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P.M. Bellamy, G.E. Duvall, C.R. Wilson
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ABSTRACT

The effect of shock loading upon the unpolarized absorption
spectrum of ruby has been measured. Experiments were performed
both abo’le and below the Hugoniot elastic limit (HEL), with the
experiment above the elastic limit failing due to extinction of
the lighit upon impact. The experiments below the elas+,ic limit
were botlt done at about the same pressure (@lOO kbar) and show a
shift of both absorption bands in the visible region toward
shorter ~iavelengtht the shifts agreeing well with those measured
at a com~)arable hydrostatic pressure. The magnitudes of the
shifts b(!low the HEL complement shifts recently measured by Goto

etal.l

INTRODUCTION

Abso~pGion spectrun measurwnents on minerals under pressure
can provide information on the compressed crystal structure, and
so are of geophysical interest. Measurements of changes in the
absorption spectrwn of single crystals of vario!is kinds klave been

I-6performed by several workers using both static and shock
compression Lechnlques.

The spectrai properties of ruby have been studied
extensively as a result of laser applications, The chromiun
doping results in ruby having two strong absorption bands in the

visible range, one at 400 nm (25000 cm “’), and one at 55o nm

(18000 cm-l), rooking it an excellent choice for experiments ~]sing
a spectrometer tuned to the visible light region. The band at

400 nm corresponds to the electronic transitions 1’A9 + 4T1 and

the 550 nm band to the 14A2 + 4T2 transitions, In a;dition to the

experimental information avnilable there have also been very

7-8complete theoretical studies @ the spectrun of Ruby .

E)!PERTMENTAL TEC}!NIQUk’S

TtIe experimental arrangement was that shown in Fig. I. The
cry9tu.lloHraphic C-axis of tho ruby snmple wns oriented at 60”
with r~spect to the impact surfuce.
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Figure 1.
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Experimental details.

A 10.2-cm-diameter aluninun projectile was accelerated by means
of a light gas gun to velocities between 0.5 and 1.0 km/st?c. A
sapphire (Al 0.; Plate backed by a front surface mirror was

23
embedded in the front of the projectile, the sapphire positioned
to strike the ruby (0.05% chrorrriundoped) target producing a

symmetric irnptict. !’hc Hugoniot data of Graham and Brooks9 Was
used to find the pressure corresponding to the known particle
velocity in th~? ruby sample.

A conxial pin in the targvt was shortt’d by Lhe projectile
impact tr~ggerln~ a xenon flashlomp and the oscilloscopes used to
monitor a photomultipl ier Lube on the streaking camera. The
light from the fl~shlmrp was focused onto the target asstmbly,
the rwfloction from the bcvelqd first surfncc of the ruby sumple
bt?inq sent, off Ixis so as not to add to background light on the
film . ‘!’tielig},t then pnssvd through theruby and snpphlre, wos
rcflectud by tne mirror, 8uL~ directed onto the entrance slit of a
diff’r~ction grntlng spectrometer with grutin~ blitzed to ‘jOn nm.

7%(! spectrum Woduccd by Lhc g[J(?12troff)(?~.~r was directed onto the
rotating mirrcr of :1s!,renping cwnero (Lkwkmon & Whitely ~{~) and
projocted ont9 !Zoduk ?74’IC;spuct,rofiruphic film, thus producing a



time resolved spectrun. A photograph of the spectrun for a 10~1
kbar experiment is shown in figure 2.

Figure 2. Time resolved absorption sp(”ctrun
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of ruby under
shock load Ing. The xenon mission iines occur at the start of
the streak, and the absorption shifts under ccnnpres.slon can
clearly be seen.

fie film is sensitive to wavelengths of between :00 mn and 700
run, and the maximun writing rate of the canera is 9 Ian/sec. The
writing rate in figure 2 is about ‘?.2 km/see.

EXPERIMENTAL RESULTS

The results of the three experiments aro shorn in Table I.

