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I. SCOPE

The purpose of this program 1s to conduct a field study on the merits and
limitations of laser coincidence absorption measurement technigue apphed to
long-path monitoring of a gaseous pollutant in an urban atmosphere.

II. INTRODUCTION AND SUMMARY

The program was conducted 1n five phases:

Prelimimnary Study and System Optimization - During this phase, two
gaseous pollutants, ethylene and ammoma, were selected and
spectral interferences 1dentified. Laser wavelengths were selected
and appropriate weighting functions calculated and read into the
signal processor. The phase objective was to optimize system
sensitivity to the selected gases while rejecting spect*ral inter-
ference effects.

Rural Test Site Measurements - Using GE*s spectrally tunable COq
laser, measurements and system evaluation were conducted at
Cazenovia, New York. This rural test site was used to calibrate
the system and conduct measurements under variable conditions of
weather, time of day, temperature, etc.

Transfer to Urban Test Site - With EPA approval, a site was selected
in Syracuse, New York which provided a good average sampling of
the pollutant gases. The laser system was moved to this location.

Urban Test Site Measurements - Measurements made «t the rural test
site were repeated under similar conditions of tim<e and weather.
Selected pollutant concentrations and spectral interference effects
were recorded. Concurrent point measurements were made by gas
chromatograph for ethylene concentrations.

System Performance Evaluation - Overall system effectiveness and test
results were analyzed and performance evaluated. The conclusions
are summarized in this report.

1/2



ITI. DESCRIPTION OF THE LASER SYSTEM

A. INTRODUCTION

In order to understand the meaning of th1s measurements prog ram, 1t 1s
necessary to understand the system. The laser system used in this program
1s a breadboard system constructed by the General Electric Company under an
internally funded program. The system operates in the middle region of the
infrared spectrum and 1dentifies atmospheric constituents by abscrption spec-
troscopy. It measures average pollutant concentrations over long ranges at
relatively low, safe power levels. ILAMS (Infrared Laser Atmospneric Moni-
toring System) cousists of a spectrally scanning laser, transmit-receive optics,
a signal processor and a retroreflector. The system transmits energy at four
wavelengths in a rapid sequence to a remote retroreflector locatad (depending
upon the operational situation) from one to ten or more miles away. This laser
function 1s called spectral scanning.

Laser power densities are kept below safety limits by expanding the beam
0.5 watt (5% 10-3 watts/cm?2) at the laser and 0. 015 watts (2 X 10° watts/cm?)
at the retroreflector. Energy returned from the retroreflector is collected in
a collinear transmit-receive optical system and referenced to lase output
energy to compensate for power differences at each wavelength. Fnergy atten-
uation at the selected lasing wavelengths produces a pattern of absorption
versus wavelength with which the system identifies pollutants and registers
their average concentration over the path (double the laser io retroreflector
distance) traversed by the beam.

An ILAMS block diagram 1s shown in Figure 1. The output power from the
laser 1s directed to a 50-percent beamsplitter. The energy transmitted through
the beamsplitter 1s focused down to a 0. 004-inch aperture that serves as an
attenuator for the detector and as a simulator for the retroreflecto-. Behind
this aperture 1s the reference energy detector. The energy at this focal point
of the output beam has the same energy distribution 1n cross-section as does
the far-field pattern of the laser, but on a smaller scale. Any chznges wn the
energy distribution 1n the far-field due to laser noise will have the same effect
on the reference detector as it does on the energy collected by the retroreflector.
Because of diffraction, the energy that passes through the aperture spreads out
1n a 5-degree cone. A thermistor bolometer detector behind the aperture picks
up the central part of this cone and the attenuation is varied hy controlling the
aperture to bolometer spacing.

The reflected power from th: beamsplitter goes through a germanwum lens
which focuses the energy near tt.: focal point of an off-axis parabolic mirror.
The energy then reflects off a 45: degree flat mirror to the parabola, and the
expanded, nearly collimated bea i is transmitted to the retroreflector. The
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Figure 1. ILAMS Block Diagram

return energy from the retroreflector retraces the path through the beam-
expanding parabolic mirror and the germanium lens to the beamsplitter. The
energy reflected from the beamsplitter 1s lost, but that which 1s transmitted
is collected by a germanium lens doublet and focused on the signal detector.
Preamplifiers are mounted directly behind the signal and reference detectors;
the preamp outputs go to the signal processor. The detectors used 1n the sys-
tem are thermistor bolometers operating at ambient temperature (uncooled)
and giving a characteristic flat response across the middle infrared spectral
region.

The attenuation of laser energy at many wavelengths produces absorption
patterns enabling the system's signal processor to effectively separate pollutant
effects from spectral interferences. To aid 1n the selection of these wavelengths,
off-line computer programs have been developed using inputs such as the avail-
able number of lasing lines, their wavelengths and power, the number of pollu-
tants, interferences and spectral data. The computer sorts through the data
produced, to rank wavelength combinations according to their effectiveness in
pollutant discrimination. Linear weights for use in the system's signal proces-
sor are calculated with efficient computer programs developed for this purpose.
The weights are manually set into the system's signal processor. Returned
signals at each of the lasing wavelengths are weighted and summed by the
processor to cancel interference effects and produce pollutant concentration
readouts.

The CO, laser 1n the breadboard system is alignable to four wavelengt{]f. 16
These wavelengths may be selected from the more than 70 available with C*©0O,, .
The laser is presently designed to detect ethylene and ammoma in a spectral
environment that is expected to contain neutral attenuation, ozone, water vapor,
and gasoline engine exhaust fumes and a random spectral attepuator such as
atmospheric scintillation might produce. The wavelengths selected were 9. 505,
10. 532, 10.675 and 10. 719 microns.



The optical configuration of the laser 1s shown in Figure 2, The term
"V-laser” comes from the shape of the plasma tube. A relauvely long laser
cavity is used for sufficient gain to overcome the losses inhzrent in the spectral
tuner and to obtain lasing action con a large number of spectrai lines. A beam
travels through the plasma tube with aid of a mirror at the pomint of the V.
Leaving the tube through a germanium Brewster window, the beam 1s directed
by mirrors through an ir1s (for mode control) and onto a 105 Lines/mm diffrac-
tion grating having a dispersion of 105 mr/micron which disperses the beam
spectrally and spatially. The four wavelengths of interest are then relayed
(intercepted) first by two mirrors, and after passing through holes 1n the chop-
per wheel, by the four end mirrors of the laser cavity. These holes are so
located that, as the wheel turns, only one wavelength at a time s permitted to
pass through to the end mirrors. The four end or wavelength selection mirrors
are adjusted so that the beams are directed back on themselves and through the
laser cavity. In this way, selected laser wavelengths are transmitted sequen-
tially at a rapid rate. A typical chopping wheel speed, 4800 rpf), sends all
four wavelengths out 1n 1/80th of a second.

BEAM COUPLING  Ge SIGNAL CONCAVE
SPLITTER A?ROR /DOUBLET BOLOMETER MIRROR
AY T -

L]

<
CONCAVE

.// /%/ 2 MIRRORS
(-]
@/ CHOPPER WHEEL

7
Ge Ge BREWSTER WINDOW 4 END MIRRORS
LENS |BEAM TO/FROM
COLLIMATOR

IRIS STOP

Figure 2. "V" Laser Optical Layout

A block diagram for the four-channel {four wavelength) signal processor 1s
shown 1n Figure 3. The design 1s general and can be expanded to accommodate
more wavelengths by duplication of the circuits following the log amphifier and
difference amplifier.

A low-noise preamplifier having a low frequency voltage gain of 2,000 in-
creases the detector signal to a usable level. High-frequency compensation 1n
the preamplifier corrects for the 1,3 millisecond response time of the bolometer.
The frequency response of the two together 1s ilat out to 3,000 4z with a 3-dB
break at 7, 500 Hz.

The AGC amplifier, "A", 1s required to provide a constant average cutput
with variations of return signal strength. This AGC 1s desirable 1n order to
stay within the optimum dynamic range of the log amplhifier. AGC ampli ler "B"
1s required to compensate for the average efiects of AGC araplifier "A", as well
as to correct for gain changes in the referen¢e energy channel,
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The function of the d-c restorer is to set the d-c zero levei of the signal

after 1t passes through the a-c coupled preamplifier.

Sampling ana controlling

the d-c level of the AGC output provides offset compensation ard a convement
sensing point for AGC control.

indication of the return signal level,

indication if the signal drops below a preset level.

A peak detector and meter provide a visual
A low-signal threshold presents a visual

After the log of the ratio of the return energy to the reference energy is ob-
tained at the output of the difference amplifier, the transmission intormation is
extracted by synchronous detectors gated in synchronism with the laser wave-
length scanning. Each synchronous detector is balanced to zero by an added

voltage to compensate for any fixed spectral attenuation.

An absorption in any

channel is detected rs a calibrated d-c voltage which 1s indicated on the signal
meters.

The balanced synchronous detector outputs are weighted and suramed. The

resultant d-c voltage is indicated on the output meters, each of which represents
an absorber or class of absorbers.

The gating control circuits translate informa-
tion from the magnetic pickups on the chopper wheel 1nto timing signals which

control the operation of the synchronous detectors and the d-c resturers.



Breadboard transmit-receive optics expand the laser beam to a diameiel
of 5 inches which reduces transmitted power densities to values helow 0. 01 watt
per square centimeter while also contributing to beam collimatiorn.. The "cat's
eye" style retroreflector is a 12-inch-diameter f/4 parabolic mirr n with a 48-
inch focal length and a one-inch-diameter,40-inch-radius-of--curvaiire concave,
spherical mirror at its focal point. The resolution of the retroreilector 1s suf-
ficient to return 90% of the incident laser energy to the receiver at one-mile
range. Such operational characteristics give the system ua opere ing range of
10 miles or more under conditions of "good visibility".

Figure 4 shows the present unit at the rural test site. While satisiactory
for current feasibility studies, these are breadboard components, with substan
tial reduction in size possible. The V laser is mounted on ar aluainum channel,
6 feet in length. Repackaging the present analog functions will af »rd u con-
siderable reduction in size of the signal processing electronics. J3readboara
electronic components, excluding meters and substituting fixed rcsistors and
trimpots for weighting potentiometers could be packaged ir a volune of about
2 X 4 inches. According to our studies, digital signal processing (cost
effective when the number of transmitted wavelengths exceeds six' would not
have an adverse effect on processor size. A 10 X 40 inch laser hieadboard
having comparable performance characteristics has also been dev:loped by us
under a separate program.

- “
P .A’
<

Figure 4. Breadboard System at Rural Site

This page 1s reprocuced at the
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1IVv. PRELIMINARY STUDY AND SYSTEM OPTIMIZATION

A. OBJECTIVES

The goals of this preliminary portion of the program are to select a pol-
lutant and determine the significant spectral interferences from pollution
monitoring data and laboratory analysis of atmospheric samples. Using this
information, the system 1s adjusted to optimize its sensitivity to the selected
pollutant gas while rejecting the effects of spectral interfererces.

B. SUMMARY OF RESULTS IN PRELIMINARY STUDY

Ammonia measurements made in central Syracuse, New York in 1969 gave
measured concentrations ranging from 0.043 parts per million to 0. 148 parts
per million. These data are twenty-four hour averages taken every twelve days
throughout 1969, and analyzed by NAPCA 1n Cincinatti.

Ethylene measurements, made by point sampling with a Saran sample bag
at downtown locations in Syracuse, gave detectable concentrations of ethylene
(5 ppb) about fifty percent of the time. The maximum concentration measured
in the open air was 125 ppb at ground level (see Table L. ).

Four spectral lines were selected for the detection of both ethylene and
ammonia and the laser was aligned to those wavelengths. They are: 10.719
microns (P-32), 10,675 microns (P-28), 10,532 microns (P-14} in the 00°1-
10°0 transition and 9. 505 microns {P-14) in the 00°1-02°0 trarsition.

Direct measurements were made of the absorption coefficients of ethylene
and ammonia, using the laser as the source. These data were used to deter-
mine weighting functions that were set into the signal processor.

C. AMMONIA SURVEY

The data on the concentrations of ammonia 1n the city ¢f Syracuse, New
York were taken from the results of ammonia monitoring by the Onondaga
County Health Department in 1969. These data are from twenty-Jiour hour
bubbler samples taken from a window 1n the Water Department building in
central Syracuse approximately once every twelve days. The daia were ana-
lyzed by NAPCA inCincinattt and the results are presented in Table 11.

Table III lists the ammonia sources 1n Syracuse, New York based on the
Onondaga County enussion survey for 1969,



TABLE [

SUMMARY OF ETHYLENE SURVEY IN SYRACUSE, N.Y.

ETHYLENE,
DATE LOCATION CONCENTRATION
12/1/70 637 N. Salina Street 5C ppb
downtown at street
levels heavy traffic
12/1/10 Corner Water and 125 ppb
Salina Streets
downtown-street level-
heavy traffic
12/1/70 Under Route 81 skyway 54 ppb
near Medical Center—
heavy traffic
12/23/70 Top floor (5) of 27 ppb
Warren Street Parking
Garage, 10:30 a. m.
12/24/70 Cazenovia Samples. 0
Two samples collected
at test site in country.
12/29/70 Inside of Sibleys' 460 ppb
parking garage
12/29/70 On top of Sibleys' 0
parking garage in
cold cross-wind.
1/05/71 Inside of Sibleys' 5 ppb
parking garage, no cars (minimum detectable level)
1/05/11 On top of Sibleys' 0
parking garage
1/05/71 Erie Blvd. East 5 ppb
1n Holiday Bowl
Parking lot
1/05/71 Corner Teal Avenue 13 ppb
and Erie Blvd.
1/11/71 Two samples in East 0

Syracuse Freight Yards

10

{Continued on
next page.)




