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TABLE 1. Penetration depth for copper, gold, graphite, and

magnesium oxide.

Substrate Penetration depth in the ir in A
graphite 200

MgO 35000

copper 10

gold 10

thicknesses for Puratonic MgO, and Fig. 19(a) shows the
spectra for MgO that was prepared by Dr. J. R. Dennison and
Teresa Burns in our lab by burning Mg ribbon in a
controlled oxygen nitrogen environment.3? Both kinds of
MgO show comparable crystallite sizes 1in the X-ray
diffraction (around 320 A) but show a different absorption
for the ir beam. The preparation of the material suggests
a different physical particle size for the smoke and the
Puratonic MgO because the smoke settled much faster in a
methanol mixture. This suggests that a major part of the
adsorption is due to scattering. An investigation of the
two powders with an electron micrograph would answer this
question definitely and ié planned. The general trend of
the spectrum is probably caused by scattering and

adsorption, while the peak at 800 cm! is due to an
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anomalous dispersion before the material reaches an
adsorption band, which has been reported in the
literature.” This assumption is also strengthened by the
data of Fig. 18. Both sets of spectra are taken with Al,0,
of corresponding coverages. The 0.05 micron powder shows
a much better throughput for the same thickness than the
0.3 micron powder. This' can only be explained by less
scattering, since all the other parameters, stayed the
same. The spectra in Fig. 18 and 19 scale within 23% for
an exponential dependence of the absorbance versus the
thickness of the substrate in the light pipe. |

Reiterating, one can say that the metal light pipe
technique works only with low absorbing (non-conducting)
and low scattering (small-sized) particles. Careful
preparation of the sample is essential so that one achieves
a pure and uniform powder. In fact, each sample should be

tested before it is actually used in the cryostat.

C. Spectra of CO
Adsorbed on MgO

For the actual measurements of CO physisorbed on Mgo,
we used a 0.5 micron thick coating of the Puratonic MgO
that had a surface area of about 25 m*/g. This should lead
to a ratio of 3.5 between CO molecules adsorbed on the
surface and CO in the gas phase while there was still a 50%

throughput (ratioed to the throughput of the clean light
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pipe) of the ir beam in the region between 2250 and 1750
cm!. Appendix C has a complete listing of the instrumental
parameters of the Bruker spectrometer. The most important
were the following settings. A common mid ir source was
used with a KBr beamsplitter and a 1liquid nitrogen
detector. The aperture was 10 mm for the source and the
mirror velocity was 13. The measurements were done with a
resolution of 0.5 cm! and 500'scané.

The measurements of CO on MgO were done on 0.5 g of
Puratonic MgO that was baked at 1000° C for 48 hours at a
pressure of < 10* Torr. Measurements on the same MgO show
that the surface area is around 25m?/g and has a coherence
length of 350 A. Diffraction measurements of the MgO also
show small amounts of impurities that are probably metal
substitutions for Mg ions. Five mg of MgO were placed in
the light pipe for the ir measurements. The same MgO was
used in the light pipe and in the ballast pipe. However,
the MgoO was mixed with methanol for the deposition in the
light pipe to determine how much wés put in the light pipe
and to get the substrate to stick uniformly on the walls of
the light pipe. Dash et al. report that methanol can be
completely driven off the MgO if it is baked at 500° C in a
vacuum, and they report isotherm measurements on such Mgo.’

The light and ballast pipe aré then placed in the Al

block and sealed off. The complete system is pumped for
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another 24 hours at a pressure of less than 103 Torr at 75°
C before any ir measurements were started.

The spectra were recorded in the following way: At
first a background spectrum at room and sample temperature
was stored. Any contéminations in the system should show
up if those two backgrounds are ratioed, because most
noninert gases would adsorb on the surface at lower
temperature. Another background at sample temperature was
then recorded to determine the time drift of the whole
instrument. Finally, CO was put in the gas handling system
to record the pressure for the VPI and then released into
the light and ballast pipe. After approximately 2 hours
for equilibration, the ir spectrum was taken and the
equilibrium ﬁressure recorded to determine the coverage of
CO on the MgO.  The last two steps were repeated until the
VPI was completed. Fig. 2(b) shows. the measured VPI.

