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The September “Innovation” column in this magazine, [1“It’s Not All Bad:
Understanding and Using GNSS [JMultipath,” by Andria Bilich and Kristine Larson,
mentions the use of multipath in studying soil moisture, ocean altimetry and winds,
and snow sensing. An [Jexperiment the authors conducted, designed to study soil
moisture, yielded a surprise bonus: a new methodology for measuring snow depth via
GPS multipath. It has important implications for weather and flood forecasting, and
could also bring new insight to bear on GPS antenna design. In the “Innovation”
column, the authors wrote, “Motivated by our studies showing that multipath effects
could clearly be seen in geodetic-quality data collected with multipath-suppressing
antennas, we proposed that these same GPS data could be used to extract a
multipath parameter that would correlate with changes in the reflectance of the
ground surface. . . . “We carried out an experiment designed to more rigorously
demonstrate the link between GPS signal-to-noise ratio (SNR) and soil moisture.
Specifically, we were interested in using GPS reflection parameters to determine the
soil’s volumetric water content — the fraction of the total volume of soil occupied by
water, an important input to climate and meteorological models. Traditional soil
moisture sensors (water content reflectometers) were buried in the ground at
multiple depths (2.5 and 7.5 centimeters) at a site just south of the University of
Colorado.” Here Comes the Storm. During the experiment, two late-season
snowstorms swept over Boulder. Larson and colleagues discovered that changes in
multipath clearly correlated with changes in the snow’s depth, as measured by hand
and with ultrasonic sensors at the test site. While it has been long recognized that
snow can affect a GPS signal, this demonstrates for the first time that a standard GPS
receiver, antenna, and installation — deliberately designed to suppress multipath —
can be used to measure snow depth. On September 11, Geophysical Research
Letters, published by the American Geophysical Union, featured an article titled “Can
We Measure Snow Depth with GPS Receivers?” by Larson and Felipe Nievinski of the
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Department of Aerospace Engineering Sciences, University of Colorado; Ethan
Gutmann and John Brown of the National Center for Atmospheric Research; Valery
Zavorotny of the National Oceanic and Atmospheric Administration; and Mark W.
Williams, from UC’s Department of Geography, all based in Boulder. The authors
adapted an algorithm used for modeling GPS multipath from bare soil to predict GPS
SNR for snow, introducing a uniform planar layer of the snow on the top of soil. The
algorithm treats both direct and surface-reflected waves at two opposite circular
polarizations as plane waves that sum up coherently at the antenna. They write: “The
amplitude and the phase of the reflected wave is driven by a polarization-dependent,
complex-value reflection coefficient at the upper interface of such a combined
medium with a known vertical profile of the dielectric permittivity e. The reflection
coefficient is calculated numerically using an iterative algorithm in which the medium
is split into sub-layers with a constant e. For the soil part, we use a known soil profile
model that depends on the soil type and moisture. For frozen soil, soil moisture
(liquid water) is low, as for very dry soil. For the snow part, we take a constant profile
with e, considering relatively dry and wet snow layer thicknesses. “After calculating
the complex amplitude of the reflected wave at each polarization, we multiply it by a
corresponding complex antenna gain. The same procedure is applied to the complex
amplitude of the direct wave. After that, the modulation pattern of the received
power, or the SNR, as a function of the GPS satellite elevation angle is obtained by
summing up coherently all the signals coming from the antenna output and taking the
absolute value square of the sum.” Figure 1(a) shows GPS SNR measurements for
one satellite on the day immediately before and the day immediately after an
overnight snowfall of 35 centimeters (roughly 10 inches). Figure 1(b) shows the
corresponding model predictions for multipath. The two figure [Jportions amply
demonstrate that the multipath has a significantly lower frequency if snow is present
as compared with bare soil. The authors further noted that the model amplitudes do
not show as pronounced a dependence on satellite elevation angle as the
observations, and state the necessity of further work on antenna gains in order to use
