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Everything that is correct is good, but not everything that is good is correct --- By Miguel 
 

ENGINEERING BIOMECHANICS: STATICS 1 
Josué Martínez, Félix Pérez, Miguel A. Ramos, Lorraine Rios, and Mayra Semidey2  

 
DIMENSION AND UNITS 

 
1. A heavy woman decides to loose weight.  She matriculates 
on a dietary program and her initial weight was 780.39 N.  At 
the end of the program her weight was 540 N. Calculate the 
total mass lost by the woman.   
  
2. James had an accident in his car during last night.  As a 
result he was taken to the hospital and received a blood 
transfusion. The blood enters his veins at 0.2 ml/s. Calculate 
this velocity in inches3/s. 
 
3. A boy was thirsty and he looked up for a glass of water.  He 
drank 1/8 gallons of water. The density of water is 1g/cm3. 
Calculate the mass of water the boy drank in kg, and the 
density in lb/ft3. 
  
4. A baby is sick and has fever. His mother is worried 
because 
 she reads the thermometer’s temperature which is 39
C.  The 
problem is that she does not understand this temperature scale 
and she needs your help.  Calculate the baby’s temperature in 

R, so the mother can understand it.  
  
5. A man pushes an 80 kg box and now the box is  9m from it 
initial position.   
Then he had to move it again 5ft.  Calculate the total work the 
 man realized in Btu. 
 

STATICS OF PARTICLES 
 
1. Consider a cervical traction with two vertical and one 45 
degree strands carrying a traction weight of 2 pounds. Find the 
resultant force applied to the head by the three supporting 
strands[ Lissner 1962, 94]. 

 
Cervical neck traction apparatus123 
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2. In a traction system, three 10 pound forces are applied 
to the femur as shown. Find the resultant force acting on 
the femur[ Lissner 1962, 95]. 

 
 
 
Traction system applied to femur. 
 
3. Consider a three hip abductor muscles controlling the 
pelvis in the frontal plane. We will assign force values of 
10, 40, and 20 pounds on the basis of Inman's estimate of 
relative mass of the tensor fasciae latae, gluteus medius 
and minimus muscles. The action lines of these muscles 
are estimated to make angles with the horizontal of 86, 
78 and 48 degrees respectively, acting downward and 
lateralward. Find the resultant force in the frontal plane 
of the three hip abductor muscles[ Lissner 1962, 95]. 

 
 
 
Forces of three hip abductor muscles controlling the 
pelvis in the frontal plane. 
 
4. The forearm of a patient with weak shoulder muscles 
is supported in a cuff which is suspended from an 
overhead bar. The force in the suspension rope is 4 
pounds. What is the tension in ropes A and B which 
form angles of 30 and 40 degrees respectively with the 
vertical? [Lissner 1962, 96] 
 



December 2003          Applications of Engineering Mechanics in Medicine, GED – University of Puerto Rico, Mayagüez 2 

 
 
Forces involved in forearm cuff suspension apparatus  
 
5. Dr. Smillie has designed a device for exercising the 
quadriceps in which a pulley rope passes from the floor 
beneath the foot through a loop at the patient's heel. Tension 
on the other end of the rope is applied through a pulley system 
(not shown). When a load of 20 pounds is applied to the 
weight pan, what must be the magnitude of P?[ Lissner 1962, 
97]. 

  
Forces involved in Smillie device for resistance exercise for 
the quadriceps muscle. 
 

EQUIVALENT SYSTEMS OF FORCES 
 
1. In a manual muscle testing, Brunnstrom considers the 
difference in quadriceps force required to support the leg when 
it is (1) in a horizontal position, and (2) at 30 degrees from 
horizontal. In her example the leg is considered to weigh 5 
pounds with its center of gravity at 8 inches below the knee 
axis. The patellar tendon inserts 2 inches below the knee axis 
and its action line forms an angle of 30 degrees with the long 
axis of the leg. What tension must the quadriceps exert to keep 
the leg fully extended against gravitational force in the two 
positions described?[. Lissner 1962, 84]. 

 
Comparison of two possible muscle testing positions for 
the quadriceps. 
  
2. A paraplegic patient contracted his deltoid with a 
force of 227 pounds in order to support the dumbbell in 
his hand (Fig. 3.2). Let us say the deltoid tubercle was 5 
in. from the shoulder axis and the exercise weight in the 
hand was 22 in from the shoulder axis. The angle of 
force application of the muscle was 17°. How much did 
the dumbbell weigh? [Williams and Lissner 1977, 85]. 

