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1.0 Introduction
Reaching the final frontier – space – has been a part of the American ethos since the space race. However, it has until recently been limited in participation to those involved in high budget, high tech governmental programs. In the last two decades this has changed. Now, thanks to creativity and innovation from both professionals and amateur enthusiasts, the ability to conduct a scientific mission that reaches near-space has been made possible to everyone. 
First, let’s take a look at what near-space means. As the name would imply, near-space is a high altitude region (approximately 70,000 to 350,000 feet above sea level) which lies within the earth’s atmosphere, but still short of true “outer-space.” It is well below the realm of satellites, but high enough to mimic space-like conditions and even see the curvature of the earth. For these reasons, reaching near-space has in recent years become a popular scientific endeavor. Near-spaceflight missions allow amateurs and experts alike to experience a field that was once monopolized by highly funded agencies. 
But how does one reach near-space? The simplest solution is through the use of high altitude weather balloons. A typical near-space mission will involve building one or more light payloads with various experimental instruments, a heater, and a tracking system on board and then tethering them to a weather balloon. The balloon will then ascend to heights of around 100,000 feet before the balloon expands to its maximum volume and bursts. At this point, the apparatus will be caught by its parachute and, after a turbulent fall, will descend back to earth to be recovered. With luck, the instruments will be intact and the collected data will be ready to be analyzed. 
Today, near-space is a territory opened up to everyone. Anyone with an interest and ambition can, through a bit of work and creativity, gain access to the realm once controlled only by high-budget research programs. And on top of that, there is plenty of near-space left for the professionals too. 

2.0 Mission Overview
The Team Hindenburg near-space mission will attempt to launch a payload with various instruments and experiments through the troposphere and into the thermosphere by use of weather balloon generated lift. 
The payload will consist of a sealed Styrofoam box fitted to a 6x6x6 inch interior cavity with holes cut for the camera lens, and the power switches. Weight allowing, the box will be coated in an insulating material that will also attempt to shield the interior from cosmic radiation. Four lines will secure to payload to the balloon and the other payloads. 
The primary experiment deals with the bacteria Serratia marcescens. This type of bacteria is sensitive to ultraviolet radiation as well as cosmic radiation, so by observing how it reacts in comparison to a control sample in a lab, as well as a control sample exposed to radiation in a lab, we will make inferences as to the radiation levels in near-space. To further this experiment, we will test two cultures of the bacteria, one contained within the box and the other tethered to the outside. This will serve to test how well the bacteria were able to survive the extremes of near space including an even larger amount of radiation. 
Additionally, we will be including a Geiger counter to measure radiation levels, a weather station device which will collect data on the temperature, relative humidity, and pressure, and a GPS device for tracking which will be located elsewhere on the stack. The collected data will be processed and stored using a HOBO inflight computer and also sent to the ground via a Zigbee radio. Battery packs will supply the power to these devices. To prevent damage or malfunction caused by temperature drops, a resistive heater will warm the interior of the payload. 
Finally, we will be positioning a Flip Video camera facing upward to monitor changes in balloon size as pressure decreases, the eventual balloon burst before the descent stage, and the performance of the parachute.
The goals of the project are to successfully launch and land the payload with the data systems intact and ready for analysis. Challenges faced are assuring that the payload stays tethered to the balloon through any winds or turbulence faced, making sure all systems function when exposed to low temperatures and pressures, as well as possible high cosmic radiation levels, and successfully tracking the payload so that it can be recovered. The payload and instruments have been designed to withstand turbulence, low temperatures and pressures, and radiation, and will undergo preflight testing to confirm their efficacy in such situations. Recovery will depend on proper use of the GPS in navigation. It will be aided by a siren attached to the balloon system which will sound during the entire flight. 
We expect to confirm previous measurements of temperatures, pressures, humidity, and cosmic radiation levels at various levels of the atmosphere, document the effects of cosmic and UV radiation on bacteria and how it can be shielded, and explore how a weather balloon expands as air pressure lowers. 



3.0 Payload Design
For our payload, we have several specific design requirements unique to our team. First is that we need to carry several agar plates to hold the bacteria we are flying. We are planning on flying at least two containers on the inside, one shielded from radiation with aluminum foil or similar shielding, and one left only to be protected by our box. Also we plan to have at least one plate on the outside that will be exposed to the cold and radiation. Because of the extra weight of the agar plates, out team is considering not flying a camera. Since our experiment involves how bacteria are affected by cosmic radiation in near space, we will need to fly a Geiger counter to measure levels of radiation. 
Payload Layout 
[image: ]
 (
Figure 3.1:
This is how we expect the inside of our payload box to look.
) (
Cover of Box
)[image: A description...]


Equipment List
	

	1"-thick Pink Styrofoam (enough for 6" x 6" x 6" box)

	Tubing, rigging strings, key rings, zip ties, glue, tape

	Heater circuit (battery pack listed separately)

	3-pack 9-volt battery for heater 

	Weather station (will attach to outside of box)

	BalloonSat Easy flight computer

	9-volt battery for flight computer

	 Three Agar plates for organisms 

	Flip Ultra video camera

	HOBO data logger for interior "health" (has temperature and relative humidity built in)

	HOBO temperature probe for outside temperature

	 Geiger counter to measure cosmic radiation

	 Serratia marcescens (Bacteria)

	 Zigbee radio to send Geiger Counter data to the ground during flight 

	Aluminum foil (UV radiation shielding for some of the bacteria)







 (
BalloonSat Easy Flight Computer 
) (
9 Volt battery pack
)Functional Block Diagram
 (
9 Volt battery pack for heater
)

 (
Figure 3.2:
This diagram shows how all of the components in our box will be connected.
) (
Key:
Orange arrows indicate flow of electricity.
Green arrows indicate flow of data.
) (
Flip Video Camera
) (
Petri Dishes (Bacteria)
) (
Zigbee Radio
) (
Geiger Counter
) (
Heater
) (
Hobo Data Logger (Internal Temp)
) (
External Measurement Sensors
) (
Weather Station
)
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Figure 4.1:
This details the major roles that every member of the team is responsible for. Each member must make sure their section is progressing as necessary.
)


 (
Launch Day Duties 
)


 (
Figure 4.2:
This shows everyone’s responsibilities on launch day.  This is important to make sure all necessary parts are ready for launch.
)
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October 2010 
)[image: ]

	SUNDAY
	MONDAY
	TUESDAY
	WEDNESDAY
	THURSDAY
	FRIDAY
	SATURDAY

	
	
	
	
	
	1
	2

	3
	4
	5
Conceptual Design Review Due
	6
	7
Finished Weather Station
	8
	9

	10
	11
Finished Flight Computer 
	12Box module is constructed
[bookmark: _GoBack]Flight computer and weather station is tested-pass
	13


	14
Payload box is strength tested- pass
	15
Team Project Documentation Rev A Due
	16

	17
	18
	19 Thermal Testing is conducted, Flight computer was not operational. Retest required 

	20
	21
Payload Passes Thermal Testing
	22
	23

	24



31
	25
	26
Flight Readiness Review Due
	27
 Components are zipped tied to the box.
	28 Payload Weight in/turn in Deadline
Yank Test Passed     Box is complete
Box is complete
	29 Weather was brisk, mid 40s, low to slight winds
	30Launch Day Launch was successful, was unable to reach recovery site due to time



[image: ]
 (
November
 2010 
)
	SUNDAY
	MONDAY
	TUESDAY
	WEDNESDAY
	THURSDAY
	FRIDAY
	SATURDAY

	
	1
	2 Received information about our box. Camera and Geiger information was not good
	3 
Working on data from flight
	4 Redesign box for additional flight. Another camera is added and the bacteria is placed on top.
	5 
Team Project Documentation Rev B Due
	6  Re-launch of our box with slight modifications

	7
	8
	9

	10
	11 Team meeting about data analysis


	12
	13

	14
	15


	16 Preliminary Data Analysis Due
 
	17


	18 Team meeting to continue data analysis and ready presentation
	19


	20

	21
	22
	23
Final Team Presentation 
	24
	25 Team meeting to discuss roles for Rev C
	26
	27

	28



	29
	30 Team further discussed roles for Rev C


	
	
	
	



 (
December
 2010 
)[image: ]

	SUNDAY
	MONDAY
	TUESDAY
	WEDNESDAY
	THURSDAY
	FRIDAY
	SATURDAY

	
	
	
	1
	2
	3 
	4 Optional viewing of Hubble

	5
	6
	7  Team Project Documentation Rev C Due
Work on Exhibit

	8
	9 Possible team meeting to prepare for exhibit


	10
	11

	12
	13


	14  Public Exhibit 
Course Wrap up

 
	15



	16
	17


	18

	19
	20
	21
	22
	23
	24
	25

	26



	27
	28


	29
	30
	31
	




5.0 Project Budgets
A summary of the weight and cost of every item that Team Hindenburg used on our box:

	Part Number
	Name
	Estimated Unit Mass (kg)
	Actual Unit Mass (kg)
	Unit Cost ($)

	1
	Styrofoam Shell
	0.18
	0.162
	8.00

	2
	Rigging (Tubes, glue etc…)
	0.05
	0.060
	5.00

	3
	Heater Circuit (battery pack not included)
	0.27
	0.028
	5.00

	4
	3-pack 9-volt Heater Battery Pack
	0.15
	0.150
	6.00

	5
	Weather Station
	0.015
	0.015
	40.00

	6
	BalloonSatEasy Flight Computer
	0.033
	0.033
	30.00

	7
	9-volt Battery for Flight Computer
	0.046
	0.046
	2.00

	8
	Holding Containers for Bacteria
	0.5
	0.030
	9.00

	9
	Flip Ultra Video Camera
	0.175
	0.175
	170.00

	10
	HOBO Data Logger and Temperature Probe
	0.048
	0.049
	159.00

	11
	Bacteria with Growth Medium
	0.01
	0.020
	N/A

	12
	Zigbee Radio
	0.126
	0.126
	300.00

	13
	Geiger Counter (RM-60)
	N/A
	0.185
	150.00

	
Total

	
	
1.603 kg
	
1.0795 kg
	
$884


 (
Figure 5.1:
The to
tal mass of our payload ended up being significantly less than what we were expecting because the bacteria containers did not weigh nearly as much as we first put into our budget. We purposely added this number that was higher than what we expected so that we would be more conscious of the total weight of our payload until we obtained all of the final components.
)






6.0 Payload Photographs
 (
Completed weather station
)	
 (
Resistive Heater Circuit (no batteries attached).
) (
Geiger Counter
) (
Flip Video Camera
) (
Completed Flight computer (wires going out of picture go to weather station, batteries and switch).
)
 (
Team Hindenburg members, Eric, Chad and Alex constructing the flight computer and weather station.
) (
This picture shows how the 
Serratia
 look after about five days of growth. This is how we expect our control bacterial plates to look when we are comparing them with our flight plates after the flight. Shows many colonies, all of which have red color.
) (
Agar plate (BHI) inoculated with 
Serratia Marcescens
. 
The bacteria were recently inoculated so they have not yet developed their red color.
)
 (
Team Hindenburg’s completed box, nearly ready for first flight.
)
 (
Freshman seminar stack at launch. Team Hindenburg’s payload is the only one still be held by those on the ground.
) (
Completed payload (closed).
)