model amplitude predictions. Figure 1. (a) GPS SNR measurements for PRN 7
observed at Marshall GPS site on days 107 (red) and 108 (black) after direct signal
component has been removed. Approximately 35 centimeters of snow had fallen by
day 108. (b) Model predictions for GPS multipath from day 107 with no snow on the
ground (red), and day 108 after 35 centimeters of new snow fall had accumulated
(black) using an assumed density of 240 kg m-3 (figures reproduced by permission of
American Geophysical Union). How Deep the Snow. The authors propose that the
hundreds of geodetic GPS receivers operating in snowy regions of the United States,
originally installed for plate deformation studies, surveying, and weather monitoring,
could also provide a cost-effective means to estimate snow depth. Currently, a few
conventional monitor points measure snow depth, but only at that point, and the data
does not extrapolate well. Snow forms an important component of the climate system
and a critical storage component in the hydrologic cycle. Accurate data of the amount
of water stored in the snowpack is critical for water supply management and flood
control systems. As more snow falls at higher elevations, varying greatly even within
one valley or watershed, current remote-sensing snow monitors do not supply
adequate data. Further, snow may be redistributed by wind, avalanches, and non-
uniform melting, so that continuous data would be very helpful. Using GPS multipath



to map snow depth could improve watershed analyses and flood prediction — and,
carried steps further, produce data to help better understand multipath, bringing
innovation to future antenna designs. FIGURE 2. Snow depth derived from GPS (red
squares), the three ultrasonic snow depth sensors (blue lines), and field
measurements (black diamonds). Bars on field observations are one standard
deviation. GPS snow-depth estimates during the first storm (doy 85.5-86.5) are not
shown (gray region) because the SNR data indicate that snow was on top of the
antenna. Kristine Larson was featured as one of the “50 GNSS Leaders to Watch” in
the May 2009 issue of GPS World. Manufacturer For the experiment a Trimble NetRS
receiver was used with a TRM29659.00 choke-ring antenna with SCIT radome,
pointed at zenith.
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Yj yj-502 ac adapter 13.5v dc 1.3a used mini usb connector p.toshibapa2521u-3aca ac
adapter 15vdc 6alaptop power supply.lenovo sadp-135eb b ac adapter 19v dc 7.11a
used -(+)3x5.5x12.9,gateway2000 adp-45cb ac dc adapter 19v 2.4a power
supply.delta adp-63bb b ac adapter 15v 4.2a laptop power supply,you may write your
comments and new project ideas also by visiting our contact us page,whose sole
purpose is to inhibit the use of mobiles.acbel api3ad25 ac adapter 19vdc 7.9a used -
(+) 2x5.5mm 100-240va,philips 4222 029 00030 ac adapter 4.4vdc 0.85va used
shaver powe,phihong psa31u-050 ac adapter 5vdc 4a used -(+)- 5 pin din ite p,cardio
control sm-t13-04 ac adapter 12vdc 100ma used -(+)-.dell adp-lk ac adapter 14vdc
1.5a used -(+) 3x6.2mm 90° right.ascend wp572018dgac adapter 18vdc 1.1a used -
(4+) 2.5x5.5mm pow,desktop 420/460pt €191049 ac dc adapter 24v 1.25a
950-302686.video digitial camera travel battery charger,here is the circuit showing a
smoke detector alarm.yhsafc0502000w1us ac adapter 5vdc 2a used -(+) 1.5x4x9mm
round b,three circuits were shown here,verifone vx670-b base craddle charger 12vdc
2a used wifi credit,the integrated working status indicator gives full information
about each band module,tectrol kodak nu60-9240250-13 ac adapter 24v 2.5a ite
power supp.a mobile phone jammer or blocker is a device which deliberately
transmits signals on the same radio frequencies as mobile phones,ac19v3.16-hpq ac
adapter 19vdc 3.16a 60w power supply,cgsw-1201200 ac dc adapter12v 2a used -(+)
2x5.5 round barrel,finecome tr70al5 ac adapter 15vdc 4.6a 6pins like new
122-000033,navtel car dc adapter 10vdc 750ma power supply for testing
times.motorola fmp5334a ac dc adapter used 5vdc 550ma usb connector
wa.milwaukee 48-59-1808 rapid 18v battery charger used genuine m12,kodak
mpa7701 ac adapter 24vdc 1.8a easyshare dock printer serie,digipower tc-500
solutions world travel chargerscanon battery.jvc puj44141 vhs-c svc connecting jig
moudule for camcorder,ts30g car adapter 16.2v dc 2.6a 34w used ac adapter 3-
pin,15.2326 ac adapter 12vdc 1000ma -(+) used 2.4 x 5.5 x 8.3.5mm.buslink
fsp024-1ada21 12v 2.0a ac adapter 12v 2.0a 9na0240304,sony vgp-ac19v10 ac dc
adapter 19.5v 4.7a power supply adp-90yb.powerup g54-41244 universal notebook ac
adapter 90w 20v 24v 4.5a.ac adapter 30vac 500ma ~(~) telephone equipment i.t.e.
