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sen from the data set to synthesize a preliminary curve-of-growth, to which all of the skydips 

will be stretched. This choice is complicated due to the fact that the skydips vary greatly 

in their incident power measurements. The result of this variation is that skydips with low 

incident power measurements have either small or no overlapping sections with the skydips 

with high incident power measurements once they have been stretched. 

The stretch-and-splice routine can be used to identify the highest quality skydips 

in the data set by stretch-and-splicing each curve to all of the rest. Once a skydip is 

stretched to fit another, the quality of fit is assessed from the x 2 of the overlapping region. 

Inspection of the %2 measurements showed that the higher quality skydips had Y 2 < 2 

when stretched to fit another high quality skydip, so this was chosen as an upper limit for a 

'good' stretch. If a skydip was stretched to fit another and its %2 was greater than 2, it was 

considered a poor fit and rejected. If an individual skydip resulted in the rejection of more 

than a quarter of the total skydips (267), it was not considered as a possible basis curve for 

the preliminary curve-of-growth. The skydips that rejected the fewest other skydips were 

inspected, and three of the skydips were chosen to act as basis curves. These basis curves 

were chosen both for their smoothness (from inspection) and for their positions amongst the 

remainder of the skydips (one low, one high, and one in the middle of the range), allowing 

all of the skydips to have large overlaps to perform the fitting routine. 

Once the basis curves have been chosen, the stretch-and-splice method is used 

to synthesize the preliminary curve-of-growth as shown in figure 5.4. First, the middle 

skydip (shown in green) in figure 5.4 is stretched to fit with the bottom skydip (shown in 

red). The incident power values of the two curves in the overlapping region are averaged, 
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Figure 5.4: Preliminary curve-of-growth and three basis skydips. 

splicing the middle skydip to the lower to make the lower portion of the preliminary curve-

of-growth. This process is repeated as the top skydip (shown in blue) is stretched to fit 

with the curve-of-growth. The overlapping incident power values of the curve-of-growth 

and the top skydip are averaged in the overlapping region, splicing it to the lower portion of 

the curve-of-growth. This final splicing completes the preliminary curve-of-growth, which 

is shown as the black curve in figure 5.4. 

After the preliminary curve-of-growth is synthesized, all of the skydips in the data 

set are fitted to the curve using the stretch-and-splice method. The overlapping regions 
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of the curves are averaged together, producing a mean, composite curve-of-growth shown 

in figure 5.5 as the black curve. A Chebyshev polynomial of degree 6 is then fitted to 

this composite curve to provide a functional form to the data which is more convenient for 

comparison with theory. This is shown as the red line in figure 5.5 (displaced vertically 

by 0.5 uW for clarity). The green line in the figure shows the difference between the 

polynomial and the curve-of-growth referred to by the right-hand vertical scale. The low 

error involved with introducing the Chebyshev polynomial allows its use as a basis curve to 

determine the final scale factors for individual skydips which are then used to calculate the 

opacity of the atmosphere for comparison with other instruments. 

5.5 Comparison With Other Measures of Water Vapour 

5.5.1 C o m p a r i s o n w i t h S C U B A 

The standard calibration procedure for SCUBA [34] uses the skydip method to 

determine the atmospheric transmission in both the 450 and 850 am bands in order to 

calibrate the flux from an astronomical source. The SCUBA data are analyzed to produce 

an opacity, or TSCUBA value. 

A base opacity for IRMA, or TTRMA, is determined by fitting the composite curve-

of-growth to an exponential function and taking the value of the exponent as T j R M A . The 

IRMA skydips are fitted to the composite curve-of-growth as discussed in § 5.4 and the 

stretch factors, F, from the fitting routine are used to determine a TIRMA for the individual 
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Figure 5.5: Composite curve-of-growth (black) shown with vertically shifted Chebyshev 
polynomial approximation (red) and the difference between them (green). 

skydips using the simple relation 

T IRMA = TIRMA X F (5.14) 

If both IRMA and SCUBA are measuring water vapour, it is expected that both 

r ' s are correlated since both instruments perform skydips in essentially the same direction 

(IRMA is mounted on the carousel floor of the JCMT which generally points in a slightly 

different azimuth than the telescope). 
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Figure 5.6: Plot of IRMA opacity against corresponding SCUBA 850 fim opacity. 

