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Abstract 

D. R. Bates (1951) proposed that a principle cooling 

mechanism for the upper atmosphere is the emission from 

an atomic oxygen magnetic dipole transition at 63p. Due 

to the absorption by water vapor this emission is not see- 

able at ground level, but at 50,000 feet conditions are 

such that the existence of the line is proveable assuming 

the existence of a filtering device to isolate the line 

emission. 

The design considerations and construction of an 

interference filter using wire mesh as the reflecting 

surfaces to operate at 63p is given. Testing of a completed 

interference filter that operates in second order at 63U 

indicates that such a device would give the necessary 

characteristics - small bandwidth, high transmission - to 

isolate the line emission from the background radiation. 

The testing of two reference interference filters that 

operate in second order at 60 and 66u is also given. 

With interference filters designed to isolate a partic¬ 

ular order there must be a means of rejecting all other 

transmission bands. For the interference filters described 

above a system is described that will eliminate all radiation 

below 45u and above 80u so that the only energy detectable 

will be the second order transmissions of the three inter¬ 

ference filters. 

Finally the use of the interference filters in an exper¬ 

iment to detect the 63p atomic oxygen transmission is described. 

The expected intensities of the line emission and the emission 

of water vapor at 50,000 feet (the background) indicated 

that the use of the interference filters should have proven 



the existence of the emission line in the upper atmosphere. 

The experiment was flown at 50,000 feet but a failure in 

the chopper motor and the filters losing their tautness 

prevented obtaining any useful data. 
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D. R. Bates (1951) first postulated the existence of 

an atomic oxygen magnetic dipole transition as the princi¬ 

ple cooling mechanism in the upper atmosphere. This line 

emission is the transition from the 3P^ state to the 3^^ 

ground state. This same line has since been postulated 

as being the dominant emission mechanism of most HI regions 

(see Field et al. , 1968, and Burgess et aJL. , 1960). The 

important parameters of this emission line are given in 

Table 1. 

Parameters of 

Table 

the 3P^ - 

1 

3P£ Oxygen Transition 

Energy Einstein A . Wavelength (number) 

-5 -1 
~. 02 ev 8.9 x 10 sec i 63.09|i (158.5 cm ) 

The existence of this line in the upper atmosphere has 

not been experimentally proven. The absorption by atmospheric 

water vapor prevents determining the existence of the line 

from the ground. There is,however, the possibility of see¬ 

ing the line emission from an altitude of 50,000 feet where 

the effects of water vapor are much lower. This experiment 

would need a device that would isolate the region around 

the emission line. The remainder of this paper will describe 

the construction of an interference filter using wire mesh 

which will provide the necessary isolation of the line emission. 

CHARACTERISTICS OF INTERFERENCE FILTERS 

Casey and Lewis (1951) first saw the possibility of using 
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wire mesh as the reflecting surfaces for interferometers and 

interference filters. The first requirement for good inter¬ 

ference action is to have a good reflecting surface. We 

can see this by considering the finesse of an interference 

filter. The finesse of any interference device is a measure 

of the sharpness of the interference fringes, in other words, 

the narrowness of the fringes. For any interference device, 

the finesse is defined by: 

F = TT/(2 Sin-1 ) 

where R is the reflectivity. A high reflectivity means a 

high finesse and hence good interference effects. 

The second requirement for a good interference filter 

may be deduced from the simple Airy formula. The Airy formula 

gives the transmissivity for the filter and is defined as: 

A 2 
T = 1/(1 + |) 

From this formula we see that if A/T is small we will have a 

high transmissivity with the filter. 

The parameters of importance for any interference filter 

are the transmissivity T, the reflectivity, the finesse and 

the bandwidth and the resolving power of the filter which are 

related by the formula 

Q = 
_X 
AX 

q • F 

where q is the order of the transmission. 
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EQUATIONS FOR WIRE MESH IF'S 

Much work has been done in the past eight years on the 

use of wire mesh in interference filters and interferometers. 

Such workers as Renk, Genzel, Rawcliffe, Randall, and Ulrich 

have actually developed interference filters and interfero¬ 

meters for longer wavelengths than those considered in this 

paper. The basic theoretical groundwork was laid by Casey 

and Lewis (1952) and expanded on by the others in the early 

sixties. 

Casey and Lewis gave an equation for the absorptivity 

of wire mesh as 

_ 1/2 
A = . 314(g) R(—^-) [See Figure 1.] 

where cr is the electrical conductivity. The transmission 

for a single mesh is given in the paper by Ulrich, Renk 

and Genzel (1963). This equation is derived from Lamb's 

Theorem for wire gratings made of thin strips as opposed to 

those made of round wires. The transmission is 

T = (-^ in sin •^•) x g 

Substituting into the simple Airy formula, we obtain the 

expression for the transmissivity of an interference filter 

made of two wire mesh elements. 