 
 
Graphic determination of stabilizing component, P, of 
deltoid force, D, when the angle of force application is 
17 degrees. 
 
3. A patient lifts a deLorme boot with weights through 
the range of knee extension. The total weight is 34 
pounds for the boot and bar. The action line of the 
quadriceps intersects the long axis of the leg 4 inches 
distal to the tibial articular surface at the knee and forms 
an angle of 20 degrees with the leg. The center of gravity 
of the boot, bar and exercise weights combined is 24 
inches distal to the knee joint (tibial surface). What is the 
pressure against the articular surfaces of the knee joint 
resulting from muscle tension when the leg is (1) in full 
extension; (2) flexed to 45 degrees (half way to 
extension)?[Williams and Lissner 1977, 85]. 
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 Pressure on the knee joint in quadriceps resistance exercise at 
two positions in the rage of knee extension. Q = quadriceps 
force; T = rotary component of quadriceps; W = rotary 
component of the exercise weight, which is 34 pounds. The 
angle of force application of the tibia is considered to be 20 
degrees in each case. 
 
4. Consider the total hip joint prosthesis. The geometric 
parameters of the prosthesis are such that l1 = 50 mm, l2 = 100 
mm, 1q = 45°, and 

2q = 90°. Assume that, when standing 

symmetrically on both feet, a joint reaction force of F = 400 N 
is acting at the femoral head due to the body weight of the 
patient. For the sake of illustration, consider three different 
lines of action for the applied force, which are shown in figure. 
Determine the moments generated about points Band C on the 
prosthesis for all cases shown[Ozkaya and Margareta 1999, 
38]. 

 
Total hip joint prosthesis. 
 
5. Consider an athlete wearing a weight boot, and from a 
sitting position, doing lower leg flexion/ extension exercises to 
strengthen quadriceps muscles. The weight of the athlete's 
lower leg is W1 = 50 N and the weight of the boot is W2 = 100 
N. As measured from the knee joint at 0, the center of gravity 
(A) of the lower leg is located at a distance l = 20 cm and the 
center of gravity (B) of the weight boot is located at a  
distance b = 50 cm. determine the net moment generated about 
the knee joint when he lower leg is extended horizontally 

(position 1), and when he lower leg makes an angle of 
300 (position 2), 600 (position 3), and 900 (position 4) 
with the horizontal[Ozkaya and Margareta 1999, 69]. 
 

 
 

EQUILIBRIUM OF RIGID BODY 
 
1. A man whose weight is 160 pounds lies on the board. 
We now have a parallel force system in equilibrium. 
Find the action line of gravitational force pulling on the 
subject (in other words, his center of gravity with respect 
to this position)[Williams and Lissner 1977, 57]. 

 
Method of locating the body’s center of gravity between 
the soles of the feet and crown of the head. 
 
2 A patient is pushing his forearm downward against a 
sling to oppose a 20 pounds exercise weight. The 
forearm is not moving and its weight is ignored. What is 
the isometric contraction force of the triceps and the 
compression force on the distal end of the 
humerus?[Williams and Lissner 1977, 58]. 
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3. Mean isometric elbow flexion force of young adult men, 
with the elbow at a right angle, has been reported as 84 pounds. 
If the test strap at the wrist is placed 11 inches from the elbow 
axis and the action line of the principle flexor muscle is 2 
inches from this axis, what is the actual force of the flexor 
muscles? Ignore some of the flexor group and considering 
only the 'biceps brachii. [Williams and Lissner 1977, 59] 

 
 
4. A patient with a knee flexion contracture is sent to the 
physical therapist for stretching. When a force of 15 pounds is 
applied at the ankle, what tension is placed on the hamstring 
muscles? Distances are given in figure. The articular surface is 
considered to be the fulcrum. [Williams and Lissner 1977, 59] 

 

 
5. A man holds a 25 pounds weight in his hand. The 
forearm and hand weigh 4 pounds and the elbow is 
flexed to a right angle. Distances are given in figure. 
Compute the necessary force required in the principal 
elbow flexors to support the load plus the weight of the 
forearm. [Williams and Lissner 1977, 60] 
 

 
 

CENTROIDS AND CENTERS OF GRAVITY 
 
1. Weights totaling 30 pounds are placed on the foot. 
The leg and foot weigh 9 pounds. The center of gravity 
of the leg and foot together lies 8 inches distal to the 
knee joint axis, and the exercise weights are 22 inches 
distal to the joint axis. Find the magnitude and 
action[Williams and Lissner 1977, 48]. 

