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Dimensions and Units 
                                                          Problem 1 
 

                                          From one patient that has been hospitalized the doctor took two samples of the      
                                          temperature of his body, one in the forehead and the other orally, 38 º C and          
                                          100 0F, respectively. Determine both temperatures in Kelvin? 

 
Solution: 
 
a) Orally we have the temperature that is 38 C and we want this at Kelvin.  
        The formula is: 
         K = C + 273.15 
            311.15 K 
 
b) In the forehead we have the temperature at 100 F and we want to change this to Kelvin so we say that: 
          C = 5/9 (F – 32)   
             = 37.77 
         
         K = C + 273.15   
             = 310.92 
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                                                               Problem  2 
 
                                                                A body weighs 1000 lbf at the earth gravity g = 9.8 ft/s2. (a) What is its mass in   
                                                                kg? (b) What will the weight of this body be in N if it is exposed to the moon’s            
                                                                standard acceleration gmoon = 1.62 m/s2? (c) How fast will the body accelerate if   
                                                                a net force of 400 lbf is applied to it on the moon or on the earth?[White   
                                                                1999,9] 
 
   
 
 
 
 
 
Solution: 
 
a)     Using Newton’s Law, F= ma 
 
         W = ma 
         M = W 
                 a 
              = 1000 lb     = (31.08 slugs) ( 14.5939 kg/slug) 
                  32.2 ft/s2 

          m = 453.6 kg          
  

b)     Using mass = 453.6 kg 
          
         F = Wmoon= mgmoon 
            = (453.6 kg)(1.62 m/s2) 
            = 735 N 
c)  Using a direct application of Newton’s Law  
 
          F = 400 lbf = ma 
             = (31.08 slugs)( a ft/s2) 
          a = 400 lbf 
            31.08 slugs  
          a =   12.43 ft/s2 

          a =   3.19 m/s2 
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                                                                                                Problem 3 
 
                                                                                                The figure illustrates a person preparing to dive into a pool.                     
                                                                                                The horizontal diving board has a uniform thickness,      
                                                                                                 mounted to the ground at O, has a mass of 120 kg, and is                                 
                                                                                                 l= 4 m in length.  The person has a mass of 90 kg and           
                                                                                                 stands at B which  is the free-end of the board.  Point A    
                                                                                                 indicates the location of the center of the board.  Point A is    
                                                                                                 equidistant from points O and B.  Determine the moments   
                                                                                                 generated about point O by  the weights of the person and             
                                                                                                 he board.  Calculate the moment about pints O and B.    
                                                                                                 [Nordin and Ozkaya 1999, 35] 

     
 
 

 

Solution:  
Let m1 and m2 be the masses and WI and W2 be the weights of the person and diving board, respectively.  WI and W2 
can be calculated because the masses of the person and the board are given: 
 

WI = m1 g= (90 kg)(9.8 m/s2) = 882 N W2 = m2 g'= (120 kg)(9.8m/s2) = 1176 N 

The person is standing at B. Therefore, the weight W1 of the person is applied on the board at B. The mass of the 
diving board produces a force system distributed over the entire length of the board. The resultant of this distributed 
force system is equal to the weight W2 of the board. For practical purposes and since the board has a uniform 
thickness, we can assume that the weight of the board is a concentrated force acting at A, which is the center of gravity 
of the board. 

 
As shown in Figure, weights W1 andW2 act vertically downward or in the direction of gravitational acceleration. The 
diving board is horizontal. Therefore, the distance between 0 and B (.e) is the length of the moment arm for W1 and the 
distance between 0 and A is the length of the moment arm for W2. Therefore, moments M1 and M2 due to W1 and W2 
about point O. 
 

MI= f WI = (4 m)(882 N) = 3528 N-m 

M2 = - W2 = (2 m)(1176 N) = 2352 N-m   
 

 
Since both moments have a clockwise direction, the net moment must have a clockwise direction as well. The 
magnitude of the net moment about point 0 is: 
 
Mnet = Ml + M2 = 5880 N-m 
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STATICS OF PARTICLES 
                                                     Problem 1 
 
                                                                   The y- component of the force F witch a person exerts on the   
                                                                          handle of the box wrench is know to be 70lb. Determine the x- 
 component and the magnitude of F. [Meriam and Kraige 2002,33]. 
 
