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ABSTRACT

Chaotic‘ phenomena are studied by using torsion pendulum as a
model. It was found that' usual behavior offtofqion‘penduium is

harmonic but under approprlate conditions tors on pendulum behaves

Ehaetically. ' In this study, damplng parameter was used as the
changing condition.. Phase space and Poincare map were. served as
tools for determining if.-mbtion_ is chaotic or _harmonic. -Phase

space of a harmonic Jhotieh will be one-or two closed loop(s).

Poincare map of such motion w111 be one or-two pulnt(s> in the:space
' pf- v91001ty and dlsplacement. ; Traaectory in {he phase 'space -ef
.a .¢haot1e metion, on the'other hand, never repeat the p1ev1ous éne.

The line'trajeetory, hewever; is 11m1tted in a -certain 1eg1on 'of
.ﬁhe “space ‘spaened'by-velocity ahd displacement; Poincare map. of a
chaoﬂie motion will be distributed by hundreds of points (the number
'pf: peiht depends on ’peroid of tlme of oiuaylng) Shape of

_dlStllbutlon depends on seleted phase of the external dr1v1ng force
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PI = 3.14159265
DTR = 2fp;/360.bl
NROUND = 1
_NPHASE = 0
NSHOW = 1

IPT = 0

“IFP -

1PC =.0

IDATA = 0

WRITE (¥, 7010)

FORMAT(lX,’Torsion Pendulum Simulation Pyogram’)
WRITE (%, 26) - ' |
WRITE (+,7020)
WRITE (%,7020)
WRITE(*,TO40)
FORMAT(’ If you want to input inertia directly type 17)
FORMAT(’ 1If YOQ want to calculate inertka from density”)
FORHAT(’ Ltype any number that bigger than 1) _
WRITE(#, 26}

READ (%, %) INER

IF(INER.GT.1)GOTO 7070

WRITE(#,7050)

WRITE(#,7060) |

FORMAT("Type moment of inertia and radius of the ﬁheel’)_'
FORMAT(' in ST unit?) |

77



READ (¥, %)AJ, RA
AR = RA¥RA
GOTO T160
7070 WRITE (%, 26)
WRITE (4,7080) _
7080 FORMAT(’ Type RADIUS and THICKNESS of the WYEEL in CM™)

READ (¥, ¥)RAD,TIC

TIC IS THE THICKNESS OF THE WHEEL
RAD IS RADIUS OF THE WHEEL .

a a a a

RA RAD/100.0

TIC/100.0

- TI

AR RA¥RA

VOL

PI#AR#TI
WRITE (#,7100) VOL

7100 FORMAT (' Volume of the Disk iS T,F16.8, 7 Sg- Meter?)
WRITE (#, 26)
WRITE (#,7110)

7110 FORMAT(’ Type Density of the Wheel in gm/cc’)
WRITE (%,7120) ' |

7120 FORMAT(’ Density of Copper = 8.3-8.95 gm/cc’)

WRITE(%,7130)

-
—_
3
o

FORMAT(’ Density of JIron.. = 7.85-7.88 gm/cc’)
WRITE(%,7140) P _

2.699 gm/ecc’)

7140 FORMAT(’ Density of Aluminﬁm
' READ (#, %) SDEN '
DEN :'snﬁwﬁlooo.o
AMASS = DEN#VOL
WRITE(*}?ISD)AMASS
?150 iFdRMAT(*\Masé of ﬂhé Disk = ’,F18.8,’ Kilogram’)
" AJR = 0.5%AMASS¥AR



T152

7154
T156

0

7160

T165

26

. 71686

"T170

7180

WRITE(%, 26)

WRITE(#,%7152)

FORMAT(' Type value of Unbalancing Mass in gram’)
READ (%, %) GUBM | o

UBM = GUBM7/1000.0

 FORMAT(? Unbalancing mass in gm é‘?,F]O.Q)

WRITE (#, 26)

AJ AJR + (UBM#HAR)

Ar

BR = UBM#9.8¥RA/AJ

AJ is Total Tnertia not only Rotary Inertia.

