[image: image1.jpg]T 0¢ TimEIA

RSt e purpe of this cxectmmt 1 to dtoraine the st of dnctia
a Fiiihes) Gaparimentally and compae it with the theoxetical valie cbrained

From i3 mass and disensions.

oo in this specient 8 0l disk L1 be e 03 hewol. 10

a force applied tangentially to its cis which will cause it o
have an anpilak acceleration,  The focce is applied by o Sispended weight a3

showm in Fig. Al6-L. The weight is suspended by a tape vhich passes throuh @
ok o a5 s
Fiyvheel
Spark Terminals
Yaxed Tape =7 -
&

Pig. Alé-1. A skeich of the apparatus used in the experiment.

A synchronous spark tiser produces sparks across the gap at regular time
intervals leaving dots on the tape. From an analysis of tha tape the linear
‘acoeleration of the suspended mass may be determined. Since the tape does nov
2305 on the disk, this vill als0 be the linear acceléracion of 3 polot on the
£in Of the disk.’ With the additional knovledge of the accelerating force, the
Foment. of inectia my be calculated. The details of these calculations are e

follous.
The ocational form of Nevton's second law is
Tore @

vhere <« is the applisd torque, T is the moment of inertia and o the angular
acceleration. Since © = T, and & = a/R, ve cotain
1
EY @
®

uhece T _is the tension in the tape, B the radius Of the disk and a the
Lineac acceleration of any point a distance R from the center Of rotation,
i.e., any point on the cim of the disk.

Applying Newton's second law to the suspened mass we obtain

e mg - (&)
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Solving for T

S i i v
, Lot(2 1),

hich becomes the working equation for the experinental determination of the
moment. of inectia,

The theoretical calculation of the mument of inertia depends upon the mass
istriburion in the cbject and the axis about which it is cotated. For a flat
Gisk rorated about an axis through its center 25 in this apparatus;

1e e, ®

fater, the contribucion of the monent Of inertia of the hbS
bat it uill be necessary to use the correct mass, N', Father than the total

mass of the Flyvheel.

We can do this by using the density of the material of which the disk is
made and its volume to detecaine its mss. Thus the mass becanes

whece w s the width of the disk.

Subsituting this into eation (7) and dropping the contributions of the
hubs, ve have

s
T w

and (6) becomes the equation for the theoretical caleulation of the soment
of inectia of the disk.

 EROCEDORE:
Pat 1. Experimntal detersination of the monent. of inertia of the disk.

1. measure the dimensions of the disk and hubs and recocd these on the data
bl Decermine the mass of the £ljheal and of the paper clamp and record
£

© 2. Turn the bearing adjustaent until it is all the vay closed on the bearing.
{But do not tighten it hard)



[image: image3.jpg]3. Atcach a lengeh of the waxed tape to the wheci by folding the end Of it
2nd inserting it into the proper SIot in the whee] sich Chat, vhen it i
Pulled, it tends to curn the wheel father than slipping out Of the Slot. It
Shoutd'be ong encugh to attach o a veight holder on the floor and stiil
have encugh veapped on the wheel 5o that it will ot pull cut of the siot. Do
ot usé more tape than is nesded to do this.

4. ve will nov make a compensation for friction in the bearings

masses (paper Clips) attached to the tape, determine bou

Sadec 0 that the wheel rocates at constant speed ance i

This amount of mass mist be used each time the expe: Lneat

15 not o be included as part of & in egustion (5)

sates for the frictional torque but is ot exactiy corcect since the mass of
. 28

Fhe paper Clips is accelerated in the experinent
this exper iment, the nass of the clips can

5. Connect the spark tiser to the spark terminals of the
spark timer at 20. This will give a dot cn the tape ever

sacond.  You will use only every ot e interval

be 1/5th of a second or 0.20 sec.

6. Attach the clamp and a 50g mass to the tage and slouly lower it €0 the
i5 then batueen the spack terminals.

o
Elooe, Mark the tape at the point that
Doint as, once the veight holder strikes the

floor, the disk is o longer accelerated.