 
 
 
 
 
Solution: 
 
A = sqrt(144 + 25 )  
 
    = 13 
 
Sin A / A = Sin B / B  
 
Sin 90 / 13 = Sin B / 12 
 
Arcsen .923 = 67. 38 
 
 
Tan 67.38 = 70 / Fx 
 
Fx = 29.16 
 
F = sqrt( 29.16 ^2 + 70 ^2 ) 
 
  =  75.8 
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    Problem 2    
 
A 200 lb. medical student whose head weighs 13.8 lb. is looking into microscope 
as show in figure. What force must the neck extensor muscles exert to support the 
head in this position, and what is the reaction force on the first cervical vertebra? 
[Williams and Lissner 1976, 90] 

 
     

     
 

Solution: 
      
     Form the geometry of the problem:  
      �  = 60° 
      �  = 33° 
 

Using the first condition of equilibrium � Fx=0, and since the  
cos 213°= - cos 33° we have: 
 
� Fx = (R cos 60°) + (- M cos 33°) = 0 
� Fy = (R sin 60°) + ( - M sin 33°) + (-W) = 0 
 
(from � Fx=0)  
  
 R=  M cos 33° 

              Cos 60° 
       

  (from � Fy=0)  
 M =  M cos 33°   sin 60o + (-Msin 33o) = W  

                 Cos 60° 
 

M ( cos 33°  sin 60o - sin 33o) = W  
             cos 60° 
      M =   W   

       ( cos 33°  sin 60o - sin 33o)   
               cos 60° 
 
         =    13.8    
               0.839  0.866 – 0.545 
                                                                                                         0.500 
       

M =  15.2 lb. 
Now we can solve for R: 
      
      R = 15.2 (0.839)  = 12.75 
       0.500           0.5 
 
      R = 25.5 lb. 
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                                                                Problem 3     
                                                                
                                                                A woman performs seated machine curls to strengthen her biceps muscle.   
                                                                She uses a weight of 10 kg.  Horizontal distance between her elbows (A)   
                                                                and the bottom of the frictionless pulley (B) is 60 cm.  Vertical distance   
                                                                 between the same points is 20 cm.  Determine the force exerted by the  
                                                                 holding bar on the woman’s hands when her arm is at 45o with the   
                                                                 horizontal.  At that moment, the weight has an upward acceleration of    
                                                                 3m/s2.  [Frankel and Nordin 1989, 51] 
 
 
 
 
 
 

 
 

 
 

Solution:  
Let us first consider the forces exerted on the 10-kg weight. Tension T in the cable pulls it up whereas the gravity pulls 
it down, and Newton's second law dictates that  

T - 10 x 9:81 = 10 X3 =} T = 128.1 N 
The tension T in the cable is uniform since the pulley is frictionless. 
Next, let us consider the forces acting on the holding bar connected to the cable . If we neglect the weight of this lightly 
weighted bar, we find that the tension in the cable must be equal in magnitude but opposite in direction to the force 
exerted by the woman on the bar. Newton's third law then dictates that the tension: in the cable is equal to the force 
exerted by the bar on the hands of the woman holding the bar. 
Now that we know the magnitude of the force, we need to determine Its direction. To do that we need to compute the 
orientation of the unit vector in the direction of the cable connecting points B and D. Using the parallelogram law we 
can show that: 

                   rD/B  =  rA/B + rD/A 
in which rD/B  denotes the position vector from B to D. Ail other position vectors in the equation follow the same 
notation. With respect to the coordinate system E shown in the figure, it can be shown that 

                        rA/B = 0.6 e1 - 0.2 e2 

                        rD/A = -0.32 X cos 45°el + 0.32 X sin 45° e2, 

                       rD/B = (0.6 - 0.32 X cas 45°)el + (_0.2+ 0.32 X sin 45°) e2 
                                = 0.37 el + 0.03e2 
 
The unit vector eD/B along the position vector rD/B can be found by 
                       eD/B = (0.37 el + 0.03 e2)I(0.372 + 0.032)1/2 = 0.99el + 0.08 e2 
Thus the force exerted by the woman on the holder is equal to 
                       F = TeD/B = 128.1 (0.99 e1 +0.08 e2) N 
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EQUIVALENT SYSTEM OF FORCES  
 