WRITE (%, 26)
“WRITE(¥,T165)AJ

FORMAT(1X, ’Moment. of Inertia in ST unit = ’,F16.8)

WRITE(#,26)

WRITE (%, 26)

- FORMAT(’ L))

WRITE (%,7166)
FORMAT(1X, Type Damping Parameter’}
WRITE (#,7170)

- 'FORMAT ('’ Value of 0.001 is suggested”)

READ (¥, %) DP
RO = DP/AJ

WRITE(¥,7180)RO

FORMAT (1X, 'Coefficient RO = *,F8.4)

WRITE (%,26)

WRITE (%,7190)

WRITE (%, 7200)
WRITE (%, 26)
WRITE (%,7210)

WRITE(#,7220)
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7130 FORMAT(’ Do you want to pub char.freq directly or ™)
7200 . FORMAT(' you want to put force conshtant 7

7210 FORMAT(’ To put char;freq directly type 17:

7220 FORMAT(’ To put spring constant type 27)

READ(#, %) ICF
IF(ICF.EQ.2)GOTO. 7300
WRITE (¥, 26)
WRITE (%,7230) -
7220 FORHAT(’ Do you want to put charffreq-in Hertz oruRadién a0
| | WRITﬁf*,zeﬂ |
CWRITE(%,7240)
. _ 'WRITE(*,TZSO)-
7240 FORMAT(' To put in Herﬂz type 1"
7250 " FORMAT(° Tb‘put in Radian type 2%
READ (#, %) JCF -  7 .
I#(JCF.EQ.1dGQTo 7270
" WRITE(#,26)
WRITL($;7260> _
7260 - FORMAT(? Piéése pﬁt characteristic freq. in Radian”)
READ (%, %) CF \ | ' '

CF2

= CF#CF
CFRQ = CF/(2.0%PI)
D = CF2%AJ

~ GOTO T340
. 7270 WRITE (%, 26)
wRITt(*;Tzao) .
7280 - FORMAT(’ Please put characteristic freq. in Hertz™)
READ (%, #)FRQ
CF = 2.0#PI#FRQ
CF2 = CF%CF
D = CF24AJ

GOTO 7240
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72300 WRITE(%.T7T210) ‘

7310 - TFORMAT(1X,'Type Force needed to twist spring by 1 degree’™)
WRITE(#,7220)}

T320 FORMAT(' Value of 0.025 newton per degree is suggested;)
READ (#,%)FORCE
D = (FORCE#360.0)V/(2.0%PI)

WRITE(#%,7320)D

T330 FORMAT(’ Spring Constant in Newlon per %acdian = ’,F16.8)
CF2 = D/AJ
CF = SQRT(CF2)
FRQ =CF/(2.0%PI)
7340 WRITE(# 7350 CF
| WRITE (%,T360)FRQ _
7350 "FORMAT('’ Ang.Characteristic Frequency = ',F16.8," Radian™)
7260 FORMAT (' Characteriétic Frequency = *,F16.8," Herti’)
IF(ICF.EQ.2)GOTO 7370
GOTO 7410
7270 WRITE(#,26)
WRITE (%, 7380)
WRITE(#%,7390)
WRITE(*,T400)
T280 FORMAT("DO you want Lo change Spring Constant 72°)
7390 FORMAT(" If s0 type 17")
T400 FORMAT(’ If not type any number else 1’f
WRITE(#*,2G) —
READ (#,%) TSPRING
IF{ISPRING.LR. 1)YGOTO 73200
T410 WRITE (%, 26)
WRITE(#,7420)
TAZ0 FORMAT(1X, "TYPE- Frequency of Driving Force in Hz")

WRITE(#,7430)

TA420 FORMAT(’ Ang Freq of the force is one half of Cha Freg"
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7460

7470

7480
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READ (¥, %) FREQ

WF = 2.04PI*FREQ
WF IS ANGULAR FREQUENCY OF DRIVING FORCE.