 
 
 
 2. Consider the forearm with the elbow flexed to a right 
angle. A 15 pounds weight is held in the hand, and the 
forearm and hand together weigh 3 pounds. The biceps is 
contracting with a force of 70 pounds. The position of 
these forces along the forearm is indicated in figure. Is 
the forearm flexing, extending, or remaining 
stationary?[Williams and Lissner 1977, 49]. 
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3. Patient A weighs 175 pounds. The center of gravity of his 
thigh lies 8.5 in. above the knee joint, and that of the leg and 
foot 8 inches below it. Where does the center of gravity of the 
entire lower limb lie in relation to the knee joint? [Williams 
and Lissner 1977, 51] 

 
 
 
 
4. Find the center of gravity of the lower limb with the knee 
flexed to a right angle. The person weighs 150 pounds. 
Distances are given in figures a and b. The thigh, leg and foot 
weigh 14.5, 6.8, and 2.1 pounds, respectively. [Williams and 
Lissner 1977, 52] 

 
Figure a. Center of gravity 

 
Figure b.   Second center of gravity rotated 90 degrees 
 
5. Consider the leg shown in figure, which is flexed to a 
right angle: The coordinates of the centers of gravity of 
the leg between the hip and knee joints (upper leg), the 
knee and ankle joints, and the foot, as measured from the 
floor level directly in line with the hip joint, are given in 
the table. 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[Ozkaya and Margareta 
1999, 76] 
 
 
 

Part x (cm) y (cm) %W 

1 17.3 51.3 10.6 

2 42.5 32.8 4.6 

3 45.0 3.3 1.7 

 

 
Locating the center of gravity of a flexed leg. 
 

ANALYSIS OF SRUCTURES 
1. Consider the arm shown in figure. The elbow is flexed 
to a right angle and an object is held in the hand. The 
forces acting on the forearm are shown in figure, and the 
free-body diagram of the forearm is shown on a 
mechanical model in figure. This model assumes that the 
biceps is the major flexor and that the line of action of 
the tension (line of pull) in the biceps is vertical. Point O 
designates the axis of rotation of the elbow joint, which 
is assumed to be fixed for practical purposes. Point A is 
the attachment of the biceps muscle on the radius, B is 
the center of gravity of the forearm, and C is a point on 
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the forearm that lies along a vertical line passing through the 
center of gravity of the weight in the hand. The distances 
between O and A, B, and C are measured as a, b, and c, 
respectively. W0 is the weight of the object held in the hand 
and W is the total weight of the forearm. FM is the magnitude 
of the force exerted by the biceps on the radius, and FJ is the 
magnitude of the reaction force at the elbow joint. Note that 
the line of action of the muscle force is assumed to be vertical. 
The gravitational forces are vertical as well. Therefore, for the 
equilibrium of the lower arm, the line of action of the joint 
reaction force must also be vertical (a parallel force system). 
Determine the magnitudes of the muscle tension and the joint 
reaction force at the elbow[Ozkaya and Margareta 1999, 87] 

 
Figure a 

 
Figure b   Forces acting on the lower arm. 
 
2. Consider a person strengthening the shoulder muscles by 
means of dumbbell exercises. Figure a illustrates the position 
of the left arm when the arm is abducted to horizontal. The 
free-body diagram of the arm is shown in figure along with a 
mechanical model of the arm. Also in Figure b, the forces 
acting on the arm are resolved into their rectangular 
components along the horizontal and vertical directions. a 
corresponds to the axis of the shoulder joint, A is where the 
deltoid muscle is attached to the humerus, B is the center of 
gravity of the entire arm, and C is the center of gravity of the 
dumbbell. W is the weight of the arm, W0 is the weight of the 
dumbbell, FM is the magnitude of the tension in the deltoid 
muscle, and FJ is the joint reaction force at the shoulder. The 
resultant of the deltoid muscle force makes an angle q  with 
the horizontal. The distances between O and A, B and C are 
measured as a, b, and c, respectively. 

Determine the magnitude FM of the force exerted by the 
deltoid muscle to hold the arm at the position shown. 
Also determine the magnitude and direction of the 
reaction force at the shoulder joint in terms of specified 
parameters[Ozkaya and Margareta 1999, 92- 93] 

 
Figure a   The arm is abducted to horizontal. 

