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Measurements of the polarized absorption spectra of ruby would be helpful in interpreting R­

line emission data. The splitting between peaks polarized parallel-and-perpendicular to the ruby 

c-axis is a direct measure of the trigonal crystal field, while the emission data do not allow the 

effects of trigonal field and spin-orbit coupling to be separated. As will be discussed below, the 

limitation in this experiment is the high precision required in locating peak positions. I will first 

describe an experimental layout, then I will discuss the interpretation of resulting data. 

EXPERil\.fENTAL METHOD 

The primary considerations in designing this experiment were: 

1. Maintain strain along the c-axis (at least initially), and 

2. both polarizations should be recorded simultaneously, if possible, to avoid shot-to-shot varia­

tions. 

The first condition was chosen to allow comparison with existing data on z-cut ruby. This 

case probably provides the simplest relation between the trigonal field and bulk strain. Alterna­

tively, if the comparison is made to a-cut ruby, the experiment becomes simpler because both 

polarizations lie in the plane of the sample (in the z-cut case, the parallel polarization direction lies 

along the normal to the sample). I will proceed on the assumption of compression along the c-axis. 

In order to measure the absorption spectrum polarized along the c-axis, we must propagate 

the incident light in a direction off of the c-axis. An experimental layout for achieving this is 

shown in Figure 1. Collimated light from a broadband source is passed through the impactor and 

sample at an angle to the compression axis. The prisms on either side reduce reflection losses. The 

electric field component in the plane of Figure 1 can be decomposed into components parallel-and­

perpendicular to the c-axis, while that normal to the plane of the Figure is entirely normal to the 



c-axlS. The in-and-out of plane components are separated by a polarizing beamsplitter, and are 

individually collected by optical fibers. Ideally, both of these signals would be recorded simultane­

ously. This could be accomplished by using two streak camera systems, or by "splitting the 

screen" of one streak system to record both signals. In practice, two systems will probably be 

required to obtain sufficient spectral resolution (see calculation of expected spectral changes 

presented below). Next, I will derive the form of the spectrum recorded in such a configuration in 

terms of the parallel-and-perpendicular spectra. 

OFF C-AXIS SPECTRA 

I choose a coordinate frame with the z-direction being the light propagation axis as shown in 

Figure 2. Assuming the incident light is unpolarized (i.e. E0 z = E011 = E0 ), the decomposition in 

terms of crystal directions a and c is 

Denoting the parallel-and-perpendicular extinction coefficients by a ll and oi, the respective 

transmission coefficients are 

T11 = .l!!.._ = ~ = e-all d' 
loll E;,c 

(2) 

(3) 

where d is the sample thickness. Note that a ll and oi provide the spectral dependence. The 

transmitted E-field in the y-z plane (one of the recorded polarizations) is then given by 

(4) 



The second recorded polarization is entirely normal to the c-axis, hence 

(5) 

Because ..fn. and J"Th have different wavelength dependencies, E11z is not necessarily directed 

along the original propagation direction (z), hence dispersion occurs. The new propagation direc­

tion is given by 

Defining 1 ( >.) to be the angle between k ' and z, 

,(>.) = tan-l{ (v'Th - ../n.)Sin8Cos0} 
..fn. Cos20 + ffl Sin 20 

(7) 
.-;-. 
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For a 0.010" thick ruby, the ratio of TII to Tl is 0.70 at 5500 A and 1.18 at 4100 A, hence, at 0 = 
0 0 

30°, 1 (5500 A)= -4.2° and 1 (4100A) = 2.1°. The blue band is deflected slightly above and 

the green slightly below z. 

The measured quantity is 

(8) 

The polarized transmission can be simulated by approximating a!.(>.) and 0-11(>.) each as a sum of 

two Gaussian peaks ink-space (wavevector). From the static ruby data of Kushida,1 I estimate 

(9) 



(10) 

with k in cm-1. The corresponding transmission spectra are presented in Figure 3, along with 

111z().) for 0 = 30 and 40 degrees. Note that even at these large angles, the high energy peak is not 

very different from the pure perpendicular result. The low energy peak shows a more noticeable 

change. Procedurally, analysis of the experiment would consist of determining T1Cos20 from the 

Ix spectrum (see Eq. 5) and subtracting it from the 111z spectrum to obtain T11Sin20. The TII and 

Tl peaks would then be determined and the splitting would yield the desired trigonal field 

strength. 

PRACTICAL CONSIDERATIONS 

The difficulty in applying this technique can be seen by estimating the shack induced.changes 

based on the emission data. The Ri-R2 splitting decreases by approximately 20% at 125 kbar 

(2.4% density compression). Because the spin-orbit coupling is only a factor of two different in 

ruby than for a free chromium ion, it seems reasonable to assume that it changes little on a further 

2.4% compression. Taking the 20% decrease in R-line splitting to be solely due to a 20% change in 

the trigonal field, the change in parallel-perpendicular absorption splitting of the low energy peak 

would be approximately 85 cm- 1 (see Eqs. 9 and 10 for ambient splitting). This is only 4% of the 

full width at half-maximum of the peak. I am doubtful of our ability to locate a peak in a streak 

record within this limit, much less to measure such a change in position. The change in R-line 

splitting for a-axis compression should be of comparable magnitude (although of opposite sign), so 

that while analysis would be greatly simplified, the precision required is still a problem. At consid­

erably higher pressure, this may become tractable, but measurements in the elastic range would be 

very difficult. 
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