WRITE (%, T440VWF

FORMAT(’:Angular Frequency of Driving Force = ’,F16.8)
WRITE (%, 26) | ' '
WRITE (%, T450)

FORMAT(”Type Center position of the Needle in degréé’)
WRITE (#,7460) ' . -
FORMAT(’ Value in ﬁhe paper is 0 degree’'

READ (#, %) CEN ' '

ALFA = CEN¥DTR

WRITE (#,26)

WRITE(*;TATO)

FORHAT(' Putrﬂmplitude of Vibralion in dégr@e’)

WRITE(#,7480)

C FORMAT(” Value in the paper is 20 degree;)

READ (#,%)ALFA1

AFAl = ALFALl¥DTR

F = D¥AFA1/AJ

PHID = ALFA +_AFA1

WRITE (¥, 26)

WRITE (+,7540) E

FORMAT ("’ ﬁow please put your own initialjconiotions’)

WRITE(%,26) -

WRITE (%, 7560)

FORMAT(’ Type Initial Angulér Displacement PHT in Degreé’)
WRITE (#,7570) ' ' . )

FORMAT(® Value in the paper is -30 degrec’)

READ(*,*)DfHI '
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PHI1 = DPHI*DTR
WRITE(#,26)
WRITE (%, 7580)
TGA0 FORMAT(' Type Initial'Ahgular Speed in'Degree Per Sec™)
READ (%, %) SPPHI '
ZETAl1 = SPPHI#DTR

C ZETA IS PHI DOT OR_  ANGULAR SPEED TN RADIAN PER SECOND

WRITE (#,26)
WRITE (#,7610)
7610  FORMAT(™ Initial Time is seftted vp fto be zero.”)
o Tt = 0
WRITE (%, 26)
7620 WRITE (%,7640)
7640 FORMAT{(’ Type Final Timé in Second”)
READ (%, %) TFINAL
TRUN = TFINAL - 711
IF(FREG.EQ.0)GOTO 7650
PEROID = 1.0/FREQ
GOTO 7660
7850 PEROID = 1.0/FRQ
7660 TROUND = TRUN/PEROID
WRITE (%, 7670) TROUND
TETO FORMAT(' Number of Cycles = *,F16.8)
WRITE (#,26)
IF(IDATA.EQ.1)GOTO 7750
IF (FREQ.EQ.0)GOTO 7680
STEP

1.0/ (FREQ%*50.0)
GOTO 7680 '

7680 STEP 1.0/ (FRO#50.0)

7620 WRITE(¥,7700Y .
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'FORMAT4"Typé_s;é§-Size’)
WRITE(+,7710)
WRITE(#,7720)STEP
FORMAT(’ To cover 50 rounds in a peroid”)
FORMAT (' Step Size should be ’,F16.8)
WRITE (+,7740)
FORMAT(’ Now please put your Step Size’)
READ (¥, %) 1 |
HT - = H/2.0°

s H/7¢.0

HTEN = H/10.0

DPOINT = (TFINAL;Tl)/H

TWO = 2000.0%H

WRITE(*;TTSd)DPOINT

wﬁITE(*,zG)

.,WRITE(*,TTTU)TWQ

WRITE (%, 26)

WRITE (%, 7780}

WRITE(#,7790)

WRITE (+,7800) | ,
FORHAT(’.with your stepsize number of dala peinl is ?,F10.2)
FORMAT(’ To get 2000 data points time length should be ’;F8.2)
FORMAT (? Do you want to change TFINAL 77

FORMAT(’ If you want ho change TFINAL type 17)

FORMAT(’ Otherwise type any number else’)

READk*,*)IDATA

WRITE (¥, 2G)

IF(IDATA.EQ.1)GOTO 7630

wRITE(*,zsm o

'WBITﬁI*,TBlO)

* WRITE(#,7820)

WRITE(#,7310)



7810

TBZ20

7830
7840
7850

7860 .