TABLE 1 (concluded)

SUMMARY OF ETHYLENE SURVEY IN SYRACUSE, N.Y.

ETHYLENE,

DATE LOCATION CONCENTRATION
1/13/11 Syracuse Airport 5 ppb

Runway Sample

during use
1/20/71 Three more samples 0

collected around perimeter

of airport
2/16/M Four Samples taken at 0

street level on Hiawatha
Blvd. near end of lake

9/3/11 Two Samples. One at 0
Skytop near laser site,
another in Oakwood
cemetary on hill top

9/9/71 Oakwood Cemetary n
hill top and Colvin
Ave, near gym

10/5/11 Top of Sibleys' parking 0
garage

10/5/11 Street level at Jefferson

12/22/11 Men's dormitory at 0

Syracuse University

11



TABLE I

RESULTS OF AMMONIA MONITORING BY THE ONONDAGA COUNTY

DATE

01/7

01/19
01/31
02/16
03/08
03/20
04/1

04/13
04/25
05/7

05/19
05/31
06/12
06/24
07/6

07/18
07/30
08/11
08/23
09/4

09/16
09/28
10/10
10/22
11/3

AMMONIA
PPM
0.052
.057
.063
. 066
. 069
073
.075
.079
.058
. 043
. 043
.076
. 127
. 068
. 086
.047
.073
. 043
.055
. 148
. 063
.073
. 046
. 062
. 052

©C O O 0O O Q O O O © O O O O O O O ©O© ©0 & 0 o o o

HEALTH DEPARTMENT IN 1969

These data are from {wenty-four hours hubbler
samples taken from a window in the Water

Department building once every twelve days.

The above data were received from Bill Compton of Syracuse

Unmversity Research Corporation on September 25, 1970,

12



TABLE III

AMMONIA SOURCES IN SYRACUSE, NEW YORK -- COUNTY EMISSION
SURVEY FOR 1969

SOURCE TONS/YEAR PERCENTAGE OF TOTAL
Industrial Process 193 16.1
Industrial Fuel 719 R9.9
Private Fuel 41 3.9
Government Fuel 17 1.4
Commercial Fuel 67 .8
Refuse Disposal 5 0.4
Transportation 153 12.7

D. ETHYLENE SURVEY

The results of the ethylene survey were presented in Table [. Ambient
ethylene was point-monitored by a grab-sample techmgue. Ten liter samples
were pumped 1nto saran bags (from the Anspec Company, Ann Arbor, Michi-
gan) with the aid of a one-liter Hamilton syringe. The sample bags were
transported back to the laboratory and analyzed as soon as possible, usually
within 30 minutes and always within one hour. Analysis of standard samples
by this technique showed no loss of ethylene due to diffusion or wall effects.
Quantization was accomplished by use of a Varian-Aerograph Model 1520 gas
chromatograph equipped with a flame iomzation detector and fitted with a 1/8"
x B' stainless steel column packed with well-aged Chromosorb 102, 60/80
mesh, and operated at 57°C with a nitrogen Carrier gas flow of 50 ml/min.
Samples were transferred from the saran bags to the chromatograph by means
of 10 mi - Hamilton gas~tight syringes. Calibration curves were constructed
using the same type of equipment. The calibration gases were primary
standard ethylenes 1n nitrogen purchased from Matheson.

In earlier experiments, removable sampling loops in « gas sampling
valve were packed with an absorbent to trap the ethylene when an air sample
was drawn through the loop. Various adsorbents were investigated for this
purpose. Calibrated volume vacuuir chambers were constructed so that known
air volumes might be drawn throug, the sampling loops in the field without
the aid of pumps. The planned prricedure was that, once a proper adsorbent
was chosen, the instrument could je calibrated and measurements of ethylene
levels could begin, Extensive tect.ng of the packed sampling loops for am-
bient temperature collection of et)ylene indicated that the efficiency of
adsorption was somewhat lower tjan expected. This technique was abandoned
n favor of the saran bags.
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The selection of both Ethylene and Aninonia as pollutants to be monitored
by the laser system was based upon two fattors:

1) Both pollutants were found to exis\ in the Syracuse atmosphere
in detectable concentrations

2) The four-wavelength GE laser could be aligned to detect both
pollutants simultaneously without gjompromising the system's
sensitivity to either one.

E. SELECTION OF SPECTRAL LINES

This laser instrument measures directly the transmission (T,, T, T3,
T4) of the sample region between the transmitter and the retroreflector at
four wavelengths. Assuming that the line width of the resonance absorption
is broad compared to the transmitted laser line width, and assuming also
that there is no saturation 1n the absorbing media, then, for a uniform con-
centration of the absorber over the path, the transmission at each discrete
wavelength is of the form, T, = exp (-A,CAL); where A, is the absorption
coefficient of absorber A at wavelength m, Cp is the concentration of ab-
sorber A over the total optical path, and L is the total optical path through
the sample region. I the concentration is non-uniform over the path, as is
the more usual case, then Cp L can be replaced by the integrated concentra-
tion over the path or, more simply, let Cp represent the average concentra-
tion over the path.

Typically, C has units of grams/liter or atmospheres of partial pressure,
and L is in centimeters. A, is in units to make A,,CAL dimensionless.

If a second absorber B with absorption coefficients B__ is introduced into
the region, the net transmission will be the product of then}ransmission due to

each absorber,

L (A, CL+B, CpL]

If the natural log of the transmission at each wavelength is taken elec-
tronically, then

lnTm = -(AmCAL + BmCBL)

and the resulting signals have two convenient properties:

1) System response to any absorber 1s a linear function of the quantity
(concentration x path) present

2) System response to several ak:sorbers 1s the sum of the responses
to the individual absorbers.
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Therefore, if the system can be designed to give a zero response to spectrally
interfering absorbers, the system will respond only to the pollutant to be
measured, and the response will be proportional to the quantity present.

Using decision theory and multivariate statistical ana.ysis, it can be
shown that the optimum signal processing 1nvolves the use of single or
multiple linear weights. Let §; = -InT;. Application of a single linear
weight, W, means taking a linear sum of the signals Sy, €9, ... 5, to give
a new signal, §=W;8) + WSy + ... W_§ . The quantity of absorbers
present can be accurately determmed by exammmg the magnitude of such
linear sums.

Techniques may also be applied for choosing linear weights to accurately
measure the quantity of a given poliutant in the presence of krown interfering
spectral absorbers, random spectral absorbers, scintillation, and other
"noises”

On the basis of both analytical and experimental work, several basic
conclusions about wavelength selection can be drawn. These are:

1) The relative success of a group of wavelengths depends directly
on the measurement problem. The pollutants to he measured,
pollutants and absorbers to be ignored, expected quantities of
absorbers and the system noise levels, all affect the choice of
wavelengths,

2) For a given problem, there will be an optimum set of wavelengths.
Increasing the number of pollutants to be estimated or i1gnored will
tend to increase the optimum number of wavelengths to be used;
1.e., the more complex the environment, the more wavelengths
are necessary.

3) The finer the spectral structure of an absorber, the fewer number
of wavelengths are needed to best measure the quart:ties of 1t
present. The laser system 1s not limited to detecting pollutants
with fine structure such as ammonia and ethylene. In fact, it does
remarkably well 1n detecting or rejecting absorbers with rather
smooth spectral characteristics.

4) On the basis of past experience, four wavelengths have done an
excellent job 1n handling spectral recogmtion problems in environ-
ments representative of the real world.

Selection of the best four wavelengths depends upon the relative intensity
of the available spectral lines from the lager, the absorption spectra of the
target pollutants, the absorption spectra of the other gases and particulate
material 1n the air, and their expected concentrations. The measured spectral
lines from the COjp laser sysiem in single-mode operation arz given in Tables
IVa. and IVb. The accompanying Figures(5a. and 5b.) show the same informa-
tion. Figures 6, 7 and 8 show measured spectra of ethylene, ainmonia and
0z0ne, respectwely(l). These data were taken with a single-beam spectrom-
eter having a resolution of 0.1 ¢ .m” 1, Figure 9 shows a low-resolution spec-
trum of a typical automobile exl'aust fume sample measured with a ten-meter

(1) P. L. Hanst, private commun/{:ation
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TABLE IVa.
POWER OUTPUT VS. WAVELENGTH  ND WAVE NUMBER) FOR THE

CO, LASER SYSIEM
i |
P R Wave Wave Po:;er P R Wave Wave Poxer
J Values Number | Length Watts J Values Number | Length Watts
38 926.9 10, 789 0.24 18 973.2 1¢.275 | 0.75
36 928.9 10.765 ) 0.34 20| 974.5 10.262 | 0.74
34 930.9 10,7421 0.44 22 976.0 10.248 | 0.73
32 932.9 10.719 | 0.50 24 977.0 10.236 | 0.7
30 934.9 10.696 { 0.56 26 978.1 10.224 | 0.65
28 936. 8 10.675{ 0.60 28| 979.3 10.211 | 0.63
26 938.6 10.654 | 0.63 30 [ 980.6 10.198 . 0.58
24 940.5 10.633 | 0.65 32 981.9 10.184 | 0.52
22 942.3 10.612 | 0.66 34| 983.0 10.173 | 0.44
20 044, 1 10.592 | 0.66 36 | 983.8 10.165 | 0.40
18 945.9 10.572 | 0.66 38 | 986.5 | 10. 137 | 0.15
16 947,17 10.552 | 0.65 40 | 987.5 10.126 | 0.00
14 944, 8 10.532 | 0.64 42 { 988.6 10.115 | 0.00
12 951.3 10.512 | 0.60
10 953.0 10.493 | 0.57 || 42 822.8 10.636 | 0.04
8 954. 6 10.476 | 0.54 || 40 924.8 10.812 | 0.15
6 956. 1 10,459 | 0.40
4 957.6 10.442 | 0.00
2 959. 2 10,425 | 0.00
2 961.5 10.400 | 0.00
4 963.0 10.385 | 0.02
6 964. 5 10.369 | 0.40
3 965.7 10.355 | 0.56 I
10 9617.2 10,339 | 0.65
12 968.6 10.323 | 0.70
14 970. 2 10. 307 0.73
16 971.9 10.290 | 0.75
10
=
roer
5 - ffﬁﬂ §
= 1
COeT 1] M \
a
§ o4l
o
g 02 I of |
e |
o T T T T T B
910 920 930 940 950 960 970 980 990
WAVENUMBER  CM~!
- 1 || 1 1 1 T 1 -1 1
n.0 10.9 08 0.7 10.6 9.5 0 4 Ic3 0.2 9.1
MICROKS
TRANSITION 00%1—10%
Figure 5a. Power Output vs, Wavenumber for "V" Laser Using a

Mode-Limiting Circular Mode Stop
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POWER OUTPUT (WATTS]

TABLE IVb.

POWER OUTPUT VS. WAVELENGTH (AND WAVE NUMBER) FOR THE
COy LASER SYSTEM

P R Wave Wave Pol\:ler P R Wave Wave Polvrvler '
J Values| Number | Length | w1l g values| Number | Leagth | o
38 1029. 4 9.714 | 0.50 18 | 1075.7 9. 296 1.10
36 1031.5 5.694 | 0.60 20 | 1077.0 9,285 1.10
34 1033.5 9.676 | 0.70 22 | 1078.4 9.273 1.08
32 1035. 4 9.658 | 0.76 24 [ 1079.8 9. 262 1.04
30 1037.4 9.639 0.80 26 | 1081.0 9,251 0.98
28 1039.4 9.621 0.83 28 | 1082.2 9,240 | 0.90
26 1041. 3 9.603 ' 0.84 30 | 1083.4 9. 230 0.84
24 1043.2 9.586 0.83 32 | 1084.5 9. 221 0.76
22 1045.0 9.569 | 0.82 34 | 1086.0 9. 201 0.68
20 1046. 8 9. 553 0.81 36 | 1087.9 9.192 0.52
18 1048. 6 9.537 | 0.78 38 | 1088.9 9.188 | 0.38
16 1050. 4 9.521 0.75 40 | 1090.0 3.174 0.00
14 1052.1 9, 505 0.70 42 | 1090.9 9,166 0.00
12 1053. 8 9. 489 0.65
10 1055. 6 9.478 | 0.57 42 1025. 2 9, 154 ¢.20
8 1057.4 | 9.457 . 0.50 40 1027. 4 9,733 | 0.38
6 1059.1 | 9.442 0. 34
4 1060.6 | 9.429 | 0.02
2 1062.0 9,416 | 0.00
2 1064.5 9.394 | 0.00
4 1065. 8 9.382 | 0.00
6 1067. 3 9. 369 0.00
8 1068.17 9,357 ] 0.50
10 1070.1 9. 345 0.76
12 1071.5 9.333 | 0.90
14 1072.9 9.320 | 0.98
16 1074.3 9.308 | 1.04
P,
’ 7\
0.8 - Q/ '\\G \
A N \
o6}
D
0.4 |
0.2
0 T —T T T T ' 1
1000 1010 1020 1030 1040 1050 1060 1070 1080 i090
WAVENUMBER  cM~!
 — T T T ; T T T I T
10 9.9 9.8 9.7 56 9.5 9 4 93 9.2
MICRONS
TRAN1ITION 00%) — 02%
Figure 5b. Power Output vs. Wavenuuiper for "V" Laser Us:ng a

Mode-lLimiting Circular Myde Stop
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cell on the Beckman IR-9 spectrophotometer. Note that, in Figure 9, the
wavelength 1s 1ncreasing from left to right, so that the picture 1s reversed
from that of the other three curves. The selected laser spectral lines are
shown on each of these curves. The structure of the absorption pattern for
exhaust fumes 1n all five exhaust samples measured indicates that ethylene

1s the only significant contributor between 9 and 11 microns. We have con-
cluded that none of the other material in automobile exhaust fumes contributes
any significant spectral interference for the COg laser system. The other
spectrally interfering materials considered were water vapor and carbon
dioxide.