T = 1/(1 + A/T)2 

1/2 • -2 3/2 
A/T = .314(2) (|) [2g in sin 2|] • X 
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Ulrich, Renk and Genzel indicate also that the finite 

thickness of the reflecting surface as well as the rectangular 

cross section of the wires must be taken into account. They 

introduced the constant, U), which we will refer to as the 

mesh omega. The mesh omega is defined as 

With this constant, the expression for the transmission of 

a single mesh becomes 

With the previous equation for the finesse, we can make the 

substitution for R since R =“ 1 - T and obtain 

„ . n a v , 

u> = J6N esc (—) t = a 
y 

2 -1 
T = sin (TT - tan [2uug/X]) 

Note that for X » g 

The equation for the transmissivity is now given as 

T — (14- 

In general, the wavelengths at which constructive 

interference will occur are given by the equation 

Xq = 2Nd/q 
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where n = refractive index of the medium between the two 

reflecting surfaces. For the wire mesh interference filter, 

however, we must include the effect of the finite thickness 

of the surfaces and the wavelengths of constructive inter¬ 

ference become, as given by Renk and Genzel (1962) . 

Xq = (2nd + -^r^)/q 

CALCULATIONS 

Considering first the single mesh characteristics, we 

have two equations for the transmission. The first equation 

is just the standard equation as derived from Lamb's theory, 

while the second equation considers the effects of the finite 

thickness and the rectangular cross-section on the reflective 

properties of the mesh. In Tables 2, 3, 4 and 5, the transmission 

and reflection (R = 1 - T) are calculated for wire mesh contain¬ 

ing 750, 1000, 1500 and 2000 lines per inch. The applicable 

equation to a given set of data is indicated above that set. 

In comparing these equations the constraints and as¬ 

sumptions made in their derivation must be emphasized. These 

constraints are such as to make the equations valid for the 

region beyond X = 2g. At smaller wavelengths the absorption 

and diffractive effects begin to dominate the interference 

effects. The calculated values for the 2000 mesh brings out 

the differences between the two equations for the transmission. 

There is a significant difference between the values from the 

two equations (>3%) out to approximately X = 2g. From this 

point, however, the difference continues to decrease so that 

at lOOu, X = 7.9g, we have a difference of only .01%. The 

second equation consistently gives the higher values for 



reflection and the better values since it considers the 

diffraction effect. 

Note that in these calculations the absorption was 

neglected. The validity of this step may be easily demonstrated 

by calculating the absorption for a given mesh and wavelength. 

If we consider the 2000 mesh and incident radiation of 60u, 

the absorption as calculated using the equation of Casey and 

Lewis is approximately .3%. 

The characteristics of an interference filter made of 

wire mesh may be calculated from the equations. Tables 6, 

7, 8 and 9 give the results of the finesse calculations for 

the 750, 1000, 1500 and 2000 mesh as well as the transmissivity. 

In these tables, the reflection value is actually the theoret¬ 

ical losses for the interference filter. 

\ 

DESIGN OF THE INTERFERENCE FILTERS 

The design of the interference filters using wire mesh 

must incorporate the following features: 

1) . There must be a means of holding the mesh as flat 

as possible; 

2) . There must be a method of providing the correct 

spacing as accurately as possible; 

3) . Spacing elements must be flat so that the two 

reflecting surfaces will be kept parallel. 

For the first consideration, the final design of the 

individual elements of the interference filter is shown in 

Figure 2. The characteristics of this design are: 

a). There is an effective means of holding the mesh - 

the clamp ring and the six screws - without intro¬ 

ducing any added thickness as would exist with glue. 
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b) . The flatness of the surface of the wire mesh is 

obtained through the use of the fine adjustment 

screws in a method that might be compared to 

stretching a drumskin across the drumhead. 

c) . The stretching ring provides a flat surface for 

obtaining maximum tautness across the entire open 

area of the wire mesh. 

d) . The curved portion of the stretching ring prevents 

cutting the mesh and aids in the clamping process. 

The second consideration on the spacers to be used in 

the interference filter is a critical one. Rawcliffe and 

Randall (1967) in the design of their interference filters 

used stainless steel shim stock as the spacing element. For 

interference filters that are required to operate at a certain 

wavelength, the thickness of the spacer is determined from the 

equation that gives the locations of constructive interference. 

For such a device it is unlikely that the thickness required 

would exactly match the available thicknesses of shim stock. 

The shim stock would, in this case, have to be ground down 

to the desired thickness, thereby introducing another machining 

error. Construction of a filter using 1500 mesh to operate 

in second order at 63 microns would require a spacer of 

2.37 mil. Grinding down a 2.5 mil shim stock to the desired 

thickness would have cuased too many other problems. 

The solution to this problem was to use quartz blanks 

as the spacing elements. These quartz blanks are the same 

ones used in citizen band radios. The flatness of the surface 

of the quartz blanks is accurate to 10 parts in a million and 

the actual thickness is very easily monitored and controlled 
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through the use of oscillating circuits. These accuracies 

and their inexpensiveness made the quartz blanks very desirable. 

CONSTRUCTION OF THE FILTERS 

Cutting the wire mesh may prove to be a problem because 

of the thinness of the material. We found that the best 

method for cutting the mesh was using a heavy punch. The 

punch, which has a cutting edge approximately 1 23/32" in 

diameter, is laid on top of the mesh to be cut. The mesh 

itself is resting on a flat metal surface. After the punch 

is positioned, several sharp blows around the perimeter of 

the top of the punch will give an excellent, round piece of 

wire mesh (hereafter called the filter mesh). 

The filter mesh is then placed over the stretching ring 

which is in the down position. The clamp ring is then pushed 

down over the mesh as closely aligned to the clamp screw holes 

as possible. One now must maintain approximately equal pres¬ 

sure across the entire surface of the clamp ring while insert¬ 

ing the clamping screws. 

