
E:XPE:RIME:ME:R'S 
caNE:R 
Remote Sensing-Part 2 

By Forrest M. Mims 

~·· L AST month, we discussed the basics of remote sensing. 
We also assembled a dual-wavelength green-leaf detector 

which relies upon the unique reflectance signature of green 
vegetation. 
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Leaves, as you might recall, reflect red light poorly but 
reflect near-infrared radiation very well. This generates a 
characteristk reflectance signature which makes it possible to 
use a red LED and a near-infrared LED as a pair of narrow
band radiation detectors. This is done in the leaf-detector cir
cuit described last month in Part 1 of this series. 

NASA's Image Classification Circuit. An expanded 
version of the leaf-detector circuit has been developed for . 
NASA's Langley Research Center by Roland L. Hulstrom, 
Roger T. Schappell and John C. Tietz of the Martin Marietta 
Corporation. Like the circuit I described, NASA's circuit also 
teams a red sensor and a separate near-infrared sensor to 
detect green vegetation . Moreover, these two detectors also 
permit the detection of water, bare land, clouds and snow. 

Fig. 1. Earth satellite picture classification circuit. 

Figure I is the schematic for this new circuit as given in a 
recent NASA Tech Brief. The circuit, an expanded version of 
which is slated to be flight-tested aboard one or more Space 

Shuttle missions, is designed to automatically reduce the 
quantity of unwanted imagery transmitted to earth from cam
era-carrying earth satellites. 
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stainless ru le, hex-key set , scissors, 2 flex· 
ible files , burnisher, miniature sbldering 
iron, so lder aid, coil of solder and desolder
ing braid. Highest quality padded zipper 
case, 6 x 9 x 1 'I•" inside. Satisfaction 
guaranteed. Send check, company purchase 
order or charge Visa or Mastercharge. We 
pay the shipping charges. 
JTK·6 Tool Kit .............. $82.00 

Free Catalog! 
Page after page of hard
to-find precision tools. 
Also contains complete 
line of tool kits and tool 
cases. Send for your free 
copy today! 

JENSEN TOOlS INC. 
1230 5. PRIEST DR TEmpE. AZ. 85281 

CIRCLE NO. 35 ON FREE INFORMATION CARD 



experiLnenter~corner ______________________________________________________ _ 
NASA explains the objective behind the design of the new 

circuit as follows. Earth-observation satellites generally do 
not make decisions about the usefulness of the data being sent 
to earth. As a result, a significant amount of time and money 
is spent in sorting out the useful data. A great saving could be 
realized if circuits aboard the satellite could recognize useless 
imagery or actually look for specific features. The circuits do 
not have to be very smart to be useful. For example, about 
70% of the earth's surface is water. Of the 30% that is not 
water, about one-third to one-half will be obscured by clouds 
at any given time. 

This means that a satellite might get one clear picture of 
land out of perhaps five or six observations. The amount of 
unwanted, more or less useless data that is stored, processed 
and indexed could, therefore, be greatly reduced by a circuit 
that simply' blocked transmission of the 80% of the images 
that is of water and clouds. 

A simple circuit has been developed to classify picture ele
ments by spectral signature alone. No pattern recognition is 
required. Computer simulations and field measurements have 
confirmed that the four basic features-vegetation, bare land, 
water and clouds or snow--can be separated by radiance 
measurements at two discrete wavelengths: 650 and 850 nm. 
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Fig. 2. Spectral reflectance of two different sands. 

Figure 2 shows the reflectance curves of two highly reflec
tive soils (actually, sands) . Sand number I is white beach 
sand from Ft. Walton Beach, Florida. Sand number 2 is a 
darker 'sand from Monument Valley, Utah. Note that both 
sands, like all other soils, reflect less light when they are wet. 
These reflectance curves, and many others, can be found in 
" The Spectral Reflectance of American Soils" by H. R. Con
dit (Photogrammetric Engineering, Sept. 1979) . 

