Remote Sensing
Mentor Invitational 2017
You may take this test apart, mark on it, and/or write on it.  However, ONLY your ANSWER SHEET will be scored.  Write all answers LEGIBLY on the answer sheet.

1) Which of the following characteristics do the CALIPSO and CloudSat satellites have in common?
 
(A) They both make vertical profiles of the Earth’s atmosphere.
 
(B) They both use radar to penetrate clouds.
 
(C) They both use lasers to observe the Earth’s aerosols.
 
(D) They both use passive remote sensors to observe the clouds.
2) Which of the following is NOT a true statement?
 
(A) CALIPSO and CloudSat are both part of the A-Train.
 
(B) CALIPSO and CloudSat are both active remote sensing satellites.
 
(C) CALIPSO and CloudSat are both passive remote sensing satellites.
 
(D) CALIPSO and CloudSat are both used to study the Earth’s 
 
atmosphere.

3) PARASOL officially ceased operation in December
 
(A) 2016.
 
(B) 2015.
 
(C) 2014.
 
(D) 2013.
4) Which two of the A-Train satellites share the same spacecraft design?
 
(A) Aqua & CloudSat
 
(B) Aqua & CALIPSO
 
(C) Aqua & Aura
 
(D) CloudSat & CALIPSO
 
(E) CloudSat & Aura
 
(F) CALIPSO & Aura
5) Which of the following does NOT focus on collecting data to study the Earth’s atmosphere?

(A) Aqua
 
(B) Aura
 
(C) CALIPSO


(D) CloudSat

6) The A-Train is called the afternoon constellation because it crosses the equator in the afternoon.  There is another satellite ‘constellation’ called the
 
(A) dawn constellation.
 
(B) morning constellation.
 
(C) evening constellation.
 
(D) dusk constellation.
 
(E) nighttime constellation.
7) The constellation referred to in question 6 currently consists of three satellites.  Which one of the following is NOT currently part of this constellation of satellites?
 
(A) EO-1
 
(B) Terra
 
(C) Landsat-7
 
(D) Landsat-8
8) How long does it take the three-satellite constellation to pass over a point on the Earth?
 
(A) 2 minutes
 
(B) 8 minutes
 
(C) 19 minutes
 
(D) 30 minutes
 
(E) 2 hours
9) How long does it take the A-Train satellite constellation to pass over a point on the Earth?

(A) 2 minutes
 
(B) 8 minutes
 
(C) 19 minutes
 
(D) 30 minutes
 
(E) 2 hours

Questions 10-17 are based on Image 1 that shows measurements of HCL in the atmosphere. UARS HALOE and Aura are both remote sensing satellites.  The shaded bands show the measurement accuracy for each instrument.  
10) What would the dark line running through each color indicate?
 
(A) the peak recorded values

 
(B) the average values
 
(C) the lowest recorded values
 
(D) the standard deviation of the recorded values

11) It is strongly believed that the level of HCl in the atmosphere is directly proportional to the use of CFC’s.  Accordingly, world governments agreed to ban the use of CFC’s.  In what year would the band of CFC’s most likely have been implemented?
 
(A) 1992.
 
(B) 1996.
 
(C) 2001.
 
(D) 2006.
12) How long did it take the ban of CFC’s to have a noticeable impact on the atmosphere?

(A) 1 year
 
(B) 2 years
 
(C) 3 years
 
(D) 4 years
 
(E) 5 years

13) When was Aura launched?
 
(A) 1996
 
(B) 2002
 
(C) 2004
 
(D) 2006
14) When did UARS HALOE cease taking data?

(A) 1996
 
(B) 2002
 
(C) 2004
 
(D) 2006

15) What could account for the difference in the readings from the two satellites for 2004 to 2006?

 
(A) Aura’s equipment would have been better and thus more accurate.
 
(B) Aura used a different type of equipment thus it based its readings 
 
on different parameters.
 
