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Technology will never surpass the mind, but tomorrow’s mind is in technology - - A. Simonetti 
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DIMENSIONS AND UNITS 
 
PROBLEM 1 
 
A person on a diet might loose 2.3 kg per week.  Express the mass loss rate in milligrams per second, as if the dieter could sense 
the second-by-second loss.  [Halliday and Resnick 2003, N1] 
 
 
 

SOLUTION  
 
 Week = 7 days 
 1 day = 24 hr 
 1 hr = 60 min 
 I min = 60 sec 
 
Then: 
  
 ( 2.3 kg ) * ( 1000 g ) * ( 1000 mg )    =      2300000 mg 
                                     ( 1 kg )          ( 1 g ) 
 
      1         *  ( 1 day ) * (   1hr    ) * ( 1 min  )   =              1                      
                ( 7 days )     ( 24 hr )    ( 60 min )    ( 60 sec )  604800 sec 
 
 
                      2300000 mg     =      3.8 mg / sec 
   604800 sec 
 

  3.8 mg / sec �  
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DIMENSIONS AND UNITS 
 

PROBLEM 2  
 
If a person measures 6.0 ft and weights 168 pounds.  Express the height of this person in meters and the weight in kilograms?  
[Chang and College 2002, 31] 
 
 

SOLUTION  
 
 For the height: 
 
  ( 6.0 ft ) * ( 0.3048 m )   =   1.83 m  
    (      1 ft      ) 
 
 For the weight: 
 
  ( 168 lbs ) * ( 0.4536 kg )    =   76.20 kg 
       (      1 lb      )   
 
 

1.83 m �  
              76.20 kg�  
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DIMENSIONS AND UNITS 
 

PROBLEM 3  
 
What is the weight in ounces of a kidney that has a mass of 3565 grams? [Modified from Beer and Johnston 2003, 149] 
 
 

SOLUTION  
 
 1 OZ mass = 28.35 g 
 
Then: 
 
 ( 3565 g ) *  ( 1 OZ )   =125.7 OZ mass 
     ( 28.35 g ) 
 

125.7 OZ mass �  
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DIMENSIONS AND UNITS 
 

PROBLEM 4  
 
If the mass of the briefcase is 10 pounds, how large is the force in Newtons of the briefcase, exerting on the arm?  [Modified 
from Beer and Johnston 2003, 149] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

SOLUTION  
 
 1 lbf = 4.448 N 
 
Then: 
 
 ( 10 lbf ) * ( 4.448 N )  = 44.48 N 
       1 lbf  
 

44.48 N �  
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STATICS OF PARTICLES 
 

PROBLEM 1  
 
Using a ruler and a protractor, perform the following vector resolutions: (a) the runner pushes downward and backward with a 
total force of 200 pounds at an angle of 40 degrees to the ground. Resolve this force to obtain the magnitude of the vertical and 
horizontal components.  [Barthels and Kreighbaum 1981, 74] 
 
 

SOLUTION  
 

 
Then: 
  Fy = -200 sin (40)   Fx = -200 cos (40) 
   
  Fy = -128.56 lbf   Fx = - 153.21 lbf 
 

 
 
 
 
 
 
 

Fx = - 153.21 lbf �  
Fy = 128.56 lbf �  
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STATICS OF PARTICLES 
 

PROBLEM 2  
 
The iliopsoas muscle is applying 350 N of force at an angle of 40 degrees.  How much of the muscle force is directed down the 
vertebrae and how much of the force is directed perpendicular to the vertebrae?  [Hamill and Knutzen 1995, 103] 
  
 

SOLUTION  
 

 
 
 
Then: 
 
 Vertical = Fy = -350 sin (40) = -224.98 N 
 
 Horizontal = Fx = 350 cos (40) = 268.12 N 
 
 
 
 
 
 
 
 

Fy = -224.98 N �  
 

Fx = 268.12 �  
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STATICS OF PARTICLES 

PROBLEM 3  
 
How much force is exerted by the tendon of a pennate muscle when the tension in the fibers is 100N, given the angle of 
pennation is:  [Hall 1999, 161] 
a. 40°?  
b. 60°? 
c. 80°? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SOLUTION  