                                                                                          Problem 1 
                                                                                          
                                                                                          The paraplegic patient in problem 3, p.81, contracted his   
                                                                                          deltoid with a force of 221 lb. in order to support the   
                                                                                          dumbbell in his hand. Let us say the deltoid tubercle was 5   
                                                                                          in. from the shoulder axis and the exercise weight in the   
                                                                                          hand in the hand was 22 in. from the shoulder axis. The   
                                                                                         angle of force application of the muscle was 17 0 How   
                                                                                         much did the dumbbell weigh? [Winter 1990, 82].                                                                                            
                                               
 

Solution: 
 
If clockwise moments are +,  
 
W x 22 = 227 sin 17 0 x 5 
 
22W = 227 x 0.956 x 5 
 
W = 15 lb 
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    Problem 2 
 

Consider three parallel forces acting vertically downward whose magnitudes 
from left to right are 32, 12, and 24 lb. The distance between the 32 and 12 lb. 
is 12 in., and the distance between the 12 and 24 lb. forces is 7 in.  Find the 
resultant of the three forces- the single force which would have the same 
effect as all three. 
[Williams and Lissner 1976, 51] 

 

 

Solution: 
 
RX = (12 lb. X 12 in.) + (24 lb. X 19 in.) 
       = 144 in.-lb. + 456 in. –lb. 
       = 600 in.-lb. 
 
We know that R= 68 lb., therefore: 
 
68X = 600 in.- lb 
    X =  600 in.-lb  
             68 lb. 
     X = 8.8 in.  
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                                                              Problem 3 
                                                              Suppose the weight attached to the traction system is 10 lb.  Ten pounds would  
                                                               be acting along W between, and 10 pounds of tension would be acting along T.    
                                                               The angle between W and T is set at 60 degrees.  How much traction force is  
                                                               being placed upon the leg?  What is it reaction force?  [Williams and Lissner                            
                                                               1962, 44]  

 
 
 
 
 

 

Solution: 
 
Tx = T Cos 30o 
    = 10 lb. X 0.866 
    = 8.66 lb. 
 
Wx = W Cos 30o 
     = 10 lb. X 0.866 
     = 8.66 lb. 
 
Ty = T Sin 30o 
    = 10 lb. X 0.5 
    = 5 lb. 
 
Wy = W (-Sin 30o) 
      = 10 lb. (-0.5) 
      = -5 lb. 
 
� Fx = 0 
Tx + Wx  + Rx = 0 
8.66 lb. + 8.66 lb. + Rx = 0 
 
8.66 lb. + 8.66 lb. = -Rx 
17.32 = -Rx or Rx = -17.32 
 
� Fy = 0 
Ty + wy + Ry = 0 
5 lb. + (-5 lb.) + Ry = 0 
Ry = 0 
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EQUILIBRIUM OF RIGID BODIES 
 
                                          Problem 1 
 
                                          A patient with a knee flexion contracture is sent to the physical therapist for       
                                                        stretching. When a force of 15 lb. is applied at the ankle, what tension is placed on   
                                                        the hamstring muscles? Distances are given in figure 5.42. The articular surface is  
                                                        considered to be the fulcrum.  [Winter 1990, 60] 
 

  
  
.  
 
 
 
Solution: 
 
Taking moments about the knee joint.  
 
M = 0 (CW moments +)  
(18 x 15) – (H x 2) = 0 
270 = 2H 
H = 135 lb 
 
Thus, with the knee at a right angle, the manual force is applied is increased 9-folds on the tendons undergoing the 
stretch. A patient with longer leg would experience even greater stretch force on the knee flexors. To determine the 
force in the knee joint structures at the fulcrum in this instance, we substitute in the formula,  
 
F = 0  
15-135+f = 0 
F=120 lb 
 
Obviously, the physical therapist should apply manual force with great care. Often joint structures may require manual 
support during stretching procedures to make certain that the fulcrum is stabilized adequately. As mentioned earlier, the 
hand of the therapist may be placed close to the joint, decreasing the lever arm of the force and improving control of 
the motion.  
 