I R M A vs. SCUBA 850 /an 

Figure 5.6 shows t j r m a plotted against tscubA-850- Each red circle represents 

the r value calculated, for a single IRMA skydip. Circles appear in vertical groups because 

several IRMA skydips can be performed during a single SCUBA skydip. The appearance 

of columnar grouping in the data indicates that the atmospheric water vapour content is 

changing appreciably during the time (<^7 minutes) that SCUBA performs a skydip. The 

linear least squares fit to the data is also shown (green line). Most of the data points 

are tightly clustered about the line, indicating a high degree of correlation between the 
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measurements, as expected. The slope of the line shows that the 850 um spectral region 

saturates slightly faster than the infrared region observed by IRMA. The non-zero intercept 

of the line indicates that water vapour is not the only species responsible for atmospheric 

opacity in the 850 um band. Atmospheric modelling [34] (see figure 3.13) shows this non

zero intercept is to be expected (see top scale) since the 850 ^m region contains numerous 

ozone and oxygen lines which provide an additional source of opacity not present at 20 um. 

The TSCUBA-850 values can be converted to water vapour column abundances using 

an atmospheric model [34], and the data in figure 5.6 can be reformulated by rescaling the 

x-axis, to express the power received by IRMA as a function of water vapour amount (pwv) 

at the time of observation. This conversion is written as 

After the TSCUBA-850 values are converted to water vapour amounts, they can be 

compared to the zenith power measurements of the corresponding IRMA skydips. Figure 

5.7 shows a plot of the precipitable water vapour amounts against the power received by 

IRMA. Each green triangle in the plot represents a single IRMA skydip corresponding 

to a pwv measurement made by SCUBA. The triangles appear in columns again because 

IRMA performs several skydips during the time of a single SCUBA skydip. Included in 

the figure is the composite curve-of-growth (black), rescaled to fit the data points using 

a least-squares minimization routine. The horizontal distances from the triangles to the 

rescaled curve-of-growth are easily measured, and the standard deviation of the distances 

can be used as a measure of the spread of the data. The red curves in the figure represent 

mm (5.15) 
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Figure 5.7: The composite curve-of-growth can be reformulated in terms of mm pwv using 
SCUBA 8 5 0 /.an calibration points. 

±l(T deviations from the curve-of-growth. The small separation of these curves gives an 

indication of the strong correlation between the IRMA and SCUBA 8 5 0 um water vapour 

measurements. The conversion factor relating the airmass and pwv scales from this analysis 

is determined to be Cgso »-- 0.49 ± 0.04. 

IRMA vs SCUBA 450 um 

Figure 5.8 shows TIRMA plotted against TSCUBA-450- AS in figure 5.6, each rod 

circle represents the r value calculated for an I R M A skydip. Circles again appear in vertical 
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Figure 5.8: Plot of IRMA opacity measurements against corresponding SCUBA 450 um 
opacity measurements. 

groups because the atmospheric water vapour content changes appreciably during a single 

SCUBA skydip. The linear least squares fit to the data is shown (green), and again a high 

degree of correlation is indicated by the tight clustering of circles about the line. The slope 

of the line shows that, the 450 um spectral region saturates much faster than the infrared 

region observed by IRMA. The small, non-zero intercept of the line indicates that water 

vapour is the main species responsible for atmospheric opacity in the 450 um region (see 

top scale) with a small amount of opacity due to numerous ozone lines (see figure 3.13). 

However, this additional opacity due to the stratospheric ozone lines in the 450 /im region 

is less significant because the opacity of the tropospheric water vapour is much higher in 
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Figure 5.9: The composite curve-of-growth can be reformulated in terms of mm pwv using 
SCUBA 450 um calibration points. 

this region. 

