EXPERIMENT: ANALYSISOF A FREELY-FALLING BODY
Pat 1l: Conservation of Energy
OBJECTIVE

to observe the changes in potentid energy, kinetic energy, and total mechanicd energy of a
fredy-fdling body

to ascertain graphicaly whether the totd mechanicd energy of a fredy-faling body remains
congtant

to determine, both theoreticdly and experimentaly, the form of the
vaiation of the potentia energy and the kinetic energy with time
APPARATUS
The data collected using the Behr Free-Fall Apparatus in the previous experiment will be used.
THEORY
The kinetic energy of amass m moving with speed v , is defined as

2
mv
KE = : 1
; ®
The potentia energy of this mass rdative to some (arbitrarily chosen) originis
PE = mgy, @)

where y is the height above the origin and g is the acceration due to gravity. For a mechanica
system where there are no energy losses due to frictiond forces, the totd mechanica energy, By, is
constant:

KE + PE = Ey = Eia = COnstant 3
Thisisagpecid case of the generd principle of conservation of energy.

The kinetic energy (KE) can be cdculated directly from equation (1) using the speed that was
measured in the previous lab. However, in order to use equation (2) to calculate potentia energy
(PE) it is necessary to first define or chose an origin from which to measurey. We will discussthe
origin that will be used in the experiment in the procedure.

PROCEDURE

In the previous experiment the speed of the faling object was determined a each spark position
(except for the firgt and last spark pogitions). In this second part of the experiment this data will be
used to cadculate the potentid energy and kinetic energy a each point. The formulae for these
caculations are given above. For the potentia energy we will choose the int where potentia
energy iszeroaty =0cm. Thatis, at point #31 PE=0.

Open the spreadsheet Free fall 2_empty, which is prepared for this lab. Transfer your saved
vauesfor y, Dy, and v from the previous |ab’ s spreadsheet using the “copy and paste” procedure.



Program the spreadsheet to calculate PE and KE by entering the formula for each in the first cdll of
the appropriate column. Remember that for the spreadsheet to recognize a formula it must begin
with an equals (=) 9gn. For example, PE is defined as PE =mgy, and thisis programmed as“=m *
g* C19.” You can amply use “m” for mass and “g” for gravitationad acceeration in your formulae
because the cells on your spreadsheet where these values go are dready named for you. However,
do not forget to enter the appropriate vaues into these cdls, or your formulae will not work. When
you have the correct formula for PE you can use the fill-down method to calculate the energes for
al of your vdues. Check one of the computer’s results for PE and turn it in on a “Manud
Cdculations’ page with your lab write-up.

Repest the same steps for the calculation of the kinetic energy. The term V2 in the equation for KE
can be programmed as“v*Vv’ or as“v2,” where for “v’ you must actudly type in the coordinates
of the cell that has velocity init. For example, thefirgt velocity cdl isE22.

Cdculate the totd energy (Ewta ) by adding KE and PE at each point.

Findly, cdculate the errorsin PE, KE and Eqy . The formulae used can be found in the gppendix for
this experiment. Note that the cells containing the values for error in'y and error in ddtay are
dready named for you, just like the cdls containing the vaues for mess and gravitationd
acceleration are,

Do not forget to do a manual calculation for each type of quantity calculated and hand it in
on your “Manual Calculations’ page.

Make one graph showing PE, KE and Eqxa as functions of time. Sdlect arange for the x-axis (time)
such that it extends somewhat beyond your data points. Have the computer fit the plot of By With
a best-fit line and make sure the equation for the line is somewhere on your graph.

QUESTIONS

1) Isthetota energy conserved at dl times? If yes, how well is it conserved? HINTS. A dope
equal to zero indicates that the totd energy does not depend on time. The formula for the error
in your dopeis given in the gppendix to thislab.

2) One of the student’s reports contained the following argument: “1 think that the totd energy is
conserved because its graph is a sraight line” Do you agree or disagree with this sudent?
Explain your pogtion.

3) Discuss the time PE = Eqa and the time KE = Eqy for an object in freefdl. What hagppens at
these points? That is, what are the position, speed and acceleration of the object at these
points?

CHECKLIST

Y our |ab report should include the following four items:
1) spreadsheet with the data and Excel-computed calculations
2) a“Manud Cdculations’ sheet with a sample done by you of each type of caculation
3) onegraph of the three energies with a best-fit line and equation of bext-fit line for B
4) answersto the questions



Formulae, Definitions, and Errorsfor the Free Fall Experiment

DEFINITIONS

In this experiment you mesasure 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

The potentia energy (PE) and kinetic energy (KE) at each point y;j are defined asfollows:.

2 mv2
PE = mgh = mgy, KE:m—;/: >

ERRORS

For each measured y; you assign an error based on how accurately you can measure that point. This

eror is cdleddy. This aror determines dl other errorsin this lab. For thislab and for the following
formulaeit is assumed thet the error in t and m are zero.

Theerror in Dy a each point i isthe same and is given by

d(Dy) =2dy.



The error in the speed a each point i is

d 2 \ d
d(v,) =V, (DD” =y 2 gy - A D
y Dy Dy 2t t
The error in the kinetic energy a each point i is determined by:
d(KE) _2d(V,) _ 4dy
KE v, Dy
which means that
2d(V
d(KE) = KEM = KE4—dy.
Vv, Dy

The error in the potentid energy a each point is determined by:

d(PE) _ g
PE y
which meansthat
dy dy

d(PE) = PE— = mgy— = mgdy.
y y

Asyou will see, the error in PE isthe same for every point.
The error in Eqy 1Sjust the sum of the errorsin the kinetic and potential energies.
Theeror inthe dope of your Eqq  graphis

d (dope) = (dEart dEoai) / time

where dEa¢ IS the error in the totd energy of your find point used, dEw; iSthe error in the tota
energy of your first or initid point used, and timeisthe total time eapsed between those two points.