The relation between the CO, laser lines and the HyO absorption line at
10. 542 microns 1s shown in Figures 10 and 11. In Figure 11, the absorption at
the line centers 1s lower and the line widths are larger than would be observed
with the laser due to the limiting resolution of the spectrometer; 1.e., the
profiles shown are instrumental. Note that the P-14 hne at 10, 532 microns
1s approximately 0.01 microns (1 cm‘l) away from the HoO line center. The
width of the 10. 532 micron laser gain line is approxymately 0. 001 cem-1 and
the half width of the HoO absorption line 15 0.1 cm™" (see Reference 3).

It may be noted, at this point, that CO9 in the atmosphere represents a
neutral absorption rather than a spectral absorption to the COg laser wave-
lengths. This 1s true as long as we restrict the laser to the common 1sotope
of carbon dioxide — C120,16. The absorption lines are wide compared to the
laser gain lines, they have exactly the same centers, and they are of approxi-
mately the same strength at the wavelengths where this system will lase.

TRANSMISSION (PERCENT)
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1,100 1,050 1,000 950 900

20 W | [ |
80 l || |

| | l |
70 I' s mmerecirimaste water | | |
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Figure 10. Atmospheric Transmission over a 0.3 km Path 1n the

188
Chesapeake Bay area (2)
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Figure 11. Carbon Dioxide Absorption and Water Vapor Absorption 1n
Solar Spectra (4)

At long range and under conditions of high absolute humidity, there 15 an
absorption due to the wings of the water vapor lines on either side of the 9 to
11 micron atmospheric window. The absorption coefficients icr water vapor
and carbon dioxide have been measured by McCoy et al(5) at the 10. 59 micron
and 9. 51 micron lines of the COg laser. Their data for the 10. 59 micron line
are presented in Table V and Figure 12. Because of the extremaly strong self
pressure broadening effect, the transmission of water vapor 1n air does not
vary exponentially with the precipitable centimeters of water in the path, as
Beers law would predict. However, this effect does not introduce nonlinearity
in the system response. The measured absorption coefficients for the expected
range of partial pressures at 9. 55 microns are 80% as large as those at 10. 58
microns. That is, @g 55/a19.59 = 0.80. This ratio remzins constant as a
function of partial pressure, as can be seen from Figure 13. In other words,
the absorption pattern i1n the form of the natural log of the transmission at each
wavelength does not change with large concentrations.

In the selection of a group of four laser lines, then, the cnly spectral
interferents that were considered were ozone and water vapor. Of course,
ammonia must be considered as a spectral interferent for the detection of
ethylene and, similarly, ethylene is an interferent for ammon:a.

Before the beginning of the contract effort, a two-wavelength selection
computer run was made to choose the best wavelength pair for ethylene detec-
tion from 70 COy laser lines, assuming 14 spectrally interfering absorbers.
They include the absorbers listed in Table VI, plus two absorbers (carbon
monoxide and mtric oxide) that do not absorb 1n the 9-to-11. 5. region and
can be 1gnored. The two wavelengths chosen were 10. 532¢ and 10.675u.
The (A vacuum) values 1n Table VI indicate the relative system response to
equal quantities (CL) of absorbers. The most significant interference is
propylene, whose response 1s approximately 1/40 that of ethylene. This
rejection 1s not sufficient for operation in an environment where propylene
might occur 1n concentrations equal to or greater than that of ethylene. For
example, 10 ppm of propylene would give approximately a 25% error in
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TABLE V

10. 59 WATER VAPOR AND CO2 EXTINCTION COEFFICIENTS AND LOSS

PER KILOMETER A" 25°C (17°F)

RELATIVE K K loss

HUMIDITY tem ) @ B )
(%)
10 0.0125 3.81 x 10°° 0.054
20 0.0338 1.0 x107° 0.15
30 0. 0653 1.99 % 10°° 0.28
40 0. 107 3.26 x 1072 0. 46
50 0.157 4,78 % 1070 0.68
60 0.215 6. 56 x 10”2 0.93
70 0.284 8.65x 107° i,
80 0. 363 1.11x 10”2 1.6
CO, at 330 ppm: 0.0811 2.48x 10°° 0.35
o
o
%.9 [~
= o~
8
d
<
s, \\<
3
z . ]
0 2 4 [ 8 10 2 i4 6 1§ 20

WATER WAPOR PRESSURE (TORR)

Figure 12. Measured 10, 59 Transmittance of Water Vapor m Air at 23°C
vs. the Partial Pressure of Water Vapor for a 980-m Path.
Total pressure = 700 Torr
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Several sets of weights were calculated for a variety of assumed condi-
tions. Typical resuits are presented in Table VIII. Spectrally neutral attenua-
tion 15 always considered one of the spectral interferences. In spite of the fact
that, by definition, 1ts transmission does not vary spectrally, 1t must be dis-
criminated against. A one-wavclength system, for example, could not distin-
guish between neutral attenuation and the gas that absorbs specifically at that
wavelength, Neutral attenuation 1s produced by particulates in the air, angular
misalignment of the optics, any obscuration in the path, dirt on the optics,
change 1n responsivity of the bolometer, or change 1n the gain of the preampli-
fier. From the absorption coefficients, it 1s seen that, using these four wave-
lengths, ozone is the inverse of a combination of water vapor and
neutral attenuation. ¥For this reason we can detect ethylene, for example,
uniguely 1n the presence of four spectral interferences (x.e., ammonia, ozone,
water vapor and neutral attenuation) with just four wavelengths. ‘Table VIIT
gives some calculated weights for the detection of ethylene, ammonia and also
ozone. This table 18 the resuilt of just one of several computer runs to deter-
mine the optimum linear weight for different models of the spectral enviran-
ment. The results were dependent upon the relative magmtude of the random
spectral interferent assumed, the model for the spectral distribution of the
interferent, and the magnitude of the other interferents. The calculated sets
of optimum linear weights, for the case where the random spectral mterferents
had approximately equal magnitude to that of ethylenc, ammonia and ozone,
were for all practical purposes identical to those listed in the first part of
Table VIII. In other words, only 10, 53 and 10, 67 microns are used 1n de-
tecting ethylene, and 10. 719 and 10. 67 microns are used for dete.ting 2mmonia.
These results are what one would expect intuitively. The wavelength corre-
sponding to the absorption peak and the nearest available other wavelength are
optimum. OQOur experience with optimizing the detection of chemical warfare
agents indicates that things usually do not work out so simply.

TABLE VIII. SETS OF OPTIMUM LINEAR WEIGHT'S

Wavelength 9. 505 10.532  10.675H 10. 719

Wavenumber 1052. 1 959.5  936.3  932.9

Independent Detection of
Ethylene, Ammonia and Ozone
with no random speciral

mterferences
Ethylene +2.271x10° 0 40,682  -0.658  -0.024
Ammona 2.3x1001% o012 -1.39 41.40
Ozone +0. 437 +0.0082 -0.44S +0. 0025

Detection ot ethylene and

ammonia assuming only

a large random spectral

interference :
Ethylene -0.225 +1 -1.59 +0. 821
Ammonia -0.057 +0. 139 -1.08 +1
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V. TEST PLAN

A. OBJECTIVE

The purpose of this plan was to define the equipment and procedures to be
used in calibration of the laser system, measurements of the atmosphere and
analysis and reporting of data,

B. EQUIPMENT

Measurements were obtained at two locations; at the General Electric
Cazenovia Test Site for calibration and baseline measurements 1n a pollutant
free environment, and at an urban site at Syracuse, New York, for measure-
ment in the presence of pollutants of interest and ambient interferences,

1. Cazenovia Test Site

a. General Electric "V" laser system including laser,
retrotelescope and signal processor.

b. Six-inch-diameter, twenty-seven-foot-long gas cell.
c. Recorders:
1) Two dual-channel Mark II Brush Recorders,
2) One dual-channel Sanborn model 320 ho!-pen recorder
3) One eight-channel Sanborn hot-pen recorder
d. Tektronmx 541 Oscilloscope with Type CA Dual Trace Amplifier

e, Ammonia and ethylene test gas samples and Hamilton sample
handling syringes

f. Meteorclogical instruments
1) Thermometer,
2) Hygrometer, Serdex model 201
3) Anemometer, Lafayette and Taylor

g. Varian Aerograph Gas Chromatograph, model 1520-1B with
flame ionization detector

h. Hamilton air sample¢; syringes.
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2. Urban Site

The same equipment as at the Cazenovia Test Site except as listed
below.

a. Recorder - A Sanborn 8ichannel recorder will replaze
the three test site recorders

b. The twenty-seven-foot gas cell will not be 1installed at
the urban site

c. A six-inch-long gas cell will be used instead
C. MEASUREMENT PROCEDURES
1. Cazenovia

a. Laser Calibration

Calibration against specific gases was accomplished by
1njecting a measured sample of the specified target gas
into the test cell and recording system response. The
sample was allowed to diffuse through the cell for ten or
fifteen minutes to observe: 1) the effects (if any) of
dilution of gas within the cell upon system respunse, and
2) change 1n the system noise and system drift (if any)
that occurs when an absorption signal 1s present.

The gas cell is a twenty-seven-foot section of six-inch-

ID circular copper waveguide. The cell windows are

0.6 mil (0.0006 inch) polyethylene (handy-wrap or baggies).
The rzflection losses from these windows are somewhat
spectral due to the interference between the front and

back surface reflections. This spectral interference
varies across the surface of the polyethylene because

of non-umformity in thickness. The spectral unbalance
due to these windows was balanced out when the cell was
set up and does not affect the system sensitivity or signal-
to-noise except for a slight loss in total power received.
An exhaust blower 1s mounted on the outside of the test
cell at one end and an exhaust port at the other. The
exhaust fan drives ambient air into the cell and out the
exhaust port. When not exhausting, the blower was turned
off and covered with a polyethylene bag and the thrre-inch-
diameter port was sealed with a rubber septum.

To 1n)ect the test sample of gas, a sample cell with a
silicone rubber septum was mounted onto the lecture bottle
containing the pure test gas, 1.e., ethylene or zmmonia
under pressure, and filled with the pure gas. The gas was
extracted from the cell with a ten-milliliter hypodermic
syringe through the septum and a measured amount 1njected
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through the rubber partition on the exhaust port. When
calibrating for ammonma it was found necessary to saturate
the test cell walls with ammon:ia 1n advance of the calibra-
tion test to prevent rapid adsorption of the test gas sample
onto the cell walls. This step was not necessary with
ethylene.

After fifteen minutes of data recording, the exhzust blower
and exhaust port were uncovered and the system flushed
with outside arr. This exhaust system removes more

than ninety percent of the gas in the cell in ten seconds.

After flushing for two minutes, the blower was chut off,
the ports closed and the zero condition of the system
recorded.

Laser Baseline Measurements

Field data was recorded by strip chart recorders which
continuously momtor the signal outputs from the absorption
meters and the synchropous detector outputs during each
test run. In addition, the average peak-to-peak signal
return from the retroreflector was recorded on some
tests. All meteorological data as indicated on the data
format was recorded by hand.

Following calibration, the procedure was o first record
any change in balance since the previous test, turn on the
chart recorders and then record the meteorological data.
The frequency with which weather information was re-
corded depended on how rapidly conditions were changing.

The laser was then peaked up by adjusting the vermer
aiming mechamism (which directs the angle of the trans-
mitted beam 1n azimuth and elevation) to determine if the
unbalance was 1n any way related to an optical misalignment.
Any change 1n balance caused by peaking was thcn recorded.
The balance control dial settings were recorded, the sys-
tem was balanced by resetting the dials and the new settings
were recorded. These balance dials compensate for any
spectral absorption signal due to fixed elemenris in the
optical path such as lenses, coated mirrors and polyethylene
windows. After balance, the four synchronous detector
output meters read zero. The system was then lefl on with
the recorders running for a minimum of two hours. During
this time, surveillance was maintained and any changes in
operating conditions that might affect the system ware noted
on the chart paper along with the time. The chart speed 18
ane millimeter per second on the narrow chart paper and
1/4 mm/sec on the wide paper unless otherwise noted on the
chart paper. At the end of the run, the recorder sensitivity
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setting (volts/centimeter), the time and the duta were
recnrded. Weather conditions were recorded agein only
if conditions had changed during the run,

In addition to the meteorological data already described, an
attempt was made to measure the temperature gradient in the
air near the optical test cell for the laser transce.ver. Six
thermometers were placed every two feet on a vertical ten-
foot pole and shielded from heat radiation from the ground,
sky and sun. The thermometers were read during conditions
of both high and low optical noise (scintillation). Less than
1/2° F was observed.