Until now, we have not been able to see a spectrum of’
adsorbed CO on MgO or even a spectrum of any adsorbed gas
on any substrate. Fig. 20 shows a typical ir spectrum of
CO in the light pipe which contained MgO. The absorbance
versus the pressure deviates only at higher pressures from
the expected linear behavior, which is consistent with the
physics. The data show that there has been adsorption in
the MLP and that there was CO gas present in the 1light
pipe. The features that show up at higher pressures as a

bending of the baseline are not adsorbed features, but
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rather due to a broadening of the rotational absorption
peak at higher pressures, since there is an interaction
between the gas molecules. This feature is also reported

7 The following

in the literature using standard gas cells.'
paragraphs will explain in words what is shown in the
flowchart of Fig. 21 and try to determine why we observed
no ir spectrum of adsorbed CO.

The VPI that was recorded simultaneously with the ir
spectra demonstrates clearly that there has been adsorption
of CO. The amount of CO can account either for the
formation of bulk, if CO is not adsorbed on MgO, or for é
monolayer coverage on MgoO. The VPI, however, indicates
again that CO adsorbed on MgO because of bulk CO would not
show a step in the VPI and would not form at temperature
that high. It is, therefore, very likely that the CO that
was released into the system did adsorb on MgO. At present
we havg no other experimental way, other than the ir
measurement, to determine if CO gas adsorbed just in the
ballast pipe or in the light pipe also. If it would have
been adsorbed in the light pipe, the spectrum of CO must
have been hidden or not ir active at all. Both reasons

seem very unlikely because Zecchina® reported spectra of CO

" physisorbed on MgO with sapphire windows, while our

measurements showed the spectrum of MgO itself. This
demonstrates that rays that could excite the CO do reach

the detector and that adsorbed CO can be excited by the ir
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beam.

If, however, the experimental conditions in the light
and ballast pipe are different, it could be possible to
record a monolayer of CO on MgO in the ballast pipe, while
there is no physisorbed CO on the MgO in the light pipe.
This would be virtually undetectable with a VPI because the
amount of MgO in the light pipe is just 1% of the amount in
the ballast pipe, while the error in the mass of the
substrate in the Dballast pipe is at least 2% and the
precision of the VPI is at around 3%. Due to different
sample conditions, CO could have adsorbed on MgO, but it
could be a different type of adsorption with different ir
modes. In our opinion there could be three reasons that
the experimental (e.g., pressure or temperature) or sample
conditions are different. First, the MgO could be
different because it is prepared slightly differently,
second, the ir beam could heat the light pipe and locally
raise the temperature to desorb the CO, and, last, the CO
could adsorb on a cold spot before it reaches the light
pipe.

The last point is very unlikely because the absorbance
of the gas peak correlates linearly with the pressure in
the cell (Fig. 20) and shows up right after the gas is
released into the system. For 11.78 Torr, for example, the
ratio is (ln (100-48))/11.78 and . for 40 Torr (1ln (100-

84))/40. This fit very well an expected exponential

relation.
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Local heating, however, can be a problem but should

not desorb CO under our experimental conditions. Appendix
D shows the calculations for the power input due to the ir
beam and the dissipation for the heat due to gas
conduction. The calculations indicate that an incoming ir
beam of 0.2 Watts [calculated from a black body assumption
with a 10 mm aperture (apt=3) and the correct geometrical
corrections] should not raise the temperature of the MgO by
more than 1 K at an equilibrium pressure of 2.5 Torr. The
use of the smallest aperture (1.2 mm) in the spectrometer
should decrease the power input by a factor of 60, and
would surely not raise the temperature of the MgO
significantly. It is, therefore, most likely that the MgO
in the light pipe is different than the MgO in the ballast
pipe. Two things could have happened to the MgO. On the‘
one hand, the solvent could destroy the uniformity of the
surface of Mg0 and CO would chemisorb on the surface.*!
The bakeout at 500° C would not correct this problem because
MgoO anneals at temperatures above 800° C. On the other
hand, it is possible that methanol occupies the adsorption
site and CO, therefore, cannot adsorb. The bakeout should
eliminate this possibility.® The second possibility is
that there is a metal ion exchange between Mg,ACu, and
stainless steel when the Cu, light pipe is baked at 500° C
with the Mgo in it. This would also lead to chemisorption

of CO on Mg0O’. In both cases, the spectrum of chemisorbed
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co would not be accessible with sapphire windows and would
appear to us as if nothing at all is adsorbed on the MgO in
the light pipe because the spectra would appear between
2000 cm! and 1000 cm’. It is worth mentioning that we
strongly believe that one of these reasons kept us from
succeeding because the MgO in the light pipe looked gray

after the bakeout at 500° C.