It's very significant that the reflectance signatures of four 
key topographic features can be classified by examining only 
two wavelengths of their reflected radiation. From last month, 
you already know that green vegetation has a very low reflec
tance at 650 nanometers-typically less than 5 percent. At 
850 nanometers in the near infrared, the reflectance of vege
tation is typically from 45 to 55 percent. 

Soil usually has a higher reflectance at near-infrared wave
lengths than in the visible portion of the spectrum. The t ransi
tion between low and high reflectance is more gradual than 
for vegetation; and occurs in the visible region. T his means 
that the difference in soil reflectance at 650 and 850 nanome
ters is not as dramatic as it is for green leaves. 

Water's reflectance at 650 and 850 nanometers is the 
reverse of that of leaves, because water reflects red light but 
absorbs near-infrared wavelengths. Clouds and snow have 
much higher reflectances than soil, but the differences in 
reflectance at 650 and 850 nanometers are similar to that of 
some soils. 

4PDT PRINTED 
CIRCUIT 12 VDC 
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Remarkably, the two wavelengths selected by NASA for 
its Image Classification Circuit are very close to the optimal 
detection regions 'of the GaAsP LED (650 nanometers) and 
the new (AlGa)As "super" LED (880 nanometers) . A practi
ca l version of NASA's circuit can be made by using two such 
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--50-AXIAL ELECTRO$, asst. values, volts, sizes, what a buy! . 
--100-PLESSY CAPS, ceramic blocks in assorted sizes & value_s, .. 
__ 3-WATCH GUTS, 5-function, LED style, assorted sizes, untested . (#6287) 
__ 6-TIME DELAYS, solid state, asst. from 450 mSec to 8 Sec. . (#6758) 
___ 100-PLASTIC TRANSISTORS, untested, to-92, asst. types . (#2604) 
__ 75-TRANSISTOR ELECTROLYTICS, epoxy encapsulated, asst. values, . (#2747) 
__ 20-SLIDE VOLUME CONTROLS, various values & types, for Hi·Fi, etc. . (#3057) 
__ 500-PC.·HARDWARE SURPRISE, (approx.) 1 lb. asst. screws, washers, etc. (#6271) 
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__ 30-PANEL SWITCHES, assorted rotary, micro, slide, etc.. . ..(#6629) 
__ 20·PAIRS-RCA PLUGS & JACKS, popular for Hi·Fi, speakers, etc .. . ... . .... (#6630) 
--4·2N3055 NPN TRANSISTORS, 115 watts, 15 amps, T0-3, )OO"kmat .... .. (#6633) 
__ 5-LINE CORDS, heavy-duty, 18 gauge, 6' , molded plug, 2-cond ... ...... . .. (#6499) 
__ 20·2N3055 HOBBY TRANSISTORS, manuf. fallout, T0-3, U-test, . . . . . .... . (#6624) 
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__ 60-IN914 SWITCHING DIODES, 4 nsec, axial, glass, untested . . . .. .. . (#6632) 
__ 30-INSTRUMENT KNOBS, for half round shafts, some wlpointers .. .. .. . . (#6498) 
__ 35-STEREO INDICATORS, tiny red 1.5V bulbs, for Hi·Fi replacement .. . .. . (#6244) 
__ 40·EDGE CONNECTORS, asst. 4 & 6 pin, 2-slded, pc leads . . (#6364) 
--B·MINI·MOTORS, type RE56, 1.5·6VDC, color-coded wire leads . . (#6718) 
__ 25-NE-2 BULBS, neon, for 110 VAC, requires resistor, (not incl.) ... . ... . .. (#2613) 
__ 150-METALLIC RESISTORS, most ly V.watters, asst. val.1·5% tol .... .. ... (#6280) 
__ 40-VOLUME CONTROLS, assorted values & types. . . . . .. .. .. .. (#6331) 
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__ 25- DATA ENTRY SWITCHES, asst. 1/2" square keyboard switches .. . (#6667) 
__ 1 0-MOTORS MOTORS, asst.size hobby motors, 1-1 / 2 to 12 volts . t#2551A) 
__ 1 SO.· TERMINAL STRIPS, asst. screw & solder lug types .. ... . ... . .. .. . (#6251) 
__ 50-T0-5 TRIACS, asst. 50 to 600 PIV.70% yield, gold plated, 3 leads. (#6321) 
__ 200-HI-QUALITY RESISTORS, 1/8, 1/2, & 1 watters.1 % & 5%. .. (#6627) 
__ 40·MYLAR UPRIGHT CAPS, asst. epoxy, plastic, polystrene,etc ..... .. {#6634) 
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__ 20·HOBBY LEOS, asst. types style!? & colors, mostly dims. . . . . . . . (#6225) 
--12 FT.-FIBER OPTIC RIBBON, 3/8" wide ribbons conduct light. . .. (#6770) 
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experimenter's corner---------
LEDs as detectors. The green-leaf detector circuit described 
last month shows how LEOs can be coupled to a circuit like 
the one shown in Fig.! . 