(C) AURS HALOE’s equipment was fading and began producing 
 
faulty readings in about 2001.
 
(D) AURS HALOE took measurements for smaller time intervals.
16) Should the difference in the readings be a concern?
 
(A) No – they fall within each other’s accuracy band
 
(B) No – AURS HALOE was known to be failing and thus its data 
 
could be disregarded where a difference manifested itself
 
(C) No – All of the readings are dangerously high; the actual values are 
 
irrelevant as long as trends can be determined
 
(D) Yes – the discrepancy brings into question the accuracy or the 
 
equipment
 
(E) Yes – the values from Aura present a much more dangerous 
 
scenario to the atmosphere


17) At the current rate of decrease the ozone hole is predicted to completely disappear by
 
(A) 2025.
 
(B) 2050.
 
(C) 2075.
 
(D) 2100.
 
(E) 2200.

Questions 18-23 are ‘follow-up questions about the chemistry of the Earth’s atmosphere.

18) CFC’s were commonly used in
 
(A) aerosol cans
 
(B) fire extinguishers
 
(C) soaps and phosphates
 
(D) refrigerants
19) CFC’s are
 
(A) harmless and nonreactive when we breath them.
 
(B) dangerous to our lungs when we breath them.
 
(C) inert.
 
(D) heavy gasses that ‘sink’ to the ground level.
20) If CFC’s enter the upper atmosphere, 
 
(A) they are broken into harmful chemicals by the ozone.
 
(B) they are broken into harmful chemicals by the cold.
 
(C) they are broken into harmful chemicals by the ultraviolet radiation.
 
(D) they are broken into harmless chemicals by the ozone.
 
(D) they are broken into harmless chemicals by the cold.
 
(F) they are broken into harmless chemicals by the ultraviolet radiation.
21) Chlorine from the CFC’s does all of the following EXCEPT 
 
(A) react with ozone.
 
(B) deplete the ozone.
 
(C) react with nitrogen.
 
(D) react with methane.
 
22) The HCl in the upper atmosphere is a product of
 
(A) chlorine from the CFC’s reacting with methane.
 
(B) chlorine fromt the CFC’s reacting with hydrogen.
 
(C) chlorine from the CFC’s reacting with water vapor.
 
(D) chlorine from the CFC’s reacting with nitrogen.
23) What percentage of the chlorine in the upper atmosphere is in HCl?
 
(A) 100%
 
(B) 95%
 
(C) 60%
 
(D) 40%
 
(E) 15%

Questions 24-33 are based on Image 2 that shows stages of ozone hole chemical changes in the atmosphere over Antarctica from fall until late spring.  Image 3 (just to the right of Image 2) is the legend for the colors used on Image 2.
24) In the fall significant cooling occurs over Antarctica and a polar vortex is formed.  This vortex serves to 
 
(A) stir the gasses in the atmosphere.
 
(B) trap gasses in the polar region.
 
(C) significantly increase the cooling in the atmosphere.
 
(D) intensify the chemical reactions in the atmosphere.
25) Image 2 shows the changes in the level of four gases, HCl, HNO3, and O3, and ClO in the atmosphere over Antarctica.  What are these gasses?
 
(A) Hydrogen Chloride, Hydrogen Nitrate, Oxygen, and Chlorine 
 
Monoxide
 
(B) Hydrogen Chloride, Hydrogen Nitrate, Ozone, and Chlorine 
 
Monoxide
 
(C) Hydrogen Chloride, Nitric Acid, Oxygen, and Chlorine Monoxide
 
(D) Hydrogen Chloride, Nitric Acid, Ozone, and Chlorine Monoxide
26) Which one of these is NOT prevelant in the atmosphere in the fall?
 
(A) HCl
 
(B) HNO3
 
(C) O3
 
(D) ClO
27) Measurements show that the presence of which TWO of these gasses decreases significantly by midwinter?
 
