Temperature & Pressure


A tethered, helium-filled, weather balloon can be used to take scientific measurements of the varying conditions in our atmosphere.  The pressure and temperature vary with altitude in a fairly predictable manner that is modeled and used by aircraft designers & meteorologists as well as atmospheric scientists.  However, many factors can cause deviations from these predictions.  Analyzing these deviations can give us much information about the atmosphere.





1976 Standard Atmosphere Model


As published by NOAA, NASA, and USAF


P = P0 (1 – h / h1)a 	where  h = Height about sea level,     


				P0 =  101 325 N/m2 = 2 116 lb/ft2 = 14.69 lb/in2 = 29.92 in of Hg,  


				h1 = 145 442 ft = 44 330 m,  &


				a = 5.256





T = T0 (1 – h / h1)	where h = Height about sea level,     


				T0  = 288 K = 518 R absolute (= 15°C = 59°F),  &


				h1 = 145 400 ft = 44 330 m





The following equipment components (available from Vernier & PASCO) have the following specs:


LabPro Interface	cost ( $220


Barometric probe	Range = 0.8 to 1.05 atm absolute pressure,  �accuracy = ( 0.006 atm,  cost ( $60


Stainless Steel Temperature probe	Range = -25(C to 125(C,  resolution = 0.03(C,  cost ( $30


Relative Humidity probe	Range = 0 to 95%, accuracy = ( 5%,  cost ( $70


Logger Pro software			cost ( $65





Since a weather balloon attached to 1000 ft of line can be a serious hazard to air traffic it is necessary to first check with the FAA at any nearby airport.  Even if not required by the FAA it is recommended that you mark the tether every 100 feet with a red flag or ribbon.


objectives


Use the Barometer to record the pressure profile and compare to prediction.


Use a Temperature Probe to record the Temperature profile and compare to prediction.


Materials


LabPro interface�
Barometer probe


Stainless steel temperature probe              


Relative humidity probe


1000 ft of nylon cord


Bubble wrap


Packaging tape


Red ribbon or crepe paper strips


Standard "8-foot" weather balloon


Helium (at least 200 cu ft)�
�
Laptop Power Macintosh or Windows PC�
�
�
Logger Pro software�
�
�



Procedure


1.	Connect a Temperature Probe to Channel 1 of the LabPro and the Barometer to channel 2. 


2.	Go to the Setup Sensor menu.  Make sure that the correct probes and calibration files are selected for both channels. 


3.	Use the Window menu to setup one tall window for table data, and two horizontal windows for graphs.  Setup one graph for pressure and the other for temperature.  


3.	Use the Experiment Sampling menu to record for 1800 seconds (30 minutes), recording data every 1-second and over sampling 3x.  


4.	Save this setup as an experiment file.


5.	Use the Remote menu to Setup LabPro.


6.	Disconnect the LabPro from the computer, attach to the balloon, and when ready to start collecting data, press the Start button.  Record the time.


5.	Allow the balloon to rise by letting out 100 ft of line.  Hold at station several minutes to allow probes to reach equilibrium.  Record the times and the angle. Repeat until the balloon reaches maximum height and then repeat the steps bringing it back down. 


6.	Reattach the LabPro to the computer.  Use the Remote menu to Retrieve data from the LabPro.  


7.	Analyze the data using the Logger Pro software or Export the data as a text (.txt) file that can be imported into Excel for more advanced analysis and graphing.   


Data table


Station:


Cord length (ft)�
Time (arrive at station)�
Angle of balloon from vertical�
Time (leave station)�
�
0 ft�
�
�
�
�
100 ft (and so on to 1000 ft and back to 0 ft)�
�
�
�
�



Analysis


1.	Check the shapes of these plots are they what you expected?


2.	Do these plots show an appropriate correspondence to altitude changes?  What other factors may be affecting the observed measurements?


3.	Use Logger Pro to fit a power function to the data. Do this by clicking on the curve fit button, �. and choosing the Power function (y=A*x^B) from the scrolling list. Click � to perform the fit, then click �. 


4.	The pressure model was given as: 


P = P0 (1 – h / h1)a


Match the variables x, y, A, and B, in the fitted equation to terms P, P0, and a in the pressure model. What are the units of A and B?


3.	Compare your values for A and B to the model.  Are they similar?  What is the meaning of this result?


4.	The temperature model was given as: 


T = T0 (1 – h / h1)


Use Logger Pro to fit a curve to this data.  Which function most closely resembles this model?  Match the variables, in the fitted equation to terms in the temperature model. What are the units of these variables?








Extensions


1.	Take data for a longer period of time so that we are assured that the probes have reached equilibrium with the air. 


2.	Use other probes to measure other environmental variables such as radiation, humidity, sound (intensity drop with distance from source and Doppler effect), volume of balloon, infrared intensity, magnetic field, electric potential gradient of the atmosphere, and others.


3.	Research and test other atmospheric models especially ones that are dynamic.
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