After the clamping screws are inserted and tight, one 

is now ready to use the fine adjustment screws to provide 

the desired tautness to the open surface of the filter mesh. 

The clamping ring itself will provide most of the stretch 

and tautness to the filter mesh and one should be extremely 

careful not to overstretch the filter mesh with the fine 

adjustment screws. It takes very little further adjustment 

with these screws to provide the maximum tautness. A completed 

filter element is shown in Figure 3. 

The individual filter elements must then be placed in 

some sort of holding device. For this experiment, a filter 

wheel was constructed with four openings (three for actual 



interference filters and one for reference). A completed 

filter element is placed in three of the four openings of 

the wheel. The quartz spacers (three 1/8" diameter blanks) 

are then carefully spaced on the stretching ring of this 

filter element. The second filter element is then placed 

on top of the spacers and a neoprene washer placed around 

the fine adjustment screws of the top filter element. The 

second half of the filter wheel is then fastened to the 

first half through the use of three screws. The completed 

filter wheel is shown in Figure 4. 

EXPERIMENTATION 

Single interference Filters; 

The first two interference filters were built u!sing 

2000 mesh. These filters were to serve as the test models - 

to evaluate the design and the calculations. in these filters 

shim stock was used as the spacing element - the first filter 

using 1-mil brass shim stock and the second filter using 3-mil 

brass shim stock. The testing of these filters was performed 

on a Beckman IR-9 Spectrometer located at Rice University. 

The results for both filters are shown in Figure 5. 

The first filter transmission curve is characteristic 

of the two meshes in the filter actually touching each other. 

The transmission curve for the second filter is the typical 

interference pattern. The positions of the theoretical 

transmission bands for a 3-mil spacing are included in the 

figure. One readily sees the discrepancy that exists between 

the two. It would seem from the experimental curve that the 

actual spacing between the two elements was somewhat greater 

than the 3-mil spacer. Using a microscope, the distance 

between the two elements was determined to be approximately 
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•s 

83 microns which compares favorably with the 81.6 micron 

spacing calculated from the experimental curve. The discrep¬ 

ancy in the spacing may be explained by a slight unevenness 

in the flatness of the brass shim stock spacer. 

The multiplicative aspect of two meshes in transmission 

(e.g., the 1-mil spaced IF) is one which may be used in 

practice. In the case illustrated in Figure 5, we have a 

transmission filter with almost 50% transmission and a 

bandwidth of 1.2 microns. Similar results could be expected 

for other meshes. We have, therefore, a simple means of pro¬ 

viding fairly high transmission, low bandwidth devices with the 

bands centered on 14.3, 18.9, 28.4, and 37.3u, for 2000, 1500, 

1000 and 750 mesh respectively. 

Testing of the Filter Wheel; 

The filter wheel was then constructed and tested. The 

filter wheel itself consisted three interference filters and 

one opening to serve as a reference. The three interference 

filters were using 1500 mesh and quartz spacers that were 

2.25, 2.37 and 2.49 mil thick. These interference filters 

would then give first order effects at 120, 126 and 132 microns 

respectively. 

The first test on the filter wheel was made on a Beckman 

IR-12 Spectrometer owned by Shell Chemical company of Deer Park, 

Texas. The results of the first test are shown in Figure 6 

and summarized in Table 10. Calculations on the higher order 

transmissions indicated that the locations of the second 

order transmissions would be approximately 62.5u for the pre¬ 

designated 63u filter and approximately 58u for the predesignated 

60u filter. 

Additional testing on the filter wheel was performed on 
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another Beckman instrument, the IR-11, located at the 

University of Texas. This instrument is capable of observations 

out to 300 microns. In the actual test, however, the higher 

orders were again located in the same positions, but the 

important lower orders were not found. It was felt that 

the resolvability of the Spectrometer in this part of the 

spectrum was such that the machine did not see the very small 

amounts being passed in the narrow bandwidths of the lower 

orders. 

A decision was made at this point to replace two of the 

filter elements with 1000 mesh. The use of the 1000 mesh 

would give higher transmissivity but corresponding broader 

bandwidths. The same spacers were used in the new filters 

as calculations indicated that although the second order 

transmissions would be at a slightly longer wavelength the 

new second order transmissions would be useful. The decision 

was also made to retain the 1500 mesh on the 66 filter. This 

decision was prompted by the fact that on the initial test 

there was some indication that the second order transmission 

did exist at about 66u but was not being resolved by the 

spectrometer. 

The results of the second test on the filter wheel are 

given in Figure 7. As the figure indicates, we now had filters 

that operated in second order at 61.7 and 63.3 microns with 

1000 mesh. The 1500 mesh transmission at 66 microns was again 

not resolved by the spectrometer but the broad bandpass did 

exist. The experimental values for the second order transmission 

bands were approximately 2u lower than the predicted results 

for 1000 mesh. Considering the 61.7u transmission, we may 

calculate what spacing such a transmission indicates. 
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(2)(61.7) = 2nd + 2wg/n 

123.4 - 12.4 = 2d 

d = 55.5u 2.19 mil 

Similar calculations for the 63.3u transmission yield a 

spacing of 2.26 mil. The calculated value for the first 

filter is .06 off the actual spacer thickness while for the 

second filter there is a difference of .11 mil. Consider, 

however, what happens when we relax the restriction that 

t = a and say that the thickness is actually 4.5 microns for 

these meshes. The mesh omega is now given by 

U) = £n esc (rrt/g) 

and substituting the values of g and the assumed thickness 

2d = 123.4 - 10 

d = 56.7u 

= 2.23 mil 

The second order transmission at 61.6u now indicates a spacing 

of 2.23 mil. 

