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Abstract

Testing the Adiabatic Gas Law consists of collecting physical data from the Adiabatic Gas Law Apparatus using Data studio. The Adiabatic Gas Law Apparatus is a sealed pump where volume, temperature, and pressure are constantly monitored via an array of electronic sensors. This data was transferred to Microsoft Excel where it was compiled and analyzed. Firstly temperature and pressure were predicted using an adiabatic gas law formula with a gamma value of 1.4. Estimating pressure yeilded a 2.3% error while estimating temperature yielded a 0.3% error. Second gamma was calculated using pressure data and temperature data. The pressure deduced gamma was 5% off while the temperature deduced gamma was only 0.5% off.

Introduction

The adiabatic gas law appears to govern all systems of gas where the gas in question is thermally insulated from the outside world. This experiment relies on taking data across an extremely brief compression, neglecting what little heat leaves the system via the chamber walls while the compression takes place. This rapid compression is made possible by the hand crank on the Adiabatic Gas Law Apparatus chamber. The Apparatus is equipped with various sensors which measure volume, temperature, and pressure in terms of voltages. These elements are linearly calibrated to accurately measure their respective quantity in terms of SI units. The primary purpose of this experiment is to independently confirm the adiabatic gas law. The adiabatic gas law was first confirmed by estimating temperate and pressure based on the accepted gamma value of 1.4. The pressure prediction resulted in a gamma estimation of 1.33, 4.67% different from 1.4. The temp temperature prediction yielded a gamma of 1.39, 0.586% away from 1.4.

Materials and Methods

A PASCO model TD-8565 Adiabatic Gas Law Apparatus was implemented to acquire all temperature, pressure, and volume data of the gas in the apparatus chamber. A ScienceWorkshop 750 module inputted 3 DIN connectors from the Adiabatic Gas Law Apparatus and managed the data outputting it through a USB cable. Data Studio V1.8.5 was used to collect raw data from the Adiabatic Gas Law apparatus and interpolate this voltage data into standard international measurement values.

It was difficult at first to determine two data points for each of temperature, pressure, and volume. Volume was deduced by measuring the diameter of the cylinder with calipers and the length from the bottom to the piston at 2 recorded points. The first points for pressure and temperature were deduced by measuring ambient temperature and pressure when the cylinder was open to surrounding air. The second point for pressure was measured at ½ volume for the cylinder after the gas was allowed to return to room temperature. The second point for temperature was calculated after quickly pressurizing the chamber. At a certain point in time directly after the compression pressure and volume was recorded and temperature deduced using ideal gas law; PV=nRT. It was later found that all this calibration data was availible on a note-card on the back of the Adiabatic Gas Law Apparatus.

We encountered an unforeseeable plateau of the calibrated temperature reading on the Data Studio software. This problem was that there was an improper gain on the temperature reading within the software. Once this gain was eliminated the temperature sensor operated properly.

The adiabatic gas law is the following: dQ = nCvdT + pdV

Differentiating the ideal gas law, PV =nRT, yields, dP + dV = nRdT.

Solving this for dT yields dT = (dP + dV)/nR.

Substituting dT into the adiabatic gas law yields:

dQ = nCv((dP + dV)/nR) + PdV = 0 

Manipulating the equation further yields the following series of equations:

= (Cv/R +1)PdV + (Cv/R)VdP

= (Cv + R)PdV = CvVdP 

= CpPdV + CvVdP

Given that γ = Cp/Cv

= PiViγ = PfVfγ

Where Pi and Vi denote initial pressure and volume and Pf and Vf denote final pressure and volume.

Pf = (PiViγ)/Vfγ

When gamma has its known value of 1.4 the following applies for temperature and volume:

TiVi(γ-1) = TfVf(γ-1)
Tf = TiVi(γ-1)/ Vf(γ-1)
Implementing the equation Pf = (PiViγ)/Vfγ final pressure was estimated by filling in all values on the right of the equation. The average estimate for final pressure was approximately 2.3% away from the recorded final pressure. The average estimate for final temperature was approximately 0.3% away from the recorded final temperature.