Another example of the effectiveness of an externally applied force is the simple case of a weight held in the land. 
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    Problem 2 
 
A woman with a knee injury is using crutches for walking and standing. 
Determine the contact forces acting on the crutches and on her foot at the 
standing configuration shown. 
[Aydin and Tozeren 2000, 123] 
 
 
 
 
 
 
 

Solution:  
 
 

The forces acting on the woman standing with the help of the crutches are 
shown in the figure. There are four contact forces of unknown magnitude acting 
on the woman an d crutches. The equations of statics relating these forces are: 
 
 
  H1 – H2 = 0 
  V1 + V2 = 75 kg (9081m/s2) = 736 N 
  V2 (1.1) = 736 ( 0.30) 
 
   V2 = 201 N 
 
 
 
 
 

Using the force balance in the vertical direction, we find the ground force acting on the foot as : 
 
  V1 = - V2 + 736 N 
    
V1 = 535 N 
 
Assuming that the contact forces at B creates no moment with respect to the shoulder joint of the woman, we obtain the 
following relationship between H2 and V2 :  
 
  V2 (0.65 m) = H2

 (1.39 m) 
            
 H2 = 94 N 
 
Therefore,  
   H1 = 94 N 
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                                               Problem 3 
 
                                               Stretching of the Achilles Tendon.  Consider an athlete that is pushing against a wall                   
                                               to stretch his Achilles tendons during a walk before an athletic event.  The athlete has  
                                               a mass m = 80 kg height L of 183 cm.  The distance DB between the top of his head  
                                               and shoulders is 30 cm .  The distance AC between the bottom of his foot and his   
                                               center of gravity is 101 cm, and the distance AG between the hands of the athlete and          
                                               the wall is negligible.  Determine the forces exerted on the athlete by the wall and the     
                                               ground as a function of the angle of inclination � .  [Torezen, Aydin 2000, 52] 
 

 
 

 

Solution:  
This is a two-dimensional problem in which all the forces acting on the individual lie in a plane. The free-body diagram 
shown in Fig. 5.5 indicates that the forces acting on the individual are the force of gravity (the weight of the 
individual), the horizontal force exerted by the frictionless wall and the vertical and horizontal forces exerted by the 
ground. Notice that because the person is stretching the Achilles tendon, the heels barely touch the ground, if they 
touch at all. Thus the point of application of the ground force is positioned somewhere on the toes. 
The condition of static force balance yields two scalar equations: the resultant force in both the horizontal (e1) and 
vertical (e2) directions must be equal to zero: 

HG - Hw = 0 => HG= Hw 

VG - mg = 0 => VG = 80 kg'9.81 m/s2 = 784.8 N 
Thus the condition of force balance enables us to compute the vertical force exerted by the ground on the athlete. To 
determine the horizontal contact forces acting on the athlete, we need to set the resultant external moment equal to zero. 
For simplicity in the computations, we choose to evaluate the moments about point A. Thus, the moment created by the 
horizontal ground force He will be equal to zero. The condition of balance of external moments about A then leads to 
the following expression: 
               -m g . AC . cos e + V G . AG + Hw . AB . sin e = 0 

in which e denotes the angle between the long axis of the athlete's body and the horizontal el direction. Note that all 
moments acting on the athlete are in either positive or negative e3 direction. 
Equation 5.8 can now be used to compute the unknown force HG = H\,v as a function of e. Using a hand calculator, 
one can show that HG = Hw = 641 N,336 N, and 151 N, respectively, when e = 30°,45°, and 60°. Notice that the 
horizontal force exerted by the ground and by the wall on the athlete increases sharply with decreasing � . 
If at some low value of �  the ground and the athlete's shoes cannot generate enough friction as required by equilibrium, 
then the athlete will slip, rotate clockwise, and fall reducing the vertical distance from the center of gravity to the 
ground. 
The magnitude of the resultant force exerted by the ground on the individual can be found by using the equation that 
relates the magnitude of a vector to its projections along the coordinate axes: 

FG = (HG2 + V G2)l/2 
FG = 1013 N, 854 N, and 799 N, respectively,  for �  = 300, 450, and 600. 

The direction at which the ground force acts can be found by using the following equation: 

tan  = (HG/VG)  
We find tan  = 0.816,0,428, and 0.194, respectively, for e = 30°,45°, and 60°. To determine the force exerted on each 
foot (or arm), we simply have to divide the contact forces thus computed by the factor 2. 
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CENTROIDS AND CENTER OF GRAVITY  
 
                                     Problem 1 
 
                                     Patient weighs 175 lb. The center of gravity of his thigh lies 8.5 in above the knee joint,                      
a                                                and that of the leg and foot 8 in. below it. Where does the center of gravity of the entire      
l                                                 lower limb lie in relation to the knee joint?  [Winter 1990, 51] 
 
 
 
 
 
Solution: 
 
On the basis of Dempster’s figures, the thigh in this case weight 17.0 lb, and the combined leg and foot, 10.5 lb. Thus 
in our first equation, 
 
R = � F 
R = 17.0 + 10.5 
    = 27.5 lb. 
 