The TSCUBA-450 values can be converted to water vapour column amounts using 

an atmospheric model [34] in a manner similar to that for the TSCUBA-850 values discussed 

previously. The data in figure 5.8 can be reformulated by rescaling the x-axis to express 

the power received by the IRMA detector as a function of water vapour (pwv) at the time 

of observation. The TSCUBA-450 values are converted to water vapour amounts using the 

following equation [34] 

pwv = 20 x /"7"SCUBA-450 
V 25 

- 0.005) mm (5.16) 
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After the TSCUBA-450 values are converted to water vapour amounts, they are 

plotted against the corresponding zenith power measurements made by IRMA during its 

skydips. Figure 5.9 shows a plot of precipitable water vapour amount against power received 

by IRMA. Each green triangle in the figure represents a zenith power measurement made 

during a single IRMA skydip. The composite curve-of-growth is shown (black), rescaled 

by applying a least squares minimization routine to fit the data points. The red curves 

represent ±1<T deviations from the curve-of-growth. The small spread of the red curves 

indicates a high degree of correlation between the IRMA and SCUBA 450 um water vapour 

measurements. The conversion factor relating the airmass and pwv scales from this analysis 

is C450 = 0.50 ± 0.07, in excellent agreement with the conversion factor obtained with the 

850 um measurements. 

5.5.2 C o m p a r i s o n w i t h C S O R a d i o m e t e r 

The Caltech Submillimeter Observatory (CSO) [35] has two radiometers operating 

at 225 GHz and 350 um, which routinely measure the atmospheric opacity in these bands 

using the skydip method, albeit at a fixed azimuth direction. The CSO data are analyzed in 

a similar manner to the SCUBA data to produce opacity or rcso values in the two spectral 

regions. Conveniently, rcso-225 values are provided along with the TSCUBA values in the 

SCUBA calibration files. Although, in general, the CSO radiometers observe a different 

part of the sky than IRMA, the close proximity of the CSO to the JCMT suggests that 

TIRMA and rcso might be correlated. 
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Figure 5.10: Plot of I R M A opacity against corresponding CSO 225 GHz opacity. 

IRMA vs. CSO 225 G H z 

Figure 5.10 shows TIRMA plotted against TCSQ-225- A S with the SCUBA data, 

there are several I R M A skydips (represented by red circles in the figure) for each CSO 

measurement. IRMA skydips are associated with a CSO skydip if they take place within a 

twenty minute period following the CSO skydip. In the figure, the circles again appear in 

vertical groups because the atmospheric water vapour content changes appreciably during 

the time of a CSO skydip. The linear least squares fit to the data is also shown (green 

line). Similar to the previous figures, most of the circles are tightly clustered about the 
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Figure 5.11: The composite curve-of-growth can be reformulated in terms of mm pwv using 
CSO 225 GHz calibration points. 

line, indicating a high degree of correlation between the measures of opacity. However, the 

correlation between TERM A arid r cso-225 is less than with SCUBA, which is to be expected 

since CSO generally observes a different portion of the sky than IRMA. The slope of the line 

indicates that CSO operates in a spectral region much less opaque than the infrared region. 

The small, non-zero intercept value indicates that water vapour is the main contributor to 

opacity in the 225 GHz region (see top scale). 

The rcso-225 values can be converted to water vapour column abundance using 

an atmospheric model [36]. Figure 5.10 can be reformatted to express the power received 
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by IRMA as a function of water vapour abundance at the time of observation using 

pwv = 20 x (TQSO-225 — 0.016) mm (5-17) 

as previously discussed. Figure 5.11 (similar to figures 5.7 and 5.9) shows the result of the 

least squares minimization routine used to rescale the composite curve-of-growth (black) to 

water vapour abundances derived from the CSO 225 GHz skydips (green triangles). The 

dashed curves represent ±la deviations from the curve-of-growth, and illustrate a strong 

correlation between the IRMA and CSO 225 GHz measurements, albeit to a lesser degree 

than the correlation with SCUBA. The conversion factor relating the airmass and pwv scales 

from this analysis is C225 = 0.50 ± 0.07, which is again seen to be in excellent agreement 

with the conversion factors found using the SCUBA measurements. 