Manipulating the equation PiViγ = PfVfγ gamma is solved for

Pi/Pf = (Vi/Vf)γ

ln(Pi/Pf) = γln(Vi/Vf)

γ = ln(Pi/Pf)/ln(Vi/Vf)

Gamma was solved for by plugging in values for Pi, Pf, Vi, Vf. Estimated gamma was approximately 4.7% away from the given gamma value of 1.4.

Manipulating the equation TiVi(γ-1) = TfVf(γ-1) gamma is solved for

Ti/Tf = (Vi/Vf) (γ-1)
ln(Ti/Tf) = (γ-1)ln(Vi/Vf)

γ = (ln(Ti/Tf)/ln(Vi/Vf)) +1

Gamma was solved for by plugging in values for Ti, Tf, Vi, Vf. Estimated gamma was approximately 0.59% away from the given gamma value of 1.4.

Results


This experiment studies adiabatic gas law thus it revolves around the value of gamma. Validating gamma at 1.4 or accurately estimating values based gamma = 1.4 both implicitly validate the adiabatic gas law. The adiabatic gas law accuratly predicts the relationship between volume, temperature, and pressure of a gas using a gamma value of 1.4. Four different methods were implemented to validate the adiabatic gas law: estimating pressure based on a gamma of 1.4 (2.3% error), estimating temperature based on a gamma of 1.4 (0.3% error), estimating gamma from volume and pressure at two points (4.7% error), and estimating gamma from volume and temperature at two points (0.59% error).

	 
	Theoretic Final Pressures
	Actual Final Pressure
	Pressure % Error
	Average Error

	Trial 1
	160738.5641
	158269
	1.536385561
	2.320361324

	Trial 2
	161072.1433
	156621
	2.763446972
	 

	Trial 3
	160746.9208
	156743.1
	2.490760523
	 

	Trial 4
	159025.9496
	156071.7
	1.857715412
	 

	Trial 5
	160884.4183
	156132.7
	2.953498152
	 

	 
	 
	
	 
	 

	 
	Theoretical Final Temp.
	Actual Final Temperature
	Temp. % Error
	Average Error

	Trial 1
	341.1760313
	340.7868
	0.114085174
	0.296243768

	Trial 2
	341.126156
	340.1643
	0.281964885
	 

	Trial 3
	341.1451883
	340.5867
	0.163709866
	 

	Trial 4
	337.4101529
	337.0294
	0.112845718
	 

	Trial 5
	341.233862
	338.4746
	0.808613196
	 


	 
	Gamma Method PV
	Average gamma PV

	 
	Pi*Vi^gamma=k
	1.33455499

	Trial 1
	1.357622971
	Gamma % Error

	Trial 2
	1.323420327
	4.674643595

	Trial 3
	1.330885709
	 

	Trial 4
	1.343060678
	 

	Trial 5
	1.317785263
	 

	 
	 
	 

	 
	Gamma Method TV
	Average gamma TV

	 
	Ti*Vi^(gamma-1)=k
	1.391795332

	Trial 1
	1.396875723
	Gamma % Error

	Trial 2
	1.392283873
	0.586047706

	Trial 3
	1.39551047
	 

	Trial 4
	1.39657155
	 

	Trial 5
	1.377735045
	 


Discussion

Although the estimations of both pressure, temperature, gamma by pressure, and gamma by temeperature are not exactly what should be they are within acceptable margins of acceptable error(around 4% error) to support the adiabatic gas law with gamma at 1.4 and by proxy all equations listed in the Materials and Methods section. Actaul final temperature is lower than theoretical final temperature because some heat escaped out of the gas cylender before the data point recorded directly after the compression. This heat escape lowers both temperature and pressure. This however would yield an equivalent error between pressure and temperature estimations and by proxy estimations of gamma with pressure and temperature. The diescrepancy amonst errors for pressure and temperature could be caused by a small leak in the gas cylender causing a large loss in pressure but not a signifigant temperature change.

