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Abstract

The purposes of this research were: l) To study the moment ofinertia around the center

of mass of thin geometrical objects based on the parallel axis theorem by using physical pendulum

apparatus. Three acrylic geomehic sheets (rectangle, right triangle and isosceles hiangle) were used.

2) To study the moment of inertia, center of mass, penodic oscillation, harmonic motion of the

physical pendulum and the parallel axis theorem.

The experimental results found that the moment of inerlia around the center of mass

was in agreement with the theoretical calculation values within a 57o error. The positions which

give a minimum period of physical pendulum can be found by plotting the graph between the

average period and the mass center distance. The result is a quadratic polynomial equation. The critical

points to calculate the minimum average period from the experimental results were also in

agreement with the theoretical calculated values of the order of a millisecond. We present this

simple experiment which uses very low cost equipment to investigate the subject of moment of

inertia around the center ofmass of thin geometrical objects.
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s./ziar?A.vllur!u nn'l1u re o0rllu :rl xudrnnr: lnu [!lrlufln?1 lqtoutstJn'Mfl1150 0u1u

firi!an uov:vu;nrnrrxa1 u-':unuHqu dlunufirlunJiuu thcfir{ndrl#n-nuturnr:rrlu
's, ? a

uayfl r lljluugrfi?rxlaoul0.:?9ro[ 6uuhjrirtr

fl qgfi llnusr'{qrn (Orthogonal Axis Theorem)
rA

fi1nn1fiuo [14 lx , Iy tIny Iz ft0 tlJluunn?]1lrao01o.:'t910:0urlnu x. Y u0, z

nlrl.irnix rirnru :vnou q

Y
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i a aa a J a
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riuur{lualnr:'[d'ir

Z

I I* + I" ------- (l l)z
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----- (1s)
I

)M A.2+82
2I

s/i
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2B3
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tAto,i
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18 ------- (16)
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I
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.tval
nqUQltnUXUlUllO{d tflUtUOt (Steiner's Parallel Axis Theorem)

dr r-n q l r o t,t fi Il nr u ein a r u rfi o u : o u l n gu tin a r.: r r a r{J u I., o v'ld'j r fu rr u o{

i - ! 
" 

i - i, t tt q
fr?1![aou I Io.r?nqu:oxunu to dl ry{Iu ]u nulrnu mfl ]u !ag unn1{!']ouasoqH1{nu
dr -d' d,

[111-rtsus d unlrIu

I=lcu+Md2 ------- (le)

rdo I

I.,

M

d

?;'dra.no trruu9tfr?lurnou10.r?nn ! u'lurl-lufi tan5r. rlr9l:-
t a ], 

", 
? ano I u u u ei n r rl rfi o u t o.r'lin q fi d r u 1 n qu dn a r.r l aa i n il rurfl u

filan:-l.rrn:'
dr ^+fl0 u'1n10{'tgto 1lfiu2u[1]un lnn:u

6u rrorrirulu,ru?,r,u'ru?-n0rnnnautinnxrurafi vrirurfl urlsr:

flrlnr: (19) QnBun'jt tqufrunututu (Parallel Axis Theorem) durrrllntrtrnoil alnfruof

(Jakob Steiner) linnfi ngranfvrraidlryotuoue{

nr:fi qorivrqufi unilrururo{dlndruot

.ln

\

nry{rhsnou 8 rquArrnurururo.: alsrrfruof
i d v 4 qa
Ylll'l : tr&Y{Ut dusllfl?qd. 2547 :342

ornnu :snou a 1# o rilulnqudnnl{1,?nro.ri'nqln 1 Inuns{unu x, Y, z

l#oqjfilnrirru^n o rirgil lntlrnu z ri':oonnrnrrirn:vnru
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t-b
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J,
I,
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4 - . i i' dluo IcM flo Iuruugrn?llJtli0tJ: o![[nuYtHlu!n8uunn1.:lJxn ([nu Z)
4ai-I fro turuu9lfr2lurDot t oullfluYtllulunutlnu z Hlunn P

Iou:vosmtruullnu x uav y ro{ln p fi rir a uav u errltirnlr

s / d - ', ! i,tuluuflnl txJlqou10I tflnflouu: ol rrrfluq ifl'tu00 P 14'l tottn

!t

J[(" -")'*(v -b)']

A dr ly q J
Ioont: o-uvt-rn:n rilunr:o-un-rn:nr*rtiou:hg n:lnrunoriunvoh;rJrrlri'ir

J(x' + v')om - 2aJxdm - 2bJrdm + J(a' + t')am

, j )- ay
[[srruo{0'rfln{unu rrlnnrrunrmrnir!fi fludnnrw']a ufln{'jr xcM = o rirbfld'jr