IRMA vs. CSO 350 um 

Figure 5.12 shows TIRMA plotted against TcsO-350- Again red circles, representing 

individual IRMA skydips, appear in vertical groups because the atmospheric water vapour 

content changes appreciably during a CSO skydip. In this figure IRMA skydips are included 

if they were performed up to 5 minutes after a CSO 350 um measurement. The data in this 

figure show a great deal more scatter than in the previous figures, indicating a low degree 

of correlation between the measurements of water vapour made by IRMA and those made 

by CSO 350 um. This is primarily due to the high opacity of the 350 um band at these 

water vapour abundances, as indicated by the r c s o - 3 5 0 values. 
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Figure 5.12: Plot, of IRMA opacity measurements against corresponding CSO 350 am 
opacity measurements. 

The Tcso-350 values can be converted to water vapour column abundances using 

an atmospheric model [37]. The conversion is accomplished using 

pwv = 20 x / T CSO-350 
V 23 

0.016^ mm (5.18) 

Once the data points are converted, figure 5.12 can be reformulated to express the power 

received by IRMA as a function of water vapour column abundance (pwv) at the time 

of observation as was discussed previously. Since the scatter in the CSO 350 am data 

resulted in large uncertainties in the least squares minimization routine, figure 5.13 shows 

the composite curve-of-growth (black) rescaled by the combined data from SCUBA (850 

and 450 um) and CSO 225 GHz. The conversion factor from airmass to mm pwv in this 
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Figure 5.13: CSO 350 /mi data points show a high correlation with the composite curve-
of-growth, reformulated in terms of mm pwv using SCUBA 450 and 850 urn and CSO 225 
GHz calibration points. 

case is C350 = 0.50 ±1.37. The large error in this conversion factor is due to the large 

scatter of the CSO 350 am data, a result of the inherent difficulties involved in working in 

this relatively opaque region. The green triangles in the figure represent individual IRMA 

skydips correlated with pwv measurements from CSO 350 am. Even with the large scatter 

there is a degree of agreement between the water vapour column abundance measurements 

made by the CSO 350 am radiometer and IRMA. 
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5.5.3 C o m p a r i s o n w i t h 183 G H z W a t e r V a p o u r M e t e r 

A water vapour meter (WVM) radiometer has been developed for operation at the 

JCMT. This system does not use skydips but, as discussed in § 1.3.1, determines the water 

vapour abundance along a given line-of-sight from multi-channel radiometric observations 

of the 183 GHz water line combined with a simple atmospheric model. Although the WVM 

was not in regular operation between December 2000 and March 2001, some archived WVM 

data which overlaps with IRMA data is available from the JCMT archive. The WVM data 

files contain water vapour column abundance measured every 6 seconds and so a figure 

similar to 5.7 can be produced, expressing the power received by the IRMA detector as a 

function of water vapour amount (pwv) at the time of observation. 

WVM measurements (green triangles in figure 5.14) were compared with an IRMA 

skydip if they occurred within 1 minute after the start of an IRMA skydip. Triangles appear 

in horizontal groupings because the atmosphere is changing appreciably during the time of 

an IRMA skydip. Although there is insufficient data to do a least squares analysis, figure 

5.14 shows the composite curve-of-growth (black) rescaled by the average of the SCUBA 

850 and 450 um and CSO 225 GHz calibration points. The conversion factor in this case is 

Ci83 = 0.50 ±0.26. The red curves represent the ±1<7 deviations from the curve-of-growth. 