D. High T, Superconductor

The high T, superconductor material was purchased from
SSC (Seattle Specialty Ceramics) and has an average size of
2 microns < dy < 5 microns, which means that 50% of the
particles are between those limits. The material is a

standard YBa,Cu,0, material and has a critical temperature

of T, = 93 K. Diffraction measurements showed an 85%
orthorombic crystal structure. YBa,Cu,0;, was mixed with

methanol so that it would stick uniformly on the inside
walls of the light pipe. This techﬁique allowed us also to
determine the amount of YBa,Cu,0, that was put in the pipe on
a volumetric basis. Following preliminary measurements, a
7.5 micron layer of YBa,Cu,0, was put in the light pipe so
that there was still a reasonable throughput. After that,
the mixture was dried in air and placed in the cryostat
without further precautions. The cryostat was then--as
with any other measurements--pumped out for two days at 75°

C to reach a pressure of less than 103 Torr at room
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temperature. Several thermocouples were placed on the cold
surface, the light pipe, and the radiation shield to record
the temperature for the first use of the dewar with liquid
helium. All wires were connected to the radiation shield
to reduce heat losses through the wires (see Appendix B).

Appendix C has a complete listing of the instrumental
parameters of the Bruker spectrometer for the HTS
measurements. The most important were the following
settings: A mercury far ir source was used with either a
23 micron or a 3.5 micron Mylar beamsplitter and a room-—
temperature DTGS detector. The aperture was 10 mm for thé
source and the mirror velocity was 2. The measurements
were done with a resolution of 16'cm‘1 and either 1000 or
2000 scans.

The preferred procedure to record the spectra was the
following: The dewar and the light pipe were carefully
aligned to optimize the throughput. A spectrum at room
temperature was recorded as a background. After that, the
sample was cooled to aboﬁt 110 K, to record a background
above the critical temperature, and than cooled to 83 K.
The spectrum at 83 K was recorded and ratioed to the one at
110 K. After that, the light pipe was heated again to 110
K to take another background and then cooled to take
another sample spectrum. Fig. 22(a) shows three spectra
recorded in this manner. Fig. 22(5) shows the ratio of two

single beams of a superconducting state at the same
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temperature and the ratio of two single beams from two
different states. The result is that there is definitely
an increase in reflectivity when YBa,Cu;0,  turns
superconducting and that the result is reproducible. The
dewar was then taken out of the spectrometer, filled up
with liguid helium, and realigned. Several spectra are
recorded at temperatures between 30 and 110 K while the
dewar was slowly warmed up. It is important that the
background for all spectra was taken without moving and
realigning the spectrometer to avoid errors.

The data (Fig. 23) shows the expected behavior bu£
does not allow a precise statement about the wavelength of
the energy gap.. Our cutoff wavenumber is between 650 cm!
and 350 cm?, which corresponds for the ratio of the 2 E /kgT.
to a value between 4 and 9. This is in reasonable
agreement with the literature, which records values between
8.5 and 1.2. The spectra also show an increase 1in
reflectivity that increases when the temperature is
decreased, which is consistent with the literature.

There are several problens concerning our
measurements. First, the spectra are very noisy due to low
intensity at certain wavenumbers. Fig. 24 shows a single
beam spectrum; The intensity that reaches the detector is
very low, around 130, 250, 380, 530, and above 650 cml.
The ratio might, therefore, vary appreciably because the

sample intensity is divided by a referencé intensity close
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to zero. It is possible to improve this and also gain
intensity by using a different beamsplitter (3.5 micron
Mylar), but this beamsplitter masks the interesting region
below 100 cm!l. The second problem is that the background
for the spectra at the coldest temperature is taken several
hours after the sample spectrum. These spectra show,
therefore, more noise due to drift in the source and
detector. The use of a closed-cycle 1liquid helium
refrigerator would solve the problém, because it can cycle
its temperature more quickly and reproducibly. The time
delay could, therefore, be reduced from more than ten houré
to approximately an hour.

The last problem is the very low overall throughput.
At the present, the throughput‘ is much below our
expectations even for a clean light pipe. The light pipe
should transmit the ir beam better in the far—infrared than
in the mid—infrared region because the wavelength is much
longer. our measurements, however, show Jjust 10%
throughput in the far-ir compared to 75% in the mid-ir.
The additional layer of 7.5 micron of YBa,Cu30, reduces the
throughput compared to a cleaﬁ light pipe by only 25%;
which is consistent with the theory Fig. 25.

