‘Experiment

. L M odern Gali 'e° Experiment |

- ..When Galileo introduced the concept of uniform acceleration, he-defined it as equal increases in
speed in equal intervals of time. This experiment is similar to the one discussed by Galileo in his
book, Dialogues Concerning Two New Sciences, in which he assumed that a ball rolling down
an incline accelerates uniformly. Rather than using a water clock to measure time, as Galileo
did, you.will use a Motion Detector connected to a computer. This makes it possible to very
accurately measure the motion of a ball rolling down an incline. From these measurements, you
should be able to de01de for yourse]_f Whether Gahleo s assumptton was valid or not. .

S 'Gallleo further argued in hJS book that balls of dafferent sizes. and Welghts Would accelerate at - R
- . the.same rate down a given incline or when in free fall. This was contrary to.the commonly held N
L -behef of the t]me that heav1er obJects fall at a greater Iate than hghter ob}ects -

: -Smce speed was dlfﬁcult for Gableo to measure, he used two quant1t1es that were gasier to
measure: total distance traveled and elapsed time. However, using a Motion Detectoritis .

B p0351b1e to measure much smaller increments of time, and therefore calculate the speed at many

: _pomts down the incline. The data you will be able to gather 11 one 1‘011 of a ba}l down an: mchne
is. more than Gahleo was able to acqune :m many tnals = :

'OBJECTIVES

. Use a Motlon Detector to measure the speed of a ball down an incline. _ R _ o }
. Determme if Galileo’s assumption of uniform acceleratton is valid. ' ' '
e -Analyze the kmematlc graphs for a ball on-an mclme
e Model umformly accelerated motlon with algebralc equatlons

-~ 'MATERIALS

PowerMacmtosh oerdows PC: Rt . | T .Vél."llle.l‘ MOtlbﬁDétéCtOf o o ‘

LabProorUmversalLabInterface__' PR mchne(l B3mlong) =

LoggerPro iR ' balls (5 10 crndlameter) B R :
. PRELIM[NARY QUEST!ONS

1 LlSt some observatlons that Ied people of Gallleo s tlme to beheve that heav1er ob]ects fa]l
faster than hghter ob]eets . : :

Drop a small ball and alarge ball‘from the same he1ght at the same time. D1d the larger one -
- hit ﬁrst, last or at the same tlme‘? g B '

L b What would happen 1f you agam sunultaneously dropped the two. ba]ls but t]llS tlme held the . - _: o
: small ba]l about 30 cm above the larger one, Would the dlstance between thetwoballs -
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Expeﬁment 3

increase, decrease, or remain the same as they fall? Since the fall time is short, it is hard to 4

te]l just what happens by eye. You will see why Galileo and the people of his day had a
difficult time answering the questions of motion. Try to answer ‘dns qucstlon using Gallleo S
assumptlon of constant acceleration.
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1. Connect the Motion Detector to DIG/SONIC 2 of the LabPro or PORT 2 of the Umversal L) m(&?&_.
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Lab Interface.

2 Place the Motion Detector at the top ofa 1 to 3 m 1011g incline. The incline should form an ﬁ{\;S{ cs
angle between 5° and 10° of horizontal. " / .

@
3. Open the file in the Experiment 3 folder of Physics with Computers. Two graphs will appear V?&NE&
’ on the screen. On the top graph, the vertical axis has distance scaled from 0 to 3 meters. The "

-second graph will have velocrty scaled from 0 to 2 m/s. The honzontal axrs of both graphs
has t:me scaled frorn 0103s. : _ _ _ C ‘f\ﬁ:j’

4. Posmon a ba]l about 0.4 m down the mclme from the Motion Detector - CW\ M,’P

| 5. Chck M oo 1] tO begm data collect10n Release the b when you hear the Motron Detector