7.0 Test Plan and Results
Our team will test the structural integrity of our payload box while it is empty of all components but filled with sand so that we know that the box will be able to withstand the stresses of flight and landing. We will drop the box from the top of a staircase and film the result. We will also examine the box afterwards to confirm that it is is still fully intact and to determine if some of the parts of the box are too weak to withstand flight. 
We will check the data from the HOBO to make sure that it is reporting temperatures that are comparable to the actual temperature of the environment. To further test the HOBO we will place the box in a cold environment. We will use the data from the HOBO to see if the box stayed warm enough to keep components operational with the heat provided by the heater. This alternate environment will serve to double check that the HOBO is functioning correctly.
Our team will check the circuits of the flight computer to make sure that all components are placed correctly, and that will not be any electrical shorts. We will further test the flight computer by interfacing it with the corresponding computer program, and run the test programs to test all of the circuits on the computer. Finally we will load the flight program onto the computer and make sure that it is running correctly by watching the change in LED patterns corresponding to the different directives ordered by the program.
We will test our Zigbee Radio by making sure that it is able to accurately transmit the voltages of our different instruments to the receiving radio.
The weather station will first be calibrated so that we know what measure of voltage output corresponds to actual temperature, pressure, and relative humidity. After this calibration phase we will test the weather station on a different occasion to be sure that it is still transmitting accurate voltages.
In deciding between a video and a still camera to bring on our flight, our team did tests to ensure that the image quality of the video camera would be good enough and to see if the still camera program would be to much of a hassle. These tests included filming from different distances to ensure the clarity of the image over distance and filming in varying light conditions to prepare for dimming as we rise. We have decided to use a video camera in flight and we will test to make sure it is able to take video while pointing through the hole in our box. We will also test the method for turning the camera on pre-flight.
Our auxiliary experiment involves testing to see how cosmic radiation will affect bacteria, and possibly cause mutations. Before the flight we plan on testing both the viability of the bacterial culture as well as the effects of UV radiation exposure in a lab. To test the viability we will grow the bacteria in the laboratory to make sure they form a healthy sample. After this we will expose the samples to UV radiation similar to the radiation dosage the cultures will receive in flight, but instead of the sun, we will be using a machine called an Ultraviolet Crosslinker. With this instrument we will be able to vary the amount of UV radiation exposure to form a hypothesis as to what will happen to the bacteria.
The final component for us to test is our box's heater. We will test the heater by turning it on and then exposing the box to a temperature that is approximately what it will experience on the flight. We will use data from the HOBO to ensure that the inside of the box stays warm enough to prevent the batteries from dying.
Finally, we will test all of the components together in the complete box. The test will simulate a flight so we can make sure that all components are working together before the actual flight. This will also serve as an opportunity for us to practice all of the necessary preflight procedures before the launch our box. The test must include all of the steps taken during a launch and during a flight, and if any problems arise, we will have a chance to fix them before flight.
Checklist for Component Testing:
1. Strength of payload box- Following the structural integrity test, our box had no visible damage to either the Styrofoam shell or the tape-secured joints.
2. HOBO (to measure interior and exterior temperatures)- Our HOBO performed as expected: (The decrease in outside temperature at 17:18 corresponds with the payload going into the cold soak chamber. The increase in temperature at 17:32 corresponds with it coming out of the cold soak.)












 (
Figure 7.1: HOBO Testing Graph. This shows us that our HOBO took accurate data during testing
)

3.  (
Figure 7.2:  This data from our flight computer shows that all sensors were functioning properly during testing.
)[image: ]Flight computer (records weather station data)/ Weather Station- Our flight computer and weather station also preformed as expected: In the below graph we can see that the payload was in the cold soak from time 10 to approximately 74 because of a slight decrease in temperature. At the end of the graph the raw measurement jumps to 256 because this is the default value the computer records, meaning this is when the computer was shut off.

4. Zigbee radio (to transmit Geiger Counter data to the ground)- We did not do any preflight testing of the Zigbee as intended. We did not do so because the reliable track record of the radio made us trust its performance at altitude.
5. Test bacterial viability and effects of UV radiation in lab- Preflight testing was not preformed due to time constraints. However, our control culture will be tested in the manner described above after flight operations end.
6. Flip video camera- The video camera exhibited excellent quality when tested as described above. It also continued to record throughout the “cold soak” experiment.
7. Heater- The heater maintained a comfortable operating temperature inside our payload throughout the “cold soak.” (See HOBO data above.)
8. [image: ]Complete payload testing- Complete payload testing went according to plan. All of our components worked together well.
 (
Figure 7.4:
This is a frame of a video taken of our payload’s yank test. In this test we are making sure that the rigging is going to be strong enough to keep the payload attached even during the violent descent. Our payload passed this test as well.
)[image: ] (
Figure 7.3:
This is a picture from our payload drop test. The payload was dropped down a flight of stairs while filled with sand to test the structural integrity. The box passed this test.
)

8.0 Expected Science Results
Temperature
Our balloon will be rising through two layers of the atmosphere, the Troposphere, and then the Stratosphere. Because of the different characteristics of these layers we expect to see changes in our temperature data.
The Troposphere goes from ground level to about 45,000 ft. In this layer temperature decreases with altitude at the rate of approximately -3.6°F/1,000 ft. So as our balloon rises through this lower part of the atmosphere we expect to see a steadily decreasing temperature.
Next our box will enter the layer between the troposphere and the Stratosphere called the Tropopause. In this layer the temperature stays fairly constant at a low temperature, so we expect to see our temperature data level off for a short period of time.
Finally our bow will enter the Stratosphere which goes from about 45,000 to 160,000 ft. In this layer the temperature surprisingly increases with altitude at the rate of 1.6°F/1,000 ft. So while the balloon completes its climb in this layer we expect to see a steady increase in temperature, but it will not go above what the temperature was on the ground.
 (
Figures 8.1-8.2: (Graphs from 
Paul Verhage and Lyndon State College: Atmospheric Sciences Department
)
)
Pressure
 (
Figure 8.3: 
(Graph from Lyndon State College: Atmospheric Sciences Department)
)[image: ]Pressure decreases exponentially with altitude. This is because the majority of the air molecules in the atmosphere are pulled to their lowest energy position, which is as close to the Earth's surface as possible. This means that near the surface the number of air molecules is high, and as you go farther from the surface the number of molecules decreases exponentially. So our graph of pressure will show an approximately exponential decrease in pressure as altitude increases.
Relative Humidity
	Relative humidity is a calculation of the amount of water vapor in the air, it is found by taking the partial pressure of the water pressure over what the saturated water pressure would be. Relative humidity is affected by both temperature and pressure. An overall decrease in temperature and pressure as altitude increases causes the relative humidity to decrease with altitude. We expect our data will show an overall decrease in relative humidity, and that it will also tell us whether we passed through any cloud banks because these will show up as large spikes in relative humidity.

 (
Figure 8.4: (From University of Wyoming Sounder Station in Chanhassen, MN)
)

 (
It should be noted that this graph is plotted with altitude on the horizontal axis unlike our other graphs.
)






Cosmic Radiation
The upper atmosphere is more affected by solar radiation because there is less atmosphere to block the cosmic radiation. The components of solar radiation that we are interested in are ionizing radiation, which is composed of mainly gamma rays and beta particles. Our box will be using a Geiger counter to detect these two kinds of radiation. The atmosphere blocks or deflects quite a bit of this radiation from reaching the Earth's surface, so we expect that the amount of radiation will increase as our altitude increases because there will be less atmosphere to block it. It is possible that our bacteria may also be affected by Ultraviolet radiation, which also increases with altitude.
 (
Figure 8.5: (Cosmic Radiation graph from Paul Verhage)
)



Bacterial Experiment
	Our box has three petri dishes with the bacteria Serratia Marcescens inoculated on BHI (Brain-Heart Infusion). One dish is mounted on the outside of the box, the other two are on the inside with one covered in tin foil. We expect that some of these bacteria's DNA will be mutated by the radiation that they are receiving. The plates on the inside of the payload box will be exposed to cosmic radiation because the ionized radiation particles have so much energy that they are easily able to pass through material such as Styrofoam. The plate that is exposed on the outside of our box will receive this cosmic radiation as well, but it will also be exposed to Ultraviolet radiation. Ultraviolet radiation is just electromagnetic waves that have a slightly shorter wavelength than visible light. The ozone layer of our atmosphere normally shields us from the majority of this radiation, which originates at the sun. But as we climb higher in altitude the amount of UV radiation will increase, and this could possibly cause mutations in the outer bacteria as well as the cosmic radiation. So we expect more bacteria will be mutated in the container on the outside of the payload. This mutation is likely to occur on a part of the bacterial DNA that controls the production of the pigment Prodigiosin. When this part of the DNA is mutated the bacteria will grow white instead of with the characteristic red color. From the number of bacterial colonies that grow white we will be able to compare the amount of radiation that they were exposed to. We expect to see that the bacteria on the outside of the box will have the most mutations, the ones on the inside uncovered will have some mutations, and those covered in tin foil will most likely have few mutations. We hypothesize theses results because we expect the box and the tin foil to both provide some protection against radiation by being a physical barrier. The bacteria on the outside of our box will also be exposed to ultraviolet radiation, which may contribute to the number of mutations.








 (
Figure 8.6:
This diagram shows the results that we expect to see from our bacteria experiment. The colonies that receive the mutation will develop white streaks that will grow out due to the mutation being passed on to the offspring of the original bacteria that have mutated. From this we hope to be able to take quantitative results based on the number of mutations per colony. Or the number of colonies that have mutated compared to those that didn’t.
)




9.0  Launch and Recovery
	Team Hindenburg had their first flight on the 30th of October 2010. The launch location was Pierz, Minnesota, about 30 miles north of St. Cloud. More specifically, the launch was performed in the practice fields of the local high school. The weather that day was brisk at around 40 degrees. Fortunate, the sky was clear and the wind speed was low. The AEM 1905: Spaceflight with Ballooning class left the University of Minnesota campus at approximately 6:30 and arrive at the site around9:00. Once everyone disembarked, each team examined their box and made final preparations for launch. Team Hindenburg inspected if all the zip-ties were secured and if not, they were tighten. In addition, the heater was briefly tested to ensure it would operate. A final preparation Team Hindenburg made was attaching the bacteria to the box. Not too long after examining the box, Team Hindenburg’s zigbee was turned on. Soon each team had determined their box ready to fly and the stack was slowly put together. This was the time period that most team had some extra time to take pictures and document this event. As the stack was being completed, the balloon was filled and each team turned on the devices within each box. It took over ten minutes for the helium to create enough lift to carry the stack. Toward the end of filling the balloon, a hand warmer was placed in the box to provide additional heat and the box was sealed with shipping tape. The siren was then turned on and the stack was released in a hand over hand method. That meaning the balloon lifted one module at a time until everything was in the air. At the 10:00 the stack was released and it floated westward.
	The recovery of this flight was somewhat of a disappointment because the class was unable to reach the recovery site. The flight had flown 40 mile past the target landing site of Barron, Wisconsin. Although, there was incredible luck with the final landing position because the general area was filled with lakes and other water features. Unfortunately, an observation of the video provided by the recovery team showed it could of have landed in a better location. The stack had landed in a tree at the edge of the woods bordering a farm. Luckily, the string from the balloon was close enough to the ground for someone to grab. The stack was tugged on repeatedly until it fell from the tree. An interesting note is that the siren failed at some point in the flight leading to some difficulty in finding the stack. The recovery team had to focus entirely on sight and GPS information. That brings up another point. The tracking was rather spotty for this flight and communication with the APRS was lost a few times. That granted it was extremely fortunate for us to get all the components back. 
	Due to some failures in equipment, Team Hindenburg was allowed to fly the preceding week on the 6th of November. The launch location this time was in a public park of the small town of Danbury, Minnesota. Danbury is south of Duluth by 50 miles. This flight experienced a rougher launch than the previous one. It was partly cloudy and was rather windy with temperatures roughly the same as first flight. The launch was also tougher due to the limited amount of people. Last time there was people to spare; however, this time everyone had multiple duties. Also complicating matters further was the fact there was two balloons at the same site. It was planned to have four balloons launched at the same time across the state and then have them communicate with each other. Only the first goal was accomplished. Another problem was the parachute being tangled up, that required additional resources to fix it. All of these problems lead to a rushed launch that took off after 8:00.
[image: ][image: ]	The recovery was also more interesting compared to the first flight. The stack landed in between the two tiny towns of Prairie Farm and Ridgeland in Wisconsin. The location is south of the target landing site of Barron, WI. As with last time, the stack landed in a tree. However this time it was much higher up and in some thick woods. It took over three hours to take down the entire stack down. The recovery team had to use a huge slingshot to shoot ropes over the lines and hope it would connect with the stack. The ropes being used were weighted down on one end with balls so it would fall back down. Once the rope finally caught on the stack, the tugging began. After a little tugging the line snapped leaving a portion of the stack still in the tree. Dr. Flaten had to stay behind to retrieve the remaining parts. It should also be noted that the siren was going on the whole time compared to last time with the failure.
[image: ][image: ]