Summarizing, we can say that our technique works, but

needs a lot improvement to make justifiable statements

about the size of the energy gap.
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CHAPTER V

CONCLUSION

This chapter summarizes the major results and

accomplishments presented in this thesis. It also provides

suggestions for short-term and long-term improvements of

the instrumentation and for experiments in the future.

The main accomplishment of the research is that the
design and the construction of the extended MLP instrument
has been completed and the instrument is functional. The

method of the metal light pipe is definitely applicable'for

enerqgy gap measurements of high Tcsuperconductors and seems

to be applicable for measurements of adsorbed gases on

high-surface-area materials. Even while the latter has not

peen seen yet with the instrument, it seems more likely to
pe more of a problem with the sample preparation than with

the technigue or the instrumentation.
The gas handling system has proven its capability in

several experiments and only needs improvement of 1its

accuracy and precision. There are four points of

improvement: The recallibration of the standard volumes;

enclosure of the whole system in thermal insulation; a

higher accuracy differential pressure manometer; and

automation of the whole system. The first improvement

would just improve the accuracy in the instrument, which
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to improve the absorpti'on measurements by optimizing all
the experimental parameters, such as sample preparation,
the liquid helium environment, and the spectrometer itself.
These adjustments can be made while one investigates CO-CO
interaction, phase transitions, and the adsorption of CO on
defects of MgO substrate. After this, one should be in
good position to try the investigation - of low-energy
collective phonon excitation of CO on MgO. When a thorough
study of the CO/MgO system has been completed, one could
try to adsorb different gases on MgO. Nitrogen would
determine if ir measurements are possible on gases thaﬁ
have no permanent electric dipole?® but only an induced
dipole when adsorbed on the substrate. Methane represents
an organic gas adsorbed on MgoO, whose structure has already
been studied considerably.* All these measurements would
investigate the bonds between adsorbates and substrate and
would lead to a better understanding of bonding between
surfaces. The technique would greatly enhance the
availability of different tools to measure those bonds and,

-

therefore, add to surface science as a whole.
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Appendix A: Gas Handling System

A.1 System Hardware

The gas handling manifold was built from four 1/8" NPT
Stainlé;; Steal crosses that are connected with 1/8" NPT
couplers (Fig. 26). Stainless steel is used because it is
a strong material and does not outgas or corrode. Teflon
is used as a sealing material between any threaded parts.
Eight of the ten openings are connected to Whitney Teflon
sealed stainless steal valves to protect pressure sensors
or seal off certain ports. Whitney specifies their vacuum
capabilities to less than 10° Torr. The other two ports
(E, J in Fig. 26) are connected to a thermocouple gauge and
to a pressure relief valve that opens at an overpressure of
approximately 3 atmospheres. Both devices neéd not be
valved off from the system. At  the preseht, the
thermocouple is used to determine when the system 1is
completely pumped out because it can measure the best
vacuum in the system. The relief valve serves two
functions. It should release the pressure if a sample cell
warms up, releasing a lot of gas adsorbed on its substrate.
It also protects the capacitance manometer if the gas
handling system 1is overpressured during the filling
procedure.

The main pressure gauge (I) is an absolute capacitance

manometer (MKS model Al22). The digital readout (MKS model
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PDR 1) provides power to the gauge and reads the pressure.
The reference side of the pressure gauge is sealed off, and
the whole system is calibrated by MKS to +/- 0.01 Torr.
The maximum measurable pressure is 100 Torr, while the
lowest is 0.01 Torr. Capacitance manometers operate on the
principle that the capacitance of two surfaces depends on
their separation. A diaphragm separates the evacuated
reference side from the side that is connected to the gas
handling system. The diaphragm deflects, depending on the
pressure 1in the gas handling system, and relates the
deflection to a capacitance. The gas handling system ié
designed to allow an upgrade with a higher accuracy
differential pressure gauge, which should improve its
performance significantly.

The two standard volumes (G, F) wusually contain
reserves of the adsorbate gas, but were also used to
calibrate the system. If the volume of the manifold is too
small, because one uses a large amount of a high-surface
adsorbent) one of the standard volumes can be added to the
manifold. The stainless steel standard volumes have,
therefore, different volumes to allow different manifold
volunes.

Two (C, D) of the other five ports are used as
connections to sample cells, while the remaining three are

used as gas inlets (A, B) and to connect to a vacuum pump

(H) .
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The temperature of the gas handling system is measured
by a type K thermocouple within an accuracy of +/- 0.1 K to

compensate for changes in the room temperature.