The transmission band located around 66u with the 1500 

mesh was approximately 5% over a rather broad bandwidth of 

4 microns. By taking the ratio of the expected and the actual 

finesse for both of the 1000 mesh filters, we can get a reason¬ 

able indication of the bandwidth and transmission we would have 

obtained if the spectrometer had been able to resolve the 

band. The result of this calculation is also shown in Figure 7. 
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With the filter wheel, therefore, we had the capability 

to evaluate three narrow bands around 63 microns. 

Evaluation of the Design; 

The evaluation of the design for the filter wheel and 

the filter elements follows directly from a comparison of 

the predicted and the actual bandwidth. For the transmissions 

shown in Figure 7, the actual bandwidth is 1.0 times the 

predicted and 1.1 times the predicted for the 63 and 60 filter 

respectively, in order to obtain the predicted bandwidth, 

the two reflecting surfaces must be flat and parallel. Taking 

the average value we find that the ratio of the actual to the 

predicted bandwidth is 1.05. If we take this deviation from 

the predicted value to be caused entirely by an inaccuracy in 

the spacing, we may calculate the actual accuracy in the spac¬ 

ing using the error analysis given in Appendix A. The devi¬ 

ation from the optimum spacing is taking as Ad and the calcu¬ 

lations indicate a value of Ad of .23u. The actual spacing 

lies in the range given by 

d - .23u ^ d ^ d + . 23u ■ 

This filter design, then, gives a very flat surface and the 

filter wheel design insures that the two surfaces will be 

parallel to a high degree of accuracy. Ulrich, Renk and Genzel 

obtained values for Ad of 1.5 to 2.0u while the work of 

Rawcliffe and Randall (1967) yields a value of approximately 

1.6u. Both of these experiments considered filters operating 

beyond 100 microns. 
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USE OF THE FILTER WHEEL IN 63u EXPERIMENT 

In order to use the filter wheel in an experiment to 

determine the existence of an emission line at 63u, there 

is some additional apparatus needed. First of all, there 

must be an effective means of eliminating the first order 

transmissions as well as the higher than second order transmis¬ 

sions. For the filter wheel, therefore, there must be a means 

of eliminating all radiation below 45u (third order for the 

.66 filter is at 43.6u) and above approximately lOOu. With 

this range of operation, the only radiation incident on the 

detection mechanism will be the second order transmissions 

of the three filters in the filter wheel. 

Cesium Iodide (Csl) of a suitable thickness will elimi¬ 

nate the radiation in the long wavelength region. ■ A 2-mm 
thick disk of Csl will transmit out to approximately 72u 

and then cuts off. A 1-mm thick disk will transmit out to 

approximately 80u before it cuts off. The transmission through 

such a disk of Csl would be approximately 60% at 60u. 

For the higher order transmissions, a thick (4-mm) piece 

of crystalline quartz is the most effective rejection mechanism. 

This piece of quartz would start to transmit in the IR region 

around 45u and would reach almost 30% transmission at 60u. 

With crystalline quartz, however, we must contend with the 

low wavelength transmission out to 4.5u. A six-mil piece of 

Black Polyethyene will serve to reject this low IR radiation. 

We should, therefore, in order to isolate the second 

order transmissions, include in the system a 1-mm thick disk 

of Csl, a 4-mm thick disk of crystalline quartz and a 6-mil 

piece of Black Poly, as well as the filter wheel itself. 
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Effects of Water Vapor; 

Secondly, we assume that the absorption of IR radiation 

by water vapor does not affect the energy of the line emission 

above 50,000 feet. The region of the electromagnetic spectrum 

from 25u to about 2500u constitutes the rotational band of 

water vapor and any observations at ground level in this 

region of the spectrum are greatly affected by the almost 

total absorption by water vapor. A line emission at 63u 

could not be seen from the ground. However, at 50,000 feet 

or above, the absorption by water vapor is so much less that 

the line emission at 63u could be seen at these altitudes. 

Although the absorptive property does not materially 

affect the readings above 50,000 feet, the emission character¬ 

istics may. Water vapor at these altitudes is generally taken 

as having the emission characteristics of a blackbody with 

an emissivity of .1. Because of the extremely large number 

of emissions that are present in the region of the rotational 

band of water vapor, this assumption is a good one and yields 

an upper limit to the intensity of the water vapor emission 

(Kozyrev and Mezenov (1963)). The blackbody temperature at 

50,000 feet would be approximately 210°K. We can calculate, 

therefore, the blackbody (water vapor) contribution to the 

energy in the 63 filter transmission and, thereby, determine 

the actual amount of line emission present. Because of the 

characteristics of blackbody radiation, this blackbody contri¬ 

bution to the 63u radiation would be approximately equal to 

the average of the energy in the 61 filter transmission and 

the 66 filter transmission. 