  (a) Fx = 100 cos (40) 
        
      Fx = 76.6 N 
   
 
 
 
 
(b) Fx = 100 cos (60) 
   
 Fx = 50.0 N 
 
 
 
(c)  Fx = 100 cos (80) 
  
 Fx = 17.4 N 

a) 76.6 N;  b) 50.0 N;  c) 17.4 N�  
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STATICS OF PARTICLES 
 

PROBLEM 4  
 
How much compression acts on the hip during two-legged standing?  Assume that the joint supports 250 N of bodyweight and 
the abductor muscles are producing 600 N of tension.  [Hall 1999, 246] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SOLUTION  

 
W = 250 N 
 
600 sin (70) = 564 N 
 
600 cos (70) = 205 N 
 
� Fx = 0 = - 205 + F cos (75) 
 
 Fx = 792 N 
 
� Fy = 0 = - 250 – 564 – F sin (75) 
 
 Fy = 843 N 
 
F = (8432 +7922)0.5 
 
F = 1157 N 
 

1157 N �  
        
 
 
 



December 2003             Applications of Engineering Mechanics in Medicine, GED – University of Puerto Rico        10  

EQUILIBRIUM OF RIGID BODIES 
 

PROBLEM 1  
 
Misako whishes to measure the force of his biceps, having a force over a ring and the mediator machine in the figure.  The ring 
has a distance of 28 cm from the point of rotation of the elbow and the biceps is joined at a point situated to 5 cm of the rotation 
center.  If the scale of the machine marks 18 N when she makes the maximum force, what is the force of the biceps?  [Tipler 
1999, 364] 
 

 
 

SOLUTION  
 

 
 
Then: 
 +� MA = 0 = Ax (0) + Ay (0) + Cx (5) + Cy (0) – Bx (0.28) 
 
                0 = Cx (5) + (-18)(28) 
 
              Cx = (18)(0.28) 
               5  
 
              Cx = 1.008 N  

1.008 N �  
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EQUILIBRIUM OF RIGID BODIES 
 

PROBLEM 4.2 
 

 
Consider the following free body diagram.  Given the mass of the leg and foot is 4.88 kg, the distance from the knee joint to the 
center of mass of the leg/foot system is 0.146 m, the weight of the barbell is 100 N, and the distance from the knee joint to the 
center of mass of the barbell is 0.447 m.  Solve, using a static analysis, for the muscle torque that will place this system in 
equilibrium.  [Hamill and Knutzen 1995, 482] 

 
 

SOLUTION  
 

 
Then: 
 
 � +MA = 0 = Ax (0) + Ay (0) + MA + Bx (0) + (-47.87)(0.146) + Cx (0) + (-1000)(0.447) 
 
  MA = 51.69 N-m 
 

51.69 N-m �  
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EQUILIBRIUM OF RIGID BODIES 
 

PROBLEM 3  
 

 
A man holds a 10-kg, 1-m-long board at an angle of 60° by pushing with a force against the top of the board, as illustrated in the 
figure. Calculate the force the man must exert on the board and the reaction force at A.  [Shames 1997, 247] 
 

 
 

SOLUTION  
 

 
 
Then: 
 +� MA = 0 = Ay (0) + (-98)(0.5) + F sin (60) – F cos (60)                   � Fx = 0 = F cos (60) – Ax 
 
                 0 = -49 + F sin (60) – F cos (60)                                                       F cos (60) = Ax 
 
               49 = F (sin (60) –cos (60))                                                                           67 N = Ax 
   
  F = 134 N     � Fy = 0 = Ay – 98 – F sin (60) 
                  
                                  0 = Ay – 98 – F sin (60) 
 
                 Ay = 98 + F sin (60) 
  
                 Ay = 214 N 
 
 

134 N �  
67 N �  

                  214 N�   
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EQUILIBRIUM OF RIGID BODIES 
 

PROBLEM 4 
 

 
A person lifts a 44.5 N dumbbell.  By analyzing the figure, what is the magnitude of the force exerted by the muscles if the 
person maintains the dumbbell at 90 degrees with respect to his body?  [Beer and Johnston 2004, 151] 
 

 
 