(A) HCl & HNO3
 
(B) HCl & O3
 
(C) HCl & ClO
 
(D) HNO3 & O3
 
(E) HNO3 & ClO
 
(F) ClO & O3
28) The reason for these declines is that
 
(A) the cold causes HNO3 to condense into a solid, and it then 
 
subsequently reacts with the HCl.
 
(B) the cold causes HNO3 to condense into a solid, and it then 
 
subsequently reacts with the O3.
 
(C) the cold causes HNO3 to condense into a solid, and it then 
 
subsequently reacts with the ClO.
 
(D) the cold causes HCl to condense into a solid, and it then 
 
subsequently reacts with the NHO3.
29) By the end of winter HNO3 has been replaced by 

(A) HCl
 
(B) HNO3
 
(C) O3
 
(D) ClO
30) According to Image 2, the Ozone begins to deplete in what season?
 
(A) fall


(B) winter
 
(C) spring
 
(D) late spring

31) Which of the following would be a logical/necessary conclusion?

(A) When the sun returns in the spring it rapidly increases the 
 
production of ClO which depletes the ozone.
 
(B) When the sun returns in the spring it rapidly increases the 
 
production of HNO3 which depletes the ozone.
 
(C) When the sun returns in the spring it rapidly increases the 
 
production of HCl which depletes the ozone.
 
(D) When the sun returns in the spring it rapidly increases the 
 
production of O3 which depletes the ozone.
32) Another logical/necessary conclusion would be
 
(A) HNO3 is used in the chemical reaction to produce ozone.
 
(B) ClO is used in the chemical reaction to produce ozone.
 
(C) HCl is used in the chemical reaction to produce ozone.
 
(D) O3 is used in the chemical reaction to produce ozone.

33) According to Image 2, which gas replaces the ozone?
 
(A) HNO3 

(B) ClO
 
(C) HCl
 
(D) O3
Questions 34-37 are about clouds.
34) Which of the following is NOT used to detect the presence of clouds?
 
(A) measuring water vapor in the atmosphere
 
(B) measuring the opacity of the atmosphere
 
(C) measuring aerosols in the atmosphere

 
(D) measuring the microwave emissions of ice
35) High, thin clouds 

(A) warm the climate.
 
(B) have little effect on the climate.
 
(C) cool the climate.
 
(D) warm or cool the climate depending on the surface temperature
36) High, thin clouds are relatively transparent to
  
(A) incoming infrared radiation.
 
(B) outgoing infrared radiation.
 
(C) visible light.
 
(D) incoming UV radiation.
37) Low clouds

(A) warm the climate.
 
(B) have little effect on the climate.
 
(C) cool the climate.
 
(D) warm or cool the climate depending on the surface temperature.
Questions 38-41 refer to Image 4 that shows the spread of SO2 from the volcanic eruption of Kasatochi four days earlier.  The location of Kasatochi is indicated by the red arrow.
38) Where is Kasatochi located?
 
(A) in Russia
 
(B) on an island
 
(C) on mainland Alaska
 
(D) in Canada
39) Where is the greatest concentration of SO2 gas located four days after the eruption?
 
(A) directly over the volcano
 
(B) just south of the eruption
 
(C) hundreds of miles east of the eruption
 
(D) throughout North America
40) What does DU stand for just above the color scale?
 
(A) Density Unit
 
(B) Doppler Unit

(C) Dobson Unit
 
(D) Density Uniformity
 
(E) Doppler Uniformity
 
(F) Dobson Uniformity

41) What could best account for the large area over central Canada that shows no SO2?

 
(A) SO2 was separated out by mountains
 
(B) SO2 was condensed by cold temperatures
 
(C) SO2 was blown by varying winds at different altitudes
 
(D) SO2 was disrupted by a polar vortex

Questions 42-44 refer to Image 5 that shows how air pollution affects cloud properties.
42) The graph on the left indicates that 
 
(A) ice particles in clouds are larger in polluted clouds.
 
