APA 4311
Sample Midterm Examination

(a) Compute the radius of gyration of the swing phase thigh at frame 12 about its centre of gravity.
(b) Compute same thigh’s moment of inertia about its centre of gravity for the same frame.

Total body mass: 70.0 kg
Cameraframe rate: 60.0 frames/second
P R K
thigh 0.100 0.400 0.600
leg 0.050 0.450 0.500
foot* 0.020 0.500 0.650

P = segment mass as fraction of total body mass

R = distance to centre of gravity from proximal end as proportion of segment length
K = radius of gyration about centre of gravity as proportion of segment length

* foot’ s endpoints as ankle and ball

Using the anthropometric information and marker coordinates, compute the segmental and total centres
of gravity of the right (swing phase) limb at frame number 13.

Using the tables provided, compute the linear velocity of the toes marker of the (swing phase) limb at
frame number 13.

Using the following tables, compute the angular acceleration of the leg of the (stance phase) limb at
frame number 13.

Marker: Hip Knee  Ankle Heel Ball Toes Thigh Leg Foot

Frame: angle angle angle

11 X 1108 1075 767 681 782 889 848 429 1337
Y 1043 683 348 324 217 186

Right 12 X 1136 1116 794 706 793 893 86.7 39.0 1255
Y 1041 680 367 356 234 187

Limb 13 X 1163 1160 825 737 810 90.0 895 350 1182
Y 104.0 679 407 419 275 194

(swing) 14 X 1190 1205 860 773 833 916 924 315 1126
Y 103.9 679 407 419 275 194

15 X 1216 1250 898 812 864 940 955 286 109.1
Y 1039 681 426 445 295 201

11 X 1149 1294 1348 129.6 1452 1575 1134 945 178.6
Y 107.5 74.2 27.0 195 19.2 21.0

Left 12 X 1172 1313 1349 1295 1452 1575 112.9 921 178.2
Y 108.1 74.1 27.0 195 19.0 20.7

Limb 13 X 119.3 1331 1350 1295 1451 1575 112.0 90.1 1781
Y 1086 746 271 195 190 205

(stance) 14 X 1215 1346 1351 1295 1451 157.6 111.0 883 1781
Y 109.0 74.7 271 195 19.0 205

15 X 1347 1360 1352 1295 1451 1577 109.7 86.7 1783
Y 109.4 74.7 65.9 27.2 191 205




Solutions

lengthy;q, = [(113.6-111.6)° + (104.1-68.0)%]°° = 36.16 cm
(@) ke = lengthy, 4, X K, =21.7cm = 0.217 m
(b) Iy = Myygn (Ko)* = 0.330 kg.m?

Xthigh = Xprox + I:aprox. X(Xdist - Xprox) = 1162 cm
ythigh = yprox + I:aprox. x(ydist - yprox) =89.6cm
Xieg = 100.9 cm

Yieg = 99.7 CM

Xioor = 81.8 CM

Ytoot = 34.1cm

Pimb = Pirigh * Pieg + Proo = 0.02 + 0.05 + 0.10 = 0.17

Xiimp = (L.O/Pyin) X [ Kirigh XPirigh) + (Xieg XPieg) + Ktoot XProot) |

Yiimb = (L.O/Pi) X [ Vinigh XPirigh) + Vieg XPleg) + Voot XProot) |

Ximp = (1.0/0.17) %[ (116.2 x0.10) + (100.9 x 0.05) + (81.8 x 0.02) ] = 107.6 cm
Yimp = (1.0/0.17) x[ (89.6 x0.10) + (55.7 x 0.05) + (34.1 x 0.02) ] = 73.1 cm

Vi = (Xyg - X2 ) 1 2

Vy = (Yu-Y) /2t

Vv, = (91.6 - 89.3) / (2/60) = 69.0 cm/s
v, = (19.4-18.7) / (2/60) = 21.0 cm/s

y

v =(0.690, 0.210) m/s or 0.721 m/sat 16.93 deg

o =[Oy -(2 XQs) + Gy / 42
o =[94.5-(2x90.1) + 86.7] / 4%(1/60)* = 900 deg/s’* or 15.71 rad/s*