SOLUTION  
 

 
 
 
+� MA = 0 = Ax (0) + Ay (0) + MA + Bx (0) – By (0.15) + Cx (0) – Cy (0.45) 
  
 0 = MA – 13.35 (0.15) – 44.5 (0.45) 
 
 MA = 22.03 N-m 
 
FD = MA 
           D 
       = 22.03  
            0.02 
       = 1101.5 N 
 

1101.5 N �  
 
 
 
 
 
 
 



December 2003             Applications of Engineering Mechanics in Medicine, GED – University of Puerto Rico        14  

FORCES IN BEAMS AND CABLES 
 

PROBLEM 1  
 

 
Two hikers are standing 30 ft apart and are holding the ends of a 35 ft length of rope.  The height from the floor to the hikers is 
50 ft.  Knowing that the weight per unit length of the rope is 0.05 lb/ft, determine (a) the sag h, (b) the magnitude of the force 
exerted on the hand of a hiker.  [Beer and Johnston 2004, 399]  
 

 
 

SOLUTION 
 
(a) FBD: 

 
 
�  = cos-1 (15/17.5)                                             tan (31) = h/15 
 
�  = 31
                                                               h = 15 tan (31) 
 
               h = 9.01 ft 
 
(b)           � MB = 0 = AX(0) + AY(30) + 1.75(15) + BX(0) + BY(0) 
  
 30AY + 26.25 = 0 
 
 AY = -0.857 lb 
 
 
 F? sin (31) = 0.875 
 
 F?  = 0.875/sin (31) 
 
 F? = 1.699 lb 
 

9.01 ft ;  1.699 lb�  
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FORCES IN BEAMS AND CABLES 
 
PROBLEM 2 
 
Two persons standing 30 m apart are holding a cable weighing 3 N/m.  The sag of the cable is 6 m.  Determine the maximum and 
minimum values of the tension in the cable and the length of the cable.  [Beer and Johnston 2003, 399] 
 
 

SOLUTION  

 
  y = c cosh (x / c) 
 
 xB = 15 m  ,  yB = 6 + c 
 
 (6 / c) + 1 = cosh (15 / c) 
 
By trial and error, we get that 
 
 c = 19.68 m  
 
 yB = 25.68 m 
 
 
a)  Tmin = (3 N / m) * (19.68 m) 
                
               = 59.04 N 

59.04 N�  
     Tmax = (3 N / m) * (25.68 m ) 
                 
               = 77.04 N 

77.04 N�  
 
b)  y2

B – s2CB = c2  
     
 S2

CB = y2
B – c2 

 
           = [(25.68)2 – (19.68)2]0.5 
 
           = 32.35 m 
 
Total length = 2 * (32.35) = 64.70 m 

64.70 m�  
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FORCES IN BEAMS AND CABLES 
 

PROBLEM 3 
 

The man picks up the 52-ft chain and holds it just high enough so it is completely off the ground. The chain has points of 
attachment A and B that are 50 ft apart. If the chain has a weight of 3 lb/ft, and the man weighs 150 lb, determine the force he 
exerts on the ground.  Also, how high h must he lift the chain? Hint: The slopes at A and B are zero. [Hibbeler 1986, 385] 
  

 
 

SOLUTION  

 
a) 
 
 252 + B2 = 262  
 
 625 + B2 = 676 
 
 B = (51)0.5 
 

 h = (51)0.5�  
 
 
 
b) 
 (52 ft) * (3 lb / ft) = 156 lb 
 
 156 lb + 150 lb = 306 lb 
 

306 lb�  
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FORCES IN BEAMS AND CABLES 
 
PROBLEM 4 
 
If the person maintains the weight at point 2 at an angle of 37 degrees and the force exerted by the leg muscles is 115 N, 
determine the tension in the cable of the weight machine.  [Group problem based on a diagram, 61] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SOLUTION  

 
Then: 
 � Fy = 0 = 115 – N 
 
  N = 115 
 
 
 � Fx = 0 = - 115 sin (37) + T 
 
  T = 69.21 N 
 

69.21 N �  
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DRY FRICTION  

 

