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ELECTRIC FIELD INDUCED SHIFTING OF OPTICAL HOLES, FLUORESCENCE LINE |
'NARROWING AND FREE INDUCTION DECAY IN RUBY
A. Szabo and M. Krol] |
E]ectron Phy51cs Section, E]ectr1ca1 Eng1neer1ng
Division, National Research Council of Canada,
Ottawa Canada. KIA 088 '
RecentIy an elegant exper1menta1 techn1que for: obserV1ng coherence
effects in gases has been deveIoped by Brewer and Shoemaker.]- By Stark
-sh1ft1ng molecules in and out of resonance. w1th a CN Iaser, opt1ca1 nutat10n,-
- free 1nduct1on decay and photon echoes are observed The mawn advantage of
“this scheme over earlier methods in which the Iaser 1s pu]sed is that the
~only trans1ent observed 1s the des1red coherent trans1ent 1tse1f and second]y_-:
heterodyne detection is poss1b1e since the coherent]y rad1ated I1ght '

_propagates in the same direction as the laser beam and is shifted  from 1t 1n

frequency;' In this paper we report the f1rse extansion of this techn1que to

a solid, ruby In view of the order of magnttude conf11ct of photon echo-
decay t:mes measured by Liao and Hartmann2 with ear11er work, - 1t seemed
Vdes1rabIe to. further study coherence effects in ruby us1ng other approaches
. In the process of th1s work a new technique for measur1ng opt1caI hole
shapes burnt 1nto the 1nhomogeneou31y broadened R] 11ne has been deveIoped

| . When an e1ectr1c field is app11ed along the ¢ axis of ruby, a
pseudo Stark spIitting of the R1 11ne occurs. There are two chromium sites h
in ruby wh1ch are displaced in oppos1te d1rect1ons from. the mid po1nt
between ‘the oxygen p]anes. The splitting occurs because of shifts, in
opposite directions, of the R] frequency_for the two.s1tes. Measurements
of the splitting using voltages up to 17 XV were repOrted earh‘er.3 Such
i1arge voltages were necessary to observe a sp]itting:of'the inhomogeneously

broadened lines of ~ 5 GHz width,Using‘f1uorescence line narrowingq(FLN)



.'__2_"

A. Szabo, M. Kroll - ETectric Field Induced ShiftingrofHObtical Holes ....
3 for'ubich optical Tinewidths of ~10 MHz are obtained; Stark sbiftsican easiiy:'
be seen at 100 vo]ts'(produces'&so Mhz shift in our.2nm thick'sample)

Measurements of the shape of the opt1ca1 ho]e burnt 1nto the R]
: I1ne by a single frequency cw ruby laser will a]so be reported ‘When a _
_steprfunctlon field is app11ed ton. a ruby samp]e undergoing hole burning,
a sudden change in the-transmitfed ]ighc is obServed due to shifting of the
hole out of resonance with the laser. By_measuring_the transnissien'change: -
as a:function of.the step function vo]tage; a'plot of . the hole snape is
obtained. Such-a technique a]]owé a higher reSo1uf10n determinationrof the
homogeneous nidth'compared to FLN since-a'Fabry-Perot.interferometer.with_'

1ts f1n1te resolving power is not requ1red. fhe resoiutien is deternined_ '

| on]y.by the laser width. In agreement w1th photon echo and FLN resu]ts,4_
an-order'of magnitude'decrease.of-homogeneous Tinewidth occurs when a
magnetlc field is ‘applied along the c ax1s. | |

F1na11v optical free induction. decay in ruby has been observed
- when a step funct1enf1e1d is applied. The_observed beat frequency‘ls in
._excellent agreement'with the predicted Starkﬁshift and is seen to

track the pu]se‘vo]tage. Attempts are current]y under way to observe

photon echoes and optical nutation.
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