[image: 149802_1698334056301_1176378410_31974786_1282286_n.jpg][image: ][image: Spaceflight launch 072.jpg]









10.0  Results and Analysis
Pressure
 (
Figure 10.1
)The analysis of the data obtained from the flight reflects the expected results of Team Hindenburg. We had predicted that the movement of pressure will follow scientific knowledge in that pressure will decrease as altitude increases. The inverse is also true. By observing the graph, it can be noted that the curves of the line are very similar to the graph in the expected results section. However, the curves of the ascent and descent are slightly different. While both curves follow the same shape, the descent curve is slightly lower. The pressure was lower on the descent journey, even if it was at the same altitude as the ascent journey. It is believed that the difference occurred from the fast descent, the sensor simply could not keep up with the changing variables.


Relative Humidity 
The results indicate that as altitude increases, the relative humidity will decrease. Relative humidity is highest near the ground and the lowest at the highest altitude. These findings reflected the hypothesis of Team Hindenburg. Though research, it was also determined that relative humidity will spike when entering a cloud layer. The data somewhat displays a spike in the percentage of relative humidity. On the descent, relative humidity was at a higher percentage than at the same altitude on the ascent. From that information, it can be assumed that we entered into some clouds. Lastly, it should be noted that a significant amount of data points were dropped. Those dropped data points would explain the vertical line on the left side of the graph.

 (
Figure 10.4
) (
Figure 10.3
) (
Figure 10.2
) 
Temperature

 (
Figure 10.5
)

This graph plots temperature in Fahrenheit relative to time in minutes. The data begins at balloon release. As one can easily see, the temperature initially plummets. This is caused by the tendency for temperature to decrease as one ascends through the troposphere. Next, we see a rise in temperature. This marks the balloon entering and ascending through the stratosphere. After the balloon reaches its maximum height, it bursts and falls back through the stratosphere, dropping in temperature again. This time the temperature plummets even lower, which could be explained by either a lag in box temperature relative to the external temperature (meaning that the box began much colder on the descent, so it was cooled even further) or the fact that additional wind chill could have caused further cooling. The temperature ascends again as the box falls through the troposphere, finally leveling out when it hits ground. As can be seen, the box experienced a rather severe range of temperatures, from around 40 degrees at the ground to close to -60 in the low stratosphere/high troposphere. The data was collected using the BalloonSatEasy (BSE) program and the onboard weather station.
Altitude vs Time

 (
Figure 10.6
)

The graph above plots temperature in Fahrenheit in relationship to altitude. The graph clearly demonstrates two separate boomerang shaped curves: one indicating ascent temperature and the other descent temperature. It may be easier to analyze them if they are broken into separate ascent and descent graphs. 


Altitude vs Time (Ascent)

 (
Figure 10.7
)

The above graph shows the temperature relative to altitude during the ascent phase. The temperature was recorded by the onboard weather station and stored by the BSE program. It is important to note that an anomaly was discovered in the data from approximately the first 9000 ft, in which the temperature appeared to rise and then fall, so data from this section was included. The data for the rest of the ascent phase, however, matches our predictions accurately. We can see the temperature fall steadily as the balloon transitions through the troposphere, and then rise as it moves through the stratosphere. The highest point on the graph occurs just prior to burst.  


Altitude vs Time (Descent)
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Figure 10.8
)

After burst, the temperature falls dramatically. This indicates the balloon’s path through the stratosphere. The temperature climbs as it falls through the stratosphere, before leveling off near the ground. 


HOBO Temperature Data

 (
Figure 10.9
)

The graph above plots data collected from the HOBO temperature probes and transmitted through the Zigbee radio. One temperature probe (blue) was positioned outside of the box and the other probe placed inside. We can clearly see that as the temperature falls in the same manner as demonstrated in the BSE graphs above, the internal temperature remains slightly higher, at least until both temperatures level off after landing. The troubling aspect, however, is exactly how cold the interior of the box became: over 40 degrees below zero. While we would expect some cooling, the resistive heater should not have allowed for this low of a drop in temperature. This may indicate a failure by the heater or a failure to turn on the heater before launch. The second theory (failure to turn on the heater) seems more likely, as we would expect to see a sudden rise in interior temperature shortly after the heater was turned on. As we can see, this is not observed on the graph, so it is likely the heater was never turned on. 


Balloon Size
In order to calculate the diameter of the balloon relative to its original diameter, we had to account for the fact that as the balloon increased in size so did its distance from the camera. This phenomenon made the balloon appear to be smaller than it actually. We used paper with even spacing to measure the balloons apparent diameter every 5 minutes, starting when the balloon launched.  Then we divided the apparent number of spacing but the original number to obtain an apparent relative size. Below is a diagram to help explain our geometric correction.  
 (
Figure 10.10
)[image: ]
The blue line represents the plane in which the original radius lies and all subsequent balloon radii appear to lie. Using similar triangles we come up with the following equality:
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Figure 10.11
)We can solve this for R actual in terms of R apparent (Length and R original are know) to obtain a corrected relative radius. This larger the balloon got the more important this correction became.  The following graph shows that as time increases (and therefore balloon radius increases) so does the difference between R apparent and R actual.
 (
R Actual
R Apparent
)
The red dots are R actual and the blue dots are R apparent. The units on the x-axis are minutes after launch and the units on the y-axis are actual radius divided by original radius.
Since we had the corrected radius we plotted relative radius vs. altitude and relative volume vs. altitude. 
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)
In both graphs the units of the x-axis are feet above sea level. In the graph of radius vs. altitude the units on the y-axis are radius divided by original radius. In the volume vs. altitude graph the units on the y-axis are (radius/original radius)^3 or volume divided by original volume.
Perhaps our most interesting analysis dealing with balloon size was to confirm the ideal gas law, PV=nRT. This relationship implies that volume is proportional to temperature and inversely proportional to pressure. This means that a graph of volume vs. temperature/pressure should produce a linear fit. The graph below shows that the relationships implied by the ideal gas law are valid.
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Figure 10.14
)

The units on the x-axis are temperature (in Kelvin) divided by pressure (in mb). The units on the y-axis are volume divided by original volume.
Note: For our data we measured the temperature and pressure outside the balloon, not inside. However, the air inside the balloon is heated or cooled to match the outside temperature and as we predicted and team Galactic Gopher showed, pressure outside and inside the balloon are very close. 
Also, Dr. James Flaten deserves credit for helping us understand the geometric corrections for balloon radius.


Balloon Pictures
	These pictures are taken from our up facing Flip video camera. From them we examined the size of the balloon. 
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Figure 10.15
)Radiation

The above graph shows the change in radiation as you go up in altitude. Our hypothesis going into the experiment was: “Radiation increases with an increase in altitude.” This hypothesis seemed to make sense because as you float higher up in the atmosphere, and the density decreases, so should the radiation shielding. The Geiger counts follow this trend up to about 70000 feet, at which point the radiation counts begin to decrease again. This may be because at altitudes of 60000-70000 feet, the high concentration of ozone scatters the radiation, increasing exposure from all directions. While above 70000 feet the ozone concentration is lower, so the overall exposure is less.  


[image: ]Bacterial Results
 (
Bacteria colonies 1 day after inoculation
)The bacteria Serratia marcescens were exposed to the radiation in near space on our payload as it rose through the stratosphere. Three petri dishes containing these bacteria were on our payload box, one on the outside, and two on the inside, one of which was covered in approximately four layers of tin foil. There were also three control plates of bacteria that were kept at room temperature and stored in the lab.
[image: ] The bacteria were examined about 48 hours after the flight. The petri dish that was on the outside of the payload did not provide us with results because the growth agar on the shriveled due to the vibrations and landing.  Both of the petri dishes that were on the inside of the payload survived, and showed growth of small white colonies. The plates were allowed to grow for another 48 hours so that these white colonies could grow and be examined more easily. 
[image: ] (
This is the way the bacterial colonies looked on the morning of the flight
)The white colonies did not look as we expected them to be with white streaks extending from the in a line in the colony. Instead the colonies were slightly smaller, and were completely white. This result brought about some questions about whether these colonies were actually mutated Serratia, of if they were some kind of contamination of other bacteria, or possibly some other unexpected result.  Whether the white colonies were an anomolous result or not is not completely clear, but we do have some evidence to show that the colonies were actually Serratia, and were possibly mutated:
1.  (
White Colonies (possibly of Serratia)
)[image: ]A possible reason for the colonies being completely white instead of streaked is that the bacteria in a colony are constantly dividing.  Each single bacterium does not have a very long lifespan, from a few hours to a few days. If bacteria in the white colonies had been mutated then it is possible that the red colonies that hadn’t been mutated died out and the colonies that had mutated white passed on their white color to their offspring.
2.  (
White colonies on streak plate
)[image: ]All three of our control plates did not have any white colonies form. This is an indication that at least something different must have occurred on the plates that went on the flight.
3.  (
Control Plate (no white colonies)
)[image: ][image: ]Samples of the white colonies were taken and streaked onto clean agar plates. On these new plates the bacteria are allowed to grow as a test to see if they will have the white color indicating the mutation. These white colony samples showed many more white colonies forming on the streaked plate, but red colonies also grew. The expected results were that all colonies on the streaked plates would have the white mutant color. We reason that red colonies grew on these new plates because of a mechanism in bacteria called the “light repair mechanism.” Extended exposure to UV light, such as just sitting out in the sun, activates an enzyme in the bacteria that does a “spell check” of the bacteria’s DNA. This enzyme activates a repair mechanism which will correct the mutation in the Serratia’s DNA. We suspect that some of our mutant Serratia had repairs in its DNA, and that is why not all of the colonies on the streak plates were white. But because of this change back to the characteristic red color of Serratia we were able to know that the colonies that were white on the flight plates were actually colonies of Serratia. The streak plate bacteria also had the characteristic smell that growing Serratia produces further proof that the white colonies were Serratia.
4.  There was also a fairly high quantity of white colonies that formed on these streaked plates. The plates that we used as control did not have any white colonies form, showing that spontaneous mutations in Serratia (ones that might occur just to the randomness of the bacteria replication, and not from radiation exposure) are a very rare occurrence. Because of this comparison we can see that the streak plate Serratia are not growing normally, and the reason for this abnormality is likely due to the radiation exposure.
 (
Red colonies on streak plate
)[image: ]We encountered an unexpected result when we also made a streak plate of red colonies from the flight plates that also contained the white mutant colonies. We expected this would show that the red colonies did not contain any mutations, and would just continue growing red on these plates. But the red colonies that were restreaked actually formed some white colonies as well. This result is surprising because it shows that even though the colonies only appeared red on the flight plates, mutations had probably occurred in them as w ell causing some of these mutated bacteria to form white colonies. 


