EXPERIMENT: ANALYSISOF A FREELY-FALLING BODY
Part I: Dependence of Speed and Position on Time

OBJECTIVES

to verify how the digance of afredy-faling body varieswith time
to investigate whether the velocity of afredy-faling body increases linearly with time
to caculate avauefor g, the acceeration due to gravity

APPARATUS

A Behr Free-Fal Apparatus and Spark Timing System will be used.

BEHR FREE FALL SYSTEM
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THEORY

In this experiment a brass cylinder is dropped and a record of its free fal is made. Before the
measurement, the cylinder is suspended at the top of the stand with the help of an dectromagnet.
When the eectromagnet is turned off, the cylinder is rdeased and sarts to fal. Smultaneoudy, the
spark timer starts to send evenly-spaced, high-voltage pul ses through two wires which are stretched
aong the cylinder’s path.

At the time of each pulse a spark goes through the wires and the cylinder, leaving a mark on the
gpecid paper tape that lies between the cylinder and one of the wires. The time interva between
two adjacent sparks, t, is 1/60 of a second.



Measuring the distances between any two marks, Dy, and knowing the times between the
corresponding sparks, D, it is possible to caculate the average velocity during this interva using the
formula
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bt (D
If Dt is smdl enough, we can assume that the velocity a any indant within this intervd is
gpproximately equd to this average velocity.

In generd, for the motion of a body with a congdant acceleration a, the velocity v is given by the
equation

V= at+ Vo, (2
where v isthe velocity of the cylinder a t = 0. Sincein our case the brass cylinder isfdling fredy,
a=-g, (3)

where g=9.81 m/s is the magnitude of the accdleration due to gravity. Therefore it follows from (2)
that for afredy-fdling body

V=V, - gt. 4

Thus g can be determined from a plot of v vs. t Since the dope of any veocity versus time graph is
just the acceleration. The obtained vaue of g can then be compared with the known vdue of the
accelerdtion due to gravity. The postion of the cylinder, y, as a function of time is given by the
standard equation for an object that is undergoing constant acceleration. If a time = O the object
has height y, and velocity v, then this equation looks like

Y=o tvet- 3ot 5)

PROCEDURE

Using the free fdl gpparatus, drop the brass cylinder and record on spark tape the location of the
faling cylinder a a series of equaly spaced timeintervals, t = 1/60 s.

The quantities needed to andyze the motion are the position (y), velocity (v) and time (t) of the
points on your spark tape. The choicesof t = 0 andy = 0 are arbitrary and do not necessarily refer
to your first or last data points. However, as your object fdls the postion y must decrease

(becoming negative if necessary).

After you have performed the experiment, tape the paper strip to your lab table. Label the points on
your tape, starting with the point AT THE BOTTOM OF THE OBJECT’ S FALL as#31 and label
them in DESCENDING numerical order. Make surethat point #31 is the last actud data point and
not the point where the brass cylinder is stuck in the putty and smply sparking. NOTE: Point #1
will not necessarily correspond to your very first point, but the very first points are somewhat
ambiguous anyway. 1t does not matter if you do not use some of the first points. Next, put aruler




on your tape such that height y=0.0 cm corresponds to point #31 and that height INCREASES as
you move towards point #1. Measure the locations of each marker with this ruler and write the y
position on the tape next to each marked point. Make sure you are labeling each point with its
TOTAL distance from 0.0cm, NOT just with its distance from the previous point.

After completing this, transfer the y positions into the Soreadsheet. Using the spreadshest, calculate
the velocity at al points during the fal except for the first and last points. Be sure you do &t least one
sample cdculation to include in your lab report. As discussed in the theory section, the
ingantaneous velocities at these points are gpproximated by finding the average velocity at each of

your points, v = % . Inthisequation Dy is the distance between the spark PRECEDING and the

gpark FOLLOWING the given spark for which you are trying to caculate a velocity. Smilarly, Dt
isthe time interval between the PRECEEDING spark and the FOLLOWING spark. More details
are given in the Appendix “Formulae, Definitions and Errors for the Free Fall experiment.”