Appendix C gives the calculations and equations originally 

derived by Bates for the amount of energy that would be emitted 

in this line. Using these calculations and the calculations 
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for the upper limit for the water vapor contribution given 

in Appendix B, we see that the filter wheel assembly could 

be used at an altitude of 50,000 feet to determine experi¬ 

mentally the existence of the 63u atomic Oxygen emission 

line. 

Flight Test of Filter Wheel; 

A housing was constructed to contain the filter wheel, 

the rejection filter, a 600 cps chopper and motor and a 

phase detector. This metal box (approximately 7 inches long, 

4 inches wide and 3 inches deep)was constructed to allow 

insertion between the aft end of Dr. Frank Low's infrared 

telescope and the helium-filled dewer which contained the 

detector. 

The assembly was mounted in a Lear Jet at Moffett Field, 

California on September 5, 1968 and flown to 50,000 feet. 

The flight, however, produced no meaningful results due to 

two system failures. The chopper motor failed at approximately 

50,000 feet and the filter mesh (as subsequent testing on the 

IR-12 proved) lost its tautness while attempts were being made 

to improve the rigidity of the box for the flight. It is 

hoped that at some time in the future a more meaningful flight 

may be made with the filter wheel and its associated equipment. 
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Do part 3. 
Transmission and Reflection of Single Wire Mesh 
grating constant = 12.7 
half-breadth = 3.175 
mesh omega = .344 

Wavelength(microns)= 

)*ln( sin(p»a/g)))*2 ; R=l-T 
13 Transmissions 4.585-01 Reflections 
15 Transmissions 3.444-01 Reflections 
20 Transmissions 1.937-01 Reflections 
25 Transmissions 1.240-01 Reflections 
30 Transmissions 8.610-02 Reflections 
35 Transmissions 6.326-02 Reflections 
40 Transmissions 4.843-02 Reflections 
45 Transmissions 3.827-02 Reflections 
50 Transmissions 3.100-02 Reflections 
55 Transmissions 2.562-02 Reflections 
60 Transmissions 2.153-02 Reflections 
65 Transmissions 1.834-02 Reflections 
70 Transmissions 1.581-02 Reflections 
75 Transmissions 1.378-02 Reflections 

: 80 Transmissions 1.211-02 Reflections 
85 Transmissions 1.073-02 Reflections 
90 Transmissions 9.567-03 Reflections 
95 Transmissions 8.586-03 Reflections 

100 Transmissions 7.749-03 Reflections 

Do part 4. 
Equation 2:T=sin(f)* 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 

13 Transmissions 3.112-01 Reflections 
15 Transmissions 2.533-01 Reflections 
20 Transmissions 1.603-01 Reflections 
25 Transmissions 1.089-01 Reflections 
30 Transmissions 7.820-02 Reflections 
35 Transmissions 5.867-02 Reflections 
40 Transmissions 4.554-02 Reflections 
45 Transmissions 3.633-02 Reflections 
50 Transmissions 2.963-02 Reflections 
55 Transmissions 2.462-02 Reflections 
60 Transmissions 2.077-02 Reflections 
65 Transmissions 1.775-02 Reflections 
70 Transmissions 1.534-02 Reflections 
75 Transmissions 1.339-02 Reflections 
80 Transmissions 1.179-02 Reflections 
85 Transmissions 1.046-02 Reflections 
90 Transmissions 9.337-03 Reflections 
95 Transmissions 8.388-03 Reflections 

100 Transmissions 7.577-03 Reflections 

NOTE: 4.585-01 => 4.585 

TABLE 2: SINGLE MESH CHARACTERISTICS-2000mesh 

5.415-01 
6.556-01 
8.063-01 
8.760-01 
9.139-01 
9.367-01 
9.516-01 
9.617-01 
9.690-01 
9.744-01 
9.785-01 
9.817-01 
9.842-01 
9.862-01 
9.879-01 
9.893-01 
9.904-01 
9.914-01 
9.923-01 

6.888-01 

7.467-01 
8.397-01 
8.911-01 
9.218-01 
9.413-01 
9.545-01 
9.637-01 
9.704-01 
9.754-01 
9.792-01 
9.823-01 
9.847-01 
9.866-01 
9.882-01 
9.895-01 
9.907-01 
9.916-01 
9.924-01 



-18- 
3.61 Do part 5 for 1=17,20(5)100. 
4.3 Do part 6 for 1=17,20(5)100, 
Do part 3. 
Transmission and Reflection of Single Wire Mesh 
grating constant = 16.77 
half-breadth =3.305 
mesh omega = .536 

Wavelength(microns)= 

Wavelength( microns)= 

)*ln(sin(p»a/g)))*2: ; R=l-T 
17 Transmission= 1.153 00 Reflection=- -1.526-01 
20 Transmission= 8.327-01 Reflections 1.673-01 
25 Transmissions 5.329-01 Reflections 4.671-01 
30 Transmissions 3.701-01 Reflections 6.299-01 
35 Transmissions 2.719-01 Reflections 7.281-01 
40 Transmissions 2.082-01 Reflections 7.918-01 
45 Transmissions 1.645-01 Reflections 8.355-01 
50 Transmissions 1.332-01 Reflections 8.668-01 
55 Transmissions 1.101-01 Reflections 8.899-01 
60 Transmissions 9.253-02 Reflections 9.075-01 
65 Transmissions 7.884-02 Reflections 9.212-01 
70 Transmissions 6.798-02 Reflections 9.320-01 
75 Transmissions 5.922-02 Reflections 9.408-01 
80 Transmissions 5.205-02 Reflections 9.480-01 
85 Transmissions 4.610-02 Reflections 9.539-01 
90 Transmissions 4.112-02 Reflections 9.589-01 
95 Transmissions 3.691-02 Reflections 9.631-01 