7870

7890

7900 .

7910

7920
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WRITE (#,26)
FORMAT(' Do you wanl to change STEP SIZE 7")

"FORMAT(’ If so type 1)

READ(*,*)JSTEP _
IF(JSTEP. EQ. 1)GOTO 7730

WRITE (., 26}

C WRITE(%,7830)

WRITE (%,7840)

WRITE(%,T850)

WRITE (%, 26)
FORMAT(? D& you want fo create PHITTME dﬁta'fiIE‘?’}

FORMAT(" If so_type-l’). _

FORMAT ( Otherﬁise type any number else Lhal gfeater thén 17

FORMAT (’ UNIT 1 is PHITINE data file’)

"READ (%, %) IPT .

WRITE (%, 26)
IF(IPT.GT.J»GOTb‘TSTO
WRITE (i, T8G0)

OPEN(UNIT=1,ﬁILE=’ L, STATUS="NEW™)
REWIND 1

"WRITE(#*,26)

WRITE (#,7830)

WRITE (%,7900)

WRITE (%,7910)

FORMAT(’ Do you.wanl to create PHIPHT data file ?")

FORMAT(’ If so type 1) i -

FORMAT(’ Otherwise type any number else Lhat greater ﬁhan 1
FO-RI‘IAT(  UNIT 2 is PHIPHI data file’) | |
WRITE (%, 26) '

READ (%, %) IPP | |

IF(IPP.CGT.1)GOTO 7920

WRITE (%,26)
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86
WRITE (%,7920) '
WRITE (%, 26)
OPEN(UNIT=2,FILE=" ’,STATUS=’NEW’)
REWIND 2
7920 WRITE(¥,26)
WRITE (#,7940)
wnrrﬁf*,TSSO)
WRITE (%, 7960)

7940 - FORMAT(® Do ‘you want to éreate POINTCARE data file 77

TO50 FORMAT(’ If so type 17)
79G0 FORMAT (' Otherwise type any number else that greater-than 1)
7970 FORMAT (' UNIT 2 is the first POINTCARE data file’)

T980 FORMAT(’ UNIT 4 is-the second PO}NTCARE dﬁtaﬁfile’ﬁ
READ C#, #) TPC |
IF (IPC.GT.1)GOTO 8050
 WRITE(#%,26) "
wRiTﬁ<*,79%01
WRITE (#%,7980)
WRITE (#,26)
OPEN(UNIT=3,FILE="' ’,STATUS=’NEW’)
REWIND 3.
OPEN(UNITid,FILE=’",STATUSz’NEw’i‘
' REWIND 4 o
WRIiE(#,Tssd)
wRITE(*,eoooi _
.73907 FORMAT(’ What, phase angle in degree do you wént to Observe 77
8000 FORMAT ¢’ Please buL‘z angles. Pul smaller angle fifst.’i
© READ(#,%)ANGLE1, ANGLE2 |
WRITE (#,28) |

i}

PHAS fPEROID*ANGLEl/SG0.0)

HAS

1}

(PEROID¥ANGLE2/260:0)

]
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© BOGO

" 8061

8062

8070 -

8080

8090

8100

O 0 O O 0

o

a7
PHAS is PHASE!

HAS is PHASEZ

"WRITE(*, 26)

. WRITE(#,8060)

FORMAT (? Every how many point do you wanl to see the screen 7'

CREAD (4, %) MONI

PPP = PEROID/H"

WRITE (¥, 26)

. WRITE(#,8061) PPP

FORMAT(’ Number of data point for 1 péfaid is ', Fi2.8)

“WRITE (#,8062)

"FORMAT (' What data point no. do you wanﬂ to start recqrding 7’