A.2 System Calibration

The gas handling system was calibrated by expanding a
known volume of gas into the volume to be calibrated. The
ideal gas equation relates, then, the initial and final
pressures to the initial and final volumes.

To start, it is therefore important to precisely
calibrate one or two standard volumes. Our calibration waé
done gravimetrically by weighing the standard volumes empty
and weighing them again after they were filled with
methanol. 233.5 g +/- 0.2 g of methanol filled the large
cell while only 31.56 g +/- 0.02 g fit in the small cell.

The density of the solvent was calculated to 0.789
g/cm® +/- 0.001 g/cm®, which lead to the following volumes
for the standard cells. The errors for the volumes include
accuracy and precision, where the accuracy accounts always

for 0.2% of the error.

V, = 295.8 cm® +/~- 0.7 cmw’ rel. uncertainty = 0.2%

Vsm = 39.98 cm® +/~- 0.08 cm’ rel. uncertainty = 0.2%

Those calibrated standard volumes lead in turn to the

following volumes of the gas manifold. Each volume
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calibration was done with six measurements with both

standard volumes.

Vias handiing = 4717 cm® +/-0.1 cm® rel. uncertainty = 0.24%

The volume of the capacitance manometer and the valve was

than calibrated with the gas handling volume.

= 9.42 cm® +/-0.02 cm® rel. uncertainty = 0.27%

Vmanometcr
V4, = 0.047 cm® +/- 0.001 cm’ rel. uncertainty = 2%

A.3 System Problems and
Improvements

The system could be improved in certain aspects. The
error in the adsorbed volume is at the moment at
approximately 3%. The temperature drift, accounting for
0.7% of the error, could be reduced to about 0.1 by
enclosing the whole system in an insulating‘material, such
as styrofoam. The uncertainty in the standard volumes and,
therefore, the resulting uncertainties in all the other
volumes, could be reduced substantially from 0.2% to 0.05%
by recalibrating the standard volumes. The recalibration
should then be done with a fluid of exactly known density
and with a better temperature stability. Last, the use of
a high-accuracy differential gauge would improve the system
performance. Since the uncertainty of the pressure
accounts for more than half of the total error (1.7%) it
should be improved with a high-accuracy pressure gauge.

The other errors, such as the temperature correction of the
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pressure gauge itself, are small compared to the mentioned
ones. The uncertainty in the standard volumes is at the
moment the biggest uncertainty in absolute measurements,
with an error of 0.2% per data point, but far below the
precision of the instrument with 3%. It is, however,
evident that an upgrade of the system with a better
pressure gauge should be accompanied by insulating it
against drift in the room temperature. Automation of the
whole system would also mitigate human impatience, which

sometimes records a data point before it is equilibrated.?
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Appendix B: Calculation of the Cryostat Heat Losses

The holding time for a cryostat depends on the heat
losses that the cryostat experiences. Following the
treatment in White‘s book,* there are three sources for
heat 1losses. The first one is due to conduction of
residual gas or feedthroughs, the second is due to
radiation, and the last is due to convection. In our
system there will be an additional heat loss due to the
power of the incoming ir beam, which gets partially
adsorbed in the cryostat. I will give the results for the
first two Dbecause convection cannot take place at the
pressure that we are dealing with. The mean free path is
around 10 cm at 10! Pascal so that there will be almost no
convection in the cryostat.

The calculations for the heat losses are done in three
parts; first for the 1liquid nitfogen shield (T=100 K),
second for the cold surface at liquid nitrogen temperature
(T=78 K) while the shield is at 100 K, and third for the
cold surface at liguid helium temperature (T=20 K) while
the shield is at 100 K.

The following calculations show that for the liquid
nitrogen shield the biggest leak is due to the residual gas
pressure of 10! Pascal. Radiation losses and conduction
through the wires of the heaters and the temperature sensor

have almost no effect. The theoretical holding time of
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ligquid nitrogen in the shield reservoir agrees with the
experimental holding time very well.

The calculations of the holding time for the shielded
cold surface at 78 K does also agree with the experimental
data in the limits'of our measurements. The calculations
show a holding time of 6 days, but we never ran experiments
for more than 2 days. The biggest factors are due to the
gas conduction and the ir beam.

The comparison between the. calculations and the
experiments of the holding time for ligquid helium are very
vague because there is only one experimental data point:
A holding time of 3 hours was calculated, while we reached
3.5 hours in the experiment. It is questionable if we
reached the limit of the holding time because it was our
first try and the set-up was not optimized.

