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NOMENCLATURE
f : Segment angle counterclockwise from the right horizontal
@ @ Angular velocity
@ | Angular acceleration
V  Linear velocity
a : Linear acceleration
: Vertical component
. Horizontal component

y
X
W ! Segment weight
F : Force

M

: Moment of force
r ! Distance from appropriate joint to the segment center of gramity
1 : Segement length

k : Radius of gyration
mra [ Tangentical force of the relative motion of the segment

mrw? : Normal force of the relative motion of the segement
mR @ : Tangentical force due to the movement of all other segments

mR@? : Normal force due to the movement of all other scgements

m2@ ,V, . Coriolis force
Fm ! The resultant of all muscle forces at unknown, resultant point of application

Fu . Force of the upper arm on segment 4

1. Introductiom

The analytical technique of biomechanical strength began at the time when scientist noticed that people
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had strengths and that various method of moving objects resulted in different levels of effort. It was natural
development of biomechanical model to analyze and predict the volitional force capability(strength) of
given strata of the workers when performing a designated manual task requiring a specific posture.

The concept of a biomechanical model is not new. Many scholars and researchers have contributed to
such a concept. Computerized biomechanical models had been developed in 1960s to provide the ability to
predict gross resultant moments and forces at major joint of the body while either moving or exerting static
forces with hands on an object.

Pearson, McGinley, Butzel[1], developed a two-link model of the arm for planar motions. The model
computed joint forces and torque due to inertial forces. Slote and Store{2] studied discrete unloaded volun-
tary forearmflexion in the sagittal plane. From curves of angular displacement, velocity and acceleration
over time, elbow torque was computed and the analysis extended into zero-gravity environment. Plagenhoef
[3] extended the Pearson’s model which performed a kinetic two-dimensional analysis of the human body.

Dempstere[4] began to apply the theory of free body diagrams and vector analysis to muscular exertions.
william and Lissner{5] attempted to take the classical theories of two dimensional statics and directly
apply to the human body. Chaffin[6] with Fisher[7] and Baker[8] extended the Plagenhoef's arm model of
sagittal plane of a human arm to an entire sagittal plane model.

Havanan[9] developed a mathematical model for predicting the inertial properties of human body in
various static positions. He approximated the center of gravity the body segments by a series of solid
geometric object and was able to find the whole body center of gravity.

Recent computer technology enables researchers to model man’s body position during doing tasks. Healy
and Katz{10] developed a mathematical model-a non-linear optimization technique-applied to position and
orient the joints.

Dempster[11], Slote and Stone[12], Ramsey[13], and Nandler[14] presented dynamic path of motion
models. In this research, motion path were defined and complete displacement. velocity, and acceleration
profiles were obtained.

In this study, basic language program using personal computer to obtain kinetic data(force and moment

data) for motion based upon Plagenhoef’s model is presented.
2. Plagenhoef model for obtaining kinetic data on human movement

The force and moment data on human movement were determined for various motions. Cirtain principles
of motion were common to all the movements and should be understood to interpret and define bhody
motion properly.

@ Every motion is rotational or a result of a combination of rotating segments.

The velocity of a given segment can be increased by decelerating the adjoining segment.

@
® Each body segment has a normal and tangential acceleration that produce unpredictable force direc-
tions.

@

Muscle action at one joint can produce muscle action at one adjoining joint opposite to what the
movement indicates.
® The muscles that start a segment in motion and the muscles that produce the stopping action are

equally important and are about the same magnitude.

(1) Plagenhoefs formuiae[3]
The skeletal system is treated as a link system and the force and moments {ormulae are determined using
both the absolute and relative motion method.

@D The formulae for a five segment moment using absolute method[15].
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ﬁ=Il+Tz+ 13+ 14
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Therefore. force formulae and moment formulae for segments are as follows.