 
Figure b Forces acting on the arm and a mechanical 
model representing the arm. 
 
3. Consider a person wearing a weight boot, and from a 
sitting position, doing lower leg flexion/ extension 
exercises to strengthen the quadriceps muscles. Forces 
acting on the lower leg and a simple mechanical model 
of the leg are illustrated in Figure. W1 is the weight of 
the lower leg, W0 is the weight of the boot, FM is the 
magnitude of the tensile force exerted by the quadriceps 
muscle on the tibia through the patellar tendon, and FJ is 
the magnitude of the tibiofemoral joint reaction force 
applied by the femur on the tibial plateau. The 
tibiofemoral joint center is located at O, the patellar 
tendon is attached to the tibia at A, the center of gravity 
of the lower leg is located at B, and the center of gravity 
of the weight boot is located at C. The distances between 
O and A, B, and C are measured as a, b, and c, 
respectively. For the position of the lower leg shown, the 

long axis of the tibia makes an angleb with the 

horizontal, and the line of action of the quadriceps 
muscle force makes an angleq with the long axis of the 
tibia. Assuming that points O, A, B, and C all lie along a 
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straight line, determine FM and FJ in terms of a, b, c, q ,b , 

W1, and W0[Ozkaya and Margareta 1999, 108] 

 
Exercising the muscles around the knee joint. 
 

 
Forces acting on the lower leg. 
 
4. Consider a person flexing the forearm against a 10-kg 
weight. Assume that the arm is weightless and that the biceps 
muscle is the one muscle involved in the flexion. The length a 
of the humerus is 32 cm and distance b between the point of 
insertion of biceps into radius and the epoundsow joint is 9 cm. 
The length of the forearm (including half the length of the 
hand) is 34 cm. Determine the moment arm of the biceps, and 
the biceps force at joint angle q  = 170°, 135°, 90°, and 
45°[Tözeren 2000,, 163]. 

 
Weight of forearm is neglected in the free-body diagram. 
 

FORCES IN BEAMS AND CABLES 
1. A youth weighing W kg lies on the floor and two 
other students, each weighing WS kg, pick him up by the 
hands and the feet. The arms of the supporting students 
in combination with the body of the hanging student 
form a parabola-like curve, which is in tension. Let D 
denote the span (the horizontal distance) between the 
shoulders of the supporting students and sag d be the 
distance from a line between their shoulders to the 
bottom of the hanging youth. The supporting students 
lean backward to be able to keep the youth off the 
ground. Determine the angle of the inclination of the 
supporting students and the force exerted on them by the 
ground[Tözeren 2000, 125]. 

 
Two students holding a third at the feet and hands.  
 
2. The man shown is performing seated machine rows 
against a resistance of 60 kg. Determine the force his 
hands exert on the machine at q = -20°. Note that in this 
exercise both arms move back and forth in unison, and 
therefore, the two positions shown in the figure 
correspond to different instants of time. The lever is 
closest to the man's chest at q = -20°[Tözeren 2000, 
147]. 
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3. Consider the beam shown in Figure a. The externally 
applied force and the reactions at the supports bend the beam 
(three-force bending), subjecting it to shear stresses. 
In addition to shear, the upper layers of the beam are subjected 
to compression and the lower layers to tension. Figure b shows 
the state of stress occurring at a material point along a section 
(section aa) on the left-hand side of the applied force F and 
above the neutral plane of the beam. Figure c illustrates the 
state of stress at the same section below the neutral plane. 
Using Mohr's circle, determine the principal stresses and 
maximum shear stresses occurring in the beam for the states of 
stress shown in Figures b and c [Ozkaya and Margareta 1999, 
187] 

 
 
4. Figure illustrates a bench test that may be used to subject 
bones to bending. In the case shown, the distal end of a human 
femur is firmly clamped to the bench and a horizontal force 
with magnitude F = 500 N is applied to the head of the femur 
at point P. Determine the maximum normal and shear stresses 
generated at section aa of the femur that is located at a vertical 
distance h = 16 cm measured from point P. Assume that the 
geometry of the femur at section aa is circular with inner 
radius ri = 6 mm and outer radius ro = 13 mm[Ozkaya and 
Margareta 1999, 188] 

 
Figure 7.4   A bench test. 
 