]_. start to click. 9(?&(_@ hAll— @0 f,L@ C13 ) CL{C& g&_t&f}@& _{ - !
Print or_ sketch the graphs of distance vs tm:rc and velocrty vs. time. "":\CL@{ A LL’C{ ‘ff‘;S‘“T ét/ﬁ/i

o P
7.) Click on the ve ocgty VS, €me g‘rar? Chck on tﬁe %Qmme %@[} on the toolbar. Move the
» .cursor o a point about one-fourth of the way down the incline. Record in the data table -
below the value of time and velocity for that point. Starting from that point, record time and
velocity data for every 0.2 s until you have recorded 10 pomts or until you reach the pomt

that corresponds to the end of the acceleratlon }A }g}

| - - . .

S/Dc;;;e\c%stance(vs tirte graph appear to follow a simple alg’ebralc curve? Whlch curve or

line? Try fitting various functions to the portion of the data corresponding to free-rolling by

dragging across that time interval and clicking the Curve Fit button, . Selecta function -

from the scrolling list and click 1 to see how the function fits the data. Choose the .

- simplest function that still fits the data well, click C&F=—:to re—plot the fit, and click &1 to

‘place the fit on the main graph window. Record both the equation and the parameters of the

- fitted equatron Prmt or sketch your graph Include the’ curve fit 1nformat10n R

1rmlar1y, does the velocrty Vs. trme graph 1 fo]low a srmple algebrarc curve‘? Usmg the e o
process above, choose the simplest. function that still fits the data well -and record the L
_parameters of th&ﬁtted equatron. Prmt or sketch your graph Include the curve ﬁt
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DATA TABLE

Speed Change in speed

Data point ] -
{s) ‘ (mfs) {m/s)
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. alculate the change in speed between each of the pomts in you;r data table above Enter
'these values in the nght column of the data table o S : _

i2 ) As stated earlier, Gahleo s defmmon of umform accelerahon is equal increases in speed.in; -
" equal intervals of time. Do your data support or refute tlns deﬁmhon for the mot10n of an ’

obJect on an mclme‘? Explam

IV 'as Gahleo S assumpuon of constant accelerat:lon for mot10n down an mchne valid? How .

‘do your data support your answer? -
M4 Calculate the average acceleration of the ball between the ﬁrst and the last tﬂne recorded - o B
(t1 and tlast) usmg your da the deﬁmtmn of average acceleranon B R gL

{along ﬁor the dlstance Vs, time graph How does the constan ; in
;,$10P-¢; of the Oi y Vs. tlme graph‘P : S

L ok at t eﬁtequauonforth velocity vs. t u:-; Doestheﬁttedfunchonhavea
an &7 ﬁﬁat\does that slope mean “Whatdre its ur ts? Record the slope in the data




Experiment 3

EXTENSIONS.

1. Repeat the experiment using a different size ball or a dyna:mics cart. Is there a difference in
the results? How does the acceleration of a dynamics cart compare with the acceleration of
the balls? . L o . _

2. Use the Motion Detector to.examine the acceleration of a rubber ball in free fall. Relate your
findings to the Galileo éxperiment. ) '

\Roll the ball up the incline so that it slows to a stop and then rolls back down without
J coming within 0.4 m of the Motion Detector. Compare the up and down motion to the down
only motion that you examined in the lab. Is the acceleration the same during the whole
motion? Is the velocity always the same sign? How could you change the coordinate system

of your experiment so the acceleration changes sign?
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GALILEO LAB (EXPERIMENT 4)

Analysis #2 and #3 ' '
| combined _ -
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Average acceleratlon aav show work -

i+ a,
W +C0 @

Error = {Max—Min}/2 (6 or less data points} or uncertainty of the mean(University of Penn) | @NA mﬁﬂ [jifi

ok s

Check Is_this true?

.m is from the curve fitforv.vst -
L ai;,w' = “average acceleration. - error =.aay -_3er_r_or
. ay, = average acceleration + error = a,y .+ error '

Explain errors

. Use a.’_s_tached_s'heets ifne_edéd_ o