For segment 5,

Fo+(=W5)—ma,~mra.cosd .+ mre 2sin § .=0
Foe—mae +mrasinf+mre2cosfd ;=0
M;+W,cos 8 ;—mk“ a ,—mr( a,coss—asing ;) =0
where, acosfp—aasing
=@, cos( B8 )+ o 2sin( G- 4 ,)
+lyayco8( §— 6 5)+ @ Plgsint @ ;— @ )
tloascos( 85— 0.)+o.lsinl 8,— 8.
t1lacos( 85— 8 )+ @2 sinl( ,— 6 ,)
For segement 4,
Fo+ (=W, )—ma,—mre,cos @ ,+mr® sinf ,—F =0
Fo—maa+mra sinf,+mr® 2cosf ,—F..=0
M, +W.cos § ;—mk” @ ;—mr(a,cos § ;—a@sinf ,)=M;—F slycos 8 ,+ Faslysin @ ;=0
where, a,.cosf ;—aa.sinf,
=lyaqc0os(8 4~ 0 4)+ @ lsin( 8 ,— 6 .)
+laacos(0— 0 .) + @ flusin(F -~ 6 ,)
+li @ cos(,— 8 )+ @A sin(f,— 6,
@ The formulae for a five segment movement using the relative motion method{15].
The resuttant inertial acceleration due to the movement of all segments other than the segment 5 arc as

follows(fig 2)

Ra:Rla<l+Rj{a ‘»+R3ai~'+Rl i
Rw'"f:R,1w12+R<"—“¢3+R:‘“:2+R! @yt

The inertial accelerations due to the movement of the segment 5 are.
595 and ryw.:

Cortolis acceleration for two segments in motion can be obtained by equating the relative and absolute

accelerations.

F=wefrr+ep2lli+r)  for relative motion.

F=o 7 li+(@+ @)% for absolute motion.
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The force formulae for the relative motion method,

F,=—w@-—mracosf + mr@sin § —mr@sin ¢ +mrw2cos ¢ +m2v@sind

Fo=mrasinf +mro2cos§ +mr @ cos$ +mre’sin ¢ +m2vwcos

Therefore. the moment of force for the segment 5 in a five segment movement is,

Ms+W,cos 8 s—mk® @ ;—mRasin $ +mrw?rcos $ =0

And the moment of force for the segment 4, is,

M,—Wrcos 8 4,—mk?a,—mR @sin ¢ +mrw2rcos $~F slycos @ 4+ Fsa lysin 6 ,—Ms5=0

It is necessary to use the relative motion method in order to obtain the contribution of each segment to

the whole motion.

3. Result of PC run

(1) Data used for the PC run.

SEG# 2

SEGH# 1
6 w a ] w «
1 288 323.7 4305.2 316 -39.1 42525.0
2 295 399.8 3288.9 323 637.1 25611.3
3 303 454.8 2191.2 340 10086. 3 11832. 4
4 313 486.9 1012.0 361 1131.3 1188. 4
5 323 494.7 —248.7 384 1074.7 —6320.8
6 333 476.4 —1590.7 404 899.3 |—10695.3
7 342 430.5 —3014.2 419 667.8 |—11934.9
8 350 355. 3 —4519.2 430 442.8 | —10039.6
9 356 249, 2 —6105.6 437 287.1 —5009.1
10 359 110.6 —7773.4 443 263.4 3155.3
" 360 —62.3 | —9522.7 449 234.2 14445.5

(2) RESLLTS
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1 CGX=
11 1
L2 1
1 1 1
1 1 2
2z 1
12 2

13.3138420000 CGCY=
FX
-33095.8300 21
-30895. 8600 25
0.00 0
-26.33 214
0. 00 0
-1GG, 00 =100,

-25.73090000

FY F Pirl MOMENT
952.9900 39714.8300 135.23 1369426.0000
007.8700 39748.5600 119,88 423383.2000
0y 0.00
L2 173.89
Y 0.00
10 -9.71
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2 CGX=
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3575

16.

X

-12069.6000
-10946.5000

-63.53
-64.57
-62.53

RE8.53

Atk g otk ok Rk L fesfokoR $ok

30000

CGY=

~23.910600000

FY F PHI MOMENT
7595.3250 14260.5800 138.29 422454, 9000
1104.9300 15593.1200 87.86 162554, 0000

30,40 =69.,15
59 ~61.61

.40 -69.15

3 1 357.27
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2 CGX= 2018106500400 CGY= -19.97243000
FX Yy F PH1 MOMENT
P13 116341800 3738, 7580 12290.1600 ~t19.07 ~361776.2000
1 2 3 11554, 0800 204,597 11555, 8900 1.01 5880.2580
31 1 -135.15 -117.03 1264
31 2 -137.10 99,18 ~-98.61
32 1 -135.15 117,03 126.42
302 2 12,04 S240. 066 154.33
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4 CGX= 20, 677210000
I°X
1 1 1 17550, 8600
1 2 4 16253, 2300
4ot 1 153,03
w12 152,01
L2 -153.03
4o “TN. 067
Seopp
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SHLCGX= 240927840000
X
1 1 5 20734.0500
1 2 5 18514.4500
5 1 1 -162.65
5 1 2 -159.93
5 02 1 -162.65
5 2 2 -140.99
ko kol ok Rk ok ks kR
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6 CGX= 22.923110000
FX
1 1 6 8835.9150
12 6 6185.7760
6 1 1 -126.70
6 1 2 -120.02
6 2 1 -126.70
6 2 2 -126.19
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7 CGX= 22420620000
X
2261.2380
~236.9197

