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Name: Mister Fallon
Lab Partners:Albert Einstein and Isaac Newton
Course: AP Physics
Instructor: Mr. Fallon
Period: 1
Date:

AP Lab #1  – Mass on Spring and Period of Oscillation

Purpose/Problem: To determine the relationship between how much mass is bouncing on a spring and the period of oscillation (the time it takes to repeat a cycle of motion).

Materials: Meter stick, hooked masses, spring scale, ring stand, horizontal crossbar and clamp, smartphone with stopwatch feature

Experimental Design & Procedure:

1. The apparatus was set up as illustrated below:
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Fig. 1:
Experimental setup showing hooked mass hanging from spring scale attached to ring stand sitting on lab table
.
) (
Hooked Mass
)		       			    		    
				              
	
	


2. A hooked mass was hung from the spring scale then pulled down a small distance (approximately 2cm each time) and released from rest.  It was noted that each oscillation was a smooth motion such that the hooked mass never separated from the hook at the bottom of the spring scale.  The hooked mass was never allowed to touch the table during any of the trials.

3. Using the stopwatch feature of a smartphone, the time taken for the mass to complete twenty oscillations was measured.  Isaac released the mass and after a few motions of the mass, Mr. Fallon started the stopwatch, estimating when the mass reached the bottom of the motion.  Starting the count at “zero”, to make sure the first oscillation was counted, the stopwatch button was again pressed at the bottom of the motion after twenty full oscillations were counted.  Since Mr. Fallon said “Zero” aloud when the button was first pressed and “Twenty” aloud when it was pressed again, Einstein was able to count the oscillations along with Mr. Fallon.  If there was a disagreement in the number of cycles counted, the trial was repeated from scratch. 
	
4. These first three steps were then repeated with five more masses.  Masses were chosen such that there would be a large variation, but the spring scale was not allowed to be stretched to its limit ensuring a smooth oscillating motion without allowing it to bump into the end.

5. The distance from the center of the top marking on the spring scale to the center of the last marking was measured using the meter stick and the maximum force value listed on the spring scale was noted and recorded.





Observations & Data:
		               	
Table 1- Effect of Mass on Period and Raw Data
	           
	
	Maximum Value on Spring Scale:
	Distance from Zero to Maximum Value on the Spring Scale:

	Trial
	Hanging Mass
(kg)
	Time to complete twenty oscillations
(s)
	Period
(s)
	Stuff to have her or something

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	
	
	
	
	



Table 2 - Mass and Period
	Trial
	Mass (kg)
	Period (s)


	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	



Table 3- Mass2 and Period
	Trial
	Mass2 (kg2)
	Period (s)
(Remember to divide the total time for all ten swings by ten)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	






Table 4 – 1/Mass and Period
	Trial
	1/Mass (kg-1)
	Period (s)
(Remember to divide the total time for all ten swings by ten)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	



Table 5 - √Mass and Period
	Trial
	√Mass (kg1/2)
	Period (s)


	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	






Analysis:

1. Graph period as a function of mass (period vs. mass) by hand on an attached sheet of graph paper (remember that in physics, unless otherwise stated, ALWAYS start “x” & “y” scales at zero, use as much of a piece of graph paper as possible, and use regular increments).  Use a new page for each graph – make it big.  Draw the best-fit line or curve for the data on each graph.  Always use a straight edge for graphs that are linear.

See page 3 (Graph Paper) – Graph #1: Period vs. Mass



2. Notice that the graph shows that the mass significantly affects the period of the mass-spring system but the relationship is non-linear, so plot the following on graph paper: T vs. 1/mass, T vs. mass2, T vs. √mass. Because each graph needs to be generated by a data table, this lab write-up contains four data tables (not merely the original in the prompt above —make sure you use units in the table and graph appropriate to the quantity) and four graphs. If you obtain a straight line plot for any of these graphs, it means you are close to determining the mathematical relationship between period and the mass, showing that the stuff on the y-axis is directly proportional to the stuff on the x-axis. 

See page 4 (Graph Paper) – Graph #2: Period vs. Mass2
See page 5 (Graph Paper) – Graph #3: Period vs. 1/Mass
See page 6 (Graph Paper) – Graph #4: Period vs. √Mass





3. Calculate the slope of the linear graph by choosing two convenient points on the line and circling them in pen on your graph.  Remember to include the points on your line that you chose.
Show the calculation here, including the equation you used to calculate it and the units for numerical values.