The generally poor agreement is interpreted as being due to the statistically small sample 

size. 
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I R M A - 183 GHz W V M Cal ibra t ion 

The Hilo airport launches two balloon-borne radiosondes daily (at 0:00 and 12:00 

UT), which provide another measure of water vapour in the atmosphere. The correla

tion between the IRMA and the radiosonde measurements was expected to be low since 

the radiosondes are launched into a different part of the atmosphere and tend to carry 

moisture with them as they rise, leading to elevated measurements of water vapour con

tent. Furthermore, the Hilo radiosondes use poor quality humidity sensors that do not 

perform well at these low pwv amounts. The radiosonde data can be downloaded from 
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Figure 5.14: There is insufficient 183 GHz data to calibrate the composite curve-of-growth, 
shown here reformulated in terms of mm pwv using the average of the SCUBA 850 and 450 
/xm and CSO 225 GHz calibration points. 

5.5.4 Comparison w i t h Hilo-Launched Radiosondes 
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Figure 5.15: There is insufficient radiosonde data to calibrate the composite curve-of-growth, 
shown here reformulated in terms of mm pwv using the average of the SCUBA 850 and 450 
/«n and CSO 225 GHz calibration points. 

hokukea.soest.hawaii.edu/current/raob.ito/text and from weather.uwyo.edu/upperair/soundmg.html 

and used to derive water vapour column abundances. From this data, a figure similar to 

5.7 can be produced, expressing the power received by the IRMA detector in terms of 

precipitable water vapour amount. 

IRMA scans were compared with the radiosonde data if they were performed within 

one hour following the launch of a radiosonde. In figure 5.15, which is similar to figure 5.7, 

IRMA scan data (green triangles) appear in vertical columns because several scans can be 

performed during the time of a single radiosonde. There was insufficient IRMA data to 

http://hokukea.soest.hawaii.edu/
http://weather.uwyo.edu/upperair/
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Comparison Instrument Conversion Factor Error 
SCUBA 850 um 0.49 ±0.04 
SCUBA 450 um 0.50 ±0.07 
CSO 225 GHz 0.50 ±0.07 
CSO 350 um 0.50 ±1.37 
183 GHz WVM 0.50 ±0.26 
Hilo Radiosondes 0.50 ±0.14 

Table 5.1: Conversion factors for the IRMA curve-of-growth as determined by instrumental 
zenith pwv measurements. 

reliably calibrate the composite curve-of-growth (black), so it was reformulated in terms of 

precipitable water vapour again using the average of the SCUBA 850 and 450 um and CSO 

225 GHz calibration factors. In this case, the conversion factor is C r a d i O S o n d e = 0.50 ± 0.14. 

The red curves in the figure represent the ±lcr deviations from the curve-of-growth. There 

is too little time-matched radiosonde data available to comment on the degree of correlation 

between the data, but it is possible to say that the radiosonde data are not inconsistent 

with the IRMA data. 

5.5.5 R e s u l t s S u m m a r y 

Measurements of the column abundance of atmospheric water vapour above Mauna 

Kea obtained with IRMA show a high degree of correlation with other measures of water 

vapour available on the summit of Mauna Kea. The results are summarized in table 5.1. 

The conversion factors shown in italics represent the average value of the conversion factors 

calculated using the SCUBA 450 and 850 um and CSO GHz calibration points. 

As expected, the strongest correlations to IRMA measurements are found with the 

SCUBA 850 and 450 um measures of atmospheric opacity, which are obtained from skydips 
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Figure 5.16: A comparison of the theoretical curve-of-growth calculated from ULTRAM 
(black) with the composite curve-of-growth constructed from IRMA skydips (red). 

at approximately the same azimuth angle. The CSO 225 GHz opacity data also show 

a strong correlation, the increased scatter in these data being attributed to the different 

azimuth angle of the CSO skydips. The CSO 350 /tm opacity data show a weaker correlation 

due to the high opacity of the 350 um band at these water vapor abundances. While the 

183 GHz WVM and Hilo-launched radiosonde data are sparse, they are not inconsistent 

with the IRMA results. 
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5 . 6 Compar ison of Curve-of-Growth With Theory 

The radiance from the mid-infrared data cube produced with ULTRAM was con

volved with the filter profile (see § 4.3.2) and then multiplied by the throughput (equation 

5.9). The radiance spectra were then integrated with respect to wavenumber to give the to

tal radiance viewed by the detector for increasing water vapour abundances. A theoretical 

curve-of-growth was plotted from these data, and is shown in figure 5.16 as the black curve. 

