
z1lit images with the mirror in different positions, @nd finslly a veference liuns
wae put on the film by making = short exposure with the mirror slowly rotating,
An are was used for illuﬂLﬂutIOH, ﬁfte? the film wss developed, by comparing
the slope of uhe s1it imeges with the rveference line, the parsllel wposition was
ﬁe-ermiﬁéd. ‘h&s ation s0 oriented the slit that its projeetsd imagze on the
pkutaﬂ' phic £ilm moved a%curately slong ¥6 its own length when the nirror wae

rotated, The gratine was then rotated back to its original position, snd the

normal adjusted. By watching the spestrun lines with & high powsr lens zpd slowly



rotating th

4e It is conveniant to indtroduce a new term at this point. 45 we arve going

to be intervested in doterminim

lenzting Jﬁt vz ¢ull the smallegt time 4if

the ¥time rasclvix

wower” of ocur instrument. Fow slnce time Aifferences are

nreing along the time sxis of cur film the distaunce, say in

by m

oms., from some arbitrary zero line to one of

ifference betwesen these two

n guestion,snd waltiplying

per fact

O

wired for the
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ar, wa will bs well

arsnce of the time, It zppears then, that the time

goval to the tim ge on the

own width., Thue the time resolving powsr dspends both

pactrum in the focal

on the speed of the rotating mirror and, the width of the

used an well

light, the system is astigretic. The conjug te focus

ey

parpendicular to the spsctrum lines, ls farbher from than the cohj
fogue of the spectrum lines themselved, The spectrograpb solit is of course &t

the conjusgete foous of the spectrunm lines, but the herizontal s1it must be olaced
st the conjugate foous of the line in the focal plane perpendiculsr to the spectrun
lines. The width of this secound elit must be Of courseé,governed, by the intensity
o£ the light sourcs. In the present work, the width used was such that the spectrum
was & half mm, , wide in the focel plane.

In most of the work to be descrided, ths speed of the mirvor was
about 160 vev. per sec. 4t this speed the spectrum travels slo@g the film with a
valocity of zbout 450 meters per gec, ,so0 that,acsuming that uncertainties along the
time &axis of the £ilm, due to the finite width of the gpectrum and & possibls lzck
of sriticel focus, do not exceed & helf wm,, the time resclving power turns out to
be of the order of one ome-millionth of & second. In cther words, if éh&nges
taﬁé wlace in thé spectrum of the scurce, the order in whickh svents take place
can be gbtcrmvﬂea,l vided thet the differsnce in time iz not less then about

ong one~-millionth of & second,

B. The spect¥a stulied were produced in the manner described by Dr, inderson.

H
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Two different condensers were used, one of them having already been described
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of 55,000 was used.

palrs at 85,000 volts, but it wes

During the a"snlb%yﬁng, the

not thoug

e
A.‘A L . ) 2 . -
by Dr. Anderson. It was wmide up of E00 si strength window slase plates)
20 = 24 inches,having 4tin Foil coatings 17 z 21 inches. The capacity wes shoutb
- one micy f«r ,and in use, this coundenser was' changed to 20,000 volts, The
hailt vnder Dr. fnderson's direction, Jhe olatas
Mississippl Gless Co. Thsge plates were &6 x 35
. wirg
inches and 7/16 of an inch thick, A closely woven,geuZe 32 % 37 luches was
d - ! o o 1 > >
imbe d@a in the center the plates during the memufacture, zund 2 single wire
brought out on one side to serve s a lead. Thece pletes were then stacked in
holders with the leads of alternzté plates on opposite sides, and the lesds
were then joined to comnon terminals,., The resulting condenser could be cha%ge&
to a her voltage than the ordinary form, smd in the present work & voliage

condenser plates were tested in

ht safe to use the whole coundsusser

at this voltage om aceoult of surge difficulties. 150 plates were used which
gave a eapacity of (.6 microfarad,

As the intensity of the light varies with the oscillations present in
the explosions, for practical purposesy these ogscillations furnished a very
sonvenient time scale, After baving onee determined the period of sach of the

sircuits, time differsnces on the syectrograme were determined by
the asparation of the oscillationms. Ths frequency of the z0,000
messured by Dr. inderson, was 87,000 and that of the 55,000 voll
aireuit, owing tg much less inductence, turned out to be 185,0C Dr. snderson®
the mexdmum current in the 20,000 volt circuit was some 10,700
zperes, On the same %&@is, the maximum current in 56,000 volt civocuit turns out
to bhe 50,000 anpares.
6. Some of the explosicns studied were produced in air, while others were confined
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of slexents was sxsmized in the region from