Taking moments about the center of gravity of the thigh,  
 
RX = �  M 
27.5X = 10.5 x 16.5 = 173.25 
X = 173.25/27.5 
= 6.3 in. 
 
The center of gravity of the entire limb lies 6.3 in. distal to that of the thigh, or 2.2 in. proximal to the knee joint in this 
case. 
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    Problem 2 
 

Find the distance from the platform support to the subject’s CG, given the 
following information for the figure shown. 
[Hall 1999, 464] 

 

 

Solution:N 
 
    From Figure: 
     Mass (subject)        = 73 kg 
  Wtp               Mass (board alone) = 28 kg 
     Scale reading           = 44 kg 
     Lb                             = 2 m 
  Wtb 
     RF1   RF2 

     
 
From Newton’s Law  F= ma, 
 
Wtp = (73 kg) (9.81 m/s2) 
 
Wtp = 716.13 N 
 
Wtb = (44 kg) (9.81 m/s2) 
       
Wtb = 431.64 N 

 
RF2 = (66 kg) (9.81 m/s2) 
 
RF2 = 647.46 N 
 
Use an equation of static equilibrium :  
 

�  Ta= 0 = (RF2) (1) – (Wtp)(d) – (Wtb)[(1/2)(1)] 
     0 = (647.46 N)(2m) – (716.13 N)(d) – (431.64 N)(1/2)(2 m) 
 
      d = 1.2 m 
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                                            Problem 3 
                                          
                                            Consider the leg shown, which is flexed to a right angle.  The coordinates of the            
                                            centers of gravity of the leg between the hip and the knee joints (upper leg ), the knee   
                                            and ankle joints, and the foot, as measured  from the floor level directly in the line   
                                            with the hip joint are given in the table below.  The weights of the segments of the leg   
                                            as percentages of the total weight W of the person are also provided in the table.    
                                            Determine the location of the center of gravity of the entire leg. 
                                           [Nordin and Ozkaya 1999, 76] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 

 

Solution:  

The coordinates (Xcg,Ycg) of the center of gravity of the entire leg can be determined by utilizing: 

                        Xcg = x1 W1 + x2 W2 + x3 W3 / W1 + W2 + W3 

                         Xcg = (17.3)(0.106W) + (42.5)(0.046W) + (45.0)(0.017W) / 0.106W +0.046W + 0.017W 

                       Xcg = 26.9 cm 

To determine the y coordinate of the center of gravity of the leg, we must rotate the leg by 90o. 

                       Ycg = y1 W1 + y2 W2 + y3 W3 / W1+W2+W3 

                       Ycg=   (51.3)(0.1O6W) + (32.8)(0.046W) + (3.3)(0.017W) / O.1O6W + O.046W +O.017W 

                       Ycg= 41.4 cm 

Therefore, the center of gravity of the entire lower extremity when flexed at a right angle is located at a horizontal  

distance of 26.9 centimeters from the hip joint and at a height of 41.4 centimeters measured from the floor level. 
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TRUSSES 
 
                                                                            Problem  1 
 
                                                                            Let us compare force values with the knee more nearly extended, as the 

                                                                            subject approaches the upright position. Find the force in the patellar   
                                                                            ligament when the leg is in the position show in the figure, [Winter          
                                                                            1990, 102]. 
                                                                             
  
  
                                                          
 
                                                          
 
 
Solution: 
 
After the vectors were drawn, the slopes of the forces were determined by distance measurements as show. Substituting 
in the equation of equilibrium, 
 
� Fx = 0 
 
L (18/29.2) – J (10/24.2) = 0  
 
J = (18/29.2) x (24.2/10) L 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



May 2004            Applications of Engineering Mechanics in Medicine, GED- University of Puerto Rico, Mayaguez 18 
 

    Problem 2 
 

A woman with a taer in the anterior cruciate ligament of her left knee stands 
putting her weight on crutches and on her right foot as shown below. She weights 
52 kg and has a height of 1.71 m. In this position her body and her crutches make 
angles of 63o and 80o with the horizontal plane, respectively. The distance between 
the point of application of the ground force on her right foot to her center of mass 
along the axis of her body is 0.89 m. The horizontal distance between the ground 
force acting on her right foot and the ground force acting on the crutches is 1.1 m. 
Determine the vertical ground force acting on the crutches. Assume that her body 
(and her right foot) is positioned symmetrically between the crutches. 
[Aydin and Tozeren 2000, 146] 
 
 

Solution: 
 
The forces acting  on the woman standing with the help of the crutches are shown in the figure. There are contact four  
forcesof unknown magnitude. 
 