(B) ice particles in clouds are smaller in polluted clouds.
 
(C) polluted clouds produce less precipitation the clean clouds.
 
(D) polluted clouds produce more precipitation than clean clouds.
43) The graph on the right indicates that


(A) ice particles in clouds are larger in polluted clouds.
 
(B) ice particles in clouds are smaller in polluted clouds.
 
(C) polluted clouds produce less precipitation the clean clouds.
 
(D) polluted clouds produce more precipitation than clean clouds.

44) What quantity is plotted on the x-axis of both graphs?
 
(A) the thickness of the clouds
 
(B) the type of radar used to make the measurements
 
(C) the density of the clouds
 
(D) the type of radiation reflected from the clouds
 
(E) the altitude of the clouds

Questions 45 – 47 refer to Image 6 that shows atmospheric transmission of wavelengths 0.9 m to 2.7 m.
45) The transmission graphed was primarily affected by aerosol absorption.  Which of the following would eliminate the effects of aerosols?
 
(A) narrowing the bandwidth of the remote sensor
 
(B) increasing the bandwidth of the remote sensor
 
(C) taking readings at high altitudes
 
(D) taking readings at low altitudes
46) Which TWO bands would be least effective for collecting remote sensing data?
 
(A) 1.3m & 1.6 m
 
(B) 0.9 m & 1.1 m
 
(C) 2.0 m & 2.1 m
 
(D) 1.4 m & 1.9 m
47) In the transmission bands shown most of the absorption is due to
 
(A) O2
 
(B) H2O
 
(C) CO2
 
(D) O3
Questions 48 – 55 are a series of calculations and questions about those calculations.  Use the facts given in bold below to answer these questions.
The power a star emits can be calculated using the following equation:

PE = 4rS2T4  
 
*rS = radius of star in meters
 
*T = surface temperature of star in Kelvin
 
* = 5.67x10-8 W/m2K4 
48) If Star A has twice the radius of Star B, but its temperature (in Kelvin) is ½ that of Star B, which of the following statements is true?
 
(A) Star A emits radiation at a rate 4 times greater than Star B.
 
(B) Star A emits radiation at a rate 2 times greater than Star B.
 
(C) Star A emits radiation at the same rate as Star B.
 
(D) Star A emits radiation at a rate ½ that of Star B.
 
(E) Star A emits radiation at a rate ¼ that of Star B.
The power of the radiation striking a planet, PSP, can be calculated using the following equation:
PSP = PE x (rP2/4D2)   
 
*rS = radius of planet in meters
 
*D = distance between the planet and the star in meters
49) If Planet X has twice the radius of Planet Y, and is half the distance from a given star, which of the following statements is true?
 
(A) The rate at which radiation strikes Planet X is 4 times greater than 
 
Planet Y.
 
(B) The rate at which radiation strikes Planet X is 2 times greater than 
 
Planet Y.
 
(C) The rate at which radiation strikes Planet X is the same as 
Planet Y.
 
(D) The rate at which radiation strikes Planet X is ½ that of Planet Y.
 
(E) The rate at which radiation strikes Planet X is ¼ that of Planet Y.

The power actually absorbed by a planet, PABS, can be calculated by using the following equation:
PABS = (1 – ) PSP
* = albedo of planet
50) If Planet X has an albedo of 0.6 and Planet Y has an albedo of 0.2, which of the following statements is true?
 
(A) The power absorbed by Planet X is 4 times that of Planet Y.
 
(B) The power absorbed by Planet X is 2 times that of Planet Y.
 
(C) The power absorbed by Planet X is the same as that of Planet Y.
 
(D) The power absorbed by Planet X is ½ that of Planet Y.
 
(E) The power absorbed by Planet X is ¼ that of Planet Y.

51) Calculate the albedo of a Planet X that absorbs 1.5x1024 W of radiation when 3.8x1024 W of radiation are striking the planet.
 