PROBLEM 1 
 
In an exhibition of rock music, the show starts with obscured scenery.  A noise is suddenly heard of a auto accident.  The singer 
appears sliding over his knees to the frontal part of the scenery.  The singer has a mass of 75 kg.  His frictional force is 650 N.  
After sliding 2m, the singer stops.  What is the coefficient of friction between the floor and the singer?  [Tipler 1999, 135] 
 
 

SOLUTION  

 
Fs= (� s)(N) 
 
W = mg 
 
     = (75)(9.81) 
      
     = 735.75 N 
 
� Fy = 0 = N- W 
 
 N = W 
  
 N = 735.75 N 
 
Fs = (� s)(735.75) 
 
650      = � s 
735.75  
 
0.88 = � s 
 

0.88 �   
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DRY FRICTION 
 

PROBLEM 2  
 
If the static coefficient of friction of a basketball shoe of a player on a particular playing surface is 0.45 and the normal force is 
750N, what is the horizontal force necessary to cause the shoe to slide?  [Hamill and Knutzen 1995, 419] 
 
 

SOLUTION 

 
� s = 0.45 
 
N = 750 N 
 
Fs =  (� s)(N) 
 
Fs = (0.45)(750) 
 
Fs = 337.50 N 
 

337.50 �  
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DRY FRICTION 
 

PROBLEM 3  
 
Total knee replacement (total knee arthroplasty) consists of implanting a cobalt-chromium femoral condyle component that slides 
on an ultra-high-molecular weight polyethylene wear surface on the tibial plate. The cobalt-chromium component acts like a 
shaft, and the polyethylene acts like a bearing. If the coefficient of friction between the metal and the polyethylene is 0.05, and 
the radius of the condyle component is 1 in., determine the flexion moment required to overcome friction when the knee is loaded 
by a force of 200 lb during single-stance phase while walking.  [Hibbeler 1986, 433] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SOLUTION 

 
� s = 0.05 
 
r = 1 in. 
 
F = 200 lbf 
 
Fs = (0.05)(200) 
 
     = 10 lb 
 
M = (10)(1) 
 
     = 10 lb-in 
 

M > 10 lb-in  �  
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DRY FRICTION 
 

PROBLEM 4  
A 180-lb man pulls an 80-lb boy on a sled. Determine the tension in the rope required for the sled to slip if the coefficient of 
static friction between the sled and the snow is 0.4. Neglect the weight of the sled.  [Hibbeler 1995, 404]  
 

 
 

SOLUTION  

 
� Fx = 0 = T- Fs 

 

 T = Fs 
 
� Fy = 0 = (-80) + N 
 
 N = 80 lb 
 
Fs = (0.4)(80) 
 
Fs = 32lb 
 
T = Fs = 32 lb 
 

T= 32 lb �  
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EQUIVALENT SYSTEM OF FORCES 
 

PROBLEM 1 
 
The masses of two children sitting at ends A and B of a seesaw are 38 kg and 29 kg respectively.  Where should a third child sit 
so that the resultant of the weights of the three children will pass through C if she has a mass of (a) 27 kg, (b) 24 kg?  [Beer and 
Johnston 2004, 137] 

 

 
 

 
 

SOLUTION 

 
(a)   38 Kg (9.81) = 372.78 N       
 

  29 Kg (9.81) = 284.49 N 
 
     27 Kg (9.81) = 264.87 N 
 

  � Fy = 0 = -372.78 – 284.49 – 264.87 + n 
 
    0 = -922.14 + n 
 
    n = 922.14 N 
 

  � Ma = 0 = A(0) – 4(284.49) – 264.87(x) + (922.14)(2) 
 

  0 = -1137.96 – 264.87(x) + 1844.28  
 

  0 = -264.87(x) + 706.32 
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CONTINUED PROBLEM 1: 
 

  -264.87(x) = -706.32 
 

  x = -706.32 
              -264.87 
 
                  x = 2.66 m  
 
(b)   38 Kg (9.81) = 372.78 N 
 

 29 Kg (9.81) = 284.49 N 
 

 24 Kg (9.81) = 235.44 N 
 

 � Fy = 0 = -372.78 – 284.49 – 235.44 + n 
 

 0 = -892.71 + n 
 

 n = 892.71 N 
 

 � Ma = 0 = A(0) – 4(284.49) – 235.44(x) + (892.71)(2) 
 