H1 – H2 = 0 
 
V1 +V2 = 75 kg x 9.81 m/s2 

              = 736 N 
V2 x 1.1 = 736 x 0.30 
        V2 = 201 N 
 
V1 = -V2 + 736 N 
     = 535 N 
 
V2 x 0.65 m = H2 x 1.39 m 
        H2 = 94 N 
 
 H1 – H2 = 0 
         H1 = 94 N 
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                                                                                      Problem 3 
 
                                                                                       In a static situation, a person is standing on one foot on a   
                                                                                       force plate.  The ground reaction force is found to act 4 cm   
                                                                                       anterior to the ankle joint.  Note that convention has the   
                                                                                       ground reaction force Ry1 always acting upward.  We also   
                                                                                       show the horizontal reaction force Rx1 to be acting in the  
                                                                                       positive direction  (to the right).  If this force actually acts to   
                                                                                       the left it will be recorded as a negative number.  The         
                                                                                       subject’s mass is 60 kg, and the mass of the foot is 0.9 kg.    
                                                                                       Calculate the joint reaction forces and net muscle moment at   
                                                                                       the ankle.  Ry1 = body reaction = 60 x 9.8 = 588 N.  [Winter               
                                                                                      1990, 81] 

 
 
 

 
Solution: 
 
1.  � Fx = max 
     Rx2 + Rx1 = max = 0 
 
2.  � Fy = may 
     Ry2 + Ry1 – mg = ma 
     Ry2 + 588 – 0.9 X 9.8 = 0 
     Ry2 = -579.2 N 
 
3.  M2 – Ry1 X 0.02 – Ry2  X 0.06 = 0 
     M2 = 5.88 X 0.02 + (-579.2 X 0.06) = -22.99 N . m 
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FORCES IN BEAMS AND CABLES

    Problem 1 
 
The uniform, horizontal  beam shown below is hinged to the wall at A and 
supported by a cable attached to the beam at C. C also represents the center of 
gravity of the beam. At the other end, the cable is attached to the wall so that 
it makes an angle �  = 68o with trhe horizontal. If the length of the beamis l = 
4 m  and the weight of the beam is  W = 400 N, calculate the tension T in the 
cable and componets of the reaction force on the beam at A. 
[Nordin and  Ozcaya 1997, 78] 

 

 

Solution: 
 
       
 
 
 
      
  T 
 
 
RAx 

 

               RAy 

 

 

RAx =  400 cos 66.10o 
       = 162 N   
 
RAy = 0 
 
T = 431 N 
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                                                                   Problem 2 
 
                                                                   The right arm must be pulled back by the horizontal abductor muscles of   
                                                                   the shoulder in drawling the box. The direction of the muscles force, M ,  
                                                                   and joint force , J,  in the figure was estimated from a photograph; the  
                                                                   action line of the force, J , must pass through the point if intersection of  
                                                                   the muscle force and the applied load. In this case, J is actually the  
                                                                   resultant of the compression force in the glenohumeral joint and forces  
                                                                   in surrounding joint structure stabilizing the shoulder in the necessary  
                                                                   position t. Find the force in he posterior deltoid muscle of the right  
                                                                   shoulder, [Winter 1990, 103]. 
                                                                    .                                                                        

 
Solution: 
 
Substituting in the equilibrium equation,  
 
� Fx = 0 
 
M cos 40 0 – J cos 32 0 + 30 = 0  
 
� Fy = 0 
 
M sin 40 0 – J sin 32 0 = 0 
 
J = M sin 40 0 
      sin 32 0 
 
Substituting for J in the first equation, 
 
M cos 40 0 – M sin 40 0  cos 32 0 + 30 = 0 
                        sin 32 0 

 
M (cos 40 0 – sin 40 0 cos32 0) + 30 = 0 
                       sin 32 0 

 

0.261 M = 30 
 
M = 115 lb 
 
The force, J, is 139 lb. in this case. 
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                                                            Problem 3 
  
                                                            Using three different cable-pulley arrangements shown in the figure, a block   
                                                            of weight W is elevated to a certain height.  For each system,  determine how  
                                                            much force is applied to the person holding the cable.  [Nordin and Ozkaya   
                                                            1999, 76] 

 
 
 
 
 
 
 

 
Solution: 
 
The necessary free-body diagrams to analyze each system are shown.  For the analysis of the system in figure a , all we 
need is the free- body diagram of the block.  For the vertical equilibrium of the block, tension in the cable must be T1 = 
W.  Therefore a force with magnitude equal to the weight of the block is applied to the person holding the cable. 
 