READ (#, #)NSTART

IF(IPT.GT. 1)GOTO BOBO

_IF(NRCUND,LT.NSTART)GOTO 030

WRITE(1,8080)T1,PHI1

- IF(IPP.GT. 1)GOTO 8100

IF(NROUND.LT.NSTART)GOTO 8100
WRITE(Z2,8090YPHI1,ZETAI

FORMAT(Z2116.8)

IF(IPC.GT.1)GOTO 8180
RC = PHAS+(NPHASE#PEROID)

RCH = HAU+ (NPHASE#PEROID)

RC is RCHECK1
RCH is RCHECKZ
TC is TCHECK1
TCH is TCHECK2

TC ABS(T1-RC)

1

TCH = ABS(T1-RCH) '



IF(TC.LT.HT)GOTO 8110
GOTO 8140
8110  TF(NROUND.LT,NSTART)GOTO B140
| WRITE(2,8090)PHI1,ZETAl
£140  IF(TCH.LT.HT)GOTO 8150

_ GOTO B180
8150 _IF(NROUND.LT.NSTKRT)GOTO_81?0

WRITE(4,8090)PHI1,ZETAL

8170 NPHASE = NPHASE+1

C  CALCULATE PHIZ FROM PHII
. o |
8180 ISHOW = NONT#NSHOW

IF(NROUND.LT.ISHOW.OR.NROﬂND.GT.ISHOW)GO&O 8200
WRITE (%, 8190) NROUND o |

NSHOW = NSHOW+1
8180 - FORHAT("The current Data Point Number is‘

8200 ZK1

tl

ZETAL#H
ZK12 = ZK1#0.5

FL11 = ROAZETA1L
FL12 = CF2#PHI1
FL13 = CF2#ALFA =
AR14 = WF#TI

FL14 = F#COS(AR14)
FL15 = BR¥SIN(PHI1)
FL1 = (-FL11-FL12+4FL12+FL144FLiS)*H
PL12 = PL1%0.5 |

ZK2 = (ZETA1 + PL12)%H

ZK22 = ZK2%0.5

FL21 = RO¥(ZETA1+4PL12)

FL22 = CF2#(PHI1+ZK12)

FL23 = FL12



0

G O

‘FLZ21

FL32
FLSS
ARZ4
FL24
ARZS
FL35
PL3
PL2Z
ZK 4
FLA1
riag
FLA43
ARd4
FLAA
AR4S
FL45

PLA

H

li

]

!

it

1}

H

£}

I

It

WF# (T1+HT
F4COS(ARZA)

I-'”..f 142K12
 BR#SIN(AR23)
(-FL21-FL22+FL22+FL24+FL25) +H
PL2#0.5

(ZETAL + PLZ2)*H

ZK2%0.5

RO (ZETA14PL22)
CF2+(PHI1+ZK22)

FL13

WE#F (TI-ILHT)

F#COS(ARZ4)

PHI147K272

BR#SIN{ARAS)
P-FL21-FL3ZIFL33+ FL24+FL25) +H
PL2%0. 5

(ZETAL + PL3)#%H

RO* (ZETA1+PL3)

CR2# (PHT 1+2K2)

FL13

WE# (T1+H)

FECOS (ARZA)

PHI1 + ZK2

DRESIN(ARAS)

{(-FLA1-FLAZ+FLA+FL44+4FLAS ) *H

DTP Stands for Delta Phi

DTP
DZIP

(EKI+(2.0$ZK2)+(2.0*ZK3)FZKG)/G.Q

(PL1+(2.0%PL2)+(2,0¥PLAMPLAY /6.0

89



C ' DZP Stands for Delta Zeta

9]

PHI2 = PHI1 + DTP
ZETAZ = ZETA1 + DZP
T2 = Tif+ H
 IF(T2.0T.TFINAL)GOTO 8300

PHI1 = PHI2
ZETA1 = ZETAZ2
Ti = T2
NROUND = NROUND + 1
GOTO apfo
CLOSE(UNiTzlf.
CLOSE (UNIT=2)
CLOSE (UNIT=3)
CLOSE (UNIT=4)

8300°  STOP

END
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