 0 = -1137.96 – 235.44(x) + 1785.42  
 

 0 = -235.44(x) + 647.46 
 

-235.44(x) = -647.46 
 

x = -647.46 
            -235.44 
 

x = 2.75 m 
 

(a) 2.66 m  (b) 2.75 m �  
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EQUIVALENT SYSTEM OF FORCES 
 

PROBLEM 2 
 
 If a force of 110 N is exerted at a distance of 0.3 m from the elbow (axis of rotation), what is the resultant moment of force?  
[Hamill and Knutzen 1995, 453] 
 

 
 
 
 

SOLUTION 

 
M = F(d) 
 
M = 110 N (0.3 m) 
 
M = 33 N-m 
 

33 N-m �  
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EQUIVALENT SYSTEM OF FORCES 
 

PROBLEM 3  
 
A plumber exerts a vertical 60-lb force on a pipe wrench inclined at 30° to the horizontal. What force and couple moment on the 
pipe are equivalent to the plumber’s action?  [Shames 1997, 100] 
 

�
 

SOLUTION 
 

 
 
 
 
Ma = F (d) 
 
Ma = 9(60) 
 
Ma = 540 lb-inch 
 

540 lb-inch�  
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EQUIVALENT SYSTEM OF FORCES 
 

PROBLEM 4  
 
A weight machine has a pulley system applying a force of 120 N. A person lifts the weight until his legs reach a height of 50 cm 
from the floor. If the person maintains the weight at this height, what is the torque at the person’s knee muscles? [Beer and 
Johnston 2004, 166] 
   

 
 

SOLUTION  

 
Ma = F(d) 
 
Ma = 120 N (0.5 m) 
 
Ma = 60 N-m 
 

60 N-m�  
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ANALYSIS OF STRUCTURES 
 

PROBLEM 1  
 
The three muscles primarily involved in producing elbow flexion are biceps, brachii, brachialis.  Suppose    that the elbow joint is 
flexed to 1.57 rad and that these muscles are generating 290, 440, and 95 N of force and pulling at angles of 0.7, 0.2, and 0.3 rad.  
For simplicity, assume the three muscles share a common point of attachment on the radius.  What is the direction and magnitude 
of the resultant muscle force?  [Enoka 1988, 61] 
 

 
 

 

SOLUTION  
 
1.57 rad 
 
1.57(180/� ) = 89.95�                                                
 
P (0.7) (180/� ) = 40.11� 
 
Q (0.2) (180/� ) = 11.46� 
 
R (0.3) (180/� ) = 17.49� 
 

 
 
 

 
 
 



December 2003             Applications of Engineering Mechanics in Medicine, GED – University of Puerto Rico        28  

CONTINUED PROBLEM 1: 
Vector Fx Fy 

P 290 cos(40.11) = 221.79 290 sin(40.11) = 186.84 

Q 440 cos(11.46) = 431.23 440 sin(11.46) = 87.42 

R 95 cos(17.19) = 90.76 95 sin(17.19) = 28.08 

     �  = 743.78         �  = 302.34 
 
R = ((743.78)2 + (302.34)2)0.5                                                                                 �  = tan-1 (302.34/743.78) 
 
R = (553208.69 + 91409.48)0.5     �  = 22.12� 
 
R = 802.88 N        �  = 0.39 rad 

0.39 rad     802.88 N�  
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ANALYSIS OF STRUCTURES 
 

PROBLEM 2 
 
The medial (M) and lateral (L) heads of gastrocnemius both exert a force of 350 N that is directed 0.25 rad to the left and right of 
a vertical midline, respectively.  Determine the magnitude and direction of the resultant force.  [Enoka 1988, 60] 
 

 
 

 

SOLUTION 
 

 
FyL = FyM = 350 sin(75.68) = 339 N 
 
If M and L are equal then M+L = 2(339) = 678 N 
 
L = 0i + 339j  + 0k 
 
M = 0i + 339j + 0k 
 
M + L = 0i + 678j + 0k 
 
/M + L/ = (02 + 6782 + 02)0.5 
 
/M + L/ = 678 
 
 