(A) .4    
 
(B) .6    
 
(C) 1.5     
 
(D) 3.5

52) Since the albedo for Earth is 0.36, which of the following statements is true?


(A) The Earth is closer to being a black-body than Planet X.
 
(B) Planet X is closer to being a black-body than Planet Y.
 
(C) The Earth must have a much greater emissivity.
 
(D) The Earth must be nearer to a cooler star.
 


Combining some of the previous equations gives a formula for calculating the temperature of a planet.  The formula is:
TP = TS \/ [RS \/ (1-)/ )]/2D 

TP = temperature of planet in Kelvin
TS = temperature of star in Kelvin
RS = radius of star in meters
 = albedo of planet
 = emissivity of planet
D = distance between star and planet in meters
53) If Planet Q has half the radius of Planet T, and is four times the distance from a given star, which of the following statements is true if they have the same emissivity and the same albedo?

 
(A) The temperature of Planet Q is 4 times that of Planet T.
 
(B) The temperature of Planet Q is 2 times that of Planet T.
 
(C) The temperature of Planet Q is that same as that of Planet T.
 
(D) The temperature of Planet Q is ½ that of Planet T.
 
(E) The temperature of Planet Q is ¼ that of Planet T.
According to Wein’s Law the equation to calculate the maximum wavelength, , that can be emitted by is:

 = 2.898x10-3 K-m/T 
 
*2.898x10-3 K-m is a constant
 
*T is the object’s temperature in Kelvin
54) If the absolute temperature of Object A is twice that of Object B, which of the following statements is true?
 
(A) The maximum wavelength emitted by Object A is 4 times that of 
 
Object B.

(B) The maximum wavelength emitted by Object A is 2 times that of 
 
Object B.


(C) The maximum wavelength emitted by Object A is the same as that 
 
of Object B.
 
(D) The maximum wavelength emitted by Object A is ½ that of 
 
Object B.
 
(E) The maximum wavelength emitted by Object A is ¼ that of 
 
Object B.

55) If you were to plot the intensity of the waves emitted by Object A and Object B (from question 54) versus the wavelengths emitted by the objects on the same graph, which of the following statements would be true?
 
(A) The peak of Object A’s graph would be higher and to the right of 
 
Object B’s peak.


(B) The peak of Object A’s graph would be higher and to the left of 
 
Object B’s peak.
 
(C) The peak of Object A’s graph would be at the same location of  
 
Object B’s peak.
 
(D) The peak of Object A’s graph would be lower and to the right of 
 
Object B’s peak.
 
(E) The peak of Object A’s graph would be lower and to the left of 
 
Object B’s peak.

Questions 56 – 75 involve determining whether an instrument is an active or a passive sensor.  Write a P in the blank for the Passive instruments, and an A in the blank if the instrument is Active.

56) Synthetic Aperture Radar (SAR)
57) Light Detection and Ranging (LIDAR)
58) Cloud Profiling Radar (CPR)

59) GEOS Altimeter (GA)

60) Dual-Frequency Precipitation Radar (DPR)

61) L-Band Radar (LBR)

62) Airborne/Visible Infrared Imaging Spectrometer (VIRIS)

63) L-Band Radiometer (LBR)

64) Nadir-Viewing Spectrometer (NVS) 

65) Electron Spectrometer (ES)
66) Pulse Height Analyzer (PHA)
67) Cross-Track Infrared Sounder (CRIS)
68) Spectral Irradiance Monitor (SIM)

69) Advance Microwave Scanning Radiometer (AMSR-E)
70) Moderate Resolution Imaging Spectroradiometer (MODIS)
71) Earth Polychromatic Imaging Camera (EPIC)
72) Gravimeter
73) Magnetometer

74) Clouds and Earth Radian Energy System (CERES)

75) Delay Doppler Mapping Instrument (DDMP)
Questions 76 – 78 refer to Image 7 that shows a typical reflectance spectrum for vegetation.  The five labelled arrows indicate wavelength bands commonly used in remote sensing sensors.  
76) Which bands would be most effective for detecting vegetation?
 