11.0  Conclusions and Lessons Learned
	On our payload’s two trips to near space we had a few things go wrong and many things go right. Despite some minor technical setbacks, we managed to recover some cool and, most importantly, usable data.
Flight 1:
	  On this flight we had on board the standard pressure, relative humidity and internal/external temperature sensors, a “looking up” camera to record the expansion of Galactic Gophers balloon, three Petri dishes of the bacteria Serratia marcescens, one on the outside of the payload and two on the inside, and a Geiger counter. As well as our flight computer and weather station, HOBO, heater and Zigbee radio. All of our equipment stayed functional throughout the flight however, due to a mix-up in the Zigbee identification numbers, the readings from our Geiger counter were not transmitted to the ground. Also, because our payload was not far enough away from that of Galactic Gophers, we were not able to observe the expansion of their small balloon. Our bacterial experiment worked fairly well, however at some point during the flight or landing the bacterial culture on the outside of our payload collapsed into an unusable mess. Fortunately the bacteria on the inside of the payload were still usable. We also did get usable data from both the weather station and the HOBO.  
Flight 2:
	On this flight we had the same instruments as on the first flight with the addition of a “looking down” camera to view the ground as the payload rose. Because we were assured a low spot on the stack this time, we decided to take measurements of the expansion of the main balloon with our other camera, in addition to observing Galactic Gopher’s balloon. This time our Geiger data was successfully transmitted to the ground and, again, our HOBO and weather station data was fairly complete and usable. Also, we were able to see both Galactic Gopher’s balloon and the main balloon to monitor the expansion rate. On the down side, our heater failed shortly into the flight and the internal temperature of our payload bottomed out at a little under    -40 degrees Fahrenheit. Luckily all of our equipment survived the extremely cold temperatures. Our bacteria however did not. The culture attached to the outside of the payload was completely dried up and the cultures on the inside were barely usable. We think that this was caused by a lower relative humidity on this flight, in conjunction with the heater failure. We also discovered after recovering the payload that our “looking down” camera had not recorded any video throughout the entire flight. We think that the camera may not have been turned on in the preflight setup. Because there were fewer people to help prepare the stack, Alex, the only member from our team to go along on the second flight, was not the one to get our payload ready for flight. We think that in the confusion, whoever prepared our box failed to press the power button.
With data from both flights we have confirmed the hypotheses that we went into the flight with. Namely that temperature and relative humidity vary with altitude, pressure decreases and balloon size increases with altitude, radiation increases with altitude, and that bacteria are affected by exposure to radiation. 
	From all of the experiences we had with the successes and failures of the equipment and experiments on these flights, we have learned to check equipment before flight and to take charge of preflight preparation of the payload to try and prevent simple malfunctions that may “balloon” into larger problems mid flight. Our words of wisdom to those hoping to partake in a near-space mission are:
· Communication is key to ensuring effective and efficient teamwork
· Don't be afraid to think outside the box and pursue areas you are interested in, don't just do what everyone else is doing
· Just because a piece of equipment has worked well in the past, always double check to make sure it is in working condition before flight
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13.0  Appendix: Program Listings

Flight Computer

' File: FreshmanSeminarFlightCodever3 (used Fall 2010)

symbol record=w0  'This is the section where the variables are declared
symbol index=w1
symbol value=b4

BalloonSat:
  symbol Max_ADC = 2                     ' maximum adc channel usedstarting with 0
  symbol Mission_Delay = 15000           ' length of pause in mission loop 15 seconds

Mission_Prep:
  i2cslave %10100000,i2cfast,i2cword     ' set memory speed to 400 kHz
  if pin7 = 1 then Download_Data 	     'and one word records


flashed:					'this section is the section that waits   
high  3					'for commit pin to be pulled
pause 1000					'the flahser is also in this section  
low 3						' it flashes at a specific rate
pause 1000
if pin7=0 then flashed


Mission:			' will change pattern of flashing when data is being taken
  
  gosub Analog                              ' collect analog voltages
  write 0,record                            ' store the number of records collected
  gosub On_Flash                      ' pause.....
  
  goto Mission                              ' ....before starting all over


Analog:
  for index = 0 to Max_ADC             ' loop for number of analog voltages to record
    readadc index,value                ' get next adc value
    gosub Record_Data                  ' go store the value
  next                                 ' until last voltage is recorded
  return                               ' return to main mission loop


Record_Data:
  if record = 3000 then End_Mission  ' check that aren't writing too many records to memory
  record = record + 1                 ' increment record number
  low 0                               ' unwrite protect memory
  writei2c record,(value)             ' write the next record to memory
  pause 10                            ' wait 10 ms for write
  high 0                             ' write protect memory
  return                             ' return to the calling calling subroutine

On_Flash:
	high 3 
	pause 1000				'flash twice than a long pause
	low 3 
	pause 500
	high 3
	pause 1000
	low 3 
	pause 12500
return 


Download_Data:
sertxd ( cr,lf)
sertxd (cr,lf)
sertxd ("Welcome to Balloonsat Easy Data Download Routine ",cr,lf)
sertxd ("Data Download will be in 3 seperate interface sections",Cr,lf)
sertxd ("After the data section is completed copy input buffer to a text file",Cr,lf)
sertxd ("Then clear input buffer and replace the commit pin when read back resumes remove commit pin ",Cr,lf)
Sertxd (" Clear the input buffer and replace the commit pin")

gosub flasher
   
sertxd ("Data section 1 of 3",Cr,lf)  

  for record = 1 to 1000  
       
  	  readi2c record,(value)                       ' read the recorded record
  	  sertxd (#value,",")                         ' serial out the data record
  	  record = record + 1
  	 
  	  readi2c record,(value)                       ' read the recorded record
  	  sertxd (#value,",")                         ' serial out the data record
  	  record = record +1
  
   	  readi2c record,(value)                       ' read the recorded record
    	  sertxd (#value,Cr,lf)                         ' serial out the data record
   next
   sertxd ("Data section 1 of 3 Complete",Cr,lf) 	
gosub flasher

sertxd (Cr,lf)  
 sertxd ("Data section 2 of 3 ",Cr,lf)  
    
 
 for record = 1000 to 2000  
       
  	  readi2c record,(value)                       ' read the recorded record
  	  sertxd (#value,",")                         ' serial out the data record
  	  record = record + 1
  	 
  	  readi2c record,(value)                       ' read the recorded record
  	  sertxd (#value,",")                         ' serial out the data record
  	  record = record +1
  
   	  readi2c record,(value)                       ' read the recorded record
    	  sertxd (#value,Cr,lf)                         ' serial out the data record
    
      next	
       sertxd ("Data section 2 of 3 Complete",Cr,lf) 
    gosub flasher							' waits to replace the commit pin 
    									' than remove commit pin
sertxd (Cr,lf)  
 sertxd ("Data section 3 of 3 ",Cr,lf) 
    
    for record = 1999 to 3000  
         
  	  readi2c record,(value)                       ' read the recorded record
  	  sertxd (#value,",")                         ' serial out the data record
  	  record = record + 1
  	 
  	  readi2c record,(value)                       ' read the recorded record
  	  sertxd (#value,",")                         ' serial out the data record
  	  record = record +1
  
   	  readi2c record,(value)                       ' read the recorded record
    	  sertxd (#value,Cr,lf)                         ' serial out the data record
     
   next
    sertxd ("Data section 3 of 3 Complete",Cr,lf) 	
 gosub flasher	
   
sertxd (Cr,lf)  
sertxd ("Data Download Complete",Cr,lf)                  ' until last data record read out
gosub LT_down


LT_down:
	high 3					'flash 3 times than pause 
	Pause 1000					'signifies completed  
	low 3 					' download data
	pause 500
	high 3
	pause 1000
	low 3
	pause 500 
	high 3
	pause 1000
	low 3 
	pause 10000
   Goto LT_down 
   
    flasher:                   
 	pause 1000               
    	if pin7=1 then flasher			'waits the for commit pin
    	return 




End_Mission:	'this is if data was recorded during the whole flight  
	low 3 		' this shows that the memory is full 	
	pause 10000		' and that the flight computer functioned properly for the flight
	high 3
	pause 1000
   goto End_Mission


'this program has a problem 
' it writes the record location to internal memory not to the 
' 16 bit 1 word memory chip on the balloonsat easy 2.0 flight computer board 
'there forethe data should exist for any 
  
  
  end                                           ' end of mission

	Our payload included a Paul Verhage designed flight computer. This computer was programmed to take voltage data from our weather station which was measuring temperature, pressure and relative humidity. The computer’s program told it to record the measurements from each of these instruments every 15 seconds. This data is stored into the computer’s memory so that it can be retrieved after the flight. The program is set up so that it does not start recording data until the computer is turned on and the commit pin is pulled. This ensures that the computers are much more difficult to start accidentally, so they will only start recording just prior to a flight. One thing to note about this program is that the when the commit pin is reinserted into the flight computer it is possible for the computer to overwrite the data that has been previously recorded; the computer also will start overwriting the oldest data points if it is left recording longer than its memory can hold. 
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Altitude (ft)