100 Transmissions 3.331-02 Reflections 9.667-01 

Do part 4. 
Equation 2:T=sin(f)*2 where f=pi-arctan(2«w»g/l); R=l-T 

17 Transmissions 5.279-01 Reflections 4.721-01 
20 Transmissions 4.469-01 Reflections 5.531-01 
25 Transmissions 3.408-01 Reflections 6.592-01 
30 Transmissions 2.642-01 Reflections 7.358-01 
35 Transmissions 2.088-01 Reflections 7.912-01 
40 Transmissions 1.680-01 Reflections 8.320-01 
45 Transmissions 1.376-01 Reflections 8.624-01 
50 Transmissions 1.145-01 Reflections 8.855-01 
55 Transmissions 9.653-02 Reflections 9.035-01 
60 Transmissions 8.238-02 Reflections 9.176-01 
65 Transmissions 7.106-02 Reflections 9.289-01 
70 Transmissions 6.188-02 Reflections 9.381-01 
75 Transmissions 5.433-02 Reflections 9.457-01 
80 Transmissions 4.807-02 Reflections 9.519-01 
85 Transmissions 4.282-02 Reflections 9.572-01 
90 Transmissions 3.837-02 Reflections 9.616-01 
95 Transmissions 3.457-02 Reflections 9.654-01 

100 Transmissions 3.131-02 Reflections 9.687-01 

* impossible solution 

TABLE 3: SINGLE MESH CHARACTERISTICS-1500 mesh 
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3.61 Do part 5 for 1=25(5)100. 

4.3 Do part 6 for 1=25(5)100. 

Do part 3. 

Transmission and Reflection of Single Wire Mesh 
grating constant = 25.25 
half-breadth = 3.86 
mesh omega 
Equation 1: 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 
Wavelength( 

= .770 

T=((2»g/l)»ln(sin(p»a/g)))*2 
microns)= 25 Transmission= 
microns)= 30 Transmission= 
microns)= 35 Transmission2 

microns)2 40 Transmission2 

microns)2 45 Transmission2 

microns)2 50 Transmission2 

microns)2 55 Transmission2 

microns)2 60 Transmission2 

microns)2 65 Transmission2 

microns)2 70 Transmission2 

microns)2 75 Transmission2 

microns)2 80 Transmission2 

microns)2 85 Transmission2 

microns)2 90 Transmission2 

microns)= 95 Transmission2 

microns)=100 Transmission2 

; R=l-T 
2.433 00 
1.690 00 
1.241 00 
9.504-01 
7.509-01 
6.082-01 
5.027-01 
4.224-01 
3.599-01 
3.103-01 
2.703-01 
2.376-01 
2.105-01 
1.877-01 
1.685-01 
1.521-01 

Reflection2-!.433 00* 
Reflection=-6.895-01* 
Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

Reflection2 

-2.413-01* 
4.964-02 
2.491-01 
3.918-01 
4.973-01 
5.776-01 
6.401-01 
6.897-01 
7.297-01 
7.624-01 
7.895-01 
8.123-01 
8.315-01 
8.479-01 

Do part 4. 
Equation 2:T=sin(f)5' 
Wave length (mi crons)= 
Wavelength (microns ) = 
Wavelength (microns )= 
Wavelength (microns )= 
Wave length (microns )= 
Wavelength (microns ) = 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength(microns)= 
Wavelength (microns )= 
Wavelength (microns) = 
Wave length (microns) = 
Wavelength (microns ) = 
Wavelength (microns)2 

Wavelength(microns)= 
Wavelength(microns)2 

2 where f=pi-arctan(2»w»g/l); R=l-T 
25 Transmission2 7.075-01 Reflection2 2.925-01 
30 Transmission2 6.269-01 Reflection2 3.731-01 
35 Transmission2 5.524-01 Reflection2 4.476-01 
40 Transmission2 4.859-01 Reflection2 5.141-01 
45 Transmission2 4.275-01 Reflection2 5.725-01 
50 Transmission2 3.769-01 Reflection2 6.231-01 
55 Transmission2 3.333-01 Reflection2 6.667-01 
60 Transmission2 2.958-01 Reflection2 7.042-01 
65 Transmission2 2.636-01 Reflection2 7.364-01 
70 Transmission2 2.358-01 Reflection2 7.642-01 
75 Transmission2 2.119-01 Reflection2 7.881-01 
80 Transmission2 1.911-01 Reflection2 8.089-01 
85 Transmission2 1.731-01 Reflection2 8.269-01 
90 Transmission2 1.573-01 Reflection2 8.427-01 
95 Transmission2 1.435-01 Reflection2 8.565-01 