Supplementary Measurements

Independent measurements of ethylene concentration were

made on ambient air samples taken at the two ends of the
two-mile test path. Meteorological conditions wre also
measured at each end of the path including temperature,

wind speed and direction, cloud cover, humidity, subjective
measures of atmospheric scintillation and solar conditions;

and time was recorded for all tests. (See IV - Data Recording.)

Independent measurement of ethylene concentraticn was made
as follows:

1) Air samples were taken with a one-liter Hamilton syringe
and pumped into a Saran sample bag. Sample size was
about five (5) liters. Anspec Company 12-liter bags were
used.

2) Filled sample bags were returned to the Techn:cal Services
Laboratory. Sample bags were kneaded briefly to insure
mixing of the sample constituents and a 1 to 10 milliliter
sample extracted with a 10-ml Hamilton syringe. Sample
extraction was at room ambient temperature.

3) The extracted sample was injected into the gas chromatograph.
The peak height of the ethylene peak on the GC output
recorder was used to 1ndicate the concentration of ethylene
i the sample.

4) The GC was calibrated before and after sample measurements
using a standard gas mixture purchased from1 Matheson
Company. The standard gas contains 5 (five) parts per
million by volume of ethylene gas 1n dry nitrogen gas.

This standard gas 1s diluted with dry nmitrogen gas to
obtain standard concentrations of ethylene 1n concentra-
tion ranges of interest, 1.e., comparable to the samples
being measured.

No satisfactory independent test for ammonia concentra-
tion at the levels of interest was found.
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2. Urban Site

a. Laser Measurements

The urban measurements procedure was 1dentical to the
procedure used at the rural site except for twu differences.
The test cell was six inches long i1nstead of twenty-seven feet
and an absolute zero reference calibration was made to
isolate any spectral effects other than those caused by
absorbing materials in the air.

The six-inch test cell was calibrated against the twenty -
seven-foot test cell at the rural site to insure that no unfore-
seen effects take place such as signal variations caused by
changes 1n concentration for the same optical \hickness of
the gas. This six-inch-long cell also had polyethylene
windows and a rubber partition for sample injection.

Absolute calibration of the system was established using
a portable retrotelescope at approximately five hundred
feet (a short path) and comparing the long-path and short-
path signals. By making the short path optically similar
to the long path, the only differences in the two conditions
1s the thickness of the air sample measured (see paye 47).
By extrapolating the two readings obtained to zero air
thickness, a zero baseline is obtained. This calibration
technique was tested at the rural site before moving 1nto
the urban area.

At the urban site, measurements were made cf both
ammonia and ethylene; however, only the latter was used
for analysis and system performance evaluation. For
ammonia we correlated readings with known test cell
concentrations.

b. Supplementary Measurements

Once the baseline was established, calibration and meas-
urements proceeded exactly as at the rural test site. The
supplementary measurements were taken at the end points
of the test path and at several points along the path.

D. DATA RECORDING
1. Data Format
A standard data sheet for recording measurement 1s shown 1n

Table IX. In addition to the data sheet, an 8-channel strip chart recording
was made of the variables vs. time listed on the page following Table IX.
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TABLE IX. TANDARD DATA RECORDING SHEET

LASER AIR CONTAMINANT MONITOL

Test Number

Date

Location

General Weather Conditlons
Preciplitation
Visibility
% Cloud Cover

Local Weather Conditions
Time
GC Ethylene Measuremerts
wind Speed/Direction
Temperature
Humidity

Calibration and Measurement

Cubic Centimeters of Gaseous Ethylene Injected

Transmitter

Cublc Centimeters of Gaseous Ammonia Injected

Synchronous Detector

9.505u
10.532p

10.675k
10.719,

Absorption Meter

Ethylene
Ammonia

Comments
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Retroreflectol

cm3

———————

cm3

Relative Transmission

Before After
Peaking Peaking




Synchronous Detector Output Voltages:

9. 5051 wavelength

10. 5321 wavelength
10. 675 wavelength
10. 719 wavelength

g0 T ow

Absorption Meter Voltages:

e. Ethylene

f. Ammonia
Reference Voltage-

g. Average recetved laser power

h. Spare channel (seldom used)

Ambient Conditions

Consistent with available weather conditions during the test periods,
data runs were made during daytime, dusk and nighitime for as
wide a variety of ambient weather conditions as possible. It was
not possible to obtain data for all the combinations of weather
conditions.

At least 2 hours of continuous data were taken for each data run
and a minimum of 24 hours total of data were taken. ¥or each
of the conditions listed below, data were taken at midday, dusk,
and after dark.

a. Clear sky - less than 25% cloud cover. Wind zero to five mph

b. Heavy overcast but no observable precipitation. Wind zero to
five mph

c. Clear sky - less than 25% cloud cover. Moderate to high
winds - fifteen mph or greater

d. Heavy overcast with moderate to high winds
e. Preciptation - lLight snow flurries and high winds

f. Precipitation with low wind conditions
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E. DATA ANALYSIS

The objective of the data analysis was to evaluate the performance of the
laser air contamination monitor under a variety of environmenral conditions
and to determine which of those conditions influenced the benavior of the laser
system. Two kinds of error were measured 1n th:s evaluatior. One was
short-term signal fluctuation or noise such as 1s produced by system noise
and atmospheric scintillation. The other was long-term dr:ft or apparent
absorption signal which 1s undistinguishable from absorption signal. These
two noise phenomena are different only in the length of time involved, but the
distinction 1s convenient. The data is presented in graphical {crm, and also
tabular form, to show the correlation between the following parameters:

Signal-to-noise vs. atmospheric scintillation

Signal-to-noise vs. signal level returned (atmospheric transmission)
Signal-to-noigse vs. each of an assortment of weather conditions
Long-term drift or signal unbalance vs. weather conditions
Long-term drift or signal unbalance vs. scintillation

Long-term drift or signal unbalance vs. signal level

Noise and drift vs. time between measurements

36



V1. RURAL TEST SITE MEASUREMENTS PROGRAM

A. SUMMARY OF RURAL TEST RESULTS

At Cazenovia, New York, the laser site and the retroreflector sile were
each located on top of a ridge 9, 800 feet apart and separated by a valley ap-
proximately 500 feet deep. Data were taken from November 1970 through
April 1971 under the full range of weather conditions available during this

time,

Over the five-month period, more than sixty hours were spent recording
or attempting to record data. These data were taken under both clear sky and
overcast sky, with and without precipitation. Atmospheric scintillation was
measured by fluctuations 1n the return signal level, both on the oscilloscope
that monitors the return signal directly, and also on the signal level indicator
that 18 recorded on one strip chart. The signal leve} indicator reccrded
variations in the average signal level with a ten-second time constant. Scintil-
lation was highest during the conditions of clear sky, at mid-day and, on two
occasions, around midnight; while at dusk, the scintillation was minimum.
The correlation between the scintillation magnitude and errors or pseudo-
absorption signals on the signal processor output was high.

During conditions of maximum scintillation, we detected five carts
per million of ethylene and seven parts per million ammoma in the “wenty-
seven-foot test cell. The measured absorption signals for these coacentrations
were ten times the RMS error occurring during times of maximum scintiilation
and atmospheric turbulence. To produce the same absorption signal, the
average concentration over the entire ten-thousand-foot range over which we
were operating would require only fourteen parts per billion of ethylene and
nineteen parts per billion of ammomna.

The data taken at the rural site clearly indicate the following about the
limit of the detectability of the system:

1) The accuracy with which we could reliably measure the
average concentration of ethylene and ammonia over the path
was determined by the optical noise and scintillation produced
by atmospheric turbulence and temperature gradients in the
path,

2) All the recorded data taken with both test cells confirmed
the fact that the calibration of the system never varied.
The inside diameters of both test cells, the 6-inch cell and
the 27-foot cell, were 6 inches. One milliliter of gas, either
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ethylene or ammonia, in)ected at atmospheric pressure, produced
an optical thickness (concentration times path length) of 0.0055
atmosphere-cm. Each milliliter of ethylene always yielded

¢ CL = 0.25 and each milliliter of ammoma always yieided

@ CL = 0,15, Temperature effects due to change 1n density

with temperature and doppler broadening were too small to
measure.

3) The signal level returned from the retroreflector two iniles
away was more than two-hundred times larger than that needed
for good operation of the system. Attenuation of the signal by
rain, haze or snow, up to two-hundred to one, had absolutely
no effect on system performance.

4) When the atienuation was greater than 500-1, or rather when the
signal leve! at the output of the preamplifier dropped to less than
100 millivoits, the system became inoperable because of internal
system (detector) noise.

B. RURAL TEST SITE

The rural test site is located at General Electric's Antenna Test Facility
on U.S. Route 20, about 15 miles southeast of Syracuse, New York, pear the
town of Cazenovia. It consists of a transmit site and a retrorefiector site,
each located on top of a ridge, and separated by a valley approximately 500 feet
deep. Figure 14 shows the profile of the terrain separating the two locations.
The 9, 800-foot separation between the transmit site and the receiver site 1s
an excellent range for evaluating the ILAMS performance. The sparse rural
population, remote from any major sources of air contamination, provides
a relatively clean atmosphere in which to measure data independent of the inter-
fering effects of pollutants. All the ethylene point measuremems made at this
Cazenovia test site registered zero ethylene. This indicates that the concentra-
tion was below 5 ppb. Since there were few roads and little traffic in the area,
this result 1s not surprising. Figure 15 shows an aerial view across the valley
as seen from above the ILAMS transceiver.

The ILAMS transceiver was located in a heated, insulated room 1n a pole
barn with a concrete floor; see Figure 16. The beam was transmitted through
a 0.0006" polyethylene window, and then through the twenty-seven-foot gas
cell and across the valley to the retroreflector. The gas cell can be seen in

Figure 17.

The retroreflector was mounted on the eastern side of the valley at the
same altitude as the transceiver, 1n a small unheated building with an open
window. A shield was placed over the window to keep snow fr om blowing into

the retrotelescope.
C. RURAL TEST RESULTS

The goal of the rural test program was to evaluate the system performance
i a clean-air environment. The objectives were to study and measure the be-
havior of the ILAMS while 1t was 1solated from the effects of airborne contaminants
and particulates, and thereby provide a baseline from which to judge the data
taken in the urban environment. There are two major differences between the
rural and urban environments that would influence the system performance.
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Figure 16. ILAMS Transceiver and Recording Equipment at Rural
] - Test Site

Figure 17. 27-foot Gas Cellat Rural Test Site
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First, the urban airborne contaminants might have unknown spectral absorption
patterns that would produce false signals. Secondly, the atmosrhe ‘1c turbulence
that produces scintillation of the return signal 1s more severe in i e urban
environment, particularly when the path of the monitoring beam pssses over
large buildings and industrial sites.

The emphasis in the rural measurements program was tn mecs:are the noise
and drift in the system output. Noise and drift represent the meacurement error
and establish the detectivity or minimum detectible signals :hal cza be used
reliably as an indication of average pollutant concentration along t: e monitored
vath. These errors were measured and correlated, where pos:ib e, to the
environmental effects that produced them. In some cases, the me:hanism
by which such noise and drift were produced was studied so as to (.) improve our
confidence in the validity of the results and (2) project improveiace {s 1a the
system and estimate the potential detectivity of the post-breadboz d system.

The limit of the detectability of the system, that is, the accuracy with
which we could reliably measure the average concentration of ethy ene and
ammonia over the path, was determined by the optical noise and scintillation
produced by atmospheric turbulence and temperature gradients in “he path,
Spectral attenuation -- attenutation at some wavelengths more tkai. others --
18 the information used by the ILAMS to measure the amounts o1 p riicular
gasses 1n the air. Attenuation due to absorption by a known gas o curs 1n
predictable spectral patterns and is used to identify or discrimna e against
the gas. Random attenuation, such as that caused by atmospheric scintiliation
or by internal system ncise, represents an error and limils the scasitivity of
the system.

The spectral attenuation can be produced by the atmospaere 1© several
ways. The measured intensity distribution of a cross-section of t' e laser
beam at the output of the beam expander shows that the pattern 1s ».ot as
symmetrical as one would expect for a TEM,, mode. Contours d-awn through
areas of constant power density, in Figure 18, show differences 17 the beam
patterns in the near field for each of the four wavelengths; consequently, the
far-field patterns would also exhibit differences. Therefore, amp.1iiiide modulation
of the signal 18 produced by translation or distortion of the beam pattern at the
retroreflector, as might be caused by atmospheric effects. If the patterns are
different for the different wavelengths as 1s indicated by the meas red difference
at the beam expander -- then the modulation at each wavelength 15 different
and such modulation 1s an error -- that 1s, 1t cannot be distinguis ed from
an abgorption pattern. Atmospheric scintillation due to air in the 'mmediate
vicimty of the retroreflector can have similar adverse results on he 1llumination
of the receiver. The data that have been accumulated indicate that it 15 these
atmospheric effects, particularly those near the beam expander ard near the
retroreflector, that are the dominant effects responsible for the noise and
drift recorded on our data.