BSE Data
Altitude vs. Relative Humidity
v	46.648185483870968	47.278225806451694	48.538306451612797	47.278225806451694	46.648185483870968	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	40.977822580645039	40.977822580645039	40.977822580645039	40.34778225806442	-25.806451612903228	-25.806451612903228	-25.806451612903228	39.087701612903224	39.087701612903224	-25.806451612903228	40.34778225806442	-25.806451612903228	40.977822580645039	40.977822580645039	41.607862903225808	-25.806451612903228	32.787298387096776	18.926411290322527	17.036290322580644	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	20.816532258064516	30.897177419354879	33.417338709677395	32.787298387096776	31.527217741935484	32.15725806451605	30.267137096774189	30.897177419354879	30.267137096774189	-25.806451612903228	-25.806451612903228	30.897177419354879	29.637096774193548	-25.806451612903228	-25.806451612903228	20.816532258064516	-3.7550403225806468	14.516129032258064	17.666330645161207	22.076612903225744	25.226814516128993	26.486895161290331	27.116935483871018	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	27.116935483871018	-25.806451612903228	-25.806451612903228	26.486895161290331	25.85685483870969	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	18.926411290322527	17.036290322580644	-19.50604838709679	-25.176411290322584	15.146169354838708	16.40625	16.40625	-25.806451612903228	17.036290322580644	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	15.776209677419354	15.776209677419354	-25.806451612903228	-25.806451612903228	15.146169354838708	15.146169354838708	15.146169354838708	-25.806451612903228	15.146169354838708	-25.806451612903228	15.776209677419354	-25.806451612903228	13.88608870967742	13.256048387096769	-25.806451612903228	-25.806451612903228	13.256048387096769	12.626008064516107	-25.806451612903228	2.5201612903224476E-2	12.626008064516107	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	11.995967741935468	11.365927419354852	11.365927419354852	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	11.365927419354852	11.365927419354852	10.735887096774192	10.735887096774192	-25.806451612903228	10.735887096774192	-25.806451612903228	10.735887096774192	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	9.475806451612927	9.475806451612927	-25.806451612903228	9.475806451612927	9.475806451612927	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	8.2157258064516121	-25.806451612903228	8.8457661290322562	8.2157258064516121	8.2157258064516121	8.8457661290322562	-25.806451612903228	7.5856854838709724	-25.806451612903228	-25.806451612903228	7.5856854838709724	2.5453629032257994	-25.806451612903228	6.9556451612903327	7.5856854838709724	6.9556451612903327	-23.286290322580626	-25.806451612903228	-25.806451612903228	6.9556451612903327	7.5856854838709724	7.5856854838709724	7.5856854838709724	6.9556451612903327	6.9556451612903327	-25.806451612903228	6.9556451612903327	-25.806451612903228	-25.806451612903228	6.9556451612903327	2.5201612903224476E-2	-25.806451612903228	6.9556451612903327	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	6.9556451612903327	-25.806451612903228	-25.806451612903228	-25.806451612903228	6.9556451612903327	-25.806451612903228	6.3256048387096664	-25.806451612903228	6.3256048387096664	6.9556451612903327	-25.806451612903228	5.695564516129016	6.9556451612903327	6.9556451612903327	-25.806451612903228	6.3256048387096664	5.695564516129016	6.3256048387096664	6.3256048387096664	6.9556451612903327	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	-25.806451612903228	-7.5352822580645178	-25.806451612903228	6.3256048387096664	5.695564516129016	-25.806451612903228	-25.806451612903228	-25.806451612903228	5.695564516129016	6.3256048387096664	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	6.3256048387096664	-25.806451612903228	6.3256048387096664	-1.8649193548387135	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	6.3256048387096664	5.695564516129016	-25.806451612903228	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	5.695564516129016	6.3256048387096664	6.3256048387096664	6.3256048387096664	-25.806451612903228	-25.806451612903228	-25.806451612903228	5.695564516129016	6.3256048387096664	6.3256048387096664	-25.806451612903228	5.695564516129016	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	5.695564516129016	-25.806451612903228	-25.806451612903228	5.695564516129016	6.3256048387096664	6.3256048387096664	5.695564516129016	5.695564516129016	6.3256048387096664	5.695564516129016	5.695564516129016	-25.806451612903228	-25.806451612903228	6.3256048387096664	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	-25.806451612903228	-6.9052419354838923	0.65524193548387299	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.9556451612903327	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	5.695564516129016	-25.806451612903228	5.0655241935483861	5.0655241935483861	4.4354838709677376	-25.806451612903228	3.8054435483870952	-25.806451612903228	4.4354838709677376	4.4354838709677376	3.8054435483870952	-25.806451612903228	-25.806451612903228	3.8054435483870952	4.4354838709677376	3.8054435483870952	3.8054435483870952	-25.806451612903228	-25.806451612903228	3.8054435483870952	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	3.8054435483870952	-25.806451612903228	-25.806451612903228	4.4354838709677376	-25.806451612903228	4.4354838709677376	4.4354838709677376	-25.806451612903228	-25.806451612903228	-25.806451612903228	4.4354838709677376	4.4354838709677376	-25.806451612903228	-25.806451612903228	4.4354838709677376	-25.806451612903228	3.8054435483870952	4.4354838709677376	-25.806451612903228	5.0655241935483861	5.695564516129016	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	8.2157258064516121	-25.806451612903228	1.9153225806451599	-25.806451612903228	15.146169354838708	-25.806451612903228	18.296370967741929	20.816532258064516	-25.806451612903228	-25.806451612903228	-25.806451612903228	30.267137096774189	-25.806451612903228	35.307459677419217	39.087701612903224	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	52.318548387096776	54.208669354838712	56.098790322580818	56.728830645161395	-25.806451612903228	-25.806451612903228	57.988911290322577	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	58.618951612903231	61.139112903225964	-25.806451612903228	-25.806451612903228	67.439516129032327	-25.806451612903228	72.479838709677409	-25.806451612903228	76.260080645161295	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	46.648185483870968	51.058467741935445	-25.806451612903228	58.618951612903231	-25.806451612903228	9.475806451612927	66.179435483870918	-25.806451612903228	63.029233870967836	-25.806451612903228	64.289314516128798	3.1754032258064502	-25.806451612903228	62.399193548387103	56.098790322580818	62.399193548387103	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-16.355846774193552	31.527217741935484	-25.806451612903228	-25.806451612903228	51.058467741935445	-25.806451612903228	-25.806451612903228	-25.806451612903228	49.798387096774213	-25.806451612903228	-25.806451612903228	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	1128.325	1450.1499999999999	1771.9749999999999	2093.8000000000002	2415.625	2737.4500000000012	3059.2750000000001	3381.1	3702.9249999999997	4024.75	4346.5749999999998	4668.4000000000005	4990.2250000000013	5312.05	5633.875	5955.7	6277.5250000000024	6599.3500000000013	6921.1750000000002	7243	7564.8250000000044	7886.6500000000024	8208.4749999999713	8530.2999999999811	8852.125	9173.9499999999753	9495.7749999999851	9817.6	10139.424999999987	10461.25	10783.074999999983	11104.9	11426.725	11748.55	12070.374999999978	12392.199999999983	12714.025	13035.84999999998	13357.674999999987	13679.5	14001.324999999983	14323.15	14644.97499999998	14966.8	15288.625	15610.449999999983	15932.275	16254.099999999979	16575.924999999999	16897.75	17219.575000000001	17541.399999999951	17863.224999999999	18185.05	18506.875	18828.7	19150.524999999998	19472.349999999955	19794.174999999996	20116	20437.825000000001	20759.649999999951	21081.474999999999	21403.3	21725.125	22046.95	22368.774999999998	22690.6	23012.424999999999	23334.25	23656.075000000001	23977.899999999951	24299.724999999999	24621.55	24943.375	25265.200000000001	25587.024999999998	25908.85	26230.674999999996	26552.5	26874.325000000001	27196.149999999951	27517.974999999999	27839.8	28161.625	28483.45	28805.274999999998	29127.1	29448.924999999999	29770.75	30092.575000000001	30414.399999999951	30736.224999999999	31058.05	31379.875	31701.699999999946	32023.524999999998	32345.35	32667.174999999996	32989	33310.825000000004	33632.65	33954.475000000006	34276.299999999996	34598.124999999993	34919.950000000012	35241.774999999994	35563.599999999999	35885.425000000003	36207.25	36529.075000000004	36850.9	37172.724999999999	37494.550000000003	37816.375	38138.199999999997	38460.024999999994	38781.850000000013	39103.675000000003	39425.5	39747.325000000004	40069.15	40390.975000000006	40712.799999999996	41034.624999999993	41356.450000000012	41678.274999999994	41709.159999999996	41923.567500000005	42137.975000000006	42352.382500000043	42566.789999999994	42781.197499999995	42995.605000000003	43210.012500000012	43424.42	43638.827499999999	43853.234999999993	44067.642500000002	44282.05	44496.457500000011	44710.865000000005	44925.272499999999	45139.68	45354.087500000001	45568.495000000003	45782.902500000011	45997.310000000012	46211.717499999999	46426.124999999993	46640.532500000001	46854.94	47069.347500000003	47283.755000000005	47498.162499999999	47712.57	47926.977500000001	48141.385000000002	48355.792499999996	48570.2	48784.607499999998	48999.015000000007	49213.422500000001	49427.83	49642.237499999996	49856.645000000004	50071.052500000013	50285.46	50499.8675	50714.274999999994	50928.682500000003	51143.09	51357.497499999998	51571.905000000006	51786.31250000008	52000.719999999994	52215.127499999995	52429.535000000003	52643.942500000012	52858.350000000013	53072.7575	53287.164999999994	53501.572500000002	53715.98	53930.387500000012	54144.794999999998	54359.202499999999	54573.61	54788.017500000002	55002.424999999996	55216.832500000011	55431.24	55645.647499999999	55860.055	56074.462500000001	56288.87	56503.277499999997	56717.685000000005	56932.092499999999	57146.5	57360.907500000001	57575.315000000002	57789.722499999996	58004.13	58218.537499999999	58432.945	58647.352500000088	58861.759999999995	59076.167499999996	59290.575000000004	59504.982500000013	59719.39	59933.797499999986	60148.204999999994	60362.612500000003	60577.02	60791.427499999998	61005.835000000006	61220.2425	61434.65	61649.057500000003	61863.465000000004	62077.872500000012	62292.28	62506.6875	62721.094999999994	62935.502500000002	63149.91	63364.317500000012	63578.724999999999	63793.1325	64007.54	64221.947500000002	64436.355000000003	64650.762499999997	64865.17	65079.577499999999	65293.985000000001	65508.392500000002	65722.8	65937.20749999999	66151.614999999991	66366.022499999992	66580.429999999993	66794.837499999994	67009.244999999908	67223.652499999997	67438.06	67652.467499999999	67866.875000000087	68081.282499999972	68295.69	68510.097499999989	68724.505000000005	68938.912499999948	69153.320000000007	69367.727500000008	69582.135000000024	69796.542499999938	70010.95	70225.357500000013	70439.764999999999	70654.172500000001	70868.58	71082.987499999988	71297.39499999999	71511.802499999991	71726.209999999992	71940.617499999993	72155.024999999994	72369.432499999908	72583.839999999997	72798.247499999998	73012.655000000057	73227.062499999971	73441.47	73655.877500000002	72475.407793875769	71171.054460868487	69896.220000002519	68650.219590868801	67432.376833876348	66242.023750242006	65078.500782001654	63941.156791994348	62829.349063877016	61742.443302119151	60679.81363200218	59640.842599617317	58624.921171877526	57631.448736494567	56659.833102000877	55709.490497743704	54779.845573876155	53870.331401368596	52980.389472002193	52109.469698367626	51257.030413877204	50422.538372743882	49605.468750001855	48805.305141493678	48021.539563877508	47253.672454617874	46501.212672002614	45763.677495118194	45040.592623876408	44331.492178995162	43635.918702000752	42953.42315524444	42283.564921876416	41625.911805868149	40980.040032001205	40345.534245869145	39721.987513877539	39109.001323243596	38506.185582000755	37913.158618994217	37329.547183876857	36754.986447118223	36189.120000000985	35631.599854618304	35082.08644387871	34540.248621495441	34005.76366200098	33478.317260742202	32957.60353387706	32443.325018368658	31935.192672001154	31432.925873370841	30936.252421878256	30444.90853774175	29958.638862002641	29477.196456495629	29000.342803876847	28527.847807619721	28059.489792004275	27595.055502120405	27134.340103875846	26677.147183991969	26223.288750004071	25772.585230242461	25324.865473875729	24879.966750867665	24437.734752003103	23998.023588869717	23560.695793878287	23125.622320245911	22692.682542003691	22261.764253992587	21832.763671878696	21405.585432119715	20980.142592005432	20556.356629617512	20134.15744387727	19713.483354493979	19294.281102001714	18876.505847744669	18460.121173877222	18045.099083371457	17631.420000001788	17219.072768371487	16808.054653879215	16398.371342748404	15990.036942005157	15583.073979496949	15177.513403877616	14773.394584618509	14370.765312001109	13969.681797120738	13570.208671879032	13172.418988995249	12776.394222002476	12382.224265247592	11990.007433876395	11599.850463870913	11211.868512004607	10826.185155872256	10442.932393874973	10062.250645246357	9684.2887500040288	9309.2039689980447	8937.1619838773986	8568.3368971198797	8202.9112320020795	7841.0759326219559	7483.0303638800979	7128.9823114946494	6779.1479820050299	6433.7520027458704	6093.0274218767954	5757.2157083675274	5426.5667520053694	5101.3388633690774	4781.7987738773227	4468.2216357439866	4160.8910220041944	3860.0989264920354	3566.1457638777792	3279.3403696194291	3000.0000000037253	2728.4503321200659	2465.0254638791102	2210.0679139941972	1963.9286220036461	1726.9669482409954	1499.5506738759577	1282.0560008734458	1074.8675520047561	878.37837086990555	692.98992187529791	519.11209024861455	357.16318200528622	207.56992399319998	70.767463877797127	Relative Humidity (%)

