SPRINGS
OBJECTIVES
In this lab we will study properties of springs. We will see if the springs obey Hooke's Law and measure the force constants of a few springs. We will also study some basics of simple har​monic motion in a vibrating mass on a spring system. In particular, the relationship between the period, mass, and force constant of a vibrating mass on a spring undergoing simple harmonic motion will be found.
APPARATUS
Sonic ranger, track and cart
2 different springs
Masses for on the cart
Balance
Force probe
Ring stand and clamps (c-clamp to table)
INTRODUCTION
Applying a force to a solid will cause a distortion. Sometimes it is so small as to be difficult to see, but in many cases the distortion is very noticeable. Springs are a good example of a solid object that produces a restoring force when elongated or compressed (i.e. distorted). If the distortion is proportional to the force applied, the system is said to obey Hooke's law. Mathematically, it is stated as:
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where 
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is the force provided by the spring when it is changed from its equilibrium length by an amount 
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. The constant, 
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, is known as the “spring constant” and is a quantitative measurement of how "stiff" the spring is - in fact in some books it can be called the stiffness constant. A large spring constant means the restoring force is large for a given displacement, i.e. it is harder to stretch. The stiffness of a spring can be measured by attaching weight to a vertically hung spring, and measuring its stretch. At some point the spring will cease to obey Hooke's law, and will instead become permanently deformed. We will stay below that regime in this lab. 

Notice the negative sign in equation 1. Remember that both 
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 are vectors. The negative sign in Hooke’s Law is there mainly to indicate the direction of the force. The magnitude of the force is
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and the direction of the force opposes the direction of the change in length of the spring. See Figure 1 for examples.
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Imagine masses hung vertically on a spring. There will be some "equilibrium length" where the force on the masses from gravity will be balanced by the force on the masses from the spring. If the masses are pulled downward from that point, the spring will pull them back upward until they go above the equilibrium point. As long as Hooke's law is being obeyed, there is a restoring force supplied by the spring which is always directed back towards the equilibrium position regardless of whether the mass is above or below the equilibrium position. The masses will oscillate up and down, and the description of their movement falls into a category known as simple harmonic motion.
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Figure 1: Hooke's Lav directions.
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There are many properties of simple harmonic motion that will be mentioned here, but will be covered in detail at a later point in the class. A plot of the displacement versus time for a spring/ mass system in simple harmonic motion is a sine curve as shown in Figure 2. The height of the sine curve, or the maximum displacement, is called the amplitude. 

The period of the motion (the time to go from the maximum amplitude to the minimum and back to the maximum) is given by:
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where 
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is the mass attached to spring with spring constant 
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. Strictly speaking, equation 3 holds true only for one of those physics oddities: "a massless spring". It assumes that the spring has no mass and that the restoring force of the spring is only used to move the attached mass. Of course the spring has mass, and part of the restoring force is used to move the spring as well. It can be shown that 1/3 of the mass of the spring must be included with the total mass in the equation for calculating the period (Weinstock, American Journal of Physics, 32,p. 370, 1964). A more correct formula for the period is then,
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The above equations indicate that the period is independent of the amplitude of oscillation. This fact will be very helpful to us in the lab.

PROCEDURE
1. Suspend the force probe vertically from the ring stand and position the sonic range finder on the floor directly underneath. Please be careful not to damage the range finder by dropping something on it or stepping on it.
2. Start LoggerPro from the icon on the computer Desktop. The program should start with a data window on the left and three graphs arranged vertically on the right: force vs. time, position vs. time, and velocity vs. time. If your screen does not have these graphs, check that the range finder and force probe are plugged in. Check with the instructor if you need assistance.

3. Set the collection time to five seconds and the sampling rate to 20 samples per second by going to the Experiment > Data Collection menus. 

4. Make sure that the probe is set on the +/- 10 N scale. Hang a stiff spring on the force probe. 

5. Change the bottom graph so that it plots force on the y-axis and position on the x-axis. You can do this by going to the Options > Graph Options > Axis Options menus. Choose “Autoscale” for both axes.

6. You will use Hooke’s Law (equation 1) to determine the spring constant, k, of the spring in the experiment. As the name implies, the force probe measures the force applied to the hook hanging underneath it. Hang a 500g mass from the spring. Be careful that the mass does not fall and damage the range finder. Start the mass oscillating. The range finder will measure the position of the bottom of the mass while the force probe measures the force you exert on the spring.

7. Use LoggerPro to collect data while the mass oscillates. You should see a roughly straight line on the force vs. position graph. The slope of this line will be the spring constant (remember Hooke’s Law!).

8. You can fit a straight line to the data in LoggerPro by going to the menu Data > Sort Data Set > Latest. Choose to sort ascending by position. Next, go to Analyze > Linear Fit to perform the line fit. A little window will pop up and tell you the parameters of the fit. Does the sign of the slope make sense? You may find that the data at the ends looks bad. You can exclude the bad data from the graph by using the mouse to highlight the good data region and then perform the line fit. Print the graph for your lab report.

9. Repeat steps 1-8 for each of the two loose springs that will be used in the other section of this lab. Keep the force less than a few Newtons for these weaker springs.
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10. Now will be the chance to see how the period of simple harmonic motion depends on the spring constant and mass. We will use the carts and the sonic rangers to measure the motion. Put a stop 10-20 cm in front of the sonic ranger. Place another stop near the middle of the track. Connect a spring to each stop and to the cart as shown in figure 3. 

11. Configure LoggerPro to have three graphs along the right side: position, velocity, and acceleration all vs. time. Set your sampling rate to be 20 samples per second.

12. Begin by setting the zero position on the range finder. With the cart in the equilibrium position, select Experiment -> Zero and choose the range finder. Collect a few points of data on the range finder to verify that the position is really zero.

13. Next, take data after displacing the cart from equilibrium by around 10 cm. The position data should look like a sine wave. The magnitude of the oscillation will probably be reduced as time goes on. This is a damped oscillation. What causes the damping? 

14. Now we need to get the period of oscillation. We are interested in the period, which we can get by looking at the times when the cart was at its maximum amplitude. The “Examine” tool is very useful for this step. It lets you point the cursor at the curve and get the position and time values at that point. To get the most accurate value, measure the time across as many periods as you have in the window, and divide by that many periods. Fortunately, according to Equations 3 and 4, the damping of the oscillation makes no difference in the measurement of the period. Print one of these curves for your lab report where you can show and explain how the period was determined.
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15. Use the period you measured in step 14 and the masses of your cart and springs to determine the effective k for the springs using equation 4. The effective spring constant is just the spring constant of a single spring that is equivalent to the sum of the spring constants of the two springs actually used (see Figure 4).
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Using the value of the spring constant found in step 7 for k1 and k2, does your value of keff agree with Eqn 7?

Lab Summary
1. Include a printout of the graphs for finding the two spring constants. 

2. Print the Logger Pro window from one of the spring/cart oscillations and indicate on it the values you used to find the period. 

3. Report your values for the spring constants and the effective spring constant for the two spring system. 

_1288604367.unknown

_1288604409.unknown

_1288608073.unknown

_1288608492.unknown

_1288608518.unknown

_1288606506.unknown

_1288606890.unknown

_1288606358.unknown

_1288604397.unknown

_1288604327.unknown

_1288604351.unknown

_1288604199.unknown