Table 2 summarizes the results of the calculations,
while the calculation for the power of the ir beam can be
found in Appendix D. Appendix D shows that the power input
from the ir source can be easily reduced if one uses
asmaller aperture. The maximum reduction is about a factor
of 60 in the ir beam. The calculations follow the teatment
in White's Dbook, "Experimental Techniques in Low-
Temperature Physics," Chap. 5. All the necessary constants

and assumptions can also be found in this book.
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TABLE 2: Power input and holding time for the cryostat.

Shield Cold surface Cold surface
at 100 K at 78 K with at 20 K with
shield at 100 K shield at 100 K
Power due to (P=10'Pa) (P=10"Pa) (P=107Pa)
residual gas 4.2 W 0.4 W 0.1 W
conduction
Power due to
conduction 0.1 W 0.04 W 0.1 W
of the feed-
throughs
Power due to
radiation 10° w 10° W 10° W
Power of the
absorbed ir oW 0.2 W 0.2 W
Beam (See
Appendix C)
Total power
input 4.3 W 0.6 W 0.5 W
Theoretical
holding (1.5 1lit 1-N,) (2 1it 1-N,)) (2 1it 1-He)
time for
cryogen 15 hours 6 days 3 hours
Experimentally :
measured 16 hours > 2 days 3.5 hours

holding time
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Appendix C: Parameter Listing for the 113V
Bruker Spectrometer

parameter listing for the far-ir measurements of high T,

superconductors:

INFO FOR FILE T1113S0S5.DATA

SPECTRUM FILE

MEASURED ON IFS 113

DATE 13/11/90 TIME 13:17:30 RSN=8415 ZFF=2 NPT=180

SCN=500 PKL=177 SCL=1 FFP=702.050781 FLP=7.714844

GAIN=5 SspP=1 PKA=683

CNM=UTAH STATE SNM=MCT SFM=KBR PELLET 00 RES=186.0

APT=3 BMS=4 DTC=FI G3G=1 GSD=0 AQM=SN COR=NO HPF=7 LPF=8
OPF=1 RCH=BK RNR=0 SCH=BK SNR=0 SRC=FI VEL=2 APF=HG WDS=0.0
WDE=0.0

Parameter listing for the mid-ir measurements of CO

adsorbed on MgO:

INFO FOR FILE T1025S06.DATA
SPECTRUM FILE

MEASURED ON IFS 113

DATE 25/10/90 TIME 13:32:42  RSN=8275 ZFF=2  NPT=8334
SCN=250 PKL=1688 SCL=0 FFP=4000.146484 FLP=1749.822998 T
GAIN=2 SsSP=1 PKA=4578 '”

CNM=UTAR STATE SNM=MCT SFM=KBR PELLET 00 RES=0.5

APT=2 BMS=68 DTC=MI GSG=1 GSD=0 AQM=SN COR=NO HPF=2 LPF=1
OPF=1 RCH=FT RNR=0 SCH=BK SNR=0 SRC=FI VEL=15 APF=HG WDS=0.0
WDE=0.0 : '

e



Appendix D: Calculation of the Power Input

Due to the ir Source and Its Dissipation

The power input from the ir source can be calculated by using a black

body assumption and the Stefan~-Boltzmann law.

Symbols:
W, is the radiation power that is emitted fram the

mid-ir source in the solid space angle

Worp is the power input into the light pipe

A is the area of the aperture in m?
T is the temperature of the mid-ir source in Kelvin
o is the Stefan-Boltzmann constant
5Q is the solid angle in space
Constants:
2 VE: =
A = 0.005 'w m BMS
= =
T = 1400 K KBr
-8 , F =
g = 5.67 10 W/m K SAP
™
.
i 8
- cos(w) do
3 -1
6

4
—
r

1

.25

.85

.85
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Equations:

4
W 1= AT
source
w = W SERC B B F
MLP source BMS KBr SAP
~ Results:
w = 17. LW
source
W = 0.25 w
MLP

Heat transfer between the light pipe and the Mg0 due
to the gas in the light pipe:

P = c-a “P-A&T-A
gas O
c = 1.2 numerical constant
ao = 0.8 constant for air
P = 300 Pa pressure in MLP
T =1 K temperature difference
2

A = 0.00150.1"2'm m area of the MLP
P = 0.3

gas

at the Mgo does not rise for more than 1K,
o the gas is larger than
under the assumed

We can assume th
because the heat conduction due t
the power input from the ir source,

conditions.