The red curve in the figure is the composite curve-of-growth constructed from IRMA sky

dips, rescaled from airmass to mm pwv using the conversion factor of C = 0.50, calculated 

from the average of the SCUBA 850 and 450 am and CSO 225 GHz calibration factors. 

The theoretical curve-of-growth in the figure was scaled to the IRMA curve-of-growth at 

1 mm pwv by multiplying the radiance by a scale factor of 0.46, indicating that IRMA II 

has an efficiency of rj = 46%. This efficiency is much higher than was initially assumed 

and reflects the simplicity of the radiometer design. The curve-of-growth determined from 

IRMA data is seen to agree well with the theoretical curve-of-growth. However, a more 

detailed comparison was not considered meaningful given the uncertainties associated with 

determining the spectral response of the filter+detector system. 
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Chap te r 6 

Conclusion 

This thesis continues the work begun by a previous graduate student, Mr. Graeme 

Smith [2], whose work included the design, construction, and field testing of the prototype 

Infrared Radiometer for Millimeter Astronomy. This thesis presents the analysis of data 

obtained with the second generation radiometer, IRMA II, and in particular, the develop

ment of a radiative transfer modelling program, ULTRAM, which provides a theoretical 

framework for this analysis. 

The results from the measurements IRMA II made from December, 2000 to March 

2001 were compared to other measures of water vapour abundance above Mauna Kea. 

These comparisons showed a high level of correlation between IRMA and the most reliable 

skydipping instruments on the summit of Mauna Kea. This is illustrated by the similarity 

in the conversion factor from airmass to mm pwv for the composite curve-of-growth (shown 

in table 5.1). The data from the less reliable instruments were not inconsistent with the 

water vapour amounts measured by IRMA. 
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Figure 6.1: Noise from the ambient (black) and LN2 blackbodies (red), determined from 
the calibration measurements made during IRMA skydips. 

ULTRAM was used to calculate a theoretical curve-of-growth to verify the curve-

of-growth constructed from the IRMA skydips. Upon rescaling, the theoretical and ex

perimental curves-of-growth were found to show good agreement, from which the optical 

efficiency of IRMA was found to be ~ 46%. 

Measurements of noise, shown in figure 6.1, were made during the IRMA calibra

tion cycles. Noise was defined as the standard deviation of the voltage measured while 

IRMA viewed its ambient blackbody (black) and its cold blackbody (red). Most of the 

noise seen in these measurements is below 0.5 mV. Since the noise was measured in a time 



134 

interval of 0.1 s, the noise voltage, AV, for a 1 second integration is given by 

A V = aooo£y = 0 1 6 m V 

The composite curve-of-growth, see § 5.4, was reformulated in terms of volts using 

the average instrumental responsivity from equation 5.12, and mm pwv using the average 

of the SCUBA 850 and 450 um and CSO 225 GHz calibration factors, C = 0.50. An error 

in the IRMA voltage measurement of AV gives an error in the calculated water vapour 

abundance, Apwv, of 

Apwv = x AV (6.2) 
slope 

which can then be reformulated into an error in excess electromagnetic path length, Ad, 

using equation 1.5. 

The slopes of the curve-of-growth, which is shown in figure 6.2, at 0.5 and 1 

mm pwv were determined to be 0.60 and 0.36 V (mm p w v ) - 1 respectively. These slopes 

allowed the calculation of the resolution of IRMA II in terms of column abundance and 

excess electromagnetic path length. The results of these calculations are compared with 

the resolution of IRMA I [2] in tables 6.1 and 6.2. The resolutions achieved by IRMA II 

show a marked improvement over the previous generation radiometer, and more than meet 

the phase correction requirements for ALMA. 

While the results of this thesis give further credibility to IRMA as a phase cor

rection device for high altitude radio interferometers, there is still vital work to be done. 