Table J Results of Ruby Expcrimen Ls

—.

shot P( kbar) Up( km/see) AA(550 nm) ha(400 nm)

~
.-. —. .— —

200 .512—— .-

80-015 104 ,2~4

80-016 98
Il?ltl(l ;;!10

. ?27 .- —
—-S-

hot 80-016 was performed with an elwtronic streaking
camera, with a wovelcngth window of approx. 120 rzn, and w~s tuned

4
‘0 ‘0110” ‘he ‘2

+ 4T2 transition. The results from the
i

experiment using the ●lectronic cmncra uere unsatisf~ctory.
T ‘ data from shot 80-015 were digitized and stored on

magnetic tripe. A fixed-timr densitometric scan of these data in
the unshocked region 1s shown in figure j, and the tw absorption
bmls can clearly bc seen.



I
i

Figure ~. Absorption sp~ctrun o!’ ruby at 1 atm. at fixed
time.

me digital information is contained within a matrix of 512 x 512
“pixels”; i.e. with a total of about a quarter of a million
points. A wavelength calibration is achieved by looking at the
xenon emission lines at
pixel location at which

the start of the s:reak, and noting the
they occur.

DISCUSSION

ruby shot performed above thl~ elasticIn addition to the
limit, one was also done using a sapphire plate as a target.
Wth of these shots showed similar behavior upon impact; the
light was no longer able to pass through the target/impac>tor
combination. This behavior may bc related to the phcnom:”non of
plastic yielding, and so possibly due to the stress deviator’

Q
collapse seen perviously in sapphir”v” arid the rncchanism of

heterogeneous melting. Grady10 has recently discussed a possible
mechanism in which a brittle solid mi]y lose bulk shear strtngth
due to a heterogeneous yielding process and the formation of
shear bands. Further evidenc~ that tliis loss of light intensity
is due to plastic yielding is provided by the t’perimcnt below
the eltistic limit in which no noticeable 103s of intensity upon
impact is seen.

The crystal field parameter 10[w, and the Racah purannt.er B
can be calculated from the results of shot 80-015, and the
results comport! well with the shifts observed by S~ephons [~nd



Drickamer3 at an equivalent hydrostatic pressure. The3e

parameters are calculated from the equations of Tanabe and

Sugano: 7

(1) E(4A2 + 4T2)= lCDq=A

(2) E(4A2 + 4T,)= 3A/2 + 15B/2 - l/2[(A - 9B)2 + 14LB2]1’2,

from the absorption band energy shifts. The results of

this calculation are A = 18625 cm
-1

, and f? = 665 cm-l.

*This work was supported by ONR G3ntract No.
NOO014-77-C-0232.

REFERENCES

1.

2.

3.

4.

5.

6.

7*
8.

10.

T. Goto, T.J. Ahrens, and G. R. Rossman, Phys. Chem.
llinerals~, 25.? (1979)
E. S. Chffney and T. J. Ahrens, J. Geophy~. Res. 78, 5$?42
(1973)

—

D. R. Stephens and H. G. Drickamer, J. Chem. Phys., 35, 427
(1961)

-

S. Nlnomura and H. G. Drickamer, J. Chem. Phys., 35 (Ig61)
D. R, Stephens and H. G. Drickmer, J. Chem. Phys”= 34
(lg61)

—

R. M. Abu-Eid, The Physics and Chemistry of Minerals and
Rocks , R, G. Streus (cd.), (John Wiley, N.Y., 1976).
Y. Tanabe and 2. Sugano, J. Phys.. .%c. Japan, ~, 753 (1’yj4)
S. Sugano and Y. Tanabe, J., Phys. %c. Japan, 13, 800
(1958)

—
b

R. 1!. Graham and W. P. Brooks, J. Phys. them. Solid,q, ?2,
2311 (1971)

=

D. E. Grady, J. Geophys. Ms., 85, !JI? (lgtlo)—