In order to reduce the scintillation to reasonable levels, 1t was necessary
to 1solate the test cell from sunlight and reflected sunlight and lor ite the cell
away from the building so that the cell window did not come into c.ntact with
room alr at a temperature different from that of the air inside the cell. A
separate polyethylene window was installed across the window of the room
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through which we transmitted and received, to prevent mixing of room air and
outside air in the path of the laser.

Two types of retroreflectors were used with grossly different results. A
mosaic of thirty small cube corners with a total capture area of one square {oot
was used imtially. This reflector resulted in one-hundred-percent modulation
of the energy returned to the system at each wavelength on a clear but windy
day, and the modulation (or scintillation) at each wavelength was apparently
independent, producing large errors. In other words, the sciniiliz ton was
highly spectral. The term "scintillation” as used here refers only to
fluctuations in the peak amplitude of the signal at the output of the pre-
amplifier as observed on an oscilloscope. The dual-beam oscillescope 1s
synchronized to the chopper wheel so that one sweep 1s produced for each
rotation of the chopper. The reference (transmtted) energy and the return
signal were presented together on the separate traces, so that the two signals
could be compared rapidly on a wavelength-to-wavelength basis. Tae output
of the reference detector (as seen at the output of preamplifier B) ~emained
constant, while the signal return fluctuated in amplitude. When a rearby
retroreflector, mounted fifty feet from the transceiver, was used, no amplitude
fluctunation occurred. The retrotelescope across the valley was mounted on a
concrete pedestal in the ground. Therefore, the amplitude fluctuations were
attributed to atmospheric turbulence and are called (for conveniencz) scintillation.
Two types of scintillation effects, spectral and non-spectral, waere noted.
Non-spectral amplitude fluctuations affected all wavelengths together, like a
rapidly changing neutral attenuation. This type of scintillation is not recorded
by the system because of the action of the AGC and also because the weights are
chosen to discriminate against neutral attenuation. Therefore, the non-
spectral scintillation produced no error*. The spectral type of scintillation did
produce system error. The short-term spectral fluctuations were averaged
out by the three-second integration time of the instrument, while tke longer-
term fluctuations appeared as false absorptions. When both kinds of scintillation
occurred together, as they usually did, a rough estimate could ne made as to
their relative magnitudes, by observing the oscilloscope.

It was found that, by shaking the cube-corner mosaic back ar.d forth either
vertically or horizontally across the beam, the scintillation magmtude could be
reduced by a factor of three to one, and the spectral component only accounted
for about fifty percent of that modulation, In other words, while shaking the
cube corners, the modulation of the signal due to scintillation was about 35%
rather than 100% and only partly spectral. Moving the cube-corner mosaic
towards and away from the transceiver at the same rate yielded nc improvement
over holding 1t still. The improvement s attributed to time averaging of the
interference fringes as they change rapidly with cube-corner motion.

A substantial improvement (20% modulation under the same weather
conditions) in the magnitude of the scintillation noise was achieved by using
a 12" aperture telescope with a mirror at the image of the laser transmitter as
a retroreflector. One such retroreflector was described, 1n Section HI, as a
"cat's eye” retroreflector. Two other telescopes have been used :s retro-
reflectors in the course of these experiments. A 12"-aperture Dz.1-Kirkham

* This statement 1s not precisely true. If some of the scintillation noise occurs
at the chopping frequency, 75 Hz + 0.2 Hz, 1t will produce an error. This
effect 1s relatively small.
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was used with a plane mirror at the image point. A 12" aperture parahola
with a s1x-foot focal length and a two-inch-diameter "45°" mirror five feet
from the parabola was also used, with a plane mirror at the image plane.
All three of these retrotelescopes appeared to work equally well and all were
easy to align and aim. It was found to be very important, howzver, that the
mirror be located at the image point of the transceiver, and not at the focal
point of the telescope or at any other point. One reason for this 1s that the
best focussing of the return energy occurs at this alignment; so, for long-
range work, the maximum energy 1s returned to the receiver. A more im-
portant reason turned out to be that, for locations of the mirror other than at
the transceiver image plane, the obscuring shadow of the secondary mirror
in front of the aperture of the telescope is "imaged" back on the transceiver
aperture. For this case, no signal, or only a reduced signal, wopld be re-
turned to the ILAMS transceiver unless scintillation was present. Such a
design maximizes the scintillation noise. The retrotelescopes were aligned
by adjusting them for maximum signal return to the transceiver. It was
observed that this peak also corresponded to minimum scintillation noise on
the oscilloscope.

The major difference in the performance of the two types of retroreflectors
was not in the percent modulation of the return signal, but in the spectral content
of such modulation. Using the retrotelescope, the correlation between the
optical noise at the four wavelengths was high. That is, the modulation
appeared to be very neutral spectrally. The correlation coefficient between
the noise at any two of the wavelengths used was approximately 90%, whereas
the noise at each wavelength, using the mosaic of cube-corner reflectors,
appeared to be statistically independent. This difference 1s, of course, crucial
to the system operation. The correlated (wavelength-to-wavelength) com-
ponent of the noise, whether it be at high frequencies or low enough to represent
drift, does not produce a system error, except when the frequency of the
scintillation falls within the narrow pass-band of the system (0.2 Hz) centered
at the chopping frequency (75 Hz).

The available signal, when operating over the two-mile range at Cazenovia,
N. Y., was several hundred times the minimum usable signal. That is, the
system always operates with no decrease in detectivity under conditions of up
to five hundred to one reduction in the amplitude of the signal return. As long
as the signal return 1s sufficient to produce a 0.1 volt signal at the pre-
amplifier output for every pulse, the system noise has no measurable effect
on performance. However, for weaker signals than this, the system error
increases greatly due to internal system noise, and the ILAMS is no longer
operable. No useful data were recorded for signals weaker ‘han 0.1 volts
(measured at the preamp output). The reason for this abrupt low-signal
threshold 18 that the log amplifier goes into saturation when faced with a zero
or negative voltage input. When the sum of the signal plus the zero-mean system
noise goes below ~ero, the log amplifier saturates and produces a large error
because of i1ts slow recovery. Since the peak-to-peak system noise measured
at the preamplifier output is 0. 16 voits (160 millivolts) with these detectors,
the log amplifier frequently goes into saturation when the signal level drops
to near that value. The detector noise is two orders of magnitude larger than
any of the other sources of internal noise, so that an 1mprovement in NEP of
the detectors by 100:1 would improve the low-level signal threshold accordingly.
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Such detectors are available in thermistor bolometers as well 1n cooled photo-
conductors. Reduction in signal was often caused by rain, fog, or snow. The
retroreflector was mounted in a small white building across the valley. We
found that, in rain or snow, the system would operate at optimum detectivity
until the building was no longer visible with the naked eye. If we could not see
the two miles across the valley, the return signal from the retioreflector

was usually too weak for reliable operation of the system. Under conditions
of fog, however, the infrared transmission held up until the visibi!ity was
less than one mile, indicating that a large percentage of the fog particles

were small enough (below ten micrometers diameter) to produce less scattering
at ten microns than raindrops or snowflakes.

The dynamic range of this system can be expressed 1n terms of the
response to concentrations of the target gases 1n the test cell. Ttz system
responds linearly to ethylene gas from a minimum deteclable concentration of
one part per million 1n the twenty-seven-foot test cell (2.7 ppb over the two
mile range) to 53 parts per million 1n the test cell {144 ppb over the two mile
range). The corresponding concentration range for linear detectsn for ammoma
is 1.5 ppm to 80 ppm 1n the test cell, or 4 ppb to 216 ppb over a two-mile
range. The linear range is himited by the electronics and not by saturation of
the absorbing medium. The maximum signal that the electronics can tolerate
for linear operation 1s 12 volts.

It is significant that, except for loss of signal because of weaiher conditions
heavy enough to obscure good "seeing™ of the retroreflecior site, scintillation,
and those atmospheric conditions known to contribute to scintillat:>n, were the
only factors that correlated with the signal-to-noise of the system. The data
recorded ndicates that the signal-to-noise was aggravated by sun loadwng of
anything along the active path between the laser system and the retroreflector.
Windows, building walls and the test cell were particularly susceptible. During
periods of high wind, overcast sky or dusk, the scintillation magnitude was
low. The improvement in system signal-to-noise, from times of high scintillation
to times of low scintillation, was approximately five to one. A: one point, we
attempted to stop occasional water condensation on the retrotelescope by wrapping
heating tape around the primary mirror. This had disastrous results on the
magnitude of the scintillation noise and had to be disconfinued. Temperature
and humidity appeared to have no effect on signal-to-noise, aud wind velocity
had only a small effect (that of reducing the scintillation) under clear weather
conditions during the day or late at night.

To present a clearer understanding of exactly what data we1e recorded
and how, a reproduction copy of one of the chart recordings 1s included as
Figure 19. This recording was made in April, during conditions of poor
visibility. A light drizzling rain was falling, and the valley was sufficiently
foggy for visibility to be a maximum of one mile and sometimes oly one-
half mile. The eight lines each represent a separate recording channel, as
follows:

1. Average signal level returned from the retroreflector.
The left-hand edge represents zero signal.

2. The log of the transmission of the path at 10.532 um.
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3. The log of the transmission of the path at 10. 719 yum.
4. The log of the transmission of the path at 10. 675 pm.

5. A weighted sum of the outputs of the four wavelength
channels, designed to respond to ethylene and discriminate
against ammonia, water vapor, and ozone.

6. A weighted sum of the outputs of the four wavelength ckannels,
designed to respond to ammonia and discriminate agairst ethylene,
water vapor, and ozone.

7. A weighted sum of the outputs of the four wavelength channels,
designed to respond to ethylene and discriminate against ammonia
and the small measured spectral unbalance associated with changes
in the fog density across the valley.

8. The log of the transmission of the path at 9. 505 um

Time proceeds from the bottom of the chart to the top. The horizontal grid
lines each represent twenty seconds. The elapsed time of this caart recording
is fifty-five minutes. At somewhat irregular intervals of approximately three
minutes, we injected one-half of a milliliter of ethylene gas at atmospheric
pressure into the test cell up to a maximum of eight milliliters. Each one=~
half of a milliliter represents a concentration of 3. 33 ppm in the 27-foot test
cell, or 9 ppb over the two-mile range. Alternately, we injected one milli-
hiter of ammonia gas at a time, also at atmospheric pressure, .nto the cell.
Each cubic centimeter of ammonia represents 6.67 ppm in the 27-foot test
cell, or 18 ppb over the two-mile range.

This chart record shows several things. The system gives a linear res-
ponse over large ranges in concentrations. The noise and drift in the signal
output are small compared with the injected gas concentrations, and the res-
ponses of the weighted output signals to ammonia and ethylene are independent,
1llustrating the ability of the linear weighting 1n the signal processor to discriminate
between pollutant and potential interferences, Note the tendency of the ammoma
to decrease due to absorption by the walls of the test cell. This occurs in spite
of our preconditioning of the cell to ammonia gas. We have found that the cell
walls come to equillibrium with the gas in the cell and therefore contribute
to the gas 1n the cell 1f the vapor pressure of the absorbed ammonia is greater
than the partial pressure of the ammonia gas in the cell. Because of this,
we allowed the walls to absorb ammoma up to a maximum vapor pressure of one
ppm. In the experiment recorded on this chart, the measured signal in the
ammonia channel would have been approximately fifty percent laiger than what
1s shown on the chart recording. Atmospheric scintillation was measured by
fluctuations in the return signal level, both on the oscilloscope which monitors
the return signal directly, and also on the signal level indicator that1s
recorded on the strip chart. The signal level indicator records variations 1n
the average signal level with a ten-second time constant. (The other outputs
are recorded with a three-second time constant.) Scintillation was highest
during the conditions of clear sky, at midday. This was true on all our data
runs. However, scintillation was sometimes found to be equally high at around
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midnight under clear skies; while, at dusk, the scintillation was nuinimum

both before and after dark. The correlation between the scintillution magnitude
and error or pseudo-absorption signals on the recorded outputs from the signal
processor output was high.

During conditions of maximum scintillation, we were consistently able to
detect five parts per million of ethylene and seven parts per million of ammonia
in the twenty-seven-foot test cell. The measured absorption signals for these
concentrations were ten times the RMS error due to scintillation and atmo-
spheric turbulence. To produce the same absorption signal, the average
concentration over the entire ten-thousand-foot range over which we are
cperating would be fourteen parts per billioa for ethylene and nueteen parts per
‘villion of ammonia.

During the day- and night-time measurements, thermometerg were sei up
along a support structure shielded from thermal radiation. The purpose of ti~s
experiment was to measure the vertical temperature gradient across the
monitoring beam during conditions of both high and low scintillation. Four
thermometers were located at one foot, four feet, seven feet and ten feet from
the ground. The thermometers are bulb/capillary alcohol thermometers.
Because relative temperature between thermometers is of primary interest,
they were calibrated against each other, but not against an absclute standard.
The data taken indicated less than one-half degree difference over the ten-foot
path, which is low compared to temporal fluctuations in temperature over short
periods of time. The experiment was discarded as [ruitless.