J(x'+y')am+J(a'+b')

I dm

dn.r

I

0rauu1 fl0{19flu0fla1{:J'ra

Jxdm = 0

!1 ,
tuvl'luo.:[nu?nu 0s to

t - - -L
J vdm = o rirriu r: rriuuaunr:lnrjLi' 6o

dm

I., + M(a'?+b')

X.n l]r-
M

I

I., + Md2
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!!nelxlY{dnA (Physical Pendulum)
, qau t I e d a Aa i

0nfl !?ldna u:snoue?u?aolnj{rfl :':1ltJ1u10 uayllfl ?n:ouufru:1rou14u.1

nrnnr :snou 9lnlJurtflnrru?oo{r4rrornlnrrlurflu:yuv dsinO uovrirrlr 0 ri'ruua6r
? I - i . o v.TO:nTfl:vYt]fl 'ton tUmf,mml l 'toflflal rdolrrt4xl idtJnn flo

-mgdsin0 ----- (20)

lu0

"c

1

mg

dsin0

n0

fio

n0

tAanrdr-s
TO:nYrO.:'lnonouqgi'l[lfl u.: duq 0rJ1.ru1u[rJuu ?sru. mfl :
| - , d,asu1 unlj0.:1nnu u?unluu19lu

tgugn'lflnnfluuna rw?a6':lnn{u1
!,^uuul9t{ilnu u?utilurun:

o
l)ir o t

0

( ]I\'I
r/ siu 0

ntg

I 9 4aoRll',ttl:sno 9 nnfiufldna

TU'l : Serway and Jewett. 2004 : 469

a?
[[ognln ul 10{r0:fl

'c Icr

d':e
I

dt2 ------ (21)
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ttJ o
aJ;Au,d'Aoflo T o: nmo{1clnnatl flo Itfiu i d:.ro n:Jfiu ?fln luu?olu.mot

4A'd,6ano t!tlJugrft't"tulQotjtjo i'tgtoufi u'tut ufl l nn: u. r:.tct: "

6o nrtlri.rriwltor{noir:16auliurfi '
aid,dno ryumluu tuolnllu? uqnufiu']ur ur:louu

0

1

I

0

e

0rndunl: (20) lray (21) nyld

rg'e
dt' -mgd sin 0 (22)

,i'n; rJaru n r: 1n ri ki'jr

d20 . mgd sin 0

dCt I ------ (23)

0lnrona'n!01ilr'rsrilnoriG rfio e riluqlrdn 1 rrld'ir sin0 ^,0 ry'ldcunr:nr:
jita

lRa0uTltull El:lJounou'1.:.1'lufr0

d'e med ^

-+-----udt' I

0

rur'ouGtrrrfi trrnir:rlrirtltorarnr: nr:rn6oufi urr orfuofi notir.riru

------- (24)
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(26)
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0
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o
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o 2n

T

I
.cd

T

----- (27)

uuno

rravld''i1

2tr
----- (28)

,i "i !r, qau d ' d, a
n'lun t:rnnouvrl0{nnaxr,{dfl n u u'lurllu?u11r

s/,i-drasu)
tuluustfi ?'ltJ[ 0u10 {']9rfr u u'turllun tafl 5u'rusr:-

vddatdt
u?aroi thorri{tni r ilrri torilufi lnnfir

, I se * dl
n?1ult ilu 0 i0']flr[: i tutJ0?i10{ tafl fi u?urlll] rtJgr5/'ru r11-

i- r d ' dr
:vuu1'r?o01n1fl fluufl n r{u'tn tJ u?u[Llurugr:

drlunr:nnao.rfiryrrn'i{;o0 lnufilorrtauoqjrir':orncirrrurjrlafludnar{!?a

r{Ju:gt,v d rnjonrrirlrurruuo{orrrrdoo:or-,unufi#rqrn6'u:yurxro.irr.iurr{ uavdr'Iil

rirurardounair d:ovrqufiunuturuuoid'lafruof rvr'onreirlun:uo{naru,dou:oron

fludna1i rnro.:rrriulrI ( Ir., t loorJitgilalnr:b?rflu

2n
Ir." + md2

T ----- (2e)
mgd

s o/ 
^ 

Y - it d
ttJr u9fl 1rrJ[q 0u:0]Juflu9tr D tnflu:vu llJ1']fl1uEofluufla1{ ?aIltJ o Zcu fi0
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rfi oo-ogr.lalnr: o;rrrir Ir.,'ld6o

msdT2--:- - md'
4n'

mpdT2--= . - mcl'
4tr'

----- (30)Zcu

s'/ d d v .
ull? [LlrJlro{n rurla orao 9rlrrlfl{{oonn lu u?l,tJ tl.l1flo tnlflfluun0] { ?a

