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SPH4U Lab: Inertia
Background:

Define and relate the following terms: mass, inertia, inertia balance, period and periodic motion.
In classical physics, mass is a general measurement of how much matter an object contains. In general, a number of different physical properties are affected directly by mass, including inertia, which is the tendency of an object to resist a change in motion. An object with greater mass will have a greater tendency to resist a change in motion than an object with less mass. An inertia balance is an apparatus to measure the ‘quantity’ of inertia that an object has, by measuring the period of vibration for an object balanced on the apparatus, since the object will undergo a repeated up-and-down periodic motion on the apparatus. This measurement, in theory, is independent of gravitational force and should work even in places where there is no significant gravity.
Purpose: To determine the mass of an object by measuring its inertia.
Apparatus: flexible straight edge, film canister, ten nickels, masking tape, stopwatch
Procedure/Observations:
1. Tape one fourth of a flexible straight edge onto the edge of a table.
2. Tape an empty and lidded film canister to the free end of the flexible straight edge.
3. By pulling the film canister to one side and releasing it, determine the time of 10 oscillations of the empty film canister using a stopwatch. Repeat an additional time. Calculate the time it takes for 1 oscillation. Find the average for the two trials. Record all data in the chart below.

4. Repeat step three, adding one coin at a time until a total of 10 coins are used.
5. Use a balance to determine the mass in grams of one penny by measuring the mass of ten pennies and then dividing by 10. Use the mass of one penny to calculate the mass of each number of pennies from one to ten.

6. Use the mass of each number of pennies and the period for each number to create a mass vs. period graph with mass on the x-axis and period on the y-axis.
	# of pennies
	Mass (g)
	Trial 1 (10 oscillations)
	Trial 2 (10 oscillations)
	Trial 1 (s)
	Trial 2 (s)
	Average

	0
	0.00
	2.90
	3.08
	0.290
	0.308
	0.299

	1
	4.50
	3.35
	3.34
	0.335
	0.334
	0.335

	2
	9.00
	3.56
	3.81
	0.356
	0.381
	0.369

	3
	13.50
	3.96
	3.56
	0.396
	0.356
	0.376

	4
	18.00
	3.72
	3.78
	0.372
	0.378
	0.375

	5
	22.50
	3.83
	4.07
	0.383
	0.407
	0.395

	6
	27.00
	4.12
	4.39
	0.412
	0.439
	0.426

	7
	31.50
	4.24
	4.39
	0.424
	0.439
	0.432

	8
	36.00
	4.35
	4.46
	0.435
	0.446
	0.441

	9
	40.50
	4.59
	4.60
	0.459
	0.460
	0.460

	10
	45.00
	4.68
	4.65
	0.468
	0.465
	0.467
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Calculations:
1. Explain how the inertia balance created in this lab works.
The inertia balance uses the flexibility of the straight edge like a spring, and measures inertia or mass of an object using the period of oscillation of the straight edge with the mass attached. The spring-like straight edge conducts simple harmonic motion like a spring, and thus is only dependent on the mass attached and the flexibility of the straight edge, and not dependent on the gravitational force on the mass. 

2. The mass of an object such as other coins or metal washers that can fit into the film canister can be determined by comparing its period to the mass on the mass vs. period graph generated from this lab. Determine the mass of a quarter via this process. Record all pertinent data. Show all calculations and demonstrate how mass can be obtained from the previously generated graph.
Average period of quarter on the inertia balance: 0.386s

From the equation of the graph above (linear regression via computer):


T = 0.0035m + 0.3195 where T is the period and m is mass

Thus, given a period of 0.386s, the mass can be calculated:


0.386 = 0.0035m + 0.3195


0.0035m = 0.0665


m = 19.0 g
3. An alternative way to determine the mass of an object is to use the relationship between mass and period which can be expressed by the equation: m1/m2 = T12/T22 where m1 is the unknown mass and m2 is the known mass (i.e., penny). T1 and T2 are their respective periods. Determine the mass of a quarter via this process.
m1/m2 = T12/T22

m1/4.50 = 0.3862/0.3342
m1 = 6.01 g
4. %difference = (difference in measurements) / (average measurement)

%difference = (19.0 – 6.01) / 12.51


       = 104%

5. Describe 2 sources of error that could have affected the results of this lab.

Some of the coins inside the film canister were not secured to the film canister itself, such that when the vibrations were measured, the coins were bouncing on the film canister, causing the periodic motion to be disrupted, and the bouncing was affected by the gravitational force of the Earth on the coins, although gravitational force was not supposed to affect the apparatus. 
Human reflexes in timing and counting of the oscillations is also another source of error – it would be preferable if a better device was used for timing, such as a laser measuring device to count and automatically time the period of vibration.

The flexible straight edge may have also been improperly secured to the desk – if any part of the one fourth that is supposed to be taped to the desk is moving, it disrupts the overall apparatus during its period vibration.

In addition, not every apparatus may have been set up in exactly the same way – since the period of the quarter was measured separately as a class datum, that apparatus may have been slightly different than the apparatus used to obtain the mass vs. period graph from the experiment.


















































































