For the analysis of the system in figure b, we need to examine the free-0body diagram of the pulley closest to the block.  
For the vertical equilibrium of the pulley, the tension in the cable must be T2 = W/2.  T2 is the tension in the cable that 
is wrapped around the two pulleys and is held by the person.  Therefore, a force with magnitude equal to half of the 
weight of the block is applied to the person holding the cable. 
 
For the analysis of the system in figure c, we again need to examine the free-body diagram of the pulley closest to the 
block.  For the vertical equilibrium of the pulley, the tension in the cable must be T3 = W/3.  T3 is the tension in the 
cable that is wrapped around the three pulleys and is held by the person.  Therefore, a force with a magnitude equal to 
one-third of the weight of the block is applied to the person holding the cable.  
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DRY FRICTION 

    Problem 1 
Consider a patient with neck traction applied by calipers or tongs attached to 
the skull as shown below. Let us say the head weights 10 lb. and the 
coefficient of friction between the back of head and the bed is 0.17. The 
action line of the pulley force is parallel to the bed surface. Find the 
maximum frictional force which must be overcome before the attraction pull 
will be effective in stretching the cervical structures. 
[Williams and Lissner 1976, 145] 

 

 

SOLUTION 
 
 

 
 
 
Forces P, W and N, are shown in the free body diagram.
     
    
 
We know that maximum frictional force is acting in this 
case since motion of the head is impending, and that Fmax 
must act in direction to oppose impending motion. 
 
 
Since the head is at rest, Fmax =�  N  
 
 
Fmax = 0.17 x 10 
        = 1.7 lb 
 
 
Fmax = 1.7 lb 
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                                                  Problem 2 
 
                                                 Consider the tibiotalar joint with the weight of the body of a 200 lb. man centered             
                                                 over the center  of curvature of the talus surface (figure A).  A 100lb. force will be             
                                                 acting on each ankle (neglecting the weight of the foot) and all muscle forces will     
                                                  be zero.  What force must be exerted through the Achilles tendon by the leg          
                                                  muscles before the joint starts to move?  [Williams ans Lissner 1962, 44] 

 
 
 
 
 
 
 
 
 
 
 
   
 

 
 

Solution:   
With the addition of a force T in the tendon acting at, a distance a from the vertical axis through the center of  
curvature, the first step is to find the distance x to the resultant W and T.  Taking moments about W  
 

Ta = x(W + T )  or  x = Ta / W + T 
 

 
With motion impending, the angle between N and R (and between N and the vertical also) will be the angle of friction, 
� .  We have previously determine the relationship between the coefficient of friction and �  to be 

 
u = tan �  

 
From the figure 

Sin �  = x/r 
 

where r is the radius of curvature, and for small angles, such as occur in joint friction, the sine of the angle is 
approximately equal to the tangent. Then we can write 

 
Sin �  = tan �  = u = x/r 

 
Substituting the previously obtained expression for x we have 
 

U = Ta / r(W + T) 
 

and, solving for the maximum value of T which can be developed before motion occurs, we obtain  
 

T = urW / a – ur 
 

If We assume the coefficient of friction to be 0.015, and measure r and a and obtain 1.1. 
                           
 
 
 
 
 
 
 
 



May 2004            Applications of Engineering Mechanics in Medicine, GED- University of Puerto Rico, Mayaguez 25 
 

                                                                                  Problem 3 
 
        The coefficient of static friction between a sled                                                                               
              and the snow is 0.18, with a coefficient of kinetic    
           friction of 0.15. A 250 N boy sits on the 200 N     
             sled. How much force directed parallel to the   
           horizontal surface is required to keep the sled in 
            motion? [Hall, 406]. 

 
 
Solution: 
 
To star the sled in motion, the applied force must exceed the force of maximum static friction: 
 
Fm = �  s R 
 
Fm = (0.18) (250N + 200N) 
 
Fm = 81 N 
 
The applied force must be greater then 81 N. 
 