A detailed report on NASA's image-classification circuit is 
available for $6.00 (paid in advance) from the National Tech
nical Information Service, Springfield, VA 22161 . The report 
is entitled "Experimental and Simulation Study Results for 
Video Landmark Acquisition and Tracking Technology" 
(NASA CR-158997) . Request the publication by name and 
by the identification number LAR-12589. 
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Fig. 3. Construction of a simple, low-cost reflectometer. 

An Inexpensive Narrow·Band Reflectometer. Some
times, it is important to know the reflectance of an object at 
only one wavelength . Since 1970, I have measuredJhe reflec
tance at 940 nanometers of scores of different objects. These 
measurements make possible the accurate prediction of the 
detection range of various infrared travel aids for the blind . 

Soon, I plan to repeat many of these measurements at the 
880-nanometer wavelength emitted by the new, (AIGa)As 
high-power emitters . I will use the simple reflectometer illus
trated in Fig. 3. This ultrasimple system requires no sophisti
cated electronics. The reading on the 0-to-50-.uA meter. is 
doubled to obtain the target 's reflectance in percent. 
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Fig. 4. How to build a fiber-optic reflectometer. 

, To make a reflectance reading, the sensor head IS first 
placed against a Kodak photographic test card or a similar 
target with a known reflectance. The CALIBRATION potenti
ometer is adjusted until the reference target's reflectance is 
indicated ·on the meter. If, for example, the reference target 
has a reflectance of 90 percent (as does the Kodak test card), 
the CALIBRATION control should be adjusted for a meter read
ing of 45 J.LA. 

You need not duplicate exactly the arrangement shown in 
Fig. 3 to make a working reflectometer. To reduce erroneous 
readings to a minimum, the solar cells should be mounted in a 
ring around the source LED. It is important that ambient 
light be kept away from both the target and the solar cells 
when measurements are being taken. 

When making a measurement, place the sensor head firmly 
against the target. The output of the LED will fluctuate with 
changes in temperature and battery voltage, so the circuit 
should be recalibrated just before each reading is taken . 

L. A. Lott and D. L. Cash have described a more sophisti
cated reflectometer in a paper entitled "Spectral Reflectivity 
Measurements Using Fiber Optics," which appeared in the 
April 1973 issue of Applied Optics (pp. 837-840). In their 
device, one branch of a "Y"-configured, bifurcated fiber-
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1. Plu~ i~ Nctronir.'s Hex &flt~rl~~n:nh~~ i~1~~ or: 
Here's the low cost way to learn the fundamentals of com
puting. the all-important basics you'll need more and 
more as you advance in computer skills. For just $129.95 
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ing and entering of programs • It permits access by you 
to all parts of the system so you can check on the status of 
any JXlint in the program • II allows tracing each pro· 
gram step by step, with provision for displaying all the 
contents of the CPU (registers. flags. etc.) • ... and it 
does much more! 

You get all this in the starting level (Level A) of the 
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eeytoarl/display- if you don' t have them. see our 
special offers below. 
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puler. Now you can plug in any of the hundreds of S100 
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0 Level 8 kit ... $49.9.5 plus $2 P&l. • 
0 S100 bus connectors (two required) . $4.85 each. 
postpaid. _ 
LEVEL C ·- Add still more 

?:::gl':!~ ::~~ ~~:~~i~~ 
the motherboard and expands 
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P&J.• 
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required) . $4.85 each. 
postpaid. 
LEVEL D- When you reach the point in learning that re
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• . S32S postpaid. 