01ndrn1: (30)

I

6'o::Jornr:1#od1u:rlarunr:rirn-.:fl0{ Ax2 + Bx +C = o ovld'

.ndt - 
tBdJ' *t

4n'

Zcu

T 2x

0zcM ----- (31)

----- (32)

nvr,{u'irdunr:ou1u: aln r:nru r!ri1n-{do { fi1#: r.Jn: rylrtlu tstluoiu.:tu
A y o ' v r j 

"ay a, y -icr{o o ilJfrl: yu:rlu'llu l lnnlnlofluunn1{ ?a d Tytl tl1n lu[?a1 [un1:rrn?{ T UflluouTdn

^ 
g I sv i s ,l ' rrrs v drnnxu (1n n rqn 10 { tn rYlu0n l:1tun1) cr rrn'r:yus d tn [0un15 'r0u11u n 1o.l T

rfi or niu d u a y r r 1 a in q o I o': : r u r a Io o n r : 1 #o q n-u f oiu oiu fi n d r fi ri r ril u qu d

d

dd

nn: dlJnl: tl1': lulu

d

a
I + md2

)(
Zcy =0

mgd

uufro

,,(;)[
I + mdz

mgd

zcv =0
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1l
mga(zma) - (r,., + md' )(me)

(-gd)'
-n

IZcu + md2

mgd

n:v orun oririrr 1 ov'ld

mgTr md2 - I r.,

(rgd)' zcu +md2
=0

I

mgd

031IU 11

md2 - Ir., = 0

uuflo

arld
r rnmqu0ufl unululuu0{d tnulu0t

I = Icu +mdl

d, =+
r-
!;

----- (33)

--------- (34)

umurir d = - rF nlndunt: (34) alludtnlt (le) icy{u'jl

IZI Zcu +m
I-

; 2lzc* ----- (3s)
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uuflo nrlrl.rl.r{ d tn tnm lfiFn lz

dr o ' i.cr,- r, .izt, 0sluugt'l[[fi u{ltvt'l lfi [nflnruuoumda

I
12

A2+82
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(36)

(a' + e')

; .i ure'
tufl t0llJo.:dlfi au!fl 'l I 2.,

.i.oy y A a dt
:gu3 d l]vn tfi T u00mfl910{r u

( )

I
m

t2
A2+82( )

dr

1

,E

n1

A2+82( )

.l
tu fl : 0l u o {d lulH n ull u lJ Q 1nu0

i"oqr u .i a d,
:cuc d vrm'l tl.t T uoumqon{r u

gdITJI AUUfi
I
l8

u 1n? l,

1

-ml8 A2+82( )
dr

nt

----- (37)

0vn?an
ad'/sjoun:afl 41d9rflll:0 tltat!Taluml tfl:laa fi50 PPMA njulyro: [r.Jy{a'ldglfl1uft14u.:

<zittAy.tdte
1JS01l l.:nl:fl1fi n'lUAOn?UnU tYlJ Plexiglas. Lucite. Perspex [UUtlU u0yqfltlRlJl0{Y{AldAn

lfini16o cjH8o, ardn-nyundgnriuril:rqndldlurruraluorir': rliu n:u!nx#ld1{
,l - r s et e t*t e) A -uuln:0{uu lJ'lu tgtu0lt n5!nnaun'l 2dqm1ifl 1: [r1r11u [uusru [u 0.t0 rfl? dou duun [nn[nu

q .l - A the, & -.' , ; A
tU[:0{fl']1lJlllUU'] (Toughness) dM:0tU;U [6'l lU UOflnlnUUUilJn]n?'llJ14U'l[[UUgi] ry.1

Cr6r.oa,6<drqaaaa
[lJU fllJ!nU:v 0]n?10.1?do15slnflfi nldnnrrn ? osfl: nnun rflafl! {ruu ?dnlu Fll.rlJ.rvtuuu

90
u'ru1 txul1uufl2 [u{lufl nlooti'I.1 finetluutrriluil:vrJliu l.l5 - l.l9 a;!/anljlflrirryuerlrror:

lnuilnraorruoaiiqonr4fi r30 - 140 o{flrrsnr6ufl rrnsln160odqorr4l' 200 olnrrrardoa
J ', - v '1, r
lJU IU Un?lXvtUYtlU0t0flt:n:v[[vtn (lmpact strength) qtn? uln? [ra9ilfl?'l t an]tu0[u91

= #JG1.f
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- .J o.{ , a ^ d hy,
unsllnl dnn?fl?n::!i n0u utu000ui {lfla5 0u1nl,n tn{lu !n']llJytulllunodn'l1lrr10a 0!
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a
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