To maintain motion, the applied force must be equal the force of kinetic friction: 
 
F k = �  k R 
 
F k = (0.15) (250 N + 200 N) 
 
F k = 67.5 N 
 
The applied force must be at least 67.5N. 
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MOMENT OF INERTIA 
          Problem 1 
  
                                                                                           For the 70 kg man whose upper limb is shown below, what is   
                                                                                           the moment of inertia of: a) The forearm, for an axis located at   
                                                                                           the elbow? b) The forearm+hand, for an axis located at the    
                                                                                           centre of mass?[ http://www-personal.usyd.edu.au/~mslee/           
                                                                                           ESSwww/lee/pt2/sample-problems/index.html] 
 
 
 
 
 
 
 
 
 
 
 
Solution: 
 
 
 

Segment Definition
Segment Wt / 
Total body Wt

Proximal Distal C of G Proximal Distal

Hand wrist/knuckle II digit 3 0.006 0.506 0.494 0.297 0.587 0.577

Forearm elbow/ulnar styloid 0.016 0.43 0.57 0.303 0.526 0.647

Upper Arm G/H jt/elbow 0.028 0.436 0.564 0.322 0.542 0.645
F' arm+hand elbow/ulnar styloid 0.022 0.682 0.318 0.468 0.827 0.565
Upper limb G/H jt/ulnar styloid 0.05 0.53 0.47 0.368 0.645 0.596

Centre of mass / Segment Length
Radius of gyration / segment 

length

Anthropometric data from Winter DA (1979) Biomechan ics of Human Movement

 
  

I = m x k2 

elbow/ 

where k is the radius of gyration, which will be 0.526 x length = 0.526 x 0.340 = 0.179 m 

m is the segment mass, which the Table tells us is 0.016 x [body mass] = 0.016 x 70 = 1.12 kg 

Hence,  I = 1.12 x 0.1792 = 0.036 kg.m2  

The segment "length" therefore is 340 mm. The moment of inertia formula is:  

I = m x k2 

where k is the radius of gyration, and m is the segment mass. We want to know the moment of inertia about an axis 
located at the centre of mass of the segment. Therefore we use the "C of G" coefficient for radius of gyration, so k= 
0.468 x 0.340 = 0.159 meters. 

  
The mass is given as 0.022 x 70 = 1.54 kg. 

Hence, I = 1.54 x 0.1592 = 0.039 kg.m2 
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      Problem 2 
 

Calculate the moment of Inertia of HAT about its proximal 
end and about its center of mass. The mass of HAT is 52.54 kg 
and its length is 0.295 m, the radius of gyration about the 
proximal end segment is 1.456 and the center of mass/segment 
has a length of 1.142 from the proximal end. 
[Winter 1990, 63] 

        

 
 

SOLUTION 
 
  Ip = m x (ml)HAT 

       = 52.54 (0.295 x 1.456)2  
       = 10.00 kg . m2 

 

  Io = I p – mx2  
      = 10.00 – 52.54(0.295 x 1.142)2 
      = 3.84 kg.m2 

 

 
Alternate Solution 
 
Using the radius gyration/segment length about the center of mass = 0.903 
 
  Io = mp2 

     = 52.54 (0.295 x 0.903)2 

      =  3.84  kg.m2 
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                                                  Problem 3 
 
                                                  Calculate the moment of inertia of the leg about its center of mass, its distal end,   
                                                  and its proximal end.  The mass of the leg is 0.0465 x 80 = 3.72 kg.  The leg length              
                                                  is given as 0.435 m.  The radius of gyration/segment length is 0.302 for he center           
                                                  of mass, 0.528 for the proximal end, and 0.643 for the distal end.  [Winter 1990,            
                                                  71] 
 

 
 
 
 

 

I0 = 3.72(0.435 x 0.302)2  = 0.064 kg . m2 

 

About the proximal end,  

 

Ip = 3.72(0.435 x 0. 528)2  = 0.196 kg .  m2 

 
About the distal end, 
 

Id = 3.72(0.435 x 0.643)2 = 0.291 kg . m2 

 

Note that the moment of inertia about either end could also have been calculated using the parallel-axis theorem. For 

example, the distance of the center of mass of the leg from the proximal end is 0.433 x 0.435 = 0.188 m, and 

 

Ip = I0 + mx2 = 0.064 + 3.72(0.188)2 = 0.196 kg. m2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