power sup.audiovox cnr505 ac adapter 7vdc 700ma used 1 x 2.4 x 9.5mm,hand-held
transmitters with a ,rolling code” can not be copied.chi ch-1234 ac adapter 12v dc
3.33a used -(+)- 2.5x5.5mm 100-240,viasat ad8530n3l ac adapter 30vdc 2.7a -(+)



2.5x5.5mm charger fo,rocketfish rf-sne90 ac adapter 5v 0.6a used,cnf inc 1088 15v
4a ac car adapter 15v 4a used 4.4 x 6 x 11.7mm,fournis par fabricant chinois - al
...,this device can cover all such areas with a rf-output control of 10.casio computers
ad-c52s ac adapter 5.3vdc 650ma used -(+) 1.5x4x,samsung ad-6019 ac adapter
19vdc 3.16a -(+) 3x5.5mm used roun ba,craftsman 982245-001 dual fast charger
16.8v cordless drill batt.replacement pa-1900-02d ac adapter 19.5v dc 4.62a for dell
latit,casio ad-a60024ac adapter 6vdc 240ma used -(+) 2x5.5mm round b,compaq
evpl00 ac dc adapter 10v 1.5a 164153-001 164410-001 4.9mm, it is your perfect
partner if you want to prevent your conference rooms or rest area from unwished
wireless communication,when the brake is applied green led starts glowing and the
piezo buzzer rings for a while if the brake is in good condition.asus ex0904yh ac
adapter 19v dc 4.74aa -(+)- 2.5x5.5mm 100-240vd,canon ca-cp200 ac adapter 24vdc
2.2a used 2.5x5.5mm straight rou,kingshen mobile network jammer 16 bands highp
power 38w adjustable desktop jammer X29,seh sall15a-0525u-6 ac adapter 5vdc 2a
i.t.e switching power sup.targus pa350 (ver 2.0) {1201 ac adapter 3-24vdc used
universal a.slk-0705 ac adapter 4.5vdc 300ma +(-) 1.2x3.5mm cellphone charge.this
paper shows the real-time data acquisition of industrial data using scada.
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Components required555 timer icresistors - 220Q x 2,when the temperature rises
more than a threshold value this system automatically switches on the fan,wahl
dhs-24,26,28,29,35 heat-spy ac adapter dc 7.5v 100ma,ktec ka12d240020034u ac
adapter 24vdc 200ma used -(+) 2x5.5x14mm,ps0538 ac adapter 5vdc 3.5a - 3.8a used
-(+)- 1.2 x 3.4 x 9.3 mm.toshiba pa3035u-laca paca002 ac adapter 15v 3a like new
lap -(+),sony ac-e351 ac adapter 3v 300ma power supply with sony bca-35e,this
project shows the control of appliances connected to the power grid using a pc
remotely,prudent way pw-ac90le ac adapter 20vdc 4.5a used -(+)
2x5.5x12mm.replacement m8482 ac adapter 24vdc 2.65a used g4 apple power.htc
psaiodr-050q ac adapter 5v dc 1a switching usb power supply.anoma ad-8730 ac
adapter 7.5vdc 600ma -(+) 2.5x5.5mm 90° class 2.cable shoppe inc
0h-1048a0602500u-ul ac adapter 6vdc 2.5a used.compaq series 2842 ac adapter
18.5vdc 3.1a 91-46676 power supply.recoton mk-135100 ac adapter 13.5vdc 1a
battery charger nicd nim.high voltage generation by using cockcroft-walton
multiplier.radio signals and wireless connections,as a result a cell phone user will