Keypud/D1spl<1y 5. Add lwo StOO hocmJs . • 
2. Add Level B lo convert In 6. Add you own r:uslom t:lf- • 

S100 cui!.~ (prototypin~ <lmct) ·• 
3. Add 4K RAM 7. ConnCf:t ll!rminu/ • 

--------------------------= ~ CRT monitor or a 1V set {if you ha.-e an RF modulator). : 
0 Hex Keypad/Display kit ... 169.95 plus $2 P&l. • • . 
~l~~~h~:a!!(~~i~s':.rf3i~~;:~ !:~~~i~~~i~~ : 
video output. convertible to ~ 
baudot output selectable baud _ : 
rate.RS232-Cor20ma.110.32~· .............: • 
or 64 character by 16 line for-
mals ... 1149.95 plus S3 P&l." •• -- ~ . . . . 
0 Steel Cabinet for ASCII Keyboard(ferminal ... 119.95 : 
plus 52.50 P&l." • 
0 RF Modulator kit (allows you to use your 1V set as a • 
monitor) ... S8.95 postpaid. • 
0 12" Video Monitor (lOMHz bandwidth) . 1139.95 • 

~~-· . 0 Deluxe Steel Cabinet for • 
Explorer/85 .. $49.95 plus 
P&l." 
0 Fan for cabinet 
plus 51.50 P&l." 

ORDER A SPECIAL-PRICE 
EXPLORER/85 Pi\K-THERE'S 

ONE FOR EVERY NEED. 

0 BciJbmcr Pak (Save $26.00) - You get Level A (Ter
minal Version) with Monitor Source Listing ($25 value) 

· AP·l. 5-amp. power supply, lnte\8085 Users Manual .. 
I Reg. $199.95) SPECIAL 1169.95 plus S4 P&L • 
0 hpcrimeater P•lr. (Save $53.40) - You get Level A 
(Hex Keypad/Display Version) with Hex Keypad/ 
Display. Intel 8085 User Manual, Level A Hex Monitor 
Source Listing. and AP-1,5-amp. JXlWer supply ... {Reg. 
5279.95) SPECIAL S219.~ plus $6 P&l. • 
0 Special Microsoft BASIC Pak (Save$103.00)- You get 
Levels A (Terminal Version). B. 0 (4k RAM). E. Sk 
Microsoft in ROM. lnte\8085 User Manual, Level A Moni· 
tor Source Listing. and AP-1. 5-amp. power supply. 
(Reg. $439.70) SPECIAL 1329.95 plus $7 P&l. • 