0i + 678j + 0k, N ;   678 N �  
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ANALYSIS OF STRUCTURES 
 

PROBLEM 3 
 
A man having a weight of 175 lb attempts to lift himself using one of the two methods shown.  Determine the total force he must 
exert on bar AB in each case and the    normal reaction he exerts on the platform at C. Neglect the weight of the platform.  
[Hibbeler 1986, 267] 
 

 
 

SOLUTION  
 
FBD: 

                                
 
 
E = D                A = B       � Fx = 0 
 
� Fy = 0 = 2D + -175 
 
2D = 175 
 
D = 87.5 lb 
 
� Fy = 0 = 2A + -87.5 
 
2A = 87.5 
 
A = 43.75 lb 
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CONTINUED PROBLEM 3: 

                                                           
 
 
 
� Fy = 2A + -175 
 
A = 87.5 lb 
 

In the first diagram 43.75 lb and in the second diagram 87.5 lb�  
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ANALYSIS OF STRUCTURES 
 

PROBLEM 4 
 
During knee extension the patella moves in the groove between the medial and lateral condyles of the femur.  An imbalance 
between the four muscles that pull on the patella can result in the patella’s not tracking correctly.  This can occur, for example, if 
the knee has been immobilized in a cast for a period of time and the vastus medials and lateralis muscles have not atrophied at the 
same rate.  Given the following magnitudes and direction for the four muscle force vectors, determine the resultant vector:  
[Enoka 1988, 61] 
 
     Rectus femoris 130N, 0.25 rad to the left of vertical 
     Vastus lateralis 180N, 0.50 rad to the left of vertical 
     Vastus intermedius 165N, 0.15 rad to the left of vertical 
     Vastus medialis 210N, 0.62 rad to the right of vertical 

 
SOLUTION 
 

Vector Fx Fy 

F = 210 210 cos(54.48) = 122.01 210 sin(54.48) = 170.92 

F = 165 165 sin(8.59) = 24.64 165 cos(8.59) = 163.15 

F = 130  130 sin(14.32) = 32.15 130 cos(14.32) = 125.96 

F = 180 180 sin(28.65) = 86.30 180 cos(28.65) = 157.96 

�  265.1 618 

 
Vector = 265.1i + 618j 
 
R = ((265.1)2 + (618)2)0.5 
        (66.78)(� /180) = 1.17 rad 
R = (70278.01+381924)0.5 
 
R = 6.72.46 
 
UR = 265.1i + 618j  
              672.46 
 
UR = 0.39i + 0.92j  
 
�  = tan-1 (618/265.1) 
 
�  = 66.78� 
 
 

0.39i + 0.92j  ;    1.17 rad�  
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CENTROID AND CENTER OF GRAVITY 
 

PROBLEM 1  
 
A horizontal table used to determine the center of gravity is place over a fulcrum in one end and a scale in the other end.  A 
student is laid over the table with the head over the fulcrum.  The scale is 2 m from the fulcrum.  The student has a mass of 70 kg 
and when he is over the table, the scale marks 250 N.  ¿Where is the center of gravity of the student?  [Tipler 1999, 366] 
 
 

 
 

 

SOLUTION  
 
 x = � mx = m1x1 + m2x2 �
                         m         m1 + m2    
 
 
 

686(1) + 250(2) = 1.27 m 
      686 + 250 
 

1.27 m  � �
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CENTROID AND CENTER OF GRAVITY 
 

PROBLEM 2 
 
Calculate the center of mass of the following 3-point system with masses of 2 kg, 3.5 kg, and 1.25 kg located respectively at the 
coordinates (1, 2), (2.2, 3.5), and (4,3), respectively.  [Hamill and Knutzen 1995, 454]  
 

 
 

 

SOLUTION  
 
 m1 = 2 kg (1,2) 
 m2 = 3.5 kg (2.2,3.5) 
 m3 = 1.25 kg (4,3) 
 
 x = my = 14.7 = 2.18                y = mx = 20 = 2.96  
        mt       6.75                                                   mt    6.75 
 
 my = 2(1) + 3.5(2.2) + 1.25(4) = 14.7 
 mx = 2(2) + 3.5(3.5) + 1.25(3) = 20 
                mt  = 2 + 3.5 + 1.25 = 6.75 
 

x = 2.18  �  
y = 2.96 � �

my = 14.7 �  
mx = 20 � �

mt  = 6.75 � �
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

CENTROID AND CENTER OF GRAVITY �
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�

PROBLEM 3  
����
Determine the center of gravity of the human body placed horizontally in a gravitational field, as shown in the figure at the right. 
The sagittal plane of the body is a plane passing through the middle, separating the right side from the left side. The weight of the 
body can be considered to be symmetrically distributed about the plane. The weight of the various body segments and their 
location from the origin are as follows:  [Soutas-Little 1999, 156] 
 
     Flegs = 0.12 body weight     r= 20i + 20j (inches) 
     Fthighs = 0.16 B.W.              r= 12i + 12j 
     Fhips = 0.23 B.W.                r=  5i  + 5j 
     Fchest = 0.32 B.W.               r= 6.5i – 11j 
     Farms = 0.10 B.W.               r= 20i – 30j 
     Fhead = 0.07 B.W.               r= 17i – 24j 
     �  Fi = 1.00 B.W.  

 
 

SOLUTION  
 
                � xiFi = 20(0.12) + 12(0.16) + 5(0.23) + 6.5(0.32) + 20(0.10) + 17(0.07) 
                 
                � yiFi = 20(0.12) + 12(0.16) + 5(0.23) - 11(0.32) – 30(0.10) – 24(0.07) 
 
                xc.g. = Cy = - � xiFi = 10.74 in 
                           R         � Fi  
 
                yc.g = Cx = - � yiFi = -2.73 in 
                           R         � Fi 

xc.g. = 10.74 in �  
yc.g = -2.73 in �  
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PROBLEM 4  
 
A man is 1.8 m tall and weights 1000 N. He lifts a 500   N weight to the top of his head.  If the C.G. of the man plus weight is 
now 1.3 m above the ground, how high is the C.G. of the man alone?  [Group problem based by the book] 
 
 

SOLUTION 
 
X = [ (1.3 m) * (1500 N) – (1.8 m) * (500 N) ] / (1000 N ) = 1.05 m 

1.05 m �  
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PROBLEM 1 
 
 If a foot of a person has 2 mass units and a radius of gyration of 0.5 foot, what is the rotational inertia? [Barthels and 
Kreighbaum 1981, 332] 
 

SOLUTION  
 
 I = k2 M = (0.52 )(2) = .5 ft2-mass units 
 

I = .5 ft2-mass units � �
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PROBLEM 2  
 
What is the moment of inertia of a gymnastic about a longitudinal axis through the center of mass with a length of 1.60 m, a mass 
of 23.50 kg, and a radius of gyration/body length of 0.302?  [Hamill and Knutzen 1995, 454] 
 

 
 
SOLUTION  
 
 I = k2 M = (0.302 * 1.6)2 * 23.5 = 5.49 kg-m2 
 

 
I = 5.49 kg-m2 �  
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PROBLEM 3  
 
How many mass units of resistance to changes in horizontal motion will a body of a person have if it weighs 95 pounds?  [Group 
problem based by the book]  

  
SOLUTION 
 
            F = mg  
                95 pounds = m * 32 
                m = 2.97 slugs     
 

 m = 2.97 slugs � �
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PROBLEM 4 
 
A 60 kg diver is positioned so that his radius of gyration is 0.5m as he leaves the board with an angular velocity of 4 rad/s. What 
is the diver’s angular velocity when he assumes a tuck position, altering his radius of gyration to 0.25 m?  [Hall 1999, 487] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SOLUTION 
 
                Position 1: H = IW 
                                H = mr2w 
                                    = (60 kg) (0.5 m)2 (4 rad/s) 
                                    = 60 kg-m2/s 
 
                                 k = 0.25 m 
 
                Position 2:  H = IW 
                                   H = mr2w 
                                   60 kg- m2/s = (60 kg) (0.25 m)2 w 
                                   w = 16 rad/s 
 

     H = 60 kg-m2/s �  
 

w = 16 rad/s �  