-106.83
-99.23
-106.383
~105.10
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CGY= -21.3985800¢0
Y I PHI MOMENT
S22502. 7300 28577.2300 ~194.98 104793.0000
-18296.6700 2:4473,1600 -120.12 51825, 64900
-202.73 -92.135
173,10 -87.706
20273 -92.33
IR 18,07
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CGY=

-7.78199600
Iy F PHl MOMENT
-7810.7480 22156.4700 -22.67 -139517.5000
-3284.6430 18803.5500 -10.27 183170.4000
-133.58 -110.19
~-113.13 -56.74
-135.58 -110.19
-119. 86 -61.20
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CGY=  -3.08541900
FY r PHI MOMENT
-8590.6410 12323.6600 -84.01 133868.3000
-3786G.2250 7252.5390 -40.22 78828.54900
-139.13 -90.22
-115.14 -81.38
-139.13 -90.22
-73.52 -109.77
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CGY- 1.01162000
FY F Pitl MOMENT
~10750.4500 10985.6900 1368.54 246122.6000
-5540.5020 2545.3650 501.47 -13117.3300
-148.97 -82.03
-122.16 -103.10
148,97 -82.03
56,46 -134.91
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§ CGX= 21.667180000 CGY= 4.27680400
X Yy F Pill MOMENT
1 1 8 -871.8726 -12845.1600 12874.7200 95. 47 295305.5000
1 2 8 -2713.5380 -7032.5120 7537.8720 144,88 ~57332.7900
g 1 1 -97.37 -158.51 ~73.44
8 1 2 -91.22 -128.12 -113.54
g8 2 1 -97.37 -158.51 ~78.44
8 2 2 -90.27 “62.10 -140.82
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9 CGX= 20.963910000 CGY= $6.55071600
FX FY F PHI MOMENT
11 9 -680.827¢ -14685, 8600 14701.6300 154.38 368116.0000
1 2 9 -1620.2660 -8042.1830 8203.7780 -43.36 -22707.2000
9 1 1 -97.94 166G, 90 ~73.12
9 1 2 -94.76 -132.16 -105.36
9 2 1 -97.94 -166. 90 -73.12
9 2 2 -89.75 -81.90 -125.33

stk sttt otk sk sk o s ok ok kol sk sk ook of koK oK ok o ok ok sk oo s s e ok ok ok sk ok ok s ok sk o s o o ok ks s sk ok sk sk ok SR K
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10 CGX=  18.927540000 CGY= 7.72305600
FX Y I Pl MOMENT

1 1 10 2798.1370 ~15587.6500 15836.8000 19.49 449689.2000
1 210 2580.5140 -7940.6540 8349.4340 3.70 85948.0100
10 1 1 -108.45 =171.00 -67.16
101 2 -108.35 -131.75 -79.70
10 2 1 -108.45 -171.00 ~67.16
10 2 2 -102.46 -112.22 -90.77
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11 CGX= 19.330050000 CGY= §.09525300
FX FY F PHI MOMENT

1 1411 10128.7200 ~17920.8300 20585.1200 281.83 725082.8000
1 2 11! 10086.4900 -9185.0240 13641.9200 -73.80 278269.5000
11 1 1 -130.60 ~181.63 -47.05

1r 1 2 -132.65 -136.73 ~34.27

11 2 1 -130.60 -181.63 -47.05

11 2 2 ~125.77 -151.60 ~43.76
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4. Summary

Body movement may be more fully interpreted by obtaining joint moments of force of whole body action.
The information obtained can be used to predict the volitional force capability(strength). to assist the de-
velopment of job design to improve the work environment, and to analyze individual performance. It also

can be used in sports, rehabilitation. and other fields where body motion analysis is required.