Altitude (ft)

BSE Data
Altitude vs. Relative Humidity Descent
v	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	5.695564516129016	-25.806451612903228	5.0655241935483861	5.0655241935483861	4.4354838709677376	-25.806451612903228	3.8054435483870952	-25.806451612903228	4.4354838709677376	4.4354838709677376	3.8054435483870952	-25.806451612903228	-25.806451612903228	3.8054435483870952	4.4354838709677376	3.8054435483870952	3.8054435483870952	-25.806451612903228	-25.806451612903228	3.8054435483870952	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	3.8054435483870952	-25.806451612903228	-25.806451612903228	4.4354838709677376	-25.806451612903228	4.4354838709677376	4.4354838709677376	-25.806451612903228	-25.806451612903228	-25.806451612903228	4.4354838709677376	4.4354838709677376	-25.806451612903228	-25.806451612903228	4.4354838709677376	-25.806451612903228	3.8054435483870952	4.4354838709677376	-25.806451612903228	5.0655241935483861	5.695564516129016	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	8.2157258064516121	-25.806451612903228	1.9153225806451599	-25.806451612903228	15.146169354838708	-25.806451612903228	18.296370967741929	20.816532258064516	-25.806451612903228	-25.806451612903228	-25.806451612903228	30.267137096774189	-25.806451612903228	35.307459677419217	39.087701612903224	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	52.318548387096776	54.208669354838712	56.098790322580818	56.728830645161395	-25.806451612903228	-25.806451612903228	57.988911290322577	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	58.618951612903231	61.139112903225964	-25.806451612903228	-25.806451612903228	67.439516129032327	-25.806451612903228	72.479838709677409	-25.806451612903228	76.260080645161295	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	46.648185483870968	51.058467741935445	-25.806451612903228	58.618951612903231	-25.806451612903228	9.475806451612927	66.179435483870918	-25.806451612903228	63.029233870967836	-25.806451612903228	64.289314516128798	3.1754032258064502	-25.806451612903228	62.399193548387103	56.098790322580818	62.399193548387103	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-16.355846774193552	31.527217741935484	-25.806451612903228	-25.806451612903228	51.058467741935445	-25.806451612903228	-25.806451612903228	-25.806451612903228	49.798387096774213	-25.806451612903228	-25.806451612903228	72475.407793875769	71171.054460868487	69896.220000002519	68650.219590868801	67432.376833876348	66242.023750242006	65078.500782001654	63941.156791994348	62829.349063877016	61742.443302119151	60679.81363200218	59640.842599617317	58624.921171877526	57631.448736494567	56659.833102000877	55709.490497743704	54779.845573876155	53870.331401368596	52980.389472002193	52109.469698367626	51257.030413877204	50422.538372743882	49605.468750001855	48805.305141493678	48021.539563877508	47253.672454617874	46501.212672002614	45763.677495118194	45040.592623876408	44331.492178995162	43635.918702000752	42953.42315524444	42283.564921876416	41625.911805868149	40980.040032001205	40345.534245869145	39721.987513877539	39109.001323243596	38506.185582000755	37913.158618994217	37329.547183876857	36754.986447118223	36189.120000000985	35631.599854618304	35082.08644387871	34540.248621495441	34005.76366200098	33478.317260742202	32957.60353387706	32443.325018368658	31935.192672001154	31432.925873370841	30936.252421878256	30444.90853774175	29958.638862002641	29477.196456495629	29000.342803876847	28527.847807619721	28059.489792004275	27595.055502120405	27134.340103875846	26677.147183991969	26223.288750004071	25772.585230242461	25324.865473875729	24879.966750867665	24437.734752003103	23998.023588869717	23560.695793878287	23125.622320245911	22692.682542003691	22261.764253992587	21832.763671878696	21405.585432119715	20980.142592005432	20556.356629617512	20134.15744387727	19713.483354493979	19294.281102001714	18876.505847744669	18460.121173877222	18045.099083371457	17631.420000001788	17219.072768371487	16808.054653879215	16398.371342748404	15990.036942005157	15583.073979496949	15177.513403877616	14773.394584618509	14370.765312001109	13969.681797120738	13570.208671879032	13172.418988995249	12776.394222002476	12382.224265247592	11990.007433876395	11599.850463870913	11211.868512004607	10826.185155872256	10442.932393874973	10062.250645246357	9684.2887500040288	9309.2039689980447	8937.1619838773986	8568.3368971198797	8202.9112320020795	7841.0759326219559	7483.0303638800979	7128.9823114946494	6779.1479820050299	6433.7520027458704	6093.0274218767954	5757.2157083675274	5426.5667520053694	5101.3388633690774	4781.7987738773227	4468.2216357439866	4160.8910220041944	3860.0989264920354	3566.1457638777792	3279.3403696194291	3000.0000000037253	2728.4503321200659	2465.0254638791102	2210.0679139941972	1963.9286220036461	1726.9669482409954	1499.5506738759577	1282.0560008734458	1074.8675520047561	878.37837086990555	692.98992187529791	519.11209024861455	357.16318200528622	207.56992399319998	70.767463877797127	Relative Humidity (%)

Altitude (ft)

BSE Data
Altitude vs. Relative Humidity Ascent
v	46.648185483870968	47.278225806451694	48.538306451612797	47.278225806451694	46.648185483870968	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	40.977822580645039	40.977822580645039	40.977822580645039	40.34778225806442	-25.806451612903228	-25.806451612903228	-25.806451612903228	39.087701612903224	39.087701612903224	-25.806451612903228	40.34778225806442	-25.806451612903228	40.977822580645039	40.977822580645039	41.607862903225808	-25.806451612903228	32.787298387096776	18.926411290322527	17.036290322580644	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	20.816532258064516	30.897177419354879	33.417338709677395	32.787298387096776	31.527217741935484	32.15725806451605	30.267137096774189	30.897177419354879	30.267137096774189	-25.806451612903228	-25.806451612903228	30.897177419354879	29.637096774193548	-25.806451612903228	-25.806451612903228	20.816532258064516	-3.7550403225806468	14.516129032258064	17.666330645161207	22.076612903225744	25.226814516128993	26.486895161290331	27.116935483871018	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	27.116935483871018	-25.806451612903228	-25.806451612903228	26.486895161290331	25.85685483870969	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	18.926411290322527	17.036290322580644	-19.50604838709679	-25.176411290322584	15.146169354838708	16.40625	16.40625	-25.806451612903228	17.036290322580644	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	15.776209677419354	15.776209677419354	-25.806451612903228	-25.806451612903228	15.146169354838708	15.146169354838708	15.146169354838708	-25.806451612903228	15.146169354838708	-25.806451612903228	15.776209677419354	-25.806451612903228	13.88608870967742	13.256048387096769	-25.806451612903228	-25.806451612903228	13.256048387096769	12.626008064516107	-25.806451612903228	2.5201612903224476E-2	12.626008064516107	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	11.995967741935468	11.365927419354852	11.365927419354852	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	11.365927419354852	11.365927419354852	10.735887096774192	10.735887096774192	-25.806451612903228	10.735887096774192	-25.806451612903228	10.735887096774192	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	9.475806451612927	9.475806451612927	-25.806451612903228	9.475806451612927	9.475806451612927	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	8.2157258064516121	-25.806451612903228	8.8457661290322562	8.2157258064516121	8.2157258064516121	8.8457661290322562	-25.806451612903228	7.5856854838709724	-25.806451612903228	-25.806451612903228	7.5856854838709724	2.5453629032257994	-25.806451612903228	6.9556451612903327	7.5856854838709724	6.9556451612903327	-23.286290322580626	-25.806451612903228	-25.806451612903228	6.9556451612903327	7.5856854838709724	7.5856854838709724	7.5856854838709724	6.9556451612903327	6.9556451612903327	-25.806451612903228	6.9556451612903327	-25.806451612903228	-25.806451612903228	6.9556451612903327	2.5201612903224476E-2	-25.806451612903228	6.9556451612903327	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	6.9556451612903327	-25.806451612903228	-25.806451612903228	-25.806451612903228	6.9556451612903327	-25.806451612903228	6.3256048387096664	-25.806451612903228	6.3256048387096664	6.9556451612903327	-25.806451612903228	5.695564516129016	6.9556451612903327	6.9556451612903327	-25.806451612903228	6.3256048387096664	5.695564516129016	6.3256048387096664	6.3256048387096664	6.9556451612903327	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	-25.806451612903228	-7.5352822580645178	-25.806451612903228	6.3256048387096664	5.695564516129016	-25.806451612903228	-25.806451612903228	-25.806451612903228	5.695564516129016	6.3256048387096664	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	6.3256048387096664	-25.806451612903228	6.3256048387096664	-1.8649193548387135	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	6.3256048387096664	5.695564516129016	-25.806451612903228	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	5.695564516129016	6.3256048387096664	6.3256048387096664	6.3256048387096664	-25.806451612903228	-25.806451612903228	-25.806451612903228	5.695564516129016	6.3256048387096664	6.3256048387096664	-25.806451612903228	5.695564516129016	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	5.695564516129016	-25.806451612903228	-25.806451612903228	5.695564516129016	6.3256048387096664	6.3256048387096664	5.695564516129016	5.695564516129016	6.3256048387096664	5.695564516129016	5.695564516129016	-25.806451612903228	-25.806451612903228	6.3256048387096664	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.3256048387096664	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	-25.806451612903228	-6.9052419354838923	0.65524193548387299	-25.806451612903228	6.3256048387096664	-25.806451612903228	-25.806451612903228	6.9556451612903327	-25.806451612903228	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	974.4	1128.325	1450.1499999999999	1771.9749999999999	2093.8000000000002	2415.625	2737.4500000000012	3059.2750000000001	3381.1	3702.9249999999997	4024.75	4346.5749999999998	4668.4000000000005	4990.2250000000013	5312.05	5633.875	5955.7	6277.5250000000024	6599.3500000000013	6921.1750000000002	7243	7564.8250000000044	7886.6500000000024	8208.4749999999713	8530.2999999999811	8852.125	9173.9499999999753	9495.7749999999851	9817.6	10139.424999999987	10461.25	10783.074999999983	11104.9	11426.725	11748.55	12070.374999999978	12392.199999999983	12714.025	13035.84999999998	13357.674999999987	13679.5	14001.324999999983	14323.15	14644.97499999998	14966.8	15288.625	15610.449999999983	15932.275	16254.099999999979	16575.924999999999	16897.75	17219.575000000001	17541.399999999951	17863.224999999999	18185.05	18506.875	18828.7	19150.524999999998	19472.349999999955	19794.174999999996	20116	20437.825000000001	20759.649999999951	21081.474999999999	21403.3	21725.125	22046.95	22368.774999999998	22690.6	23012.424999999999	23334.25	23656.075000000001	23977.899999999951	24299.724999999999	24621.55	24943.375	25265.200000000001	25587.024999999998	25908.85	26230.674999999996	26552.5	26874.325000000001	27196.149999999951	27517.974999999999	27839.8	28161.625	28483.45	28805.274999999998	29127.1	29448.924999999999	29770.75	30092.575000000001	30414.399999999951	30736.224999999999	31058.05	31379.875	31701.699999999946	32023.524999999998	32345.35	32667.174999999996	32989	33310.825000000004	33632.65	33954.475000000006	34276.299999999996	34598.124999999993	34919.950000000012	35241.774999999994	35563.599999999999	35885.425000000003	36207.25	36529.075000000004	36850.9	37172.724999999999	37494.550000000003	37816.375	38138.199999999997	38460.024999999994	38781.850000000013	39103.675000000003	39425.5	39747.325000000004	40069.15	40390.975000000006	40712.799999999996	41034.624999999993	41356.450000000012	41678.274999999994	41709.159999999996	41923.567500000005	42137.975000000006	42352.382500000043	42566.789999999994	42781.197499999995	42995.605000000003	43210.012500000012	43424.42	43638.827499999999	43853.234999999993	44067.642500000002	44282.05	44496.457500000011	44710.865000000005	44925.272499999999	45139.68	45354.087500000001	45568.495000000003	45782.902500000011	45997.310000000012	46211.717499999999	46426.124999999993	46640.532500000001	46854.94	47069.347500000003	47283.755000000005	47498.162499999999	47712.57	47926.977500000001	48141.385000000002	48355.792499999996	48570.2	48784.607499999998	48999.015000000007	49213.422500000001	49427.83	49642.237499999996	49856.645000000004	50071.052500000013	50285.46	50499.8675	50714.274999999994	50928.682500000003	51143.09	51357.497499999998	51571.905000000006	51786.31250000008	52000.719999999994	52215.127499999995	52429.535000000003	52643.942500000012	52858.350000000013	53072.7575	53287.164999999994	53501.572500000002	53715.98	53930.387500000012	54144.794999999998	54359.202499999999	54573.61	54788.017500000002	55002.424999999996	55216.832500000011	55431.24	55645.647499999999	55860.055	56074.462500000001	56288.87	56503.277499999997	56717.685000000005	56932.092499999999	57146.5	57360.907500000001	57575.315000000002	57789.722499999996	58004.13	58218.537499999999	58432.945	58647.352500000088	58861.759999999995	59076.167499999996	59290.575000000004	59504.982500000013	59719.39	59933.797499999986	60148.204999999994	60362.612500000003	60577.02	60791.427499999998	61005.835000000006	61220.2425	61434.65	61649.057500000003	61863.465000000004	62077.872500000012	62292.28	62506.6875	62721.094999999994	62935.502500000002	63149.91	63364.317500000012	63578.724999999999	63793.1325	64007.54	64221.947500000002	64436.355000000003	64650.762499999997	64865.17	65079.577499999999	65293.985000000001	65508.392500000002	65722.8	65937.20749999999	66151.614999999991	66366.022499999992	66580.429999999993	66794.837499999994	67009.244999999908	67223.652499999997	67438.06	67652.467499999999	67866.875000000087	68081.282499999972	68295.69	68510.097499999989	68724.505000000005	68938.912499999948	69153.320000000007	69367.727500000008	69582.135000000024	69796.542499999938	70010.95	70225.357500000013	70439.764999999999	70654.172500000001	70868.58	71082.987499999988	71297.39499999999	71511.802499999991	71726.209999999992	71940.617499999993	72155.024999999994	72369.432499999908	72583.839999999997	72798.247499999998	73012.655000000057	73227.062499999971	73441.47	73655.877500000002	Relative Humidity (%)

