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Hydrostatic Pressure
Guided Inquiry
Driving Question | Objective
How is static pressure related to depth in a column of water? Experimentally determine the mathematical relationship between static pressure and depth in a column of water.
Design and Conduct Your Experiment
It is your group’s responsibility to design and conduct an experiment whose data will support your answer to the driving question above. Use the answers to the guiding questions below to help guide your experiment design. After you have answered the guiding questions, write an outline of the equipment setup and procedure you will use to collect data, identifying the steps in sequence and the points at which each piece of equipment will be used.
Suggested Materials and Equipment
Although you have the freedom to design your procedure using any reasonable equipment at your disposal, the following equipment is recommended for your experimental setup.
	· Data collection system
	· Water reservoir, transparent, over 40 cm high

	· PASCO Wireless Pressure Sensor1
	· Ruler

	· Luer lock connector1
	· Distilled water, to fill the reservoir

	· Tubing, 1/8" inner diameter, 50-cm1


	1www.pasco.com/ap44
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	PASCO Wireless Pressure Sensor
	
	
	


Safety
Follow this important safety precaution in addition to your regular classroom procedures:
Make necessary arrangements to your workstation to avoid getting water on any electronic equipment.
Guiding Questions
1.	Since the pressure sensor cannot be submerged in water, tubing attached to the pressure sensor must be placed in the water to take measurements. How long must your tubing be in order to take the necessary pressure measurements?
	
	
	
2.	Assuming the tubing is sealed air tight to the sensor, if you submerge the tube from the pressure sensor into the water reservoir, how will the pressure reading change as the end of the tube is submerged deeper into the water? Explain your answer.
	
	
	
3.	If you submerge the entire length of tube into the water but the end of the tube remains exposed above the water's surface, what would the pressure read and why?
	
	
	
4.	When the pressure inside the submerged tubing increases, what will happen to the volume of air inside the tubing, assuming that the tubing does not change shape, and how will this affect your depth measurements? Will you still measure depth at the end of the tubing? 
	
	
	
Experimental Design
Your goal is to experimentally determine the mathematical relationship between static pressure and depth in a column of water. Use the responses to the Guiding Questions to help finalize your procedure and equipment configuration.
Once you are convinced that your procedure will accomplish the experiment's objectives, record your experimental setup and procedure in the following sections. 
Setup
Draw and/or describe your experimental setup such that a third party could recreate the same setup in an attempt to reproduce your experiment.


Procedure
Outline the procedure you will use in your experiment, listing all of the steps below. Your outline should be written such that a third party could follow the same procedure in an attempt to reproduce your experiment.
	
	
	
	
	
	
	
	
	
	
Collect Data
Perform your experiment and record all relevant data. Present your data below (or in an attached document) in a form that best suits the experiment format, such that a third party can understand your experimental results in an attempt to reproduce them.





Analysis Questions
· 1.	Does a graph of pressure versus depth produce a linear relationship? If yes, what is the y‑intercept of the relationship equal to (theoretically)?
	
	
	
· 2.	Static pressure is related to depth according to the equation,


where P is pressure, P0 is the initial pressure, ρ is fluid density, g is acceleration due to gravity, and h is depth. From a linear graph relating pressure to depth, extrapolate a value for the density of the fluid in the reservoir (water). Show your work.

· 3.	If the theoretical value of the density of water is 1,000 kg/m3, calculate the percent error between your experimental value and the actual value. Show your work.



· 4.	If you performed this same experiment using liquid iodine (density ≈ 4,900 kg/m3) instead of water, how would a graph of pressure versus depth be different?
	
	
	
Synthesis Questions
· 1.	Imagine you are submerged in a submarine 1,066 m below the surface of the ocean. On this submarine is a round window made of glass. How thick would the glass need to be if 4 mm of glass is needed per 197.5 kPa pressure difference to prevent the glass from shattering? Assume ocean water has a density of 1,030 kg/m3, and that the pressure inside the submarine is equal to atmospheric pressure.

· 2.	A group of marine biologist researchers have found a rare form of sea life that exists only at great depth in the ocean. If these researchers measured the gauge pressure at the depth these creatures live and found it to be 377 atm, at what depth in meters do these creatures live? Assume ocean water has a density of 1,030 kg/m3.
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