(PROGRAM LIS

CDIM W(30),X
FYA(30), AMO
DIM XK(30),
F(60),0M(30
INPUT "NSEG

NSEG
IT=
[NPUT "NPO
SAMSON=SAM
IF SAMSON=
CGY=0
SW=0
FOR [=1 TO
READ W(I)
READ THETA
READ XL (1)
READ R(1)
READ X
READ
READ

OMEGA(L) =

S(1)
Cil)=
Z(I+1, 1
/(I+1 2 =
CG(I 7
CG(
CC!A (Jy\*»\
CGY=CGY+W(
SW=SW+W (I
NEXT 1

CGX=COX/SW
CGY= L(\/\m
LPRINT:LPR
LPRINT
LPRVINT
LPRINT
LPRIN
OMEG(

\J(l

= OM

)
)=
2 TO
) =0OM
)
FOR I=1

FX(1)=FXA(
FY(I)=FYA(

540
550
5690
570 NEXT 1
580 GCOTO 790
590 1J=1J+1
600 SAVEO=CMEG
610 SAVEA=ALDPH
620 OMEG(1J)=0
630 ALPH(1J)=0
640 L=0

Usi!

=ALP

=AL

T)
L(30),R(30),
UNT(30)

OMEGA(30),
, THETA(

), ALP(30)
VNSEG

— v

[oT="

SONH]
12 THEN
NSEG

()

EAD ALP(1)
XMASS (1) =W(
THETA(1)=THETA(1)#CONS
-OM( 1) *CONST

A’PHA(I)—AIP(I\*FO\ST

[)/880

HETACT )
III\(I)T‘

INT:

NG e

FEGATT)

HACT)
NSEG
EGALT
PHA(1

TO 8

1)
0

‘(‘\70'\‘1" Ty=AMOMT (1)

5(30),C(

ALPHA(30)

NPOINT

LPRINT
R A A s sk R Y SR sk ok o o R ook sk o o koo o ek ok Rk ek Kok sk ok

) ~UMEGA ¢
)=ALPHA(I-1)

T

30)

v GOTO 780

CON=8a88, #8

I-1)
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30),XMASS(30),CG(30,2).7(30,2),FXA(30).

,OMEG(30),ALPH(30),FX(60)

waagrEr CGY

=HEEE gEEsEg

" 1T, CGX, CGY

77

CJEY(60), XMOMT (30),
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650 .GOTO 1720

660 CMEG(1J)=SAVEO
670 ALPH(I1J)=SAVEA
680 PRINT

690 FOR 1JI=1 TO NSLG

700 PCTX=(FX(IJI)/FXA{IJI)-1)%100

710 PCTY=(FY(LJI)/FYA(LJ])-1)%100

720 PCTM=(XMOMT(IJI)/AMOMT(1J1)~1)%100

730 LPRINT USING"#% #& ## FUHRfHs ## #8addds &8 dggaegas #1701 T, 13, LI, PCTY,

PCT, PCTM

740 NEXT 1JI1

745 1F [J=2 THEN 1J=1 FLSE GOTO 590

TA4T LPRINT " sheokokooksk ok ok o ofe sk o ofe ok ok s o e s o sk ke ok o e ok ok sk ok e ek s e sk sk e o ok sk o ook sk o sfeofe sk sk okskeskokosk ek ko sk ok

