
Boyle’s Law Lab – Instructor Notes
This lab is a simple activity in which students derive Boyle’s law using the regression capabilities of a graphing calculator.  It is exactly the same in concept as the common activity in which the end of a syringe is plugged and weights are stacked on top of it, however, in this activity the effect of the friction in the syringe is eliminated by reading the pressure with an analog pressure gage.  It is a cheaper alternative to using a digital gas pressure gage as a calculator attachment.
Equipment Set-up:
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35 cc Syringe Tubing and Fitings ~0-30psi Pressure Gange




Important Notes:

· The volume of air in the tubing and gauge must be added to the volume indicated on the syringe.  The volume of the tubing and fitting can easily be measured by filling them with water.  Don’t fill the gauge with water!

· The gauge pressure should be corrected to absolute pressure by adding the atmospheric pressure:  14.7 psi or whatever your barometer shows that day.
· This is one of the few cases were English (psi) and SI (mL) units can be mixed without problems.
· This handout assumes a working knowledge of regression analysis on TI graphing calculators.
· Pressure gauges should be available locally at a hardware store or contractor supply company such as Grainger’s (www.grainger.com).  0-100 psi gages may be easier to find.  They should cost around $5.
· The data sheet referred to in the lab handout is the generic lab worksheet included with this activity.  Not all spaces in the lab sheet will be used.

This activity was developed by Curtis Voss, GraSUS Undergraduate fellow, and Jerry Christiansen, West Fargo High School Physics instructor.  The Graduate Student-University-School (GraSUS) Collaborative for Science, Engineering, and Technology is funded by National Science Foundation GK-12 Program Grant DGE-0338128 to North Dakota State University.


Lab Activity:  <Your Name Here>’s Law

Purpose

The purpose of this lab is to investigate the relationship between a gases’ volume and its pressure under a constant temperature.

Required Equipment/Supplies

30psi pressure gauge

Short piece of tubing

35cc syringe

Graphing Calculator or Computer with Excel

Introduction

Over the course of the year, you have been learning about laws discovered and named after famous scientists that worked from 100 to 1,000 years ago.  Today, you are going to step into one of those scientist’s shoes and attempt to establish his law just like he did, by recording data and looking for trends in it!  Luckily, you get slightly more convenient equipment than he did.  

To set the stage, imagine that you are playing with a bag that is sealed shut with some amount of air in it.  You’ll notice that as you compress the air into one corner of the bag it is at first very easy to pull the bag through your fingers trapping the air in a smaller space.  But then it starts to get difficult and soon you can’t compress the air any more.  This indicates to you that there seems to be some relationship between the volume of the air (the space you are squeezing the air into) and the pressure of the air (the resistance it has to being compressed further).  In this lab you will experiment to find that relationship.

Hypothesis

Write a hypothesis for this lab on the lab sheet.  Your hypothesis should clearly identify the relationship you expect to find between volume and pressure.  Think back to the curve-fitting expressions you have used if you need more ideas what to predict.

Procedure

1. Pull the plunger of the syringe out until it reads 35cc; then attach the tubing to the syringe and the pressure gauge.

2. WITHOUT moving the plunger, record the volume and the pressure on the data sheet.

3. Press in the plunger until the pressure reads 5 psi and record the volume and the pressure.

4. Disconnect the tubing from the syringe and pull the plunger back to 35cc.

5. Repeat steps 3 and 4 increasing the pressure volume by an additional 5 psi each time up to 30psi and record the pressure and volume on data sheet.

Data Analysis

1. Correct the pressure and volume to account for atmospheric pressure and the volume of the water in the tube and fittings.

2. Type the corrected values into lists in your graphing calculator.

3. Make a graph of the volume versus the pressure.
4. Use the regression capabilities of your calculator to fit different curves to the data.  Record each curve and the diagnostic (r-squared) value.  Also, make observations about the trend of each curve outside the given value.  Could the curve be correct over its entire range?
5. Select which equation shows the correct relationship between pressure and volume and write your conclusion on the lab sheet.

Discussion

In your discussion, identify and explain possible reasons for discrepancies between your data and the equation you selected.  Also, explain your reasoning for choosing the curve you selected over the other curves.