One of the main issues still outstanding is the infrared emission from ice crystals in high 
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Figure 6.2: The composite curve-of-growth constructed from IRMA skydips (black) and its 
slope (red), corresponding to an error in measured pwv, at 1 mm pwv. 

altitude cirrus clouds. Further investigation Into the nature of this emission is required in 

order to determine the effect of cirrus clouds on IRMA, and how this might in turn affect 

measurements of water vapour abundances. 

The IRMA project continues to be refined with a new version of the instrument, 

IRMA III, scheduled for testing in 2003. ULTRAM is also a continuing project, with 

Resolution at 0.5 mm pwv Resolution at 1.0 mm pwv 
IRMA I 1.8 um 3.0 am 
IRMA II 0.26 (im 0.44 um 

Table 6.1: Comparison of IRMA I and IRMA I I water vapour column abundance resolutions 
at 0.5 and 1.0 mm pwv. 
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Resolution at 0.5 mm pwv Resolution at 1.0 mm pwv 
IRMA I 12 um 20 um 
IRMA II 1.7 um 2.9 um 

Table 6.2: Comparison of IRMA I and IRMA II excess electromagnetic path length resolu
tions at 0.5 and 1.0 mm pwv. 

effort being made to model the atmosphere above Chajnantor, to allow us to predict the 

performance of IRMA III from the Chilean site. These future developments are discussed 

in this chapter. 

6.1 Development of IRMA III 

The development of IRMA III, the grey box in figure 6.3, has been largely influ

enced by the desire for site testing at Chajnantor, site of the future ALMA observatory. A 

number of considerations in the design of the new instrument are due to the remoteness of 

the location [38]. 

There is no surplus electrical power available at Chajnantor, so IRMA III must 

provide its own power using a solar panel array and battery storage. Both IRMA I and 

IRMA II depended on personnel at the JCMT to fill daily the detector dewar and calibration 

source with liquid nitrogen. At Chajnantor, the detector, which must operate at 77 K, is 

cooled by a Stirling cryocooler. By eliminating the need for liquid cryogens, there is no 

need for personnel to service each IRMA instrument individually. Finally, IRMA III had 

to be designed to accommodate the hostile environment of the plateau. 

Another design consideration of IRMA III arose from a problem which ultimately 
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Figure 6.3: Cut-away rendering of IRMA I I I on alt-az mount, showing the major 
components. 

brought about the end of IRMA I I . By chance, IRMA I I was made to skydip close to 

the Sun, focusing an intense beam of light on the filter over the detector. This beam 

destroyed the filter and rendered IRMA I I useless until a repair was effected in June of 

2001. Regrettably, shortly after IRMA II was repaired, the instrument again happened 

to point close to the Sun, again destroying filter and bringing a permanent end to its 

operation. To avoid the possibility of this happening again. IRMA I I I is equipped with 

a shutter mechanism which closes whenever IRMA I I I points within 5 degrees of the Sun. 

This shutter also acts as a protection against the harsh environment and acts as a calibration 

source. 



6.2 ULTRAM Upgrades 
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We are in the process of using ULTRAM to generate data cubes similar to those 

modelled for the atmosphere above Mauna Kea (see §3.5) to model the atmosphere above 

Chajnantor. ULTRAM will use actual data from radiosondes launched from Chajnantor, 

to ensure the atmosphere is modelled as close to reality as possible. From these data cubes, 

and from the design specifications of IRMA III, the performance of IRMA III under various, 

real atmospheric conditions can be predicted, allowing the design team to evaluate instantly 

the performance of IRMA III during testing. 

The ULTRAM program continues to be refined. A graphical user interface (GUI) 

is being developed to render the program more user-friendly. With the introduction of a 

GUI to ULTRAM, it will be released to the public via the University of Lethbridge website. 

ULTRAM already is finding use in support of operations at the JCMT, Hawaii, 

the Astronomy Technology Centre (ATC) in Edinburgh as a part of the SCUBA2 project, 

and at the Rutherford Appleton Laboratory (RAL) as a part of ESA's Herschel SPIRE 

project. 
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