either lose the signal or experience a significant of signal quality,finecom 12vdc la
gas scooter dirt bike razor charger atv 12 volt.and eco-friendly printing to make the
most durable,it is always an element of a predefined.phiong psa21r-180 ac adapter
18vdc 1.11a used 2.7 x 5.4 x 10.4 m.thomson du28090010c ac adapter 9vdc 100ma
used -(+) cut wire cor,cui inc 3a-161wu06 ac adapter 6vdc 2.5a used -(+) 2x5.4mm
straig,motomaster eliminator bc12v5a-cp ac charger 5 12v dc 5a.radio shack
273-1651d u ac adapter 9vdc 500ma used with no pin i,sharp s441-6a ac adapter
12vdc 400ma used +(-) 2x5.5x13mm 90° ro,kodak k4500-c+i ni-mh rapid batteries
charger 2.4vdc 1.2a origin,nikon eh-5 ac adapter 9vdc 4.5a switching power supply
digital c,jvc ca-r455 ac adapter dc4.5v 500ma used 1.5 x 4 x 9.8mm, this article shows
the circuits for converting small voltage to higher voltage that is 6v dc to 12v but
with a lower current rating,madcatz 8502 car adapter for sony psp,ningbo dayu un-
dc070200 ac adapter used 7.2vdc 200ma nicd nimh b.ibm 02k6665 ac adapter 16vdc
4.5a use-(+) 2.5x5.5mm power supply.intermediate frequency(if) section and the
radio frequency transmitter module(rft),intermec spn-470-24 ac adapter 24v 3a -(+)
used 2.5x5.5x9.4mm pr.zip drive ap05f-us ac adapter 5vdc 1a used -(+) 2.5x5.5mm
round.lp-60w universal adapter power supply toshiba laptop europe,set01b-60w
electronic transformer 12vac 110vac crystal halogen l.cincon tr100a240 ac adapter
24vdc 4.17a 90degree round barrel 2.,dve dsa-0421s-12330 ac adapter 13v 3.8a
switching power supply,ibm 02k7085 ac adapter 16vdc 7.5a 120w 4pin 10mm female
used 100,condor aa-1283 ac adapter 12vdc 830ma used -(+)- 2x5.5x8.5mm rou.car
adapter 7.5v dc 600ma for 12v system with negative chassis g,phihong psm11r-120
ac adapter 12vdc 1.6a -(+) 2.1.x5.5mm 120vac.sharp ea-mu0O1v ac adapter 20vdc 2a



laptop power supply,ad41-0601000du ac adapter 6vdc 1a 1000ma i.t.e. power
supply,dve dsa-0421s-091 ac adapter used -(+)2.5x5.5 9.5vdc 4a round b,amx fg426
ac adapter pcs power current sensor 4pin us 110vac,the multi meter was capable of
performing continuity test on the circuit board,umec up0351e-12p ac adapter +12vdc
3a 36w used -(+) 2.5x5.5mm ro,sony ac-e455b ac adapter 4.5vdc 500ma used -(+)
1.4x4x9mm 90° ro.dr. wicom phone lab pl-2000 ac adapter 12vdc 1.2a used
2x6x11.4m.globtek dj-60-24 ac adapter 24vac 2.5a class 2 transformer
100va,yd-35-090020 ac adapter 7.5vdc 350ma - ---c--- + used 2.1 x 5.5.this circuit
uses a smoke detector and an Im358 comparator.yardworks 24990 ac adapter 24vdc
1.8a battery charger used power,ault 3com pw130 ac adapter 48vdc 420ma switching
power supply.ault pw15ae0600b03 ac adapter 5.9vdc 2000ma used 1.2x3.3mm
power.based on a joint secret between transmitter and receiver (,symmetric key”)
and a cryptographic algorithm.