5. A cord runs around two massless, frictionless pulleys; 
a canister with mass m = 20 kg hangs from one pulley; 
and you exert a force on the free end of the cord. (a) 

What must be the magnitude ofif you are to lift the 
canister at a constant speed? (b) To lift the canister by 
2.0 cm, how far must you pull the free end of the cord? 
During that lift, what is the work done on the canister by 
(c) your force (via the cord) and (d) the gravitational 
force on the canister? (Hint: When a cord loops around a 
pulley as shown, it pulls on the pulley with a net force 
that is twice the tension in the cord.)[ Halliday and 
Resnick 2003, 96]. 
 

 
Figure 7.5   Problem 5 
 
Friction 
1. A person is trying to push a block up an inclined 
surface by applying a force parallel to the incline. The 
weight of the block is W, the coefficient of maximum 
friction between the block and the incline is µ, and the 
incline makes an angleq with the horizontal. Determine 
the magnitude P of the minimum force the person must 
apply in order to overcome the frictional and 
gravitational effects to start moving the block in terms of 
W, µ, andq . [Halliday and Resnick 2003, 71] 
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 2. Consider a patient with neck traction applied by calipers or 
tongs attached to the skull. Let us say the head weighs 10 
pounds and the coefficient of friction between the back of the 
head and the bed is 0.17. The action line of the pulley force is 
parallel with the bed surface. Find the maximum frictional 
force which must be overcome before the traction pull will be 
effective in stretching the cervical structures. [Williams and 
Lissner 1977, 118] 

 
  Application of cervical traction through skull calipers. Head 
weight, W, is opposed by N, the force normal to the 
supporting surface; traction load P is opposed by Fmax. 
 
3. Now consider a similar traction system in which the pulley 
rope forms an angle of 10 degrees with the horizontal plane, a 
technique sometimes used to stretch the posterior neck 
structures. The pulley rope applies a force P. Find the force P 
required to start the head moving upward toward the end of 
the bed[Williams and Lissner 1977, 118]. 

 
When the traction rope is slanted upward 10 degrees, the value 
of N depends on as well as W. C represents tension on cervical 
structures. 
 
4. The coefficient of friction between the floor and the lamp 
base is 0.22. A therapist attempts to move the lamp by pushing 
against the upright with force, P. The distance between the 
floor and the center of gravity of the lamp is 30 inches and 
between the floor and the therapist's hand are 38 inches. The 
distance from a vertical line through the center of gravity of 
the lamp to the edge of the base is 6 inches As the therapist 

pushes, will the lamp slide as intended or tip 
over?[Williams and Lissner 1977, 121]. 

 
Method of moving an infrared lamp. 
 
5. A patient in a wheelchair is to go down a 30 degree 
ramp. The total weight of patient and wheelchair is 200 
pounds. A rope tied to the wheelchair takes a half turn 
around a pipe at the top of the ramp, the coefficient of 
friction between the rope and the pipe being 0.2. What 
force must be applied to the rope to control the motion of 
the chair and patient? [Williams and Lissner 1977, 52] 
 

MOMENTS OF INERTIA 
1. Suppose the human head is a perfect sphere. 
Determine the centroidal polar moment of inertia of the 
head area by direct integration. Using the answer to the 
problem 1, determine the moment of inertia of the head 
with respect to a diameter[Beer and Johnson 2004, 447]. 

 
2. A broken leg with mass m of a patient is held by a 
cord in a pulley at the moment of inertia I and radio R. 
The cord can turn without friction. Find the tension in 
the cord[Tipler 1999, 266]. 
                            Mass = M  
 
 
 
 
 
 
 
 
 
                                                         Broken leg 
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3. Determine the Moment of inertia of a uniform bar of mass 
M on a human vertebral spine if the bar rotates on a 
perpendicular axis on an extreme of the bar. Suppose the bar 
has insignificant thickness[Ozkaya and Margareta 1999, 261]. 

 
 
 
 
 4. Also determine the Moment of inertia of the bar of, if the 
bar spins on the y-axis that goes through the center of 
mass[Ozkaya and Margareta 1999, 264]. 
 

 
 
5. When a 50 kg figure skater with an initial moment of inertia 
of 0.2 kg.m2 draws his arms and a leg inward, he reduces the 
distance between the axis of rotation and some his mass, 
reducing his moment of inertia. Since angular momentum is 
conserved, his rotational velocity must increase to compensate. 
Calculate how much he speeds up by calculating the change in 
his rotational inertia?[Tipler 1999,252]. 
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