100 Transmission2 1.313-01 Reflection2 8.687-01 

* Impossible solution 

TABLE 4: SINGLE MESH CHARACTERISTICS- 1000 mesh 
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3.61 Do part 5 for 1=35(6)100. 
4.3 Do part 6 for 1=35(5)100. 
Do part 3. 
Transmission and Reflection of Single Wire Mesh 
grating constant = 33.12 
half-breadth = 3.86 
mesh omega = 1.025 
Equation l:T=((2»g/l)»ln( 
Wavelength(microns)= 35 
Wavelength(microns)= 40 
Wavelength(microns)= 45 
Wavelength(microns)= 50 
Wavelength(microns)= 55 
Wavelength(microns)= 60 
Wavelength(microns)= 65 
Wavelength(microns)= 70 
W ave length ( mi crons) = 75 
Wave length (microns )= 80 
Wavelength(microns)= 85 
Wavelength(microns)= 90 
Wavelength(microns)= 95 
Wavelength(microns)=100 

sin(p«a/g)))*2: 
Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

Transmission3 

R=l-T 
3.779 00 
2.893 00 
2.286 00 
1.852 00 
1.530 00 
1.286 00 
1.096 00 
9.448-01 
8.230-01 
7.234-01 
6.408-01 
5.715-01 
5.130-01 
4.630-01 

Reflection=-2.779 00* 
Reflection=-1.893 00* 
Reflection=-1.286 00* 
Reflection3-8.518-01* 
Reflection=-5.304-01* 
Reflection3-2.860-01* 
Reflection=-9.575-02* 
Reflection3 5.520-02 
Reflection3 1.770-01 
Reflection3 2.766-01 
Reflection3 3.592-01 
Reflection3 4.285-01 
Reflection3 4.870-01 
Reflection3 5.370-01 

Do part 4. 
Equation 2:T=sin(f) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wave length (mi crons) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 
Wavelength(microns) 

*2 where f=pi-arctan(2»w»g/l); R=l-T 
35 Transmission3 7.901-01 Reflection3 2.099-01 
40 Transmission3 7.423-01 Reflection3 2.577-01 
45 Transmission3 6.948-01 Reflection3 3.052-01 
50 Transmission3 6.484-01 Reflection3 3.516-01 
55 Transmission3 6.038-01 Reflection3 3.962-01 
60 Transmission3 5.615-01 Reflection3 4.385-01 
65 Transmission3 5.218-01 Reflection3 4.782-01 
70 Transmission3 4.847-01 Reflection3 5.153-01 
75 Transmission3 4.504-01 Reflection3 5.496-01 
80 Transmission3 4.187-01 Reflection3 5.813-01 
85 Transmission3 3.895-01 Reflection3 6.105-01 
90 Transmission3 3.627-01 Reflection3 6.373-01 
95 Transmission3 3.381-01 Reflection3 6.619-01 

100 Transmission3 3.155-01 Reflection3 6.845-01 

* Impossible solution 

TABLE 5: SINGLE MESH CHARACTERISTICS- 750 mesh 
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Wavelength Finesse Transmission Losses 

15 11 .956 .044 

20 18 .933 .067 

25 27 .908 .092 

30 39 .882 .118 

35 52 .855 .145 

40 67 .827 .173 

45 85 .799 .201 

50 100 .770 .230 

55 130 .742 .258 

60 150 .714 .286 

65 180 .687 .313 

70 200 .660 .340 

75 230 .634 .366 

80 260 .609 .391 

85 300 .584 .416 

90 330 .560 .440 

95 370 .537 .463 

100 410 .515 .485 

TABLE 6: IF CHARACTERISTICS - 2000 MESH 
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Wavelength Finesse Transmission Losses 

15 3.4 .987 .013 

20 5.2 .980 .020 

25 7.5 .972 .028 

30 10 .963 .037 

35 13 .954 .046 

40 17 .944 .056 

45 21 .933 .067 

50 26 .923 .077 

55 31 .912 .088 

60 37 .900 .100 

65 43 .888 .112 

70 49 .877 .123 

75 56 .865 .135 

80 64 .852 .148 

85 72 .840 .160 

90 80 .828 .172 

95 89 .815 .185 

100 99 .803 .197 

TABLE 7 IF CHARACTERISTICS - 1500 MESH 
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velength Finesse Transmission Losses 

15 1.3 .996 .004 

20 1.8 .994 .006 

25 2.4 .992 .008 

30 3.1 .989 .011 

35 3.8 .987 .013 

40 4.6 .984 .016 

45 5.6 .980 .020 

50 6.6 .977 .023 

55 7.7 .974 .026 

60 8.9 .970 .030 

65 10 .966 .034 

70 12 .963 .037 

75 13 .959 .041 

80 15 .955 .045 

85 17 .950 .050 

90 18 .946 .054 

95 20 .942 .058 

100 22 .937 .063 

TABLE 8: IF CHARACTERISTICS - 1000 MESH 
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Wavelength Finesse Transmission Losses 

15 

l—1 
r* •

 .998 .002 

20 .96 .997 .003 

25 1.2 .996 .004 

30 1.5 .995 .005 

35 1.8 .994 .006 

40 2.1 .993 .007 

45 2.5 .992 .008 

50 2.9 .990 .010 

55 3.3 .989 .011 

60 3.7 .987 .013 

65 4.2 .985 .015 

70 4.7 .984 .016 

75 5.2 .982 .018 

80 5.7 .980 .020 

85 6.3 .978 .022 

90 6.9 .976 .024 

95 7.6 .974 .026 

100 8.2 .972 .028 

TABLE 9 IF CHARACTERISTICS - 750 MESH 
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APPENDIX A: 

