Name_______________________Box#_____

Date_______________________per______

AP Physics B – Archimede’s Principle and Hooke’s Law
Purpose: To explore how buoyant forces affect the stretched length of a spring and to graphically determine the spring constant.
[image: image6.emf]Materials: Pasco spring, table clamp, pendulum clamp, hooked cylinder (Aluminum density specimen), beaker, water, ruler, Graphical Analysis

Procedure

1) Measure and record the length of the UNSTRETCHED spring , Lo
2) Measure and record the mass of an aluminum cylinder

3) Measure and record the radius of the cylinder

4) Place the cylinder on the spring and measure and record the Length of the spring, Leq, when the object is at equilibrium.
5) Remove the cylinder and using a ruler and a pencil, measure a distance of 2-cm from the bottom of the cylinder and draw in a small horizontal line. Repeat in 1-cm increments up to 7-cm.
6) Place the cylinder back on the spring and suspend the cylinder in a beaker of water so that the water level is at the 2-cm mark. 
7) Measure and record the length of the stretched spring.
8) Lower the cylinder to the next mark and once again measure and record the length of the spring. Do this for each mark and record all measurements in the data table below.
Length of unstretched spring, Lo = _________________
Mass of Aluminum Cylinder = ____________________

Radius of Cylinder = _____________________

Leq = Stretched Spring at EQUILIBRIUM ( Not in any water) = _________________

	Height ( Amount cylinder is submerged)
	L (Length of stretched spring)

	0.02 m
	

	0.03 m
	

	0.04 m
	

	0.05 m
	

	0.06 m
	

	0.07 m
	


	Height ( Amount cylinder is submerged)
	X ( L-Lo)

	0.02 m
	

	0.03 m
	

	0.04 m
	

	0.05 m
	

	0.06 m
	

	0.07 m
	


[image: image7.emf]In the box to the left, draw a free body diagram for the cylinder outside the water.

Write an equilibrium expression below based on the free body diagram. Solve this for the displacement of the spring











In the box to the left, draw a free body diagram for the 





cylinder in water.

Write an equilibrium expression below based on the free body diagram.

The buoyant force is defined as being EQUAL to the WEIGHT of the displaced fluid.

Therefore:
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The mass of the fluid is EQUAL to the Volume of the fluid multiplied by the fluid’s density.
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The Volume of the cylinder can be found by taking the area of a cylinder face and multiplying it the cylinder’s height
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Hooke’s Law states the force on a spring is equal to the displacement of the spring times the force (spring) constant.
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Using the ANALYSIS provided earlier, write an EXPANDED equilibrium expression for the cylinder IN THE WATER below by inserting the new expressions for MASS, VOLUME, and the force of the spring.

[image: image5]
Solve the expression for “kx” by subtracting a certain expression to the other side of the equation. Write this expression as follows:

“kx” = - ( expression) + (expression)  

 Basically I want you to write the NEGATIVE expression first. 


Now DIVIDE the spring constant to the other side so that you have TWO fractions with “k” in the denominator. Show below


You should now notice that this equation looks like the SLOPE FORMULA: y=mx+b
Looking at your expression:

WHAT ARE YOU GOING TO PLOT ON THE y-axis?

The height, h, will be plotted on the x-axis. Everything NEXT to “h” is the what?

Show in words AND symbols

The very last expression will represent what part of the graph

Make a graph of x (displacement of the spring) vs. h (height of water level) using GRAPHICAL ANALYSIS. Perform a linear regression on the data plotted.
SLOPE = ______________________
y-intercept = ____________________
Earlier you wrote an expression that is equal to the slope of the line.

Looking at your graph is the slope POSITIVE or NEGATIVE?

Is this consistent with the algebraic expression you derived earlier?

Using the value of the SLOPE and your expression for the slope, solve for the spring constant of the spring below. Show all work.
Earlier in the course you performed a Hooke’s Law lab using the same spring in which you found the spring constant. Determine a percent difference between the spring constant you found in the earlier lab and the spring constant you found on this lab. Show this below.

READ THIS: In theory the y-intercept is when the “x graphed” value, or HEIGHT is equal to ZERO. Since the height of the water was plotted on the x-axis this means that the y-intercept represents the value of “y” or in this case the displacement of the spring when there IS NO WATER. 
What this is saying is that the Leq is equal to the y-intercept expression!
Calculate a percent difference between the Length of the spring at equilibrium, Leq and the y-intercept below.
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