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fundamental fringe groups associated with the reference and sensing fiber endfaces are

6.8 and 7.2 decibels, respectively.  In Figure 4.3.7 the top trace is a detail of the

fundamental fringe group associated with the reference fiber endface and the signal to

noise ratios of the fundamental fringe groups associated with the reference and sensing

fiber endfaces are 3.3 and 6.2 decibels, respectively.

              

Figure 4.3.6:  Test 1.  Optimized Interferogram Obtained Using a Sapphire Fiber Sensing
Head in the Modified WSFMI System at Room Temperature.

The substantial difference in the amplitude of the fringes generated by the reference fiber

and those generated by the sensing fiber is probably due to a slight angle existing on the

end of the reference sapphire sensor fiber.  An angle causes some of the light reflected at

the reference fiber endface to be unable to be coupled back into the fundamental mode

guided by the input sapphire fiber.  The sensing fiber, to which the larger amplitude

fringes correspond, is polished normal to the fiber axis and is able to better reflect light

back into the core.  It is typical for the fringes generated by the sensing fiber to be of



93

lesser amplitude than those generated by the reference fiber because of the gap between

the two fiber endfaces;  loss is incurred when the diverging light travels across the gap.

              

Figure 4.3.7:  Test 1.  Optimized Interferogram Obtained Using a Sapphire Fiber Sensing
Head in the Modified WSFMI System at 500 Degrees Celsius.

When the light is properly launched, the fundamental fringe group corresponding to each

fiber end can be clearly distinguished for temperatures up to approximately 600 degrees

Celsius.   A sinusoidal signal of between 60 and 70 hertz is seen modulating the signal

emanates from the power supply driving the SLED.  This is confirmed by first noting no

change in amplitude when the room lights were extinguished, and then witnessing a

decrease in amplitude by half when the supply was physically moved away from the

equipment.  A lowpass filter will be able to eliminate this oscillation.

Because sapphire fiber possesses a non-zero coefficient of thermal expansion, when it is

heated the corresponding OPL will increase.  A rough estimate of the change in OPL that
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exists in the sapphire fiber between room temperature and 600 degrees Celsius may be

obtained by marking the relative distance between the fiber collimator and mirror in the

measurement arm required to match the optical path lengths of both the sensing and

measurement arms.  The change in distance is approximately 0.397 centimeters.

It is also noted that the sensor is highly sensitive to all vibrations.  Most noises, including

those generated by people walking or scraping their chairs on the concrete floor, is

detected and is registered by signal variations having several times the magnitude of the

desired signal.  The opening and closing of both doors in the vestibule leading to the

laboratory is also easily detected.

4.3.4: High Temperature Test 2

While setting up the first high temperature test, conducted with a straight reference fiber,

it is noted that, if the reference sapphire fiber in the sensing head is bent between 60

degrees and 90 degrees in one direction, the fringe contrast is greatly improved.  This is

repeatable, but the cause is not intuitively obvious.

For the second high temperature test, the fiber is bent at random angles and in random

directions until a large increase in fringe amplitude was observed.  The kiln is positioned

as carefully as possible so that this optimal fiber orientation may be reproduced for the

second test.  The effect of fiber position is believed to be a result of microvoids in the

fiber which scatter light and produce loss.  It is reasonable to assume that by bending the

fiber in a certain direction at a certain angle, a different path is followed by the light and

more or fewer microvoids may be encountered than when the fiber is positioned

differently.  Unlike in the previous test, the sensing region is immobilized and the

translation stage that moves the sensing fiber with respect to the reference fiber, and thus

adjusts the gap size, is better isolated from vibrations.
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Figure 4.3.8:  Test 2.  Optimized Interferogram Obtained Using a Sapphire Fiber Sensing
Head in the Modified WSFMI System at Room Temperature.

The procedure of the first high temperature experiment is then repeated.  A room

temperature plot is shown in Figure 4.3.8 for a gap separation of approximately 1194

microns. As seen in Figure 4.3.9 with a gap separation of approximately 1318 microns,

the fringes remain visible up to 800 degrees Celsius.  In both figures, the middle trace is

the detected interferogram, the top trace is a detail of the fundamental fringe group

associated with the reference fiber endface, and the bottom trace records the voltage

driving the actuator.

In Figure 4.3.8, the maximum signal to noise ratios of the fundamental fringe groups

associated with the reference and the sensing fiber endfaces are 11.2 and 9.6 decibels,

repectively.  In Figure 4.3.9, the maximum signal to noise ratios of the fundamental

fringe groups associated with the reference and the sensing fiber endfaces are 4.8 and 8.5

decibels, repectively.  However, during the transition between 700 degrees Celsius and



96

800 degrees Celsius, high intensity and unpredictable variations in intensity are recorded,

an example of which is recorded in Figure 4.3.10.  It is

               

Figure 4.3.9:  Test 2.  Optimized Interferogram Obtained Using a Sapphire Fiber Sensing
Head in the Modified WSFMI System at 800 Degrees Celsius.

suspected that the unwanted signal originates at the interface between the silica fiber and

the sapphire reference fiber in the sensing arm, but no cause is immediately obvious.

Similar fluctuations are seen when there is too little index matching liquid at this

junction, which results in the fiber end being only partially covered by the liquid.  This

effect is also noted when the silica fiber endface is pressed against the GRIN lens, which

results in similar circumstances.  Neither of these cases applies to this situation.

Because sapphire fiber possesses a non-zero coefficient of thermal expansion, the optical

path length of the fiber will increase with an increase in temperature.  A rough estimate

of the change in optical path length that exists in the sapphire fiber between room