Two types of portable retro-telescopes (a single cube corner and a small
retro-telescope) were set up at approximately five~hundred feet from the
transmatter, at the rural site, 1n order to test the absolute calibration tech-
nique. The cube-corner retroreflector was shown to have sufficiently good
optical and diffraction properties for use at this close range. The interference
phenomenon that we observed with a cube-corner mosaic at long range was not
present to a measurable degree. Because the cube corner 1s much more
tolerant of angular misalignment than is the retro-telescope, 1t was chosen
for use in absolute calibration of the instrument. This cube coruer, which
has a two-inch capture area, would be usable for absolute calibration out to
one-half mile, Under optimum weather conditions, we were able to operate
the system over the two-mile range with the same cube corner. The return
from the cube corner was steady, almost scintillation-free, and repeatable
from day to day. It was consequently judged adequate for calibration purposes.

The response of the ILAMS system to ethylene and ammonia in the gas
cells was always the same, to the limit of our measuring allity. The res-
ponse was linear with optical thickness (concentration times path length) and
independent of the size of the cell. The 27-foot gas cell was caubrated against
the 6-inch cell. Because they were both the same cross-section - - 6 inches
mside diameter -- one milliliter of ethylene always produced the same resuit,
(18% absorption — a CL = 0.20) in either cell. Similarly, one nulliliter of
ammonia always produced 14% absorption (o CL = 0.15). These results
were independent of weather conditions, signal level returned, time of
day, etc. These environmental factors influenced the system noise, but not
its sensitivity nor 1fs calibration.
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Table X summarizes the data taken at the rural test site in Cazenovia,
N.Y., during the last twenty-four hours of measurement. More than fifty hours
of data were taken previously and are recorded. All charts are stored and
indexed. All the data confirm the conclusions that may be drawn from
this table. The data taken before March 18 were recorded on three small
recorders -- two 2-channel brush recorders and one 2-channel Sanborn
corder. Only six channels were available, and two of these were no1sy because
of recorder malfunction. No signal level channel was recorded on these data,
s0 we had to depend upon operator comments to indicate low signal. Because of
these facts, and also because of the other considerations explained under the
section dealing with "measurement problems", the data taken after March 18
were considered to be the most accurate. The noise and drift data were read
directly from 8-channel recorder chart records such as that shown 1n Figure
19. Because of the log amplifier, the meters read directly in terms of a CL.
However, for such small values as those recorded here, one may multiply by
one hundred and read them as percent absorption. Thus, an @ €L of 0.04 may
be read as a 4% absorption. The scintillation 18 the percent modulation as
observed on the oscilloscope. The correlation between weather ccnditions and
the observed scintillation bounce on the oscilloscope (Figure 20), presents no
surprises. On two occasions, the scintillation did peak up agaii, around ;
midnight, on a cold clear night with low wind. No ready explanation has been
offered to explain this phenomenon. No such effect was noted during the
urban testing. The correlation between the observed scintillation and the
noise and drift errors as recorded on the strip charts (Figure 21), is also
expected.

Where snow flurries are indicated on the data, one should rot conclude that
the sky was overcast. The winter weather in the lee of Lake Ontario often
includes snow flurries together with clear sky, hazy sky, or scattered clouds.
Thus, we were often faced with loss of signal due to a snow squall 1n the valley
between the transmitter and the retroreflector while the sun was still shining.

Table X indicates that the noise and drift correlate very well. One may
see, by looking at the chart record data, that the noise and drift are just the low-
and high-frequency ends of a noise spectrum extending from dc to 0.2 Hz. The
peak amplitude of the low-frequency noise, or dc drift, is not measurably
different from the peak amplitude of the noise at the high-frequency end of the
spectrum. Any lack of correlation between (1) the naise error and the drift
error, or (2} between the scintillation as measured on the oscilloscope
(Figure 21) and the noise and drift error, is attributable to the measurement
inaccuracies -- that is, the accuracy with which we can measure noise from
the oscilloscope and from the chart record.
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TABLE X

LAST 24 HOURS OF DATA TAKEN AT RURAL TEST SITE IN CAZENOVIA, N.Y.

Scintil-
lation
% Sky/ Noise Drift
Temp Wind Modul- Precip- (equivalent (equivalent Period of
Run # OF RH | MPH ation itation a CL) a CL) Run
51 30-38°| 60% | 5-10 30 clear +0. 04 +0.04 5:00 pm - 1:00 am
52 37° 37% 1| 16 209 hazy +0.02 +0.02 1:00 pm - 2:00 am
(flurries)
53 39-31°| 55% | 15 20% hazy £0.03 +0. 02 noon - 5:00 pm
{flurries)
54 39° 45% | 5-10 409 clear +0. 04 +0. 05 3:00 pm - 4:00 pm
55 34° 50% | 15-20 159, flurries +0. 02 +0. 03 1:30 - 4:30 pm
56 44° 31% | 18-20 309, clear +0.02 +0. 04 1:15 - 3:00 pm
57 61° 31% | 8-15 109 cloudy £0. 01 £0.01 2:50 - 3:30 pm
58 53° 36% | 25-35 209, scattered | +0.02 +0. 03 2:00 - 4:20 pm
clouds
59 41° 86% | 12 10% drizzle £0. 02 +0. 02 2:25 - 3:30 pm
60 39° 969 | 8-15 159 lLight +0.02 +0. 03 2:10 - 4:35 pm

rain




othi i 2

| Hak

i

I
,.VFE) e

‘
n ENE ] .
5 ’ri s c 75 o=

)
YK cTRaET

ot

(et ])

Jord & we ofbplans
(ranTlet)

etk doe My
% s e wr/)
o gue Thi B

D i),

reaem t -..:;(\«

*_,Hvrf ‘tl

e .Sx JAL

v L

. m L - (i

B 24 K .:f:. (ranne) | 4
A w Yoy
} \ f T
TL 2T g e atfebae (aT3RD Il,m

' ,
—aws Hypap Tyt

Ry

1

K T R, sARe dan, md ]

|

mad & lsiamm

Fryha T

i

—u’ j— 20 $EL9HB‘5

Chart Record

Figure 19.

51/52



*/e MODULATION ON OSCILLOSCOPE

50

40

30

20

10

— e

CLEAR HAZY CLOUDY DR CLEAR CLEAR
SUNNY DUSK OR NIGHT WINDY
RAIN OR
DRIZZLE
i
WEATHER CONDITIONS
Figure 20. Relationship between Scintillation and Weather

at Rural Site

53




NOISE AND DRIFT ERROR ~ (acCL)

0.05

0.04

0.03

0.02

0.01

,,,,,,,,, AT - = . . -t n—

10 20 30 . 50 o
MODULATION OF SIGNAL (%)

Figure 21. Relationship between Scintillation and
Noise & Drift

54



VII. TRANSFER TO URBAN SITE

The selected urban site at Skytop 1s shown on the geological survey maps
accompanying this report. Four locations were tried and two finally used; these
are shown at the ends of lines radiating from the Skytop site. The seven-and-
one-half-mile path between Skytop and General Electric's Elecironics Lab-
oratory proved to be too long for summertime operation. The attenuation due
to water vapor alone should have been between 20 dB and 30 dR. (Refer back
to Table V). A return signal was received from the retroreflector in clear
but hazy weather, but only marginal operation was achieved. The reflector
was then moved to the top of the Effluent and Chemical building at tne
Onondaga County sewage disposal plant on the southeast end of Onondaga Lake,
which forms the northwest border of Syracuse. This reflector site was four-
and-one-half miles from the laser system and the line between them runs over
the center of the city. Although a large signal was received back from the
retroreflector, the scintillation was also extremely large -- much larger than
we expected. At the time, we thought that heating of the roof caused the
scintillation. In the light of more recent data, it i8 now suspected that possibly
a slight misalignment of the retrotelescope was the major cause of trouble.

In mid-August, the retrotelescope was moved to the top of the State Office
Building 1n central Syracuse, three miles from Skytop. Most cf the data were
taken over this range. The shorter two-mile range, also shown, will be dis-
cussed under Urban Measurements (Section VIII).

Skytop 1s a hill owned by the University of Syracuse, overlooking the City.
Before transfer to Skytop, the ILAMS was installed in a sixteen-foot office
trailer, along with the recording equipment. Then the system was aligned and
tested over the rural range at Cazenovia. This proved to be a wise precaution.
Severe 1nstability problems with the new installation were cauced hy motion of
the trailer. Efforts to stiffen the structure and support 1t on the ground with
rigid supports failed. Wind loading and changes 1n the weight load of the trailer,
such as people getting 1n and out and moving around 1nside, produced sigrifidantly
large motions of the laser system. The effects of such motion will be discussed
in Section IX. The trailer was mounted on three pedestzls pius one large
screw-jack adjusted so that the force on the four mounting points cn the
trailor's steel frame supported approximately equal weight. Mirrors were
mounted at several points on the trailer, including on its steel rame, and
angular motion of these mirrors was measured by the displacement of the
reflected light from a small helium neon laser over a 70-foot path. No point
could be found on the trailer frame or structure that did not move several
milliradians as a 165-1b person walked about 1nside the trailer or got 1n and
out of it. Mirrors mounted on the pedastals and on boards set between the
pedestals showed that these points did not move. We concluded that the
trailer could not be sufficiently rigidized to prevent flexing and distorting under
these small load changes. This problem was solved by drilling 3" diameter
holes through the trailer floor and building a steel frame throagh these clearance
holes. At Skytop, a shallow pit was dug 1n the ground direct'y bencath the laser.
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Approximately four 1inches of mixed sand and gravel were poured into the pit
and concrete blocks were set on this bed. The laser sits on the steel frame
and the frame sits on the concrete blocks. The steel frame 15 clear of the
trailer floor, so that there 1s no mechanical connection between the laser and
the trailer, except through the ground.

Figure 22a shows the nominal 16-foot office trailer in which we have
installed our Laser Air Pollution Monitoring system. A large flat mirror is
shown mounted on a tripod in front of the trailer, which serves to reflect
sunlight into the remote retrotelescope for alignment purposes. Figure 22b
shows the equipment installed inside the trailer. From left to right, we have
the eight-channel Sanborn chartrecorder, the four-wavelength signal processor,
and the laser breadboard system mounted on sand-filled boxes that are supported
above the floor from below the trailer. The photograph in Figure 22c shows
the laser breadboard directed through the test cell and through the window to
the retroreflector. Figure 22d shows the area of Syracuse, N. Y., being
monitored. The retrotelescope 18 located in the center of the picture just above
the tree line, three miles from the laser monitoring system. The tree line is
approximately 11/4 miles distant.
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Figure 22. Urban Test Site Photos (continued)

57 This page is repro luced at the
L back of the rej by a different
reproduction n [ to provide

better detail.



Figure 22.

d.

Urban Test Site Photos

58

(concluded)

o

This page is reproduced at the
back of the report by a different
1eproduction method to provide
better detail.



VIII. URBAN TEST SITE MEASUREMENTS PROGRAW

A. SUMMARY OF URBAN TEST RESULTS

Based on the excellent results with the test cells -- both the 2'/-foot cell
and the 6-inch cell -- in measuring ammonia and ethylene, and the poor succesgs
in finding sufficient concentration of ethylene in Syracuse, the contcact officers,
Mr. John Nader and Dr.H. M. Barnes, recommended that we go ahead with the
plans to monitor the air over Syracuse, N.Y., and use the test cells to measure
system sensitivity. Injection of measured amounts of ethylene and ammonia
gas 1nto a 6-inch-long, 6-inch-diameter cell was used as the measure of the
ILAMS sensitivity. As expected, the sensitivity of the system was the same
a8 at the rural site.

More than twenty-four hours of data were recorded on chart paper over the
period of August through December, 1971.

Noise and scintillation were slightly greater (approximately 30%) over the
city than at the rural site. Drift was about the same on some days and unusually
large on others. Whether this drift was caused by a spectral absovber like
ethylene was not confirmed. This was the only departure in the benavior of the
laser system from that at the rural site.

B. URBAN TEST RESULTS

The majority of the effort on this program was spent on the rural measure-
ments program. It was felt that once the behavior of the system was well under-
stood, system performance at the urban site would match that at the rural site.
The emphasis in the urban measurements program was to look for differences n
the behavior of the ILAMS, 1f any, in the urban as compared to the rural environ-
ment. The only difference noted was that the scintillation was larger with an
attendant increase in the noise and drift error. This fact caused 1 5 lo lock
more closely at the system, the monitored path, and the reflectors to 1solate
the causes of the measured scintillation noise and determine how ruch of it
was inherent in the measuring technique.

The first retrotelescope site was the top of the Electronics Lasoratory
building on Electronics Parkway north of Syracuse. This site i1s approximately
seven-and-one-half miles from the Skytop site, as may be seen on the enclosed
topographical maps. The reflector used was the 12"-chameter Tinsley telescope,
which 1s a Dall-Kirkham optical configuration with a 12" elliptical primary
mirror, a 3" spherical secondary mirror located three feet 1n front of 1it, and
has an effective focal length of 16 feet. The focal plane of the telescope 18
approximately four inches behind the hole 1n the primary mirror. A two-
inch-diameter plane mirror was placed near the focal pomnt on a s ding trans-
lation mount for focus adjustment. The focus was adjusted for peac signal
using citizen-band walkie-talkies for communication between the Laboratory
and Skytop. Sufficient return signal was received at Skytop for peaking, and
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we believe that an optimum focus was achieved in spite of the marginal operation
of the walkie-talkies at this distance. The signal return was, however, too
small for good operation of the system. The combination of the high scintillation
and poor atmospheric transmission regularly ran the signal level below 100
mallivolts, causing large errors, as was discussed 1n Section VI. These
measurements were made 1n July, when the absolute humidity was high and the
power level return was pretty much as would be predicted from the extinction
coefficients of Table V. The 7.5-mile test provided a good measurement of

the range limit of the system.