750 IT=1T+1

760 GOTO 120

780 END

790 FX(NSEG+1)=0

800 FY({NSEG+1)=0

810 XMOMT(NESG+1)=0

820 I=NSEG

830 FOR SUN=1 TO NSEG

840 J=1:K=0:L=L

850 J1=J-1

860 KSGN=(-1)"K

870 CGK1=CG(J,K+1)

880 K2=2-K

890 CCGK2=CG(J,K2)

800 IF L < > 0 GOTO 920

910 IF L = 0 GOTO 990

920 TFORCE=OMEGA(J)"2%{CGK1-7(J,K+1))+KSGN*¥ALPHA(J )% (CGK2-7¢J,K2))

930 IF J1 = 0 GOTO 1110

940 IF J1 < > 0 GOTO 950

950 FOR I=1 TO J1

960 FORCE=FORCE+OMEGA(I)"2%(Z(1+1,K+1)~Z(1,K+1))+KSGN*ALPHA(I)*(Z(1+1,K2)
~Z(1,K2))

970 NEXT 1

980 GOTO 1110

390 FORCE=0

1000 FOR 1=1 TO J

1010 FORCE=FORCE+OMEG(1)"2%(CGK1-7Z(I1,K+1))+SGN*ALPH ()% (CGK2Z-Z(1,K2))

1020 NEXT I

1030 IF J1. < > 0 GOTO 1050

1040 IF J1=0 GOTO 1110

1050 FCR I=1 TO J1

1060 SUM1=0

1070 FOR Ki=1 TO J!

1080 SUMI=SUMI+OMEG(K1+1)%(CGRK1-Z(K1+1,K+1))

1090 NEXT Ki

1100 FORCE = FORCE+2%OMZIG(1)*SUML

1105 NEXT 1

1110 FORCE=FORCE®XMASS(J)

1120 IF K <> 0 GOTO 1140

1130 IF K 0 GOTO 1150

1140 FORCE=FORCE-W(J)

1150 FX(I)=FORCE+FX(1+1)

1160 J=1]

1170 K=1

1180 L=L

1190 Ji=J-~1

1200 KSEN=(-1;"K

1210 CGK1=CG(J,K+1)

1220 K2=2-K

1230 CGK2=CG(J,K2)

1240 IF L < > 0 GOTO 1260

1250 IF L. = 0 GOTO 1280

1260 FORCE=OMEGA(J\*2*(CGK1*Z(J,K*I))+KSGN%ALPHA(J)*(‘GK:»X(J,K2))

1261 IF J1 < > 0 GOTO 1263
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1265
1266
1280
1290
1300
1305
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450

1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620

1625
1630
1640
1650
1660
1670
1680
1690
1700
1720
1721
1722

1723
1124
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1770
1780
1790
1800
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IF J1 = 0 GOTC 1400

FOR 1=1 TO Jt

FORCE=FORCE+OMECGA (1)~ 2% (Z(1+1,K+1)-Z(1,K+1))+KSGN*¥AL.PIA(1)*(Z(I+1,K2)
-7.(1,K2))

NEXT I

GOTO 1400

FORCE=0

FOR 1=1 TO

FORCE=FORCE+OMEG (1) *2%(CGKLI-Z(1,K+1))+SGN¥ALPH(1)*(CUR2-Z(1,K2))
NEXT I

IF J1 <> 0 GOTO 1330

IF J1 = 0 GOTO 1400

FOR 1=1 TO Ji

SUM1=0

FOR Ki=1 TO JI

SUMI=SUMI+OMEG(R1+1 )% (CGR1-Z(K1+1,K+1})

NEXT K1
FORCE=FORCE+2%0OMG{ I )%SUM1
NEXT I

FORCE=FORCE*NXMASS(J)
IF K < > 0 GOTO 1430
I1F K = 0 GOTO 1440
FORCE=FORCE-W(J)

FY(1)= FOR(E+1\(I~1)

XMOMT(L)Y=R(1)*(EFN(1)* S(I)—FY([)*C(I))+XMASS(I)*ALPHA(I)*(XK(I)“Z—R(I)
FXLOI)Y*(FX(I+1)RS (1) -FY(I+1)*C(I))+XMOMT(I+1)

I1=1-1

NEXT SUN

IF L <> 0 GOTO 1500
IF L =0 GOTO 1650

79

LPRINT SPC(16):"FX":8PC(12):"FY"iSPC(13):"F"iSPC(11):"PHI"s8PC(7):"MOMENT

FOR I=1 TO NSLG

IF FX(I) < > 0 GOTO 1540
IF FX(I) = 0 GOTO 1570
PHI=TAN(FY(I)/FX(1))

IF FX(I) < 0 GOTO 1590

I[F FX(1l) => 0 GOTO 1600
PHI=90

GOTO 1610

PHI=PHI+PI

PHI=PHI1/CONST

F=SQR{FX{I}"24FY(1)"2)

LPRINT USING"##& ## ## #i ###ﬁﬁ #### HEHAHEHH, BEEE HEUSHEHE FREE Bosdsds 4
gaesggse gausrt L, DT, FX(CD) , FY(L) , F, PHL, XMOMT (1)

NEXT 1

Q=Q+1

IF Q=1 THEN GOTO 1650 ELSE 660
FOR 1=1 TO 8
FXA(L)=FX(I)
FYA(L)=FY(I)
AMOMT (1) =XMONT (1)
NEXT I

GOTO 590
FX(NSEG+1)=0
FY(NSEG+1)=0
XMOMT(NSEG+1)=0
[=NSEG

FOR KSK= 1 TO NSEG
L=0:J=1:

J1=J-1

KSGN-{~-1)"K
CGR1=CG{J,K+1
K2=2-K
CGK2=CG(J,K2)

IV L <& 0 GOTO 1810
IF L = 0 GOTO 1850
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FORCE=OMMEGA(J) *2%(CGK1-7(J,K=1))+KSGN*¥ALPHA(J) (CGK2-7(J,K2))

IF J1 < > 0 GUTO 1840
IF Ji = 0 GOTO 2010
FOR 1=1 TO J1

FORCE=FORCE+OMEGA (1) "2%(Z(1+1,K+1)-Z(1,K+1))+KSGN*ALPHA{T % (Z(1+1,K2)

-Z(1,K2))
NEXT I

GOTO 2010
FORCE=0

FOR I=1 TO J

FORCE=FORCE+OMEG (1} *2%(CGRI1-Z(1,K+1) ) +KSGN,ALPH (1) % {CGR2-7Z(1,K2))

NEXT 1

IF J1 < > 0 GOTO 1940
IF J1 = 0 GOTO 2010
FOR I=1 TO J1

SUM=0

FOR Ki1=1 TO J1
SUM1=SUMI+OMEG (K1+1 )% (CGK1-7Z(K1+1,K+1))
NEXT K1
FORCE=FORCE+2*OMEG( 1 )%SUM1
NEXT 1
FORCE=FORCE#XMASS{ J)
TIF K < > 0 GOTO 2040
[F K=0 GOTO 2050
FORCE=FORCE-W({J)
FX(I1)=FORCE+FX(1+1)
K=1

Ji=J-1

KSGN=(-1}*K
CGK1=CG(J,K+1)

K2-2-K

CGK2=CG(J,K2)

IF L <> 0 GOTO 2140
IF L = 0 GOTO 2190

FORCE<OMEGAA(J) "2%(CGR1-7(J,K+1) )+KSGN*ALPHA(J)*(CGK2-Z(J,K2))

IF J1 <> 0 GOTO 2165
IF J1 = 0 GOTO 2290
FOR I=1 TO J!

FORCE=FORCE+OMEGA (1) "2 (Z(1+1,K+1)-7(I ,K+1))}+KSCN*ALPHA(L )% (Z(1+1,K2)

-Z{1,K2))
NEXT 1

GOTO 2290
FORCE=D

FOR I=1 TO J

FORCE=FORCE+CMEG (1) "2%(COR1-7([,K+1 )Y +KSGN*ALPH{1)%(LCG0K2-2(1,K2})

NEXT 1

IF J1 < > 0 GOTO 22335

[F Jl = 0 GOTO 22490

FOR I=1 TO J1

SUMI=0

FOR Ki=1 T0O J1
SUMI=SUMI+OMEG{RI+1 )% (CGK1-7({K1+1,K+1))
NEXT K1
FORCE=FORCE*2%OMEG {1 ) *5UM1
NEXT I
FORCE=FORCE*XMASS (J)

IF K <> 0 GOTO 2320

[F K = 0 GOTO 2330
FORCE-FORCE-W( J)

FY(1)=FORCE+EFY({+1}

AMOMT{ D) =R{IYR (VX Lp*S 00 -FY{1)*C (1)
FXLOI)# (FX(I+ DS {0y =FY T+ #C(1) ) #NMOMT (1+
I=1+1

NEXT KSK

IF L < > 0 GOTOQ 2390
[F L =0 GOTO 2530

PENMASS () #ALPHA Ty (NK(L)"2-Retire
)
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2390 LPRINT " FX FY F Pl MOMEN
2400 FOR 1=1 TO NSIG
2410 IF FX(1) < > 0 GOTO 2430
2420 1F FX(1) = 0 GOTO 2460
2430 PHI=ATAN(FY(I)/FN(1))
2440 I1F FX(I) < 0 GOTO 2480
2450 IF FX({I) > = 0 GOTO 2490
2460 PHI = 90
2470 GOTO 2500
2480 PHI=PHI+PI
2490 PHI=PUI/CONST
2500 F=SOR(FN(1)"2/IY(1)"2
2510 LPRINT USING"S 2 i Suupoofs Sprs pecost# Suus Budssesh ssps  pessses 2
EEREERE s L IT, FXOLY, FY (L), B PIT, XMOMT (1) '
2520 NEXT I
2530 GOTD 640
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