**Calculation of slope goes here, showing both points used, the slope equation, and plugged-in values to obtain a slope.  The slope value has units in it. – both points on the graph used to calculate slope are circled on the graph itself**




4. The theoretical relationship between mass on a spring and the period is T2=(4)(π2)(m/k).  Algebraically rearrange this relationship so that the equation is in the form of y=mx+b, where y= what’s on the y axis of the linear graph and x=what’s on the x axis of the linear graph.  Some degree of inverting and/or squaring may be necessary.  In other words, linearize the relationship so that it can be compared to your graph.

**All the algebra will be shown here.  Start by writing the equation given, then show the steps to rearrange it solving with √m and writing it in linear form**
(show your work! Here!) show all the steps of algebra 




5. Use your slope to find the value of the k in the theoretical equation. Show all calculations here.  Include units.  (This step requires you to ignore y, x, and b for now, and to set what is multiplied by whatever in the equation is graphed on your x-axis equal to the slope value you calculated from the line drawn on your graph.  This should leave you with an equation that contains only one variable that can be solved for algebraically.)


**All the work would be shown here for the calculations**
(Show the calculations here, including initial equations— under this question in your lab write-up)




6. The k in the equation stands for the spring constant, which is the ratio of how much force it takes to stretch the spring a certain distance divided by how much distance it is stretched.  Calculate the theoretical spring constant k by dividing the maximum force (in Newtons) by the distance stretched (in meters).  For now, consider a marking of 100g on the spring scale equal to 0.98N.  Show your work here.

**Calculation of k goes here – include the initial equation, all values used plugged into the original equation, and all appropriate units.  Also include any conversions.  Remember to always use values reported in the data section – if anything is converted, show the conversions in the Analysis somewhere**



7. Compare your experimental value of k (obtained from the best-fit line on the graph) to the theoretical value (from the last step).  Remember that in Physics, “compare” means to calculate the percent error between the two values.  Show all work including the initial equation used and the values plugged in.  


**Calculation of percent error goes here – include the initial equation, all values used plugged into the original equation, and all appropriate units**






8. Was the y-intercept zero as expected?  Suggest a reason for an offset of the y-axis on the linear graph of your experimental data. (Hint: Think about what the y-axis represents.)

**Explain your answer here.  I’m not going to give it away though!  **




9.   **Extra calculations needed to describe values in the Error Analysis section can go here – instead of including the question, make your own, similarly worded, that describes what it is you’re doing**

*Sample calculation of k value showing the first mass minus 12g and using that value to obtain a new theoretical value of k.
*Then, to support the claim in the error analysis, a new %error is calculated using the value that was just solved for.  







Conclusion:

Plotting Period vs. Mass yielded a curved line, showing that the period of oscillation and the mass on the spring are not directly proportional to one another.  The graph of Period vs. √Mass, however, showed a linear relationship with a positive slope of insert slope value here kg/s2.  Because the graph was linear indicates that the period of oscillation of a mass-spring system is directly proportional to the square root of the mass on it.  The experimental spring constant of insert experimental k value here with units determined by the slope and the theoretical spring constant value of insert theoretical k value here with units as measured directly from the spring scale differed by insert % difference here, which is what would be expected.  This gives more evidence to strongly suggest that the period and √Mass are indeed directly proportional to one another.  


Error Analysis:

The mass hanger and hook attached to the bottom of the spring (shown in Figure 2) provided the major source of uncertainty in this experiment.  The mass used in the analysis was the mass that was added to the ever-present hanger and hook.  The mass of the hanger and hook not only made it impossible to remove all the mass from the spring, but provided a constant larger mass value than was recorded.  This did not have an effect on the calculation of the theoretical spring constant because the spring constant was determined by differences in stretch length and mass, eliminating the need for a specific mass or spring stretch value (indeed, the spring scale faceplate was shifted to “zero” to take into account the extra mass of the hanger). While this extra mass did not have an effect on the measurement of the theoretical spring constant, the additional mass did provide a systematic error in each measurement of the period, always adding a constant mass to the spring, unavoidably increasing each time value.  

 (
Figure 2:  
The mass hanger and hook permanently attached to the bottom of the spring (circled in the diagram above) provided unmeasured mass in each trial.
) (
 
) (
Mass Hanger and Hook Combination
)By laying the spring scale flat and zeroing the faceplate while the hook and hanger were not pulling on the spring, then hanging the spring vertically to display the weight of the extra mass, the mass of the hanger and hook combination could be estimated.  As a result of this measurement, it is estimated that the hanger and hook combination accounted for 12g of the mass hung on the spring.  Accounting for this extra mass in the first measurement of the period changed it to insert result of new calculation here, which is closer to the theoretical value, only insert new %error calculation here% larger now, as shown in Analysis step #9.  This suggests that, as expected, subtracting 12g from each mass and creating a new graph with the new data should produce results closer to the theoretical value.