The same telescope was used for the installation on top of the Chenucal
and Effluent building at 4.5 miles range. This site was discontinued because
of excessive scintillation noise rather than weak signal. The reason for the
very high scintillation noise was never discovered. With hindsight, we now
believe that the retrotelescope was improperly focussed. At the time, 1t was
not realized that this was a critical adjustment with regard to scintillation
magnitude. Since the signal return was adequate, no attempt was made to
umprove the focus. In fact, 1t was speculated that perhaps deliberate defocussing
of the return beam might improve scintillation, since slight defocussing of the
transmitted signal did improve the scintillation noise at the Cazenovia site.

The Tinsley retrotelescope was moved, in mid-August, to the top of the
State Office Building in Syracuse. All the recorded data, with the exception of
run #110, were taken between this site and Skytop. The path length 1s 3 miles.

Very frequently, we had difficulty maintaining the retrotelescope in
alignment and focus. Personnel working in the State Office Building would
visit 1t and it would be found pointed in the wrong direction and/or out of
focus. Although a great deal of time was lost in tracking down the source of
weak signal return, one benefit did accrue. It was noted that the defocussed
telescope often produced greatly magnified scintillation. A reexamination of
the optics showed clearly that the secondary mirror, which obscures less than
ten percent of the energy, produces a "shadow image" on the beam expander
at the transceiver unless the plane mirror on the retrotelescope 1s set so that
the return energy 18 focussed onto the beam expander. This focus point for
the flat mirror is the plane of the real image of the beam expander 1n the
telescope. With the flat mirror located at this point, the aperture of the beam
expander 1S re-1maged back on 1itself by the retrotelescope. This focus 15 very
critical. For example, 1f the plane mirror 1s moved 0.1 inches forward, then
the return energy will exit via the retrotelescope collimated with a doughnut-
shaped cross-section. This is the very condition we are trying to avoid.

A second retrotelescope reflector was mounted on a tripod, aligned, and
calibrated against the reflector now mounted on top of the State Office Building
1n Syracuse, Calibration was accomplished by bringing the new reflector to the
top of the state off e building and taking data from the two telescopes
separately and together. There was no spectral difference between
the two reflectors, which was our main concern. The new telescope was then
moved to the top of the Syracuse University mens' dormitory which lies almost
exactly on a line with the transceiver on Skytop and the first reflector. The
new reflector 1s just two miles from Skytop. This enabled us to obtain a
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separate sampling of the first two miles and third mile. A second advantage
of comparing the two-mile and three-mile systems 1is that they are optically
identical.

During the calibration of the two telescopes against one another, the
two were placed together ~- one directly beneath the other -- and the trans-
mit beam from the beam expander was defocussed slightly to accommodate
both reflectors together. The result was no apparent increase in the return
signal, but a large increase 1n scintillation, similar to the results we obtained
at Cazenovia when using the cube-corner mosaic. A tentative explanation for
th1s phenomenon 18 coherent interference between the two 1 eturns.

The second retrotelescope 18 a Criterion with a twelve -inch f/6 parabola
for a primary mirror, with a two-inch-diameter 45 degree mirror mounted on
a spider five feet 1n front of the primary. A one-inch-diameter flat mirror was
used at the focus point to return the energy. The focussing tolarance must be
better than 0.02 inches with this telescope at two miles, as compared to 0.1
inches with the Tinsley at three miles range. Similar scintillation problems
were experienced with the focus of the Criterion retrotelescope, in spite of the
fact that the obscuring secondary mirror is only 2 inches in d.ameter.

A single cube corner, masked down to 1/4 inch aperture, was mounted on
a 14-foot mast, 150 feet in front of the laser transceiver, for calibration
purposes and also to measure performance with a very nearby target. In
terms of angle, the cube corner was halfway between the Criterion telescope
on top of the mens' dormatory and the Tinsley on the State Office Building.
The cube corner proved to be an extremely stable reference. Wo measurable
scintillation or drift occurred using this nearby reflector. However, the optics
of the system, using the nearby cube corner as a retroreflector, are different
from the optics with the retrotelescope in two important ways. The output
beam from the beam expander 1S normally focussed at a point halfway
between the retrotelescope and the transceiver. Since the diameter of the
retrotelescope 15 2.5 times the exit aperture of the beam expander, the beam
still does not overfill the retrotelescope. Minimum scintillation was observed
at the rural site for this focus. Because the beam expander is so much larger
than the cube corner, we cannot use the cube corner to simulate this con-
dition. Secondly, in order to focus the energy from the beam expander at a
point between the beam expander and the cube corner, it is necessary to back
off the germanium focussing lens approximately 3 inch. Since the germanium
lens 18 operated off-axis in order to prevent reflections from the lens surfaces
getting back to the detector, backing off the lens changes the centering of the
output beam on the beam expander. This change in centering 1atroduced the
type of masking error described in Section VI. C.

Table XI is a summary of the urban test site data recorded on chart-
recorder paper. The charts are indexed according to the rur numbers. All
these measurement runs were made between Skytop and the State Office Building,
with the exception of run #110, which was made between Sl.ytop and the mens'
dormatory. Figure 23 shows the relationship between the scintillation and
weather. Figure 24 shows the noise and drift error versus scintillation
magnitude. Because of the large variance in the data, we do not feel that the
differences between these results and the rural results are very significant.

One major difference that does not show on Table XI, nor on the figures, 18
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TABLE XI. URBAN TEST SITE DATA

. Scintil- o Noise Drift
|Run# | Temperature | py BI"I;‘; 1‘“1;5“ Sky 1:: fl‘;‘np" (equivalent | (equivalent P e;“;’f at
) Modulation @ CL) @ CL)
' 101 63 50% | 10-15 25% Hazy Zero +0.02 +0. 02 3:20-4:00 pm
} 102 700 40% 5 45% Few Zero +0.05 +0.04 2:00-3:30 pm
i Clouds
' 103 ¢ 87°-74° 0% 5-10 25% Cloudy | Zero +0.04 +0. 04 3:30-11:00 pm
104 75° 60 % 8 40% Clear Zero +0. 04 +0. 04 4:00-4:50 pm
105 65°-70° 5% | 0-5 30% Clear Zero — +0, 06 9:50 am-12:30
106 70° 55% | 10-15 20% Hazy Zero +0.02 +0.04 11:00 am-1:00 pm
107 60° 90% ! 10-15 15% Cloudy | Light +0.02 10. 04 10:00 am-2:00 pm
Rain
108 500-40° 60 % 5-10 35% . Clear Zero +0. 04 +0.07 4:10-4:00 pm
109 35°-30° 60% 10 15% Cloudy | Snow +0, 02 +0. 03 1:15-4:15 pm
Showers
110 30° 85% 15 20% Cloudy | Light +0.03 +0.03 1:00-5:00 pm
Snow
| 111 45° 60% | 15-20 25% Cluudy | Zero 0.2 | £0.04 11:08-..00n
| 112 399 %% | 16-15 5% Cloudy | Drizzle +0. 04 £0.02 3-30 4:45 pm
113 35° 40% 10 45% Cloudy | None +0. 06 +0.03 ! 2:50-3:30 pm
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that, on a few of the runs recorded (and several times not recorded on chart
paper), an apparent ethylene absorption came and went over 2 periwod of an
hour or two. This was either a local spectral absorption. or else a system
error. Neither hypothesis has been confirmed. The absorption s:gznals
measured corresponded to @ CL of from 0.1 to 0.25. Tms would 1 equre

an average concentration of ethylene of from 13 ppb to 32 ppb over one mile,
or an average concentration of from 675 ppb to 1, 700 ppb, spread over 100
feet. We found no indications of such concentrations in open areas 1n Syracuse

C. SYSTEM IMPROVEMENT WITH A CLEANUP APERTURE

As was pointed out in Section VI., the lack of similarity in the spatial
power distribution of the exit beams at the four wavelengths, as shown in
Figure 18, is the main source of error in the ILAMS. The conventional
solution to this problem is to introduce a spatial filter in the form of a very
small circular aperture (pinhole) at a focus point of the beam before 1t is
transmitted. Unfortunately, the design of this laser system 1s suca that the
introduction of such an aperture is not easy wathout some modification of the
external optics. The focus point of the germanium lens immediately pre-
ceeding the beam expander will not suffice for this purpose, fo~ thvee reasons.
First, a large percentage of the energy rejected by the aperture w:ll be
reflected directly back tc the signal detector as a false signal return;
secondly, any variation in the fransmitted energy through the aperture caused
by laser beam wander will not be compensated for by the reference detector;
and thirdly, if it is desired to defocus the transmit beaw slightly, .hen the
return gignal from the reirotelescope will not focus at the same pe'nt as the
aperture and considerable energy would be wasted. In ciear weathzr over
moderate ranges, this last consideration i1s not a8 important.

The ideal location for the spalial filter 1s between the coupliing mirzor andthe
beam splitter. If a pair of small, short-focal-iength lenses couid € mounted
back to back in a confocal configuration in the small space available, then the
pinhcle could be placed at the common focal poini of the twe. If such an
aperture is smaller than two wavelengths in diameter, or smaliex .han the
diffraction pattern of an ideal laser beam at the focus of the lens, ihen 't will
clean up or fiiter out any spatial variations in the pattern in boih the near
field and the far field, except for variations in size. The variations in s1ze would
occur because the diameter of the far-field diffraction pattern is proportional
to wavelength. The size variation would be a source of error if the output from
the beam expander were focassed on the retrolelescope. Then the beam
patterns for different wavelengths at the telescope would be concer.ric and
similar, but of different sizes. Thus, if the beam moved, an urda anced or
false absorption would be produced. This errcr can be reduced by defocussing
the transmit beam from the beam expander, so that angular displacements of
the beam caused by atmospheric turbulence would not easily resulf in per-
centage changes in reflected return that are different from wavelength to wave-
length. The focussing of the energy return from the retroreflector presents
the same problem. One might argue that, because light travels the round
trip to the reflector and back 1n a short time compared with the speed of
atmospheric changes, if the energy found its way to the reflector by some
crooked path, then it would follow the same path back and there wonld be no
scintillation effects interfering with the return trip. The fact 1S that thermal
gradients in the vicinity of the retrotelescope would cause the return beam to

65



wander, because the energy enters and exits on opposite sides of the telescope.
This effect has been confirmed by experiment. The conflict between the need
for focussed return from retrotelescopes with obscuring secondary mirrors and
the need for defocussed return to eliminate scintillatior effects because of the
different size of the focussed beams at each wavelength may be resolved by
using another type of telescope as a retroreflector. Either an off-axis parabola
like the beam expander, or a telescope with a very small secondary mirvor
would make good retrotelescopes.

The modifications needed to test the spatial f1lter approach properly were
deemed too extensive to undertake during this project. However, a compromise
was attempted as shown in Figure 25. Two apertures, 0.044-inch-diameter
and 0. 081-inch~diameter, were tried between the coupling mirror and the beam
splitter without the addition of any focussing optics. This approach had the dis-
advantage that a great deal of energy was thrown away 1n order to get a small
enough aperture to get some spatial filtering. It was not known whether any
improvement at all would be realized, because some spatial zoning could still
occur within the aperture. To be effective, the spatial filter or aperture must
look like a point source. That 1s, the aperture must be small enough so that
the transmit optics cannot resolve the difference between 1t and a true point
source of power. The apertures we used were as small as could be tolerated
and still have a sufficient signal return. If it had been possible to install the
focussing lenses suggested above, we could have used a sufficiently small
aperture with only 75% loss in power.

The results of the test were very encouraging. The reduction 1n scintilla-
tion noise was approximately three to one. The reduction n drift was four to
one and, for the first time, we seemed to have close to an absolute calibration.
Absolute calhibration means that the relative power returned from wavelength to
wavelength 1s the same as the relative power from wavelength to wavelength
seen by the reference detector. There was no need to correct for any fixed
absorption pattern related to the transmit receive optics, because such an ab-
sorption pattern was reduced by approximately ten to one. It 1s suspected that
the remaining drift and spectral scintillation noise was related to the focussed
beam size differences plus the remaining spectral zomng,
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Figure 25. Location of Cleanup Aperture
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IX. SUMMARY OF SYSTEM PERFORMANCE EVALUATION

Several sources of error 1n making measurements were 1dentified during
the course of the measurements program. These problems and their resolu-
tion are outlined here.

1. Severe Scintillation Induced by Local Heat Sources

Heat loading from direct and reflected sunlight on the test cell, room
heat onthe polyethylene windows separating the test cell from the rocom, sun
loading on the west wall of the building housing the retroreflector, cold air from
the polyethylene window in and near the beam expander, and at one point heating
tape near the retroreflector — these factors were all source; of scintillation
producing thermal gradients. The thermal problems were partially solved by
the use of sun shielding on the retrorefiector building and the test cell, and
multiple-layer polyethylene windows at the room-air to outside-air interface.
The scintillation associated with the twenty-seven-foot test cell was never
completely eliminated until the cell was removed.