(A) A & C
 
(B) D & E
 
(C) A & E
 
(D) B & C
 
(E) C & D
77) If the D band represents reds and near reds, the E band is
 
(A) IR.
 
(B) Red.
 
(C) Green.
 
(D) Blue.
 
(E) UV.

78) Would the reflectance spectrum change if the vegetation was wet?
 
(A) Yes, water reflects different wavelengths than vegetation.
 
(B) Yes, water will diminish the reflectance across the spectrum.
 
(C) No, water will have little to no effect on the wavelengths reflected.
 
(D) No, water may slightly diminish a few wavelengths, but the effects 
 
will be negligible.


Questions 79-82 are about satellites in general.

79) As a satellite revolves around the Earth, the sensor only ‘sees’ a portion of the Earth’s surface.  What is the named given to the area imaged on the surface of the Earth.
 
(A) path
 
(B) nadir
 
(C) swath
 
(D) range
 
(E) domain

80) The location imaged on the surface of the Earth by a given satellite changes for every orbit of the satellite because
 
(A) the satellite is in an elliptical orbit.
 
(B) the satellite is geosynchronous.
 
(C) the satellite’s path varies by a very small increment each orbit.
 
(D) the Earth is geosynchronous.
 
(E) the Earth is rotating.
 
(F) the Earth is revolving around the sun.
81) A satellites orbit is completed when is retraces its path by passing over the same point of the Earth’s surface directly below the satellite.  This point is called the satellite’s


(A) path
 
(B) nadir
 
(C) swath
 
(D) range
 
(E) domain


82) Which of the following is true about near-polar orbits?
 
(A) Equatorial areas will be imaged more frequently.
 
(B) High latitudes will be imaged more frequently.
 
(C) High longitudes will be imaged more frequently.
 
(D) Imaged areas will be wider than those from equatorial orbiting 
 
satellites.
Questions 83 & 84 refer to Image 7 which is a MODIS image that shows the worldwide could cover for one particular day.

83) What type of image is this called? 


A) Composite

B) Mosaic

C) Either a Composite or a Mosaic

D) Neither a Composite nor a Mosaic

84) Knowing that satellites can only scan small areas of the earth at a time, how is this image formed?

A) Time-lapsed imaging allows for one continuous image to be taken.
B) Various images are taken, and the segments between are completed with computer-generated most likely scenarios.
C) MODIS actually has the ability to scan much larger swaths.
D) Multiple images are pieced together to form one image.

Question 85 refers to Images 8A & 8B.  Image 8A shows the island of Trinidad off the Venezuelan coast.  Image 8B shows a view of the Amazon River in Brazil.
85) Is the obvious absence of clouds over the ocean around Trinidad caused by the same reason as the scarcity of clouds above the Amazon River?   

A) Yes, the clouds in both images are caused by the presence of vegetation.
B) Yes, the clouds in both images are caused by the immense amount of water.
C) No, the clouds around Trinidad are dissipated by being above the water, while the water above the Amazon aids in creating the clouds.
D) No, the climate in Brazil is nothing like the climate in Trinidad.
E) No, the clouds above Trinidad aren’t the same type of clouds as those above the Amazon.

Questions 86 -90 refer to the two lists below.  The list on the left is AVHRR bands commonly used in remote sensing data collection.  The list on the right shows uses for these bandwidths.  Match the correct bandwidth with its most common use.

86) Band 1 (.58-.68 m)
   

A) Surface water, snow, ice

87) Band 2 (.725-1.10 m)     

B) Surface temperatures

88) Band 3 (3.55-3.93 m)
 
C) Surface temps  AND water vapor


89) Band 4 (10.30-11.30 m)

D) Day clouds, snow, ice

90) Band 5 (11.5-12.50 m)   

E) Fires + Clouds at night

