[image: image2.png]



Science in Motion

Juniata College




Bell Jar Vacuum Pump

Standards
1.2.11A Read and understand the central content of informational texts and documents in all academic areas.

3.4.7 C Indentify and explain the principles of force and motion.
Introduction and background

Vacuum pumps can be used to remove air out of a system. By removing air from a closed system, the pressure will decrease. The removal of air and the resulting decrease in pressure allows different types of experiments to be performed within the bell jar. 
Vocabulary

Bell jar - a bell-shaped glass jar used for containing gases or a vacuum in chemical experiments

Density- mass per unit volume of a substance under specific conditions of pressure and temperature
Materials

· Parts in kit boxes:
· A - Bell Jar, polycarbonate

· B - Bottom plate for bell jar

· C - O ring for bottom plate

· D - Hose with check valve and fittings to connect to bell jar

· E - Hose (T-shaped) with check valve and fittings to connect D to syringe

· F – Syringe 60 mL

· A balance able to measure to the one-hundredth of a gram (0.01 g)

· A pail or bucket of water, large enough to submerge the bell jar

· 50 mL graduated cylinder

· Balloons

· Paper towels

· Marshmallows

· Bubble wrap

Safety


Be sure not to use excessive force when using the syringe. 


Do NOT use the bell jar or bottom plate if they have become cracked or damaged. 
Setup: The diagram below shows how the bell jar vacuum should be setup. 
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Figure 1 – Bell jar vacuum pump setup.

1. The O ring, part (C), should already be installed on the bottom plate, part (B). If the O ring is not around the bottom plate, carefully put it on the bottom plate by gently stretching it into position. 

2. The bell jar, part (A), fits over the smaller diameter portion of the bottom plate with the rim in contact with the O ring. 

3. One fitting of part (D) will connect with the top of the bell jar, part (A). Only a slight turn, approximately one-third of a gentle turn, is all that is needed to make a secure connection. DO NOT OVER TIGHTEN!!

4. One of the small arms of the T in part (E) connects to the syringe, part (F). DO NOT OVER TIGHTEN, only a slight turn is necessary. The other small arm of part (E) connects to the unconnected fitting of part (D). Only a partial turn is needed, DO NOT OVER TIGHTEN! The remaining connector of part (E) will be left unconnected. Note: part (D) and (E) may already be connected to one another.
Procedure

Part A: The Phantom Mass

In this section you will attempt to find the mass of a known gas mixture, air.

1. Study the apparatus. The check valve will easily allow air to flow in the direction shown by the arrows, but not in the other direction. What is inside the bell jar now? (Hint: “Nothing” is not correct.)_____________________​​​​​​​​​​​​​​​​​​​​​​​​______________________________
2. Have a partner push down on the bell jar to make certain that the bell jar is pressing against the O ring. While your partner is doing this, pull the piston of the syringe out to the 60 cc mark. DO NOT pull the piston the whole way out.
3. Where does the air come from that fills the syringe? _____________________________
4. Let go of the piston, and watch what happens. Now quickly push the piston all the way back into the syringe. Listen for the sound of moving air. 
5. Where did the air go that was in the syringe? ___________________________________
6. Describe the amount of force that was required to pull out the piston. _______________________________________________________________________
7. What kind or kinds of forces resisted you as you pulled out the piston?
_______________________________________________________________________
8. Repeat these steps five times:

1. Pull the piston out to the 60 cc mark

2. Let go of the piston and see what happens

3. Push the piston all the way back in
9. As you followed the steps in #8, what happened to the amount of force required? 
_______________________________________________________________________
10. Explain why the amount of force changed in this manner. 

_______________________________________________________________________
11. Pull the piston of the syringe out to the 60 cc mark and push it all the way back in. Repeat this 24 times. You should notice that there is no air movement by the end of this process. What is in the bell jar now? 
_______________________________________________
12. Place the bell jar apparatus on a balance. Disconnect part (D) from (E). You should weigh the bell jar (A), bottom plate (B), O ring (C), and hose (D). Record the mass in the given data table (page 4).
13. Loosen the connection between hose (D) and the bell jar, remove the hose, and then reconnect it. Did you hear the movement of air? What was the air doing?
_______________________________________________________________________

14. Again place the bell jar, with hose (D), bottom plate, and O ring on the balance. Make certain that hose (D) is not touching anything. Record the mass in the data table (page 4).
Data Table/ Calculations:

	Step
	MASS

(0.00g)

	12
	

	14
	

	Difference in mass between steps 12 and 14
	


Questions:

15. What does the difference in mass represent?
16. Do you think the bell jar was really empty when you weighed it in step 12?

Part B: Does Air Have Density?

In this section you will determine if air has density.

1. Assemble the apparatus as previously done. Pump the piston 30 times.
2. Disconnect hose D from hose E. Hold the bottom plate onto the bell jar. Holding the bell jar upside-down, completely submerge the apparatus in the water. With the hose fitting down, loosen and then remove the hose. Describe what happens and explain why it happens.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Put your finger over the hose fitting on the bell jar and lift it out of the water. Keep your finger over the hose fitting. There will be some air in the bell jar. What does this prove?

____________________________________________________________________________________________________________________________________________________________

4. Estimate what fraction, or percentage, of the air was left.

________________________________________________________________________
5. What percentage of the air was removed?

________________________________________________________________________
6. Use a graduated cylinder to measure the volume of water in the bell jar. Record this volume in the data table and determine what this represents.
7. Dry out the apparatus as well as you can with a towel.

Data Table:

	Step
	Volume of Water in Bell Jar

	6
	


Calculations:

Now you know the mass and the volume of the air you removed. Calculate the density of air. Show all calculations. Remember to include units of measurement in your answer.

Density=Mass/Volume

Part C: Under Pressure
1. Barely inflate the provided balloon so that it is tight but not stretched and then tie it. This step may be completed prior to the experiment.
2. Place the balloon inside the bell jar. Reassemble bell jar as previously assembled with the addition of the balloon in the bell jar. Begin to pump the piston. What happens to the balloon?

________________________________________________________________________
3. Why did the balloon change in the way that it did?
________________________________________________________________________
4. Loosen the connection between hose D and the bell jar until you hear the movement of air. What happens to be balloon?

________________________________________________________________________

5. Why did this change occur?

________________________________________________________________________
6. Open the apparatus and take out the balloon. Save it for future experiments. Now stick the suction cup to the center of the bottom plate and place the bell jar over it so that the suction cup is inside. Why does the suction cup stick tightly to the bottom plate without falling off?
________________________________________________________________________
7. Have someone hold the apparatus with the hose down and the plate up. Pump the piston several times until something happens to the suction cup. What happens and why does it happen?

________________________________________________________________________
8. If time remains, place a marshmallow or piece of bubble wrap in the bell jar. What happens when the piston is pumped?

________________________________________________________________________________________________________________________________________________
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