7. Sewind the taps until the clamp is Just belos the spark teminals and lock
the disk in place, Turn on the spark timer and, after a few seconds, release
tha disk with the spark timec Still meming. When the weignts strike the
Eloor, tuen Off the spark tiser and stop the disk. CAUTION: The spark tiset
Produces the sparks at several thousand volts; so cne should stay clear of the

Eerminals while it is operating.

5. Remove the tape and place it white side up on the table and fasten it dam
with tape, if you wish. Starting  centimeter or 50 from the fitst Gt
Ciccle every fourth dot.

5. Repeat steps 6, 7, and 6, above two tines using new tapes and increasing
the suspended mass 504, each tine.

sl s ook £ dpeen v RSusiISUAS TN 8
Eat determine the velocity near the baginning of the cun and then & velocity
raac the nd of the run, 1 v then determine the time Over which this change

in velocity has taken place, we can calculate the acceleration.

vl

By detinition ve- v,
A1 )

e
SE S G

, and ot is the elapsed

where vy and v, ace the final and initial veloci
Tine. frig. A%16-2 shows 2 sample tape.

2
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Pig. Al6-2.

a0

= avecage velocity during initial intecval of 0.2 sec
= instantaneous veloclty at midpoint of initial intecval,
s I

T, T DI s

= avecage velocity during inal {nterval of 0.2 sec
« tnstantaneous velocity at midpoint of final interval.

te = t, = total tine from middle of initial interval to
middle of final interval

= (4 x 0.2 sec in our example).

For each of the three tapes measuce & and & s, and deternine
& - t_. Calculate the acceleration and the monenf of inertia and
hter Bhe results in the data table., Also calculate the average moment of

inertia,
Fart 11. Theoretical determination of the moment of inertia of the disk.

b secaine the matacial of which e 8k s ade. The densities ace
46 g/ca” for the bgass disks, 7.73 g/ca” for the painted steel
disks, and 7.78 g/ca for the unpainted steel disks. Use BJ. () to

calculate the moment of inertia of the disk fram its density and dinensions

2nd enter the results in the data table.

2. Calculate the parcent diference betusen the theccetical and experinental
10 e o e




[image: image5.jpg]Part II. Etfect of the hubs.

Pact IV, Dansity of the Flybel.

Fron the disensions of the disk and hubs calculate the total volume of the
Elyuhee]. Then calculate its density ron the total mass of the flwheel dnd
its volume,  Compare your density to the density given above in Part IT.

DISCUSSION:  Wat vas the bjective of this experiment? What did you
acsomplisn?

Compace the experinental and theoretical maments of inertia. Is the
theoretical value included in the range of the experimental valies from the
three cuns? If not, could the moment. of inectia of the hubs account for the

aifference?
Other Coments.

uesrias:
1. S ehat the mass of the paper cligs can be ignored.
Bpation (3) can be caritten
Fememg-foT= e an

whece £ = friction focce and ' = mass of paper clips. m'g and £ cancel,
‘acoording o the proceduce, 5o that

e

Tenig
Decive 2. (1), Swstitute appeoxisate values of m, W', g, and 4 to Shov

"t e w15 in fac niigiole in TELacion 0 ML a7 an6 that
hcetoce o con ves 3. 141 Snscesd o B3, (19

2. Suppose we had used B3. (6) &0 calculate the theoretical value of the
moment. Of inectia, vith M the total mss of the disk, and still neglecting

the effect of the hubs. o large an error would we have made in
conparison to the valus e cbtained using B3. (8)2

a - n
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same (coserver) Date

(pactnec), Section
Diameter of aisk D = Mass of Elyuneel ¥ =
Width of disk W= Mass of clamp =

Diameter of b #1q =
Diameter of hub 12 4, = Dist material:
Thickness of hub #1h = Disk density o =

Mass of paper clips a' =

Basic tine interval &= sec | averace

men
Necage expeimenal momen. of ineci ram P 1
et -
meocetical mnt of ictia 1 (e0.) =
 ittocence -

st 11

= -
mew

Density of flyvheal from dimensions and mass o (calc) =
Density as stated in instructions 5 (acoepted) =
+ ditterence =