Altitude (ft)

Temperature (*F) - BSE Data 
Temperature (*F)	0	0.25	0.5	0.75000000000000044	1	1.25	1.5	1.75	2	2.25	2.5	2.75	3	3.25	3.5	3.75	4	4.25	4.5	4.75	5	5.25	5.5	5.75	6	6.25	6.5	6.75	7	7.25	7.5	7.75	8	8.25	8.5	8.75	9	9.25	9.5	9.75	10	10.25	10.5	10.75	11	11.25	11.5	11.75	12	12.25	12.5	12.75	13	13.25	13.5	13.75	14	14.25	14.5	14.75	15	15.25	15.5	15.75	16	16.25	16.5	16.75	17	17.25	17.5	17.75	18	18.25	18.5	18.75	19	19.25	19.5	19.75	20	20.25	20.5	20.75	21	21.25	21.5	21.75	22	22.25	22.5	22.75	23	23.25	23.5	23.75	24	24.25	24.5	24.75	25	25.25	25.5	25.75	26	26.25	26.5	26.75	27	27.25	27.5	27.75	28	28.25	28.5	28.75	29	29.25	29.5	29.75	30	30.25	30.5	30.75	31	31.25	31.5	31.75	32	32.25	32.5	32.75	33	33.25	33.5	33.75	34	34.25	34.5	34.75	35	35.25	35.5	35.75	36	36.25	36.5	36.75	37	37.25	37.5	37.75	38	38.25	38.5	38.75	39	39.25	39.5	39.75	40	40.25	40.5	40.75	41	41.25	41.5	41.75	42	42.25	42.5	42.75	43	43.25	43.5	43.75	44	44.25	44.5	44.75	45	45.25	45.5	45.75	46	46.25	46.5	46.75	47	47.25	47.5	47.75	48	48.25	48.5	48.75	49	49.25	49.5	49.75	50	50.25	50.5	50.75	51	51.25	51.5	51.75	52	52.25	52.5	52.75	53	53.25	53.5	53.75	54	54.25	54.5	54.75	55	55.25	55.5	55.75	56	56.25	56.5	56.75	57	57.25	57.5	57.75	58	58.25	58.5	58.75	59	59.25	59.5	59.75	60	60.25	60.5	60.75	61	61.25	61.5	61.75	62	62.25	62.5	62.75	63	63.25	63.5	63.75	64	64.25	64.5	64.75	65	65.25	65.5	65.75	66	66.25	66.5	66.75	67	67.25	67.5	67.75	68	68.25	68.5	68.75	69	69.25	69.5	69.75	70	70.25	70.5	70.75	71	71.25	71.5	71.75	72	72.25	72.5	72.75	73	73.25	73.5	73.75	74	74.25	74.5	74.75	75	75.25	75.5	75.75	76	76.25	76.5	76.75	77	77.25	77.5	77.75	78	78.25	78.5	78.75	79	79.25	79.5	79.75	80	80.25	80.5	80.75	81	81.25	81.5	81.75	82	82.25	82.5	82.75	83	83.25	83.5	83.75	84	84.25	84.5	84.75	85	85.25	85.5	85.75	86	86.25	86.5	86.75	87	87.25	87.5	87.75	88	88.25	88.5	88.75	89	89.25	89.5	89.75	90	90.25	90.5	90.75	91	91.25	91.5	91.75	92	92.25	92.5	92.75	93	93.25	93.5	93.75	94	94.25	94.5	94.75	95	95.25	95.5	95.75	96	96.25	96.5	96.75	97	97.25	97.5	97.75	98	98.25	98.5	98.75	99	99.25	99.5	99.75	100	100.25	100.5	100.75	101	101.25	101.5	101.75	102	102.25	102.5	102.75	103	103.25	103.5	103.75	104	104.25	104.5	104.75	105	105.25	105.5	105.75	106	106.25	106.5	106.75	107	107.25	107.5	107.75	108	108.25	108.5	108.75	109	109.25	109.5	109.75	110	110.25	110.5	110.75	111	111.25	111.5	111.75	112	112.25	112.5	112.75	113	113.25	113.5	113.75	114	114.25	114.5	114.75	115	115.25	115.5	115.75	116	116.25	116.5	116.75	117	117.25	117.5	117.75	118	118.25	118.5	118.75	119	119.25	119.5	119.75	120	120.25	120.5	120.75	121	121.25	121.5	121.75	122	122.25	122.5	122.75	123	123.25	123.5	123.75	124	124.25	124.5	124.75	125	125.25	125.5	125.75	126	126.25	126.5	126.75	127	127.25	127.5	127.75	128	128.25	128.5	128.75	129	129.25	129.5	129.75	130	130.25	130.5	130.75	131	131.25	131.5	131.75	132	132.25	132.5	132.75	133	133.25	133.5	133.75	134	134.25	134.5	134.75	135	135.25	135.5	135.75	136	136.25	136.5	136.75	137	137.25	137.5	137.75	138	138.25	138.5	138.75	139	139.25	139.5	139.75	140	140.25	140.5	140.75	141	141.25	141.5	141.75	142	142.25	142.5	142.75	143	143.25	143.5	143.75	144	144.25	144.5	144.75	145	145.25	145.5	145.75	146	146.25	146.5	146.75	147	147.25	147.5	147.75	148	148.25	148.5	148.75	149	149.25	149.5	149.75	150	150.25	150.5	150.75	151	151.25	151.5	151.75	152	152.25	152.5	152.75	153	153.25	153.5	153.75	154	154.25	154.5	154.75	155	155.25	155.5	155.75	156	156.25	156.5	156.75	157	157.25	157.5	157.75	158	158.25	158.5	158.75	159	159.25	159.5	159.75	160	160.25	160.5	160.75	161	161.25	161.5	161.75	162	162.25	162.5	162.75	163	163.25	163.5	163.75	164	164.25	164.5	164.75	165	165.25	165.5	165.75	166	166.25	166.5	166.75	167	167.25	167.5	167.75	168	168.25	168.5	168.75	169	169.25	169.5	169.75	170	170.25	170.5	170.75	171	171.25	171.5	171.75	172	172.25	172.5	172.75	173	173.25	173.5	173.75	174	174.25	174.5	174.75	175	175.25	175.5	175.75	176	176.25	176.5	176.75	177	177.25	177.5	177.75	178	178.25	178.5	178.75	179	179.25	179.5	179.75	180	180.25	180.5	180.75	181	181.25	181.5	181.75	182	182.25	182.5	182.75	183	183.25	183.5	183.75	184	184.25	184.5	184.75	185	185.25	185.5	185.75	186	186.25	186.5	186.75	187	187.25	187.5	187.75	188	188.25	188.5	188.75	189	189.25	189.5	189.75	190	190.25	190.5	190.75	191	191.25	191.5	191.75	192	192.25	192.5	192.75	193	193.25	193.5	193.75	194	194.25	194.5	194.75	195	195.25	195.5	195.75	196	196.25	196.5	196.75	197	197.25	197.5	197.75	198	198.25	198.5	198.75	199	199.25	199.5	199.75	200	200.25	200.5	200.75	201	201.25	201.5	201.75	202	202.25	202.5	202.75	203	203.25	203.5	203.75	204	204.25	204.5	204.75	205	205.25	205.5	205.75	206	206.25	206.5	206.75	207	207.25	207.5	207.75	208	208.25	208.5	208.75	209	209.25	209.5	209.75	210	210.25	210.5	210.75	211	211.25	211.5	211.75	212	212.25	212.5	212.75	213	213.25	213.5	213.75	214	214.25	214.5	214.75	215	215.25	215.5	215.75	216	216.25	216.5	216.75	217	217.25	217.5	217.75	218	218.25	218.5	218.75	219	219.25	219.5	219.75	220	220.25	220.5	220.75	221	221.25	221.5	221.75	222	222.25	222.5	222.75	223	223.25	223.5	223.75	224	224.25	224.5	224.75	225	225.25	225.5	225.75	226	226.25	226.5	226.75	227	227.25	227.5	227.75	228	228.25	228.5	228.75	229	229.25	229.5	229.75	230	230.25	230.5	230.75	231	231.25	231.5	231.75	232	232.25	232.5	232.75	233	233.25	233.5	233.75	234	234.25	234.5	234.75	235	235.25	235.5	235.75	236	236.25	236.5	236.75	237	237.25	237.5	237.75	238	238.25	238.5	238.75	239	239.25	239.5	239.75	240	240.25	240.5	240.75	241	241.25	241.5	241.75	242	242.25	242.5	242.75	243	243.25	243.5	243.75	244	244.25	43.334375000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	29.271875000000033	29.271875000000033	29.271875000000033	29.271875000000033	25.756250000000023	25.756250000000023	25.756250000000023	25.756250000000023	25.756250000000023	25.756250000000023	25.756250000000023	22.24062499999998	22.24062499999998	22.24062499999998	22.24062499999998	22.24062499999998	18.724999999999987	18.724999999999987	18.724999999999987	18.724999999999987	18.724999999999987	15.209374999999998	15.209374999999998	15.209374999999998	15.209374999999998	15.209374999999998	11.693750000000001	11.693750000000001	11.693750000000001	11.693750000000001	11.693750000000001	8.1781249999999996	8.1781249999999996	8.1781249999999996	8.1781249999999996	4.662499999999997	4.662499999999997	4.662499999999997	4.662499999999997	4.662499999999997	4.662499999999997	1.1468750000000021	1.1468750000000021	1.1468750000000021	1.1468750000000021	1.1468750000000021	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-19.946874999999999	-19.946874999999999	-16.431249999999981	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-23.462499999999967	-23.462499999999967	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-19.946874999999999	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-16.431249999999981	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-16.431249999999981	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-12.915625000000002	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-5.884374999999995	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-2.3687499999999977	-5.884374999999995	-5.884374999999995	-9.4000000000000021	-12.915625000000002	-12.915625000000002	-16.431249999999981	-19.946874999999999	-19.946874999999999	-23.462499999999967	-26.978124999999981	-26.978124999999981	-30.493749999999967	-30.493749999999967	-34.009375000000013	-34.009375000000013	-34.009375000000013	-37.525000000000013	-37.525000000000013	-41.040624999999999	-41.040624999999999	-44.556249999999999	-44.556249999999999	-44.556249999999999	-44.556249999999999	-48.071874999999999	-48.071874999999999	-48.071874999999999	-48.071874999999999	-48.071874999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-58.618750000000013	-55.103125000000013	-58.618750000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-48.071874999999999	-48.071874999999999	-44.556249999999999	-44.556249999999999	-41.040624999999999	-41.040624999999999	-41.040624999999999	-37.525000000000013	-37.525000000000013	-34.009375000000013	-34.009375000000013	-34.009375000000013	-30.493749999999967	-30.493749999999967	-26.978124999999981	-26.978124999999981	-26.978124999999981	-23.462499999999967	-23.462499999999967	-19.946874999999999	-19.946874999999999	-16.431249999999981	