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    قسم الفسلجة والفيزياء الطبية
Forces on and in the Body

Introduction
* Force controls all motion in the world.
* We are often aware of forces on the body such as the force involved
  when we bump into objects.
* We are usually unaware of important forces in the body, for example, the muscular forces that cause the blood to circulate and the lungs to take in air. A more subtle example is the force that determines if a particular atom or molecule will stay at a given place in the body. For example, in the bones there are many crystals of bone mineral (calcium hydroxyapatite) that require calcium. A calcium atom will become part of the crystal if it gets close to a natural place for calcium where the electric forces are great enough to trap it. It will stay in that place until local conditions have changed and the electrical forces can no longer hold it in place. This might happen if the bone crystal is destroyed by cancer.
A:Forces in the Body

1. Gravitational Force G.F 

    Newton formulated the law of universal gravitation. This law states that "there is a force of attraction between any two objects" . (e.g. : our weight is due to the attraction between the earth and our bodies) . This force is directly proportional to the product of the two masses and inversely proportional to the square of the distance between them. The gravitational force is much smaller on the moon.
Effects of gravitational force are:

1. Formation of varicose veins in the legs, as the venous blood travels against the force of gravity on its way to the heart.
2. The lose of some bone mineral, when a person become weightless such as in an orbiting satellite journey.
3. Long-term bed rest removes much of the force of body weight from the bone → can lead to a serious bone loss.
2. Electric Force E.F. 
   This force is more complicated than gravity since it involves attractive and repulsive forces between electrical charges. Electrical forces are immense compared to gravitational force. For example  E.F. between e – and p+ in H2 atoms (1039) time greater than G.F.
There are two types of E.F. :

A- Static force : (either attractive and repulsive).

B- Magnetic force : (produced by moving electrical charge in muscle and nerves).

   Our bodies are basically electrical machines. The forces produced by the muscles are caused by electrical charges attracting or repelling other electrical charges. Control of the muscles is primarily electrical. Each of billions of living cells in the body has electrical potential difference across cell membrane because of a difference in charge between the inside and outside of the cell. This amounts to less than 0.1 V, but because of the very thin cell wall it may produce a field as large as 105 V/m. electric eels and some other animals are able to add the potential from many cells to produce a stunning voltage of several hundred volts. This special" cell battery" occupies up 80% of an eel's body length. Since eel is essentially weightless in the water. Land animals have not developed electric weapons for defense or attack.  
3. Nuclear Force N.F.

    A- strong nuclear force: is much large then the other → its acts as the "glue" to hold the nucleus together against the repulsive force produced by the proton on each other.

B- Weaker nuclear force: is involved with electron (beta) decay from the nucleus. Our current thinking is that the weak force may be related to the electrical force.
B: Forces on the body

1. Static Forces:

    When objects are stationary (static) they are in a state of equilibrium, this means that the sum of the force in any direction is equal to zero, and the sum of the torques about any axis also equals zero.
Many of the muscle and bone systems of the body act as levers which are classified to :
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First class lever: the force at the fulcrum point (F) between the muscle force (M) and the weight (W) (e.g. the head)
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B- Second class lever: W between F and M (e.g. standing on toes)
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C- Third class lever: M between F and W (e.g. the elbow joint of the arm)
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A simple example of a lever system in the body:
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(a) When the arm in equilibrium and neglect the weight of forearm and hand H because it is nonuniformly distributed over the whole forearm and hand, there are only two torque: that due to the weight W, which is  equal to 30W and that produced by the muscle force 4M.
       4M – 30W=0              
       M = 7.5 W                            
(b) When the arm in equilibrium and we can imagine the contribution of weight  as broken up into small segments and include the torque  from each of the segments. A better method is to find the center of gravity for the weight of the forearm and hand and consider all the weight at that point. A typical value of H (15 N).
  4M – 14H – 30W =0               
  M= 3.5H + 7.5W
The force supplied by the biceps muscle must be larger than that indicated by our first calculation by an amount (3.5H=52.5N).
(c)When the arm changes its angle, we must consider for an arbitrary angle α. If we take the torques about the joint we find that M remains constant as α changes. However, the length of the biceps muscle changes with the angle.   
             In general, each muscle has a minimum length to which it can be contracted and a maximum length to which it can be stretched and still function. At these two extremes the force the muscle can exert is essentially zero .At some point in between, the muscle can produce its maximum force. If the biceps pulls vertically the angle of the forearm does not affect the force required but it does affect the length of the biceps muscle, which affects the ability of the muscle to provide the needed force.
    The arm can be raised and held out horizontally from the shoulder the deltoid.

by taking the sum of the torques about the shoulder joint, the tension T can be calculated from:




Where W1 is the weight of the arm, W2 is the weight in the hand. 
   An often abused part of the body is the lumbar (lower back) region. The calculated force at the fifth lumbar vertebra (L5) with the body tipped forward at 600 to the vertical and with a weight of 225N in the hands can approach 3800N. 
   It is not surprising that lifting heavy objects from this incorrect position is thought to be a primary cause of low back pain. Physicians are interested in finding