A Precise Determination of the Acceleration of
Gravity

I ntroduction

Consider an object moving in one dimension. Assume thatlijexbis located initially
at positionzy = 0 and moving with velocityvy. Further, assume that the object is
undergoing constant acceleratian,Then the following kinematical equation applies:

v? = vE + 2azx, (1)
wherez is the displacement of the object from its initial positiandv is the instanta-
neous velocity of the object at the displacementn addition, the average velocity
of an object which has undergone a displacenfenduring a time intervalAt is
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Figure 1: Equipment



Procedure

Near the surface of the earth the acceleration due to griaagyproximatelp80cm/ s2.
The purpose of this experiment is to obtain a precise valuth&acceleration of grav-
ity in the laboratory. Its methodology includes dropping etah plate and collecting
data which are used to obtain approximate values for tharntesheous velocity of the
plate at various displacements during its flight. The va&jyoand displacement values
are then fit to Eq.]1 with the valuesandv, determined to optimize the fit. The value
of R? is obtained to assess confidence in the fit, and the expesineitie of the ac-
celeration of gravity is obtained from the fit. Then, the dexaion of gravity in the
laboratory is calculated using a semi-empirical formul@naBy, the two values are
compared for consistency.

The metal plate shown in figufé 2 comprises a series of onénuetetr pieces of
solid metal alternating with one centimeter openings. trigpped from several cen-
timeters above the photogate so that it interrupts the bddight. The timer begins
recording time when the first piece of metal interrupts trenband stops when the next
consecutive piece of metal interrupts the beam. Thus, thertrecords the amount of
time, At, for the metal piece to be displaced by an amalymt= 2.00 cm. The timer
then remains inactive until the next piece of metal enteesltbam. Thus, a series
of time measurements is obtained for two centimeter digphents (one centimeter
of metal and one centimeter of opening) of the metal platehe(fhidpoint of each
consecutive displacement is separated by 4.00 cm.).

Turn on the timer. Set the timer to function S2. Drop the mplatle, as described.
After the metal plate has completed its flight, stop the tiraad obtain the time mea-
surements.

1. Measure the width of several metal strips and alternaipgnings of the plate
to verify that the width of each strip and opening is 1.00 crthtee significant
figures.

2. Using Eq[P calculate the average velocityduring each time intervalAt,
recorded by the timer.

3. Using Excel plot a graph af? vs. z. Herez is the displacement of the plate
where its instantaneous velocity equals the average v¥gloaf each displace-
ment of two centimeters. Assume that the displacemenhere this occurs is
2 =1.00 cm, 5.00 cm, 9.00 cm .. f| Perform a linear regression, reporting the
estimated regression parameters in[Eq. 1 and the vali .off R? = 1, then
the value ofy estimated is exact to the accuracy of the measurementthere.
is no random error in the estimated valugjof

1This assumption, which simplifies the analysis, in fact, isewtect. The location where the average
velocity occurs is given by% - %gAtQ, whered = 2cm, g is the acceleration of gravity, anfl¢ is the
time to traverse the 2 cm. It can be shown that the systematicresolting from this assumption occurs in
the third significant figure o§. It is interesting to note that neglecting the effect of asistance results in a
systematic error in the fourth or fifth significant figure.



4. Calculate the theoretical value of the acceleration afigy in the lab,gmeory
using the Clairaut formula with the free air correction (§formula is discussed
in detail, online, in the Wikipedia encyclopedia, Standgrality.):

Gtheory = 978.0327[14-5.3024x 10 sin? (L) —5.8x 10~ % sin®(2L)]—3.086x 10 ° H.

Here, the latitude of the lab i, (L = 34.23°) and its height above sea level is
H,(H = 1.3 x 103 cm.)

5. Is the experimental value gfin agreement with its theoretical value? In princi-
ple, if R? = 1, the experimental value should equal the theoretical valtieree
significant figures. IfR2 = 1 and the experimental and theoretical values of g
are not in agreement, offer suggestions for the disagreeipetween theory and
experiment (See footnote 1.).

Figure 2: Metal Plate

2L atitude and elevation have been provided by Dr. Brian Davis


http://en.wikipedia.org/wiki/Earth's_gravity

At (s) | Az (cm) | @ (cm/s) | = (cm) | #2 (cm/s}
2.00 1.00
2.00 5.00
2.00 9.00
2.00 13.00
2.00 17.00
2.00 21.00
2.00 25.00
2.00 29.00

Table 1: Data and Calculations