ANALYSIS OF THE EFFECT OF UNEVEN SPACING 

ON THE TRANSMISSION CHARACTERISTICS OF IF's 

Ulrich, Renk and Genzel (1963) defined the uneveness 

in the spacing of an interference filter to be such that 

the true spacing would lie in the range given by 

d 
bl 
4nF 

£ d =£ d + 
bl 
4nF 

where d = mean spacing 

b = uneveness parameter = Ad'4nF/X 

For an interference filter in which such an uneven 

spacing exists, the finesse and the transmission are reduced 

to the mean values, F and T. Figure A gives the ratios of the 

mean Finesse over the theoretical Finesse and the mean transmission 

over the theoretical transmission plotted against the uneveness 

parameter, b. This graph is the one given in the paper by 

Ulrich, Renk and Genzel and is reproduced here to provide a 

means of estimating the uneveness or lack of parallelism 

involved in our interference filters. The process used in 

obtaining this graph is based on the fact that the surfaces 

of the interference filter may be broken up into many small 

areas and the corresponding characteristics of each of these 

small interference filters may then be averaged to give the 

mean characteristics of the total interference filter. 

Using Figure A, we may calculate the effect of various 

degrees of uneveness. If, for example, we consider an 

uneveness of only 2.54(i (.1 mil), we may calculate the correspond¬ 

ing b for 1000 mesh at 63 microns. 
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S 

b = Ad • 4nF/X 

b (2.54) 4F 
X 

b = 1.48 

From Figure A we see that at b = 1.48, the finesse is down 

to about 1/2 of the theoretical finesse and that the transmission 

of such an interference filter would be only about 45% of the 

theoretical transmission. And this is for an uneveness of 

only .1 mil - the accuracy that we could expect in using 

machined parts. 

From the graph, we also see that the finesse and the 

transmission of an interference filter are essentially un¬ 

changed out to a b value of approximately .1. This corresponds 

to an uneveness (Ad) of only . 17p or .0067 mil for a 1000 mesh 

IF operating at 63 microns. This means that if we were able 

to hold the uneveness down to .0067 mil we could obtain es¬ 

sentially the theoretical characteristics of the metal mesh 

interference filter. 
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APPENDIX B: 

WATER VAPOR ROTATIONAL BAND AND REPRESENTATIVE 

CALCULATIONS OF EMISSIVITY FOR H20 

The locations of the rotational lines of water vapor 

are given in many references (see Bibliography). For the 

region from 60 microns to 69 microns there are 13 rotation¬ 

al lines present. The locations of these lines are given 

below: 

Water Vapor Lines - 60 to 69 

-1 microns cm 

60.17 166.19 

61.8 161.79 

62.3 160.17 

62.9 158.89 

63.26 157.90 

63.45 157.61 

63.93 156.40 

65.15 153.46 

65.57 152.50 

66.09 151.30 

66.44 150.52 

67.08 149.06 

68.98 144.96 

The experimental work of Turon et aJL. (1968) shows us 

that at 50,000 feet we may take the emission characteristics 

of water vapor to be that of a Blackbody at 210°K with an 

emissivity of .1. Doing this we will obtain an upper limit 
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to the amount of radiation present in a certain bandwidth 

from the water vapor lines. The calculations are straight 

forward and for a Blackbody of these characteristics with 

a . 81p bandwidth we obtain 

S63p 
-10 7.15 x 10 watts 
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APPENDIX C: 

THE ENERGY CALCULATIONS FOR 

THE 3P1 - 3P2 OXYGEN LINE 

If we assume that the excitation process from the 

ground state of atomic Oxygen (3P2) to the next higher 

level - the 3P^ state - takes place much faster than the 

corresponding photon emission, we may take the distribution 

between the two lower states to be characteristic of the 

Kinetic temperature, T (Bates, 1951). The net rate at 

which energy is lost in this transition would then be given 

by 

RE(0) = e1A1_2n(0,3P1) 

where 

= .02 ev 

-5 
A1-2 = Exnstein A = 8.9 x 10 sec 

Using the statistical weights of the three lower levels of 

atomic Oxygen (there is a 3PQ level approximately .028 ev 

above the ground state), the number of Oxygen atoms in the 

3P^ state may be approximated as 

n(0,3P1) = n(0,3P2 
f mlex 

, 1,0'l o)2
+tui 

ID, exp(-e^/kT) 

exp (-e^/kT) +ajQexp(-e0/kT) 

where the uu's are the statistical weights. For the high 

temperature regions of the upper atmosphere, the expression 
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*s 

in brackets is approximately equal to unity (again, Bates, 

1951) . 

The expression for the net rate of energy loss due 

to this transition is therefore 

RE(0> = e1A1_2
n<O'3P2,1.0) • 

Taking the number of Oxygen atoms in a square centi- 
18 meter column above 15 km to be approximately 2.0 x 10 , 

we obtain for the net energy loss 

RE(0) = (5.8 x 10-7)(2 x 1018) 

12 2 
= 1.16 x 10 ev/cm -column-sec 

-7 2 = 1.16 x 10 watts/cm -column 

This expected energy converts to approximately 
-11 2 

5 x 10 watts/cm for the detector geometry - a value 

well within the seeable range of a helium cooled detector 

(Low, 1961). 
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