-16.431249999999981	-16.431249999999981	-12.915625000000002	-12.915625000000002	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-5.884374999999995	-5.884374999999995	-5.884374999999995	-2.3687499999999977	-2.3687499999999977	1.1468750000000021	1.1468750000000021	1.1468750000000021	4.662499999999997	4.662499999999997	4.662499999999997	8.1781249999999996	8.1781249999999996	8.1781249999999996	11.693750000000001	11.693750000000001	11.693750000000001	15.209374999999998	15.209374999999998	15.209374999999998	15.209374999999998	18.724999999999987	18.724999999999987	22.24062499999998	22.24062499999998	22.24062499999998	22.24062499999998	25.756250000000023	25.756250000000023	29.271875000000033	29.271875000000033	29.271875000000033	29.271875000000033	29.271875000000033	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	43.334375000000009	43.334375000000009	43.334375000000009	39.818750000000009	39.818750000000009	43.334375000000009	43.334375000000009	43.334375000000009	39.818750000000009	39.818750000000009	39.818750000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	39.818750000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	43.334375000000009	39.818750000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	46.849999999999994	46.849999999999994	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	43.334375000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	43.334375000000009	46.849999999999994	43.334375000000009	43.334375000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	43.334375000000009	43.334375000000009	43.334375000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	43.334375000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	43.334375000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	50.365625000000009	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	46.849999999999994	50.365625000000009	50.365625000000009	50.365625000000009	46.849999999999994	50.365625000000009	Time (Minutes)
Temperature (*F)
Altitude vs Temperature - BSE Data
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-48.071874999999999	-48.071874999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-58.618750000000013	-55.103125000000013	-58.618750000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-55.103125000000013	-51.587499999999999	-51.587499999999999	-51.587499999999999	-51.587499999999999	-48.071874999999999	-48.071874999999999	-44.556249999999999	-44.556249999999999	-41.040624999999999	-41.040624999999999	-41.040624999999999	-37.525000000000013	-37.525000000000013	-34.009375000000013	-34.009375000000013	-34.009375000000013	-30.493749999999967	-30.493749999999967	-26.978124999999981	-26.978124999999981	-26.978124999999981	-23.462499999999967	-23.462499999999967	-19.946874999999999	-19.946874999999999	-16.431249999999981	-16.431249999999981	-16.431249999999981	-12.915625000000002	-12.915625000000002	-9.4000000000000021	-9.4000000000000021	-9.4000000000000021	-5.884374999999995	-5.884374999999995	-5.884374999999995	-2.3687499999999977	-2.3687499999999977	1.1468750000000021	1.1468750000000021	1.1468750000000021	4.662499999999997	4.662499999999997	4.662499999999997	8.1781249999999996	8.1781249999999996	8.1781249999999996	11.693750000000001	11.693750000000001	11.693750000000001	15.209374999999998	15.209374999999998	15.209374999999998	15.209374999999998	18.724999999999987	18.724999999999987	22.24062499999998	22.24062499999998	22.24062499999998	22.24062499999998	25.756250000000023	25.756250000000023	29.271875000000033	29.271875000000033	29.271875000000033	29.271875000000033	29.271875000000033	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	32.787500000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	36.303125000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	39.818750000000009	69896.220000002519	68650.219590868801	67432.376833876493	66242.023750241904	65078.500782001727	63941.156791994348	62829.349063877016	61742.443302119151	60679.813632002129	59640.842599617317	58624.921171877526	57631.448736494465	56659.833102000877	55709.490497743704	54779.845573876089	53870.331401368596	52980.389472002193	52109.469698367626	51257.030413877204	50422.538372743882	49605.468750001855	48805.305141493678	48021.539563877508	47253.672454617888	46501.212672002614	45763.677495118201	45040.592623876408	44331.492178995162	43635.918702000752	42953.42315524444	42283.564921876416	41625.911805868149	40980.040032001205	40345.534245869145	39721.987513877481	39109.001323243596	38506.185582000755	37913.158618994115	37329.547183876857	36754.986447118223	36189.120000001007	35631.599854618304	35082.08644387871	34540.248621495441	34005.763662001067	33478.317260742202	32957.60353387706	32443.325018368658	31935.192672001183	31432.925873370841	30936.252421878264	30444.90853774175	29958.638862002641	29477.196456495654	29000.342803876847	28527.847807619721	28059.489792004242	27595.055502120405	27134.340103875846	26677.147183991969	26223.288750004038	25772.585230242461	25324.865473875754	24879.966750867665	24437.734752003103	23998.023588869717	23560.695793878287	23125.622320245937	22692.682542003691	22261.764253992587	21832.763671878707	21405.585432119682	20980.142592005432	20556.356629617512	20134.157443877295	19713.483354493979	19294.281102001682	18876.505847744658	18460.121173877251	18045.099083371457	17631.420000001788	17219.072768371527	16808.054653879241	16398.371342748404	15990.036942005157	15583.073979496949	15177.513403877616	14773.394584618509	14370.765312001109	13969.681797120727	13570.208671879031	13172.418988995249	12776.394222002476	12382.224265247591	11990.007433876395	11599.850463870913	11211.868512004607	10826.185155872256	10442.932393874973	10062.250645246357	9684.2887500040288	9309.2039689980447	8937.1619838774113	8568.3368971198797	8202.9112320020795	7841.0759326219559	7483.0303638800979	7128.9823114946494	6779.1479820050299	6433.7520027458704	6093.0274218767918	5757.2157083675274	5426.5667520053694	5101.3388633690774	4781.7987738773227	4468.2216357439802	4160.8910220041907	3860.0989264920354	3566.1457638777792	3279.3403696194291	3000.0000000037253	2728.4503321200627	2465.0254638791102	2210.0679139941949	1963.9286220036456	1726.9669482409954	1499.5506738759577	1282.0560008734458	1074.8675520047557	878.37837086990521	692.98992187529791	519.11209024861455	357.16318200528622	Temperature (*C)
Altitude (Ft)
HOBO Weather Station Data
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Temperature
Apparent  and Actual Diameter vs. Time
0	5	10	15	20	25	30	35	40	45	50	55	60	65	5	5.9	6.3	7	7.4	7.9	8	8.8000000000000007	9.5	9.9	10.5	11.2	12	12.8	0	5	10	15	20	25	30	35	40	45	50	55	60	65	5	6.0070564516128995	6.4664634146341733	7.2886597938144542	7.7692307692307701	8.3813025210084042	8.5052631578947349	9.5160599571734501	10.429347826086982	10.963815789473685	11.783333333333333	12.767494356659165	13.931034482758621	15.138173302107701	Radius vs. Altitude
7243	13679.5	20116	26552.5	32989	39425.5	44282.05	48570.2	52858.350000000013	57146.5	61434.65	65722.8	70010.95	1.2014112903225758	1.2932926829268292	1.457731958762883	1.5538461538461539	1.6762605042016845	1.701052631578948	1.9032119914346897	2.0858695652173966	2.1927631578947371	2.3566666666666594	2.5534988713318283	2.7862068965517244	3.027634660421552	Volume vs. Altitude
7243	13679.5	20116	26552.5	32989	39425.5	44282.05	48570.2	52858.350000000013	57146.5	61434.65	65722.8	70010.95	1.7341039472698216	2.1631690542886055	3.0976548489984963	3.7516649977241707	4.7100393673812855	4.9221319679253348	6.8938447066426143	9.0753094422926779	10.543266328056664	13.088638629629651	16.649722927408739	21.629181680265699	27.7530300053755	Volume vs. Temp./Pressure
0.29501867571105544	0.37296284366641941	0.4775317802132753	0.6027133983873364	0.77351390981567059	0.99866559627565388	1.295689371503784	1.678575793594832	2.1262594814421067	3.0572315989695018	3.7416864345596768	4.8598982458804771	6.0651530108588352	7.9605133267522206	1	1.7341039472698216	2.1631690542886055	3.0976548489984963	3.7516649977241707	4.7100393673812855	4.9221319679253348	6.8938447066426143	9.0753094422926779	10.543266328056664	13.088638629629651	16.649722927408739	21.629181680265699	27.7530300053755	Geiger Counts vs. Altitude
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