~v~~da•!d~~:~;~: ~~~~i~~~m~:~~s1~2~~~~ 

~::n~;. ~= ~~e~. di1~~.~~~:.~~~~i~e fl:!a'b~%. C::~ 
S100 conner;tors: just add your own power supplies. 
cabinets and hardware ... 0 (Reg. $106.'1.00) SPECIAL 
$999.95 plus $13 P&I. • ... 0 32k Starter System. 1104.5.95 
plus 513 P&l." 0 48k Star1er System. 11095.95 plus $13 
P&L • 0 64k Starter System. 11145.95 plus $13 P&L • 
0 Add to any of above Explorer steel cabinet. AP-1 five 
amp. power supply. Level C with two S100 connectors. 
disk drive cabinet and power supply. two sub-0 connec
tors for connecting your printer and terminal (Reg. 
5225.95) SPECIAL 1199.95 plus 513 P&l. • 
0 Complete 64K s,ttcm . Wired & Tested . . 11650.00 
plus $26 P&l." 
0 Special! Complete Business Software Pak (Save 
5625.00)- Includes CPIM 2.2 Microsoft BASIC. General 

~~~~ ~~~~ ~~l~W~c~~:.::r::~~~yron 

• TEXT EDITOR/ASSEMBLER- The editor/assembler ;J;~~ d~:~~ {~~s"~~~~- & insuroncc." For Cnnodicm or-
is a software tool (a program) designed to simplify the task 

~~J'~t~~= ~~~fe~~-~~ ?s~~C~r!~s s=~~ 1c:n":~; Continental Credit Card Buyen Outside Connecticut: 

:~~~~~~~ha~~~re~~~~~r~s~~~e~~~~~C:k~~ TO ORDER 
b~:~~;f~~!ssa~h!t~~:~~rtaa~~~~~~\~~~~:y~t!li~ Call Toll Free: 
code into the computer-readable object code. The editor/ 

~QM~!~i~:Sram is available either in cassette or a 800-243-7 428 
0 Editor/Assembler (Cassette version: requires Level 
"B" and ak {min.) of RAM- we suggest16k "JAWS'"
see above) ... $59.95 plus S2 P&I." 
0 Editor/Assembler (ROM version. supplied on an 5100 
card: requires Level Band 4k RAM (min.)- we suggest 
either Level Dor 16k " JAWS") ... $99.95 plus $2 P&l. • 
8" FLOPPY DISK - A remarkable "building block.'' 
Add our 8" floppy disk when you need faster operation. 

~f~f:n~:~~~~~~~he i/::.!a,~ fh~~=f~:s ~{~~:a~~ 

To Order From Connecticut, 
or For Technical Assistance, 

Call (203) 354-9375 
CP/M is a reg. uademadr. of Digital Reseucb * (Clip and moil entire ad)* and program languages available today. You simply plu~ 

\~~f~rt~%t~~ ~~~::a~~ system- it accepts a! SEND ME THE ITEMS CHECKED ABOVE 
0 8" Floppy Disk Drive ... $499.95 plus 512 P&J. • Total Enclosed (Conn. Residents add sales tax): 5 __ 

8 ~~~~Pfi:f:en'Ca~~~;a~c\i~~:~S:~~Pf!us 52 S:,~g·5 plus Paid by: 
$3 P&I. • 0 Personal Check 0 Cashier's Check!Money Order 
0 Drive Cables (set up for two drives) . S2S.OO plus 
$1.50P&i." 0 VISA 0 MASTER CARD (Bank No. ---1 

~d~!~~s~!~!~.kd~:a%f~~ne\~:SS~~~~~~~~~~f:a~~ 
that give your Exp\orer/85 access to thousands of existing Acct. No.-------Exp. Date---
CP/M-based programs . . 5150.00 postpaid. 
NEED A POWER SUPPLY? Consider our AP-1. It can 
supply all the power you need for a fully expanded Ex· Signature------------

~l~~t~:S ~~~~efi~s:e~[li;~,~a~~et~~t~a~~~e~~~~~i~t1~\ 
~b~~\(~w:1S~bply kit (8V@ 5 amps) in deluxe steel Print Name ___________ _ 

~:~~·A·~~~~~~~?p~; P Y!~ Address 
offer you choices: the least ex· fi ------------
pensive one is our Hex ~ 
Keypad/Display kit that dis- .. · · . . \. City _____________ _ 
plays the information on a ' ~, 
calc:ulator-lype screen. The _ . ..-- , · 

1 other choice is our ASCII ..- • '· " . · ~':":::=====:.Z~i:p====== 1 -Keyboard/Computer Terminal \~.· "- ";..~ 
I kit , that r.an be used with either ~ 

~ETRONICS Research&DevelopmentLtd .• 
ID).~~t.~.i!~~.r!~!~.~.l!i!~~.~~~.Mit~l!~~·.~I.~?.?.~ ...... l 
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The Microb 004 
Finally .... A reasonably priced robot 

for the hobbiest ... 

The MicrOb 004 is one of the most complete 
kits on the market today and can be ready to 
go in less than a weekends work. 
When hooked up to a 4K (or 16K) color 
computer the MicrOb seems to acquire 
human intelligence. It prints its manoeuvers 
and discoveries on the computer's video 
screen and acts upon changes in its 
environment. 

$695.00. 

• can be controlled by micro-computer 

(TRS-80 4K or 16K color computer 
recommended) 

• can be controlled by radio control 
• ann can~ rotate, move up and down, claw 

opens and closes. 
• all electric motors included 
• runs on 12 volt auto battery (not included) 
• options such as video camera "eye" are 

available 