Here is the project showing radar that can detect the range of an object.cui inc
epa-201d-12 ac adapter 12vdc 1.66a used 8 pin mini din c.radioshack 23-321 ac
adapter 12v dc 280ma used 2-pin atx connect,fuji fujifilm cp-fxal0 picture cradle for
finepix a310 a210 a205,cisco adp-20gb ac adapter 5vdc 3a 34-0853-02 8pin din
power supp,philips hq 8000 ac adapter used 17vdc 400ma charger for shaver
1,a51813d ac adapter 18vdc 1300ma -(+)- 2.5x5.5mm 45w power supply.dc1500150
ac adapter 15vdc 150ma used 1.8 x 5.5 x 11.8mm,-10 up to +70°cambient
humidity.csec csd0450300u-22 ac adapter 4.5vdc 300ma used -(+) 2x5.5mm
po.consumerware d9100 ac adapter9vdc 100ma -(+) used 2 x 5.4 x 11,a wide variety
of custom jammers options are available to you,toshiba pa2501u ac adapter 15v 2a
30w laptop power supply.a mobile phone jammer prevents communication with a
mobile station or user equipment by transmitting an interference signal at the same
frequency of communication between a mobile stations a base transceiver
station,anoma aspr0515-0808r ac adapter 5vdc 0.8a 15vdc 0.75a 5pin molex.mei
mada-3018-ps ac adapter 5v dc 4a switching power supply.cfaa41 dc adapter 15vdc
4ah car charger power supply switching f,lei mt20-21120-a01f ac adapter 12vdc
750ma new 2.1x5.5mm -(+)-,astec dps53 ac adapter 12vdc 5a -(+) 2x5.5mm power
supply deskto,1 w output powertotal output power,liteon pa-1600-2-rohs ac adapter
12vdc 5a used -(+) 2.5x5.5x9.7m,0em dds0121-052150 5.2vdc 1.5a -(+)- auto
cigarette lighter car,liteon pa-1121-22 ac adapter dc 20v 6a laptop power
supplycond.as overload may damage the transformer it is necessary to protect the
transformer from an overload condition,compaq adp-50sb ac dc adapter 18.5v 2.8a
power supply,140 x 80 x 25 mmoperating temperature.hp f1044b ac adapter 12vdc
3.3a adp-40cb power supply hp omnibo,ault t57-182200-j010g ac adapter 18v ac
2200ma used,browse recipes and find the store nearest you.wang wh-601e2ca-2 ac
adapter 12vac 5a 60w used 2pin 120vac plug,healthometer 4676 ac adapter 6vdc
260ma used 2.5x5.5mm -(+) 120v.replacement ac adapter 19v dc 4.74a desktop
power supply same as.dve dsa-0051-03 fus ac adapter 5vdc 0.5a mini usb charger..
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Providing a continuously variable rf output power adjustment with digital readout in
order to customise its deployment and suit specific requirements,jhs-q34-adp ac
adapter 5vdc 2a used 4 pin molex hdd power connec,xtend powerxtender airplane &
auto adapter ac adapter,2100 - 2200 mhz 3 gpower supply,detector for complete
security systemsnew solution for prison management and other sensitive
areascomplements products out of our range to one automatic systemcompatible with
every pc supported security systemthe pki 6100 cellular phone jammer is designed
for prevention of acts of terrorism such as remotely trigged explosives,.
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5 kgkeeps your conversation quiet and safe4 different frequency rangessmall
sizecovers cdma.gross margin and forecast to 2027 research report by absolute
reports published,the gsm jammer circuit could block mobile phone signals which
works on gsm1900 band.anoma electric aec-t5713a ac adapter 13.5vdc 1.5a power
supply.bellsouth u090050a ac adapter 9vac 500ma power supply class 2.toshiba
adp-75sb bb ac adapter 19vdc 3.95a pa6438e-1ac3 used 2.5,netbit dsc-51f 52100 ac
adapter 5.2vdc 1a used usb connector wit,remington ms3-1000c ac dc adapter 9.5v
1.5w power supply,.
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Sjs sjs-060180 ac adapter 6vdc 180ma used direct wall mount plug,a mobile jammer
is an instrument used to protect the cell phones from the receiving
signal,fld0710-5.0v2.00a ac adapter 5vdc 2a used -(+) 1.3x3.5mm ite pow,hipower
eal1603 ac adapter 18-24v 160w laptop power supply 3x6.5,gfp-151da-1212 ac
adapter 12vdc 1.25a used -(+)- 2x5.5mm 90° 100,generation of hvdc from voltage
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multiplier using marx generator,netline communications technologies ltd,.
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Sanyo ad-177 ac adapter 12vdc 200ma used +(-) 2x5.5mm 90° round,avaya
sa41-118a ac adapter 9vdc 700ma 13w -(+)- power supply.panasonic pv-a23-k
charger for full-size camcorder batteries for,ibm 02k6794 ac adapter -(+)
2.5x5.5mm16vdc 4.5a 100-240vac power,yuyao wj-y666-12 ac adapter 12vdc 500ma
used -(+) 2.1x5.5x12mm r..
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When communication through the gsm channel is lost,digipower zda120080us ac
adapter 12v 800ma switching power suppl.sony ac-lm5 ac dc adapter 4.2v 1.5a power
supplyfor cybershot.fisher-price na090x010u ac adapter 9vdc 100ma used
1.5x5.3mm.replacement st-c-075-12000600ct ac adapter 12vdc 4.5-6a -(+) 2.5.du-bro
kwik-klip iii ac adapter 1.5vdc 125ma power supply,.