1. The spectiwn of a'w

were Tound in the behsvior

spectra of m, AL, On, 04, snd

: were found

<«
fomd
s
=
43}
e

In general, the ar

to be $Xariise 19Le1" roversed, while the spark lines freguently appeared in the

-
¥

emitﬂwﬁn. The spark linss generally strengtheuned with ths peaks of the
oscillation§, and some of the spark lines appeared only on the pecks, Ordinarily

the spark lines dissppeared |

iy
3
o
=
i
(D

Howaver, &8 may be sesn from the reproduction, the specirum linss showed almost

noosible voriztions in their behavior,

ks

2o The lines were alsgo fourd to behave differsntly with the twe condensers.

For exswyple, when the exyplosions ware produced with the 20,000 voli cowndenssr,
s - AL mot o §?§? e . )

the two spark lines of Ph, A 4845 and A =Y appesred as sharp lines sund showsd

no bendency to reverse., Jith the 55,000 volt condenser, these two line

2

1ite broad and 4

se end showed defiunite reversal., 4s = rule, the

spectra obtained with the second condenser were almost entirely asbsorption

\12

j_}?‘t

»

%, "he spectra also behaved differently when the explosions were confinsd

@””dd*vnv e wefocll bl e d

ot when they were produced In the open air, The jifference was Fery

Pulo
B

marked when the 20,000 volt condenser was used, but not so nmoticeable in
the case of ths 55,000 volt condenser. With the lower voltave conil
bing the exyloéions incrsases the strength of the continuons specirum snd glso
the tendeﬁcy.for lines to reverse. This tendency ig also present, but not so

marxed)when the higher voltage ¢ ondenspr ig used, for in this case the contine

w0

uous gpeetrun is slready quite strong in the unconfined explosions and con-

firning thom aids bub 11tf1e to its strength.

spectrmn when the circult stopped ocscillating




resence of this ¢

.

case of most of the ¢ 1ﬂaaaup gtudied, it

oscillation, snd in

wtion, 11%@gt rct tin

the rpg*oj

oy the time the third half oscillat

PN 3 ', 2 - - K’ O, g
pragsure is not much sbhove

. ‘e JE— ) - 2 . 538 y L o» " - N - . oo
B ptmospharel. This 1z signiflce it shows we have a mass of vapor,

certeinly not much above atmosphere vressure, in which the exciitation is

to produce radisztion almost entirely comtinucus.. Just how

@

mach of this excitation ls electrical, and how much is

of course 1ot known., The fact that the combtinuous chows =

with the slectricel oscillations, does

nealk

- o gy e & o ) <= e Ty o e
be only %o incrsase » of the vapor. The

in potential snen

f the slectron relative to the stom,

e VT these the same value. g first

wetic energy of the elsciron may have almost any

ot W
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Lipes dme to Calcivm

ption lines which remain throut

2510 To i 4800 3

Ko trace of 4019,20 or 4188,19

4226.90
4507.90

3765,69 3840.61 41438, 59
&7 .35 60,03 44,08
86,81 72,70 81.94
98,12 768.19 99,28

818, G0 4048,99 4E02. 20
20.61 63,77 AEE0. 68
£6.07 71,92 7L.98
£8.00 4118.,70 4325, 97
54,40 324 28 82.71

4404, 95

¢ the lines were cleszified ag follows:

hark

A
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(lass IV - Strongly revsrsed linmes showl

v to very with
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faint vreversal snd pronouvnced varist

(@
*‘.-i
Q_N
o
t
o

no trace of reversal, but guite pronounced

Jlass VIX Sharp lines showing no trece of reversal, but defly

Olasss VIII Dif

the peaks of the oscillations.