• 12 volt work lamp included 
• one piece fibreglass body (access panel in 

rear) with XLR connections for patching 
• most wiring and solder joints 

(connections) completed 

• Specify : 

• radio control switching 
(5 channel radio recommended, but not included) 

• computer controlled 
Computer or Radoocontrolled 
Approx 36'"hogh 
Weoght40·55 1bs 

• or both (add $50.00) 
• video camera (add $350.00) 

Name __________________________ __ (customer must pay shipping) 
MRT accepts cheques. money orders, 
Visa & Master Charge Address -----------------

Phone _ 

MICRO ROBOTICS TECHNOLOGIES L TO . 

Dealership inquiries welcome. 

P.O. Box 189, 
Rothesay, New Brunswick 
CANADA, EOG 2WO 
phone 1 -506- 693-0175 
after hours 1 • 506- 847-2729 
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experimenter's corner _______ _ 

optic cable carries light to the target. The reflected light is 
carried through the second branch of the cable to a detector. 
The low light levels involved necessitate the use of a detector 
amplifier . 

I've assembled such a fiber-optic reflectometer, and it 
works quite well . The small size of the sensor head means that 
the reflectance of very small objects, or different parts of the 
same object, can easily be measured. Figure 4 is a simplified 
diagram of such a device. See Lott and Cash's paper for more 
detailed information. 

Remote Sensing of Water Vapor. If you read the "Sol
id-State Developments" in the February 1981 issue of this 
magazine, you may recall that 940-nanometer radiation is 
strongly absorbed by water vapor in the atmosphere, but that 
absorption at 880 nanometers is negligible. This provides a 
characteristic signature which permits the remote sensing of 
water vapor by dual-wavelength transmission spectroscopy. 

Figure 5 is a simple circuit I've designed to demonstrate 
this method of detecting water vapor. It is a dual-wavelength 
transmission spectrometer with an audio output. 

In operation, a GaAs:Si 940-nanometer emitter and an 
(AlGa)As 880-nanometer emitter are both pointed at a sili
con phototransistor that drives an amplifier. The two LEOs 
are alternately driven by pulses with a duty cycle of 50 per
cent that are generated by an astable multivibrator made 
from two of the four NAND gates in a 7400. 

Initially, the receiver will generate a tone coinciding with 
the pulse rate at which the LEOs are driven. The position of 
the silicon detector is then adjusted to null out the tone. 
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Fig. 5. Dual-wavelength water-vapor detector. 

Operation of the circuit can be demonstrated by placing a 
small, transparent container between the two LEOs and the 
detector. If necessary, align the detector to cancel any tone 
output from the receiver. When water is poured into the con
tainer, radiation from the 940-nanometer LED will be sup
pressed, but that from the 880-nanometer emitter will be 
largely unaffected. Consequently, the null condition will be 
disturbed and a tone will be emitted by the receiver. 

This simple circuit proves that an 880-nanometer LED can 
be teamed up with a 940-nanometer LED to detect water. 
Detecting water vapor is more difficult, but it can be done. 
One way to demonstrate the detection of water vapor is to 
allow steam to pass between the two LEOs and the silicon 
detector. More sophisticated versions of this dual-wavelength 
circuit are possible, but I will leave their design to those of you 
interested in remote sensing. 

Summing Up. In this two-part series, we have only touched 
upon the field of remote sensing. Although you might not de
rive much practical benefit from the circuits with which we 
have experimented, you should now have a better appreciation 
of how some remote-sensing devices operate. 

Remote sensing is an excellent subject for science-fair proj
ects and low-cost research . Many good articles and some 
books on the subject have been published. For more informa
tion, visit a good technical library. Perhaps you will be able to 
design a simple remote sensor for detecting soil moisture or 
crop diseases. 0 
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