This correction for the mass hanger and hook takes into account only part of the mass hanging, however, because the spring itself has mass and thus is stretched by gravity whenever hung vertically.  Because parts of the spring near the top where the spring is attached will not move quickly and parts of the spring near the bottom where the spring is attached will move much quicker, only part of the spring’s mass is significant in slowing the oscillation.  This accounts for an estimated 5g of the mass not measured during oscillation.

Measurement of the period produced uncertainties, although they were minor relative to those produced by the extra mass.  Each time measurement was taken by starting and stopping the stopwatch in the same part of the oscillation, but this was an estimation.  When the mass appeared to be at the bottom of the motion, the button was pressed.  This estimation produced random variation of +0.2s in the total time data.  Because this time was divided by 20, however, the period used in the graph for analysis varied by +0.2/20 = +0.01s.






Error Analysis:


1. Make sure that this is at least a five sentence, well-developed paragraph outlining what range of values is significant (precision) in each direct measurement (and why) and any unmeasured values that throw off the final value and by how much (and why).
2. Diagrams can be helpful here.  Draw something that focuses the reader on what you’re looking at – including labels and a caption.  Photos are also acceptable.
3. Quantify everything (always include numerical values – even when they must be estimated)
4. Never say, "Our error was probably due to 'human' error." Never say, "Our error was due to faulty equipment or using it incorrectly." These statements do not relate to error but rather incompetence and no one on my team is incompetent!
5. Use the passive voice. Never use the first person ("I") or the second person (“you”) or slang in a lab write-up. These are formal write-ups of which you should be proud at the end.

































Lab Report Rubric
 (
Name
_________________________
Period
_________
)AP Physics 1 Lab #1: Mass on Spring and Period of Oscillation
	15 pts	
Penalty Box  (check means that there are problems in that area)
	□ lab notes not attached to lab report
□ doesn’t use third-person voice
□ lab framework is not followed (calculations not in analysis section, data tables not together in proper section, etc)

	□ more than a few obvious spelling/grammatical errors
□ math is not easy to follow (original algebra not shown, plug-in not shown, unclear progression)





	
	Missing
	Inadequate
	Needs Improvement
	Adequate
	Points

	Title, Heading, Purpose, Hypothesis, Materials (1 pt)
	

	Graphs
(3 pt)
	Concern with 3 or all:

* correct labels & units
* axes are scaled correctly
* best-fit line
* detailed title
	Concern with two:

* correct labels & units
* axes are scaled correctly
* best-fit line
* detailed title
	Concern with one:
* correct labels & units
* axes are scaled correctly
* best-fit line
(points drawn from table rather than line)
* detailed title
	* correct labels & units

* axes are scaled correctly

* best-fit line(s)

* detailed title(s)
	

	Diagrams & Data Tables
(2 pt)
	* diagram is missing

* data tables are missing or extremely vague
(i.e. numerical values only)
	* diagram is unclear or unrelated
or  has major omissions 

* data tables have major omissions
(i.e. table missing for a graphed set of data)
	* diagram is vague or  has minor omissions 

* data tables have minor omissions
(i.e. units incorrect or missing)
	* diagram present & clear
*diagram labeled and captioned as necessary

* data tables clear and complete
* tables include labels and proper units
	

	Procedure & Conclusion
(2 pt)
	* procedure or conclusion extremely vague or missing altogether

*unintelligible

*missing: no attempt made to explain
	*major problems with procedure and conclusion
*unclear with important details missing

*lengthy/unrelated digressions

*vague or ambiguous statements
	* minor problems with procedure and conclusion: unclear
*vague details or omissions
* effort required to comprehend the progression
*unrelated digressions
*All logical steps present, but in non-sequential order 
	* procedure clear & complete, matching what was actually done
* conclusion is drawn that is related to the purpose/problem
* makes sense on 1st read-through
* organized, sequential, argues from evidence
	

	Error Analysis
(2 pt)
	*error analysis missing

*emotional response

*”miscalculation” or ”mistake”

*”faulty equipment”

*”human error”
	*estimated values not related to calculated results
*no attempt/failed attempt to quantify
*ambiguous, unclear language
*missing necessary diagrams
*incorrect statements
	*sources of error identified, but focus on non-major sources
*estimated values unfounded or unreasonable--related loosely/not related to calculations
*ambiguous, unclear language
*incorrect statements
	*major sources identified & explored
* quantified (amounts estimated)
*shows effect on calculation
*diagrams included
	

	Analysis Questions
(5 pt)
	These are graded question by question.

-please include questions along with the answers in the lab report-
	

	Total  :
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