v lines showing no trace of revers

and appesring only on

guesbion. Intensities a

g
Y

or g, meaning weal,

strong. 4 move Blaborad In & few capeg, the seriss

Any extraordinary behavicr of the
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gwﬁvﬁr . 60,000 volt condenser (Bxplosions con-
length fined in block)
Int. Class Remarks
4525 . ' g 1 " Appears at beginning
IMPURITIES
3934  Ca m 1 Apvears in 2nd
3969 Ca m I " noon
4227 Cx m 1 " "o
4737 C w  Band Four heads show faintly in 4th, 5th and 6th
MAGNESTUM
Wave- 50,000 volt condenser (Bxplosions in air)
length ; ' et
Int, Class . Remarks
»
3829 s 111 . Appears &t beginning
3832 ] II1 " " "
3838 8 ’ III 1] " 1
4481 8 Vi Appears at beginning;very wide at first

(possidbly 50 A)
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A N7 AB30TPTION FPH NCHINON

1. In'the case of & number of spectrograms of Al., Pb., 7d., Ca., &nd

¥g. » explosiong)a new absopption phenomenon presented itself., For &

very short 1nterVJ1 of time, usually for not more then about three

.m11110nﬁhs of a second, that part of the explosion which was projected
oand pacoliced

on the slit of the spectrography beceame highly absorbingApo photographic

effect.'.As may be seen from the reproductiong, the licht appears to be

compleﬁely cut off for'a very short time, In the regions very clese

to strong arc lines, this cutting off occurs a little later than in

more remote regions)so that the general appear:nce is that of an infinitely

'Wide absorption line rapidly becoming narrow, This delayed absorption is

best illustrated by the aluminum spectrogram WN® L  in which the 1icht

from the explosion first appears to be completsly cut off except in the

region within a few angstroms from the two strong arc lines 3944 and 3961.

Then &g time progresses, the vapor becomes transparent to wave-lensths

remote from.these tﬁo lines, but opague to wave~lengths Wwithin a . few

angstroms from them. Immediately after the absorption sets in, the appearance
is of an infinitely wide absorption line having an emiszion center some

50 angstroms wide, with thc emission core itself showing two sharp absorption
lines upon its central repvion. In the lead spectrogram NZ22.  the sare
effect is seen except that in this case the lack of a continuous backeround
makes the effect less prominent. In this case, the arc lines 3574,3640,

3684, 3740 and the very strong arc line 4058, play the prominent part, The
effect shéws guite a variation, both as regards duration, as can be seen from
~ the serigs of zaluminum spectrogréms, and =s to time of occué%nce. In the

case of one of the lead explosions, the effect occuﬁéd about twenty~-five

o
millionths ofksecond after the beslimning of the explosion., Ordinarily this
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~effect oceurs st the minimz «f the oscillatioms, but not zlways. In one
of the lead spectrorrams, one of these "absorption bands" was found on the

peak of the third half oscillation, "his varticular one was of very short

duration, somewhst less than two millionths of & second.

2, It is very probable that when this absorntion occurs, it only occurs
over o very small area of the explosicn, Tirect rotating mirror photograinbs
of the exnlosions show that in the case of the elémgnts vhich exhibits thi
s7Fact, the explosions have a "mottled" appesrsnce., Small a eag appsar
wiiic spparently sive ¢ff no lizht, or at les=t not enough tc affect the
photo ruphic film. The area of there "spots" is only a few square mm. It
seems very probavtle that theseMspots" are merely resions in which the

s
. - . A -
absorption ﬁf}Fhe preceding paragraph is occeuring. 1t wonld be very strange

[

ndeed, Iif the whode nass of vapor stopped emitting 1i ht for a sghort

sh

N n N s . -
this ever occcurgdy thne direct rotating mirror photeiraphs sould

-

time, und 1
certainly show the effect. Ic such efrlect was found, so 1t ssems ressonable to
concluds that the absorption occurs only in small areas ot any one time,

3. Mo explanstion is offsred for this phenomenon. There is a small possibility
that it is a zind of photo~electric absorption, but while this mirht explain

the ¢eneral zbsorption, it is difficult to see on this basis why the ahgorption
should be "delayed® ir the vicinity of strons arc lines., The fact that it
appears to occur only in amall regions &t any one time, mi-ht be explained

in this manner: One might suppose that for some resson a large percentay

(o]
o

f the atoms in some small rezion -0t int~ the same state of sxcitation.
This state mirht be ¢ne from which the stom could be jonized by the absorption

of & guantum of visible light. In this case we mi ht expect the vapor in this

small region to be opague to all wave-lewiths below that one having Just the



1z.

fong, gt

.ioniéing sneri:yy ‘ﬁg'other words, all wave-len.ths below the dewee weve,limit,
Iﬁ the case'bf alwsinum, tﬁis long wave-laen~th 1imit‘was looked for. By
using a wide slit and red sensitized films, the spectrum was photographed out
to A 7500, but no long Wave—length limit was found. This of course has very
little bearing oﬁ the explanafion, for even thouzh the absorption were of a
photo~electric nature, one mihgt have a mixture of stoms in various states

) 5muwv~ncigaa~< .
of excitation doing the absorbing. In this case, as atoms in differentﬁ}ong
wave-length 1limits, we would not expect a very definite red limit to the
abgsorption., However, éven if we grant that a pho:;:electric kind of absorption
can play a part in the above, we have not explainedA"delayed" action in the
neighborhood of str-ong arc lines. Hence, to the writer st least, this photo~
glectric type of absorption is very unsatisfactory as an explanation of the
above phenomenon.

Iz conclusion, the author wishes to express his deepest

appreciation to Dr. J. 4. Anderson, under whose direction this work was done,

H
£

|
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FURTHER BXPERIVAITS

During the study of the explosions, it developed that some
metais were more difficult to explode than others. The effect presented
itself in the following menner. hen wires of copper, silver, or gold
were cxploded, unless the leads to the electrodes which sgupported the wires
were well separated, a spark would pass across the space between the lezds
and & part off the discharge would thus be shunted sround the explosion,

However, it was found that by keeping the leads well separated, zll the discharge
could be made to go thru the explosion.

In order to investigate thds phenomenon, & sphere gap was placed
in parallel with the wire to be éxploded so that a me=sure could be made of the
maximum voltage built up across the vapors of the explosion. The electrodes
which supported the wires were arranved so thuat their separation could be
varied, and measurements were made using electrode separation of from one to
ten cm. The measuremente consisted in detsrmining the minimum sepsration of

hie sphere gap which would force all the discharge thru the vapors of the
explosion, The 55,000 volt condenser was used,

Curves wers plotted for a nuwber of elementsy plotting electrode
sepzration, i;e. length of wire exploded, against the legnth of the sphere gap.
A few of the curves are shown, They =11 ap eared to be strairht lines thru the
origin, 4s & basis for compsrison, the sphere gap sepsration in mm, correspond-

ing to a five om, length of wire, is listed for all the elemsnts stuiied.

Cn. 37 mm. Ni. 31 mm, 41, 18 mm, Li, 14 mm
Ag. 79  wm. We 25 mm, Pb. 17 mm, Fe. 13 mm
A‘. Zn‘ . vz‘ mm- Sn. 18 m.

Ls the supply of gold wires gave out before sufficient data was

obtained, a definite value for gold cannot be given, However, the evidence on



hand‘iﬂdicates that‘the.value'is very close to éopperiand gilver.

The fact thét these three "high" elements belong to the same
group in the periodic system, su:gests that elements in any one group should.iﬂgwua
alike in the explosions. However, & glance at the elements Just listed shows
that the agreement‘rather haphaéard.-

Twc one @nd one hald inch spheres were used for the gap, and
the voltagesylisted on the curves were computed in the ususl way., The fact,
that somelof the voltages come out much higher than the voltage used on the
condenser, is not surprising when one vemembers that we are dealing with rapidly
chansing cur—ents,

In 6rder to determine Just when the voltage across the explosion
reached 12:maximum, things were so arransed that lisht from both the gap and the
explosion fell on the slit of the rotating mirror spectrograph. It was found
that as far as the spectrograph could determine, the besinning of the spark and
the beginning of the explosion were simultaneous, Frobsbly the wire first
vaporized and then developed & high resistance, but did not become sufficiently
luminous to photograph)until this high resistance stzge was reached,

If the sphere gap was set near the critical position for the
wire in question, only part of the current of the first half oscillation passed

v s enracd

khru the gap. The balance of the current of the first half oscillation and all
the subsequent oscillations passed thru the vapors of the explosion. If the gap
was made sufficiently short, practically =z1l the discharge could be mede to pass
across the gep.

The mass of the wire exploded seems to have very little effect
bn the dzterminations, as wires of various sizes of the same metal, rave quité
similar sphere gap settings. Screening the gap from the light from the explosions,

-made no noticeable differsnce,



It is thought that these #eterminations are proportional

to the resistance of the various metallic vapors,