2. Long Term Unbalance or Drift Error Produced by Changing the
Attitude or Pointing Direction of the Laser Transceiver and then
Correcting for this by Translating the Germanium Focusing Lens
at the Entrance to the Beam Expander

This correction moves the beam slightly in the exit aperture. Because
of the asymmetry of the transmitted wavelengths (see Figure 18), this transla-
tion of the beams on the beam expander mirror produces a change 1n the masking
by the mirror and a resultant signal unbalance. The cause of this motion of the
laser system was a mystery for some time, until it was discovered that the floor
was heaving from 1ce formation under the building edges and under the unheated
portions of the building. As spring came, this problem solved itself. Accidental
bumping of the laser system, which pushed it out of alignment, would of course
produce the same result unless it was corrected by moving the laser itself

rather than the germanium lens.

3. Unbalance Caused by Aiming Error from Transmitter to
Retroreflector

If a misalignment such as described in (2.) occurred, and was not cor-
rected for, by either moving the germanium or moving the laser, then a more
serious unbalance or drift error occurred. The lack of similarity of the different
wavelengths shown 1n Figure 18 has a corresponding lack of similarity and con-
centricity in the far field at the retroreflector. If the laser output beam wanders
with respect to the support frame, then any error so caused will be compensated
for by the reference aperture, because this aperture sees the same portion of
far field pattern as the retroreflector does. But 1if the aiming error 1s caused
by motion of the ILAMS frame structure, or by displacement of the beam on the
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retroreflector by scintillation (thermal gradients in the air), then a wavelength-
to-wavelength unbalance or drift error occurs. The magnitude of this error 1s
much larger than the masking error we get if we correct by translating the
germanium lens. During the rural measurements, no solution for this problem
was found. The drift error caused by scintillation 1n this way was judged to be
the dominant source of noise and drift error 1n the system.

4. Direct Coupled Amphfier Drift and Paper Slippage in the
Chart Recorders

The meters on the signal processor permitted observation of both the
synchronous detector outputs at each wavelength and the weighted outputs. It
was noted that, often after many minutes of running time, the chart recorder
outputs did not correspond to the meters. There were two causes for this dis-
crepancy: (1) the chart paper would slip sideways slowly on the rollers so that
all channels would appear to drift off together and (2) the dc amplifiers in the
chart recorder would drift so that their output voltage would change for zero
change in input voltage. Both of these effects produced pseudo-errors of more
than 10% absorption (¢ CL = 0. 1) at times. Checks on the recorder drift were
made by disconnecting the output from the signal preamplifier and then con-
necting the reference preamplifier to both AGC inputs. This produced zero
output on all channels with no drift. After checking the recorder drift, the
operator would measure the false error, make the correction and note 1t on

the chart paper.

5. Errors Caused by System Noise

System noise had no effect upon the ILAMS performance, except under
the following conditions. When the total effect of (a) poor transmission in the
atmosphere, (b) absorption by a specific gas, (c) loss by the sample cell
windows, plus (d) any instantaneous drop in signal caused by scintillation,
caused any of the four wavelengths to drop in power level to the point were the
preamplifier output voltage was 100 millivolts or less, then the system noise
caused the log amplifier to see a negative voltage resulting 1n such large output
errors from the log amplfier that the system was considered inoperable. Over
the two-mile range 1n clear weather, with no test cell in the path, approximately
500 times this signal level was available. Six-inch circles of copper window
screen were used as neutral attenuators, so that we could work with such large
signal return without overdriving the preamplifiers. The result was that, by
using these attenuators and removing them as the available signal dropped, an
attenuation of up to 500:1 (including scintillation) could be tolerated.

6. Unusually Large Scintillation Caused by Defocusing the Retrotelescope

Unless the retrotelescope 1s properly focused (not aimed), the shadow
of the partially obsc¢ iring secondary mirror on the telescope 1s 1maged back on
the beam expander aperture of the ILAMS. Hence, the transceiver would receive
no return energy except when scintillation was present. This sort of alignment
tended to maximize scintillation, producing 100% modulation of the signal return.
The problem did not arise at the rural site, because thc retrotelescope was in a
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well-protected environment and because there was an excellent communications
link between the two sides of the valley for use 1n alignment and focusing. De-
focusing of the retrorefiector was a constant problem in the urban tests because
of some combination of wind and peoples' curiosity. The problem was solved
simply by realigning whenever the retrotelescope appeared to be out of focus.
The ultimate solution will be to provide better protection for reiroreflectors.

7. Detection of 14 ppb Ethylene, 19 ppb Ammonia

The system sensitivity under the worst conditions of scintillation and
drift was never worse than ana CL of 0.1, That 1s, we could always reliably
detect an absorption of 10% at one wavelength compared to the others. The
resultant sensitivity to ethylene over the two-mile path was 14 ppb and to ammonia
19 ppb.

8. Projected Performance Capability

With a cleanup aperture added to the ILAMS, the expected sensitivaty
is from an @ CL of 0. 01 to 0.001, which should greatiy extend the usefulness
of the system 1n measuring trace constituents in the atmosphere, even over
short ranges,
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Breadboard transmit-receive optics expand the laser beam to a diameiel
of 5 inches which reduces transmitted power densities to values helow 0. 01 watt
per square centimeter while also contributing to beam collimatiorn.. The "cat's
eye" style retroreflector is a 12-inch-diameter f/4 parabolic mirr n with a 48-
inch focal length and a one-inch-diameter,40-inch-radius-of--curvaiire concave,
spherical mirror at its focal point. The resolution of the retroreilector 1s suf-
ficient to return 90% of the incident laser energy to the receiver at one-mile
range. Such operational characteristics give the system ua opere ing range of
10 miles or more under conditions of "good visibility".

Figure 4 shows the present unit at the rural test site. While satisiactory
for current feasibility studies, these are breadboard components, with substan
tial reduction in size possible. The V laser is mounted on ar aluainum channel,
6 feet in length. Repackaging the present analog functions will af »rd u con-
siderable reduction in size of the signal processing electronics. J3readboara
electronic components, excluding meters and substituting fixed rcsistors and
trimpots for weighting potentiometers could be packaged ir a volune of about
2 X 4 inches. According to our studies, digital signal processing (cost
effective when the number of transmitted wavelengths exceeds six' would not
have an adverse effect on processor size. A 10 X 40 inch laser hieadboard
having comparable performance characteristics has also been dev:loped by us
under a separate program.

- “
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<

Figure 4. Breadboard System at Rural Site

This page 1s reprocuced at the
back of the report v odiffercnt
1‘('})1()([1u'linn rmetho to provid
/ k b
7 8 better detail



Feet Above Sea Level

1400

1300

1200

1100

1000

900

800

700

Transmit Retroreflector

Sit

2 Site ~l

=3

9800 ‘D‘

i g | 1
1000 5000 10,000
4— WEST DISTANCE IN FEET EAST—p

Figure 14, Rural Test Facility Profile

Figure 15. Photo of Cazenovia Valley
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Figure 16. ILAMS Transceiver and Recording Equipment at Rural
Test Site

Figure 17. 27-foot Gas Cellat Rural Test Site
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b.
Figure 22. Urban Test Site Photos
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Figure 22. Urban Test Site Photos (concluded)
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D The Growing Demand for Energy Plastics Fabrication by Ultraviolet, Infrared, Induction,
RAND Corp Dielectric and Microwave Radiation Methods

An overview of energy use and demand —especially elec- Plastics Technical Evaluation Center, Dover, NJ

tricity how we use energy, how much we use and how we Brings you up-to-date with the progressive evolution of
forecast our fulure energy requirements 1972 27 p. $3 non-ionizing radiation methods Gives guidelines to the
AD-742 382 advantages, disadvantages, and general economics 1n using
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areas, with emphasis on costs, workability, & communty Department of the Army, Wash, D C
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and cost analysis Includes an index of some most frequent-

[] Erergy, Resources and the Environment ly referenced topics  1972. 202 p. $6.75 AD-742-664

Mitre Corp

Summanzes the eight symposia sponsored by MITRE on D Geothermal Energy

the interretationships of energy, resources and the environ- Alaska Univ , Fairbanks

ment Includes fuels, consumption, pollution and trans-

portation 1972. 40p. $3.75 PB-213 031 Sixty participants of the Geothermal Resources Research

Conference express the views of industry, universities, and

D Advances in Joining Technology—The *60s and Beyond government on the nation’s allernatives to the energy crisis

Battelle Columbus Labs, Ohio Topics include—Resource Exploration, Resource Assess-

Tells how you can put advances in welding technology ment, Reservoir Development and Production, Utihization

to work for you A survey of the most significant ad- Technology, Environmental Effects, and Institutienal Con-

vancements 1n welding technology since 1960 Describes siderations 1972 93 p. $4.85 PB-216 423

both new welding techmques and recent improvements . .

n estabhshed welding methods  Jem. 1973, 68 p., $12.95 D A Study of Health Practices and Opinions

AD-754 262 National Analysts, Inc

A large national survey investigated the fallacious or ques-
tionable health beliefs and practices, based on representa-
tive samplings of the adult populauon in 1969 Specifically
questioned the use of vitamun pills without a physiciards

(] Compatibility of Explosives with Polymers (IIF)
Norman Beach and Vincent K Canfield, Plastics Technical
Evaluation Center

An easy-to-use alphabetical reference to what explosives guidance, use of health foods, practices in the diagnosis
a plastic 1s compauble with and can be used safely with a and treatment of arthriis/rheumatism and cancer, health
particular cxplosive Includes adhesives and clastomers pracutioners used, hearing aids and medication and aids

1971. 87 p. $6. AD-721 004 to quiting smohing 1972 365 p. $6. PB-210 978



State of the Art for Controlling NOx Emissions, Part 1.
Utility Boilers

Catalytic, Inc , Charlotte, N C

Discusses emission control through combustion operating
modification, combustion equipment, design modifications,
and flue gas treatment Also gives information on the

sources and formation of nmitrogen oxides 1972. 118 p.
$545 PB-213197

Satellite Communications Reference Data Handbook
Computer Sciences Corp , Falls Church, Va

Surveys the background and present status of the satelhte
communcations field in general and the Defense Satellite
Communications system m particular with gencral and
technical data on the major subsystems of a satellite com-
munications network, contains number of monographs and
tables for analyzing satellite communications engineering
problems 1972, 279 p. $6.75 AD-746 165

Fatigue and Fracture Mechanics
George Washmgton Univ, Wash, DC

Discusscs different aspects of the fatigue process n rela-
tion to the basic concepts of fracture mechanics 1972, 33 p
$3.25 AD-746 122

Afterburner Systems Study
from Shell Development Co for EPA

This handbook cnables the user to decide if his particular
emission 1s amendable to afterburning and to obtain a
rough estimate of cost and size of the cquipment nceded
1972 512 p $6 PB-212 560

Guide to Technical & Financial Assistance for Air Pol-
lution Control

Gordian Associates, Inc, N.Y

Outlines Federal, state and local government financial

and tax assistance available to business and industry
complying with abatement regulations and including a

catalog of state-by-state tax incentive rules. Nov. 1971

147 p. $5.45. PB-210 670

Status of Advanced Waste Treatment
Environmental Protection Agency, Cincinnati, Ohio

Reviews the advanced waste treatment program and em-
phasizes developments that are ready for full-scale engi-
neering application May 1972, 80 p., $485 PB-213 819

HUD Noise Assessment Guidelines Technical Background
Bolt Beranek and Newman, Inc, Cambridge, Mass

Discusses the need for noise abatement, various techniques
for measuring and describing notse and human responses
to 1t Gives technical background information for develop-

ing site noise assessment techniques 1971, 264 p. $4
PB-210 591

D Proposed Report of the National Water Commission.

Vol. 1
National Water Commussion, Wash , D C

Presents tentauve findings & recommendations for future
water policy on water & the economy, water pollution con-
trol, improving water related programs, and procedures
for resolving differcnces over environmental and develop-
mental values 1972. 478p $6 PB-212993

Proposed Report of the National Water Commission.
Vol. II
National Water Commussion, Wash , D C

Presents remaiming chapters on the following topics mah-
g better use of existing supplies, interbasin transfer,
means of increasing water supply, better decision making
In water management, improving organizational arrange-
ments, water problems in metropolitan areas, federal-state
Junisdiction 1n the law of waters, sharing the costs of water
development projects, financing water programs, and basic
data and rescarch for future programs 1972. 694 p. $%
PB-212 994

HUD Noise Assessment Guidelines
Bolt Beranek and Newman, Inc, Cambnidge, Mass

Gives procedures for making assessments of present and
predicted noise exposure without technical traiming tn
acoustics at sites proposed for new residential construc-

tion 1971, 36 p. $2.70 PB-210 5%0

A Guide for Developing Questionnaire Items
Human Resources Research Organization, Alexandna, Va

Presents a guide for the development of test questions for
questionnatre instruments other than achievement testing
Content 1s restricted to attitude and information type
questions 1972, 27 p. $3. AD-738 157

Conservation and Befter Utilization of Electric Power
by Means of Thermal Energy Storage and Solar Heating
University of Pennsylvania, Phila

Investigates the application of heat and coolness storage
for comfort heating and air conditioming  1971. 263 p.
$6.75 PB-210 359

Baling Solid Waste to Conserve Sanitary Landfill Space:
A Feasibility Study
San Diego City, Calif

Studies baling to reduce hauhing distances, to fill small
canyons and to mmprove compaction Develops formulas
and techmques that could help other communities with
their sohd waste collection and disposal problems 1973,
98 p, $485 PB-214 960