Trander the columns of “Time” “y,” and “Vy” from your Soreadsheet to Kaedagraph for graphing.

Prepare the following graphs:

| -- agraph showing Vy vs.t fitted with a best-fit line® Make sure the equation of the best-fit
lineis on your graph. From the dope of the line determine the gravitational acceleration, g, in cm/s”.

Il -- agraphof y vs time

*To fit alinear graph with a best-fit line, chose the menu item “ Curve Fit,” and then “Linear.” Click
the box beside the name of the column that has the data points you want to fit. Then click “okay.”
Y ou should see your graph now fitted with aline. If the equation of the line has not autométicaly
popped up on your graph, go back to “Curve Fit” and “Linear.” Click the “view” box that has now
gopeared. A window will pop up with the generd form of the equation of a line and the specific
values of the dope and the y-intercept for YOUR line. Plug in the values and write the equation of
your best-fit line on the graph after you print it out.

After your perfected graphs are printed out, write a2 to 3 sentence “ Graph Analysis’ at the bottom
of each graph. This should describe what is hgppening on the graph (“as the quantity dong the x-
axis does such and such, the quantity dong the y-axis doesthis’), and how what is happening on the
graph rdaes to what actualy occurs with those quantities physically.

**NOTE: BE SURE TO SAVE YOUR SPREADSHEET!!! YOU WILL NEED TO USE
YOUR DATA FOR NEXT WEEK’SEXPERIMENT: FREE-FALL PART II.



QUESTIONS

1) When finding the velodities usng v = % , why should you use sparks on ether side of the
point for which you are caculating the speed?

2) What is the yintercept determined from your Graph | (or from the equation of its best-fit
line)? What doesit mean?

3) From Graph |, or the equation of its best-fit line, find the time at which v=0 cm/s.

4)  Wha is your vaue of the gravitationa acceleration in cn/s” determined from the slope from
graph 1?

5)  What specific equation describes your Graph [1?

6) Whentheinitid velodity is zero, what would you plot to make graph 11 linear: y? vs. t, y? vs. t2,
ory vs. t*?

CHECKLIST

Y our lab report should include the following eight items:

1
2)
3)
4)
5)
6)
7)
8)

your spreadshest

sample cdculaions

plot of the height vs. time

plot of velocity vs. time with dope (in c/s?)

interpretation of the two plots

answers to questions

one member of each group should turn in your spark tape record of the free-fdll

since you will use your results in the next lab, make sure you save the soreadsheet



Formulae, Definitions, and Errorsfor the Free Fall Experiment

DEFINITIONS

In this experiment you messure the postion of a faling mass, m, a fixed time intervas. The fixed
time interva is determined by a high-voltage spark source. Read off the time between sparks (t)
from the setting on the spark source.

You will measure the positions a each spark as y, yo, Y3, Y4, €C. in centimeters [cm]. These
positions will be referred to as .

To measure the speed a point aparticular point “i” first caculate
DY, = ¥iu1 - Vit
For example for the sixth point
DYs = ¥, - ¥s.

On your data sheet thisis labeled as Dy(i). You are now ready to caculate the speed a point i by
dividing the distance Dy, by the time elgpsed between the two points, or 2. Sothe speed V,, is

given by

v, =2 = ey
ot 2

ERRORS

For each measured y; you assign an error based on how accurately you can measure thet point. This
error is calleddy. This error determines al other errorsin this lab. For thislab and for the following
formulaeit is assumed thet the error in t and m are zero.

Theerrorin Dy at each pointi isthesameand isgiven by d(Dy) =2dy
The error in the gpeed at each point i is

d(Dy) =V 2dy :&2dy:— =—
Dy YDy Dy 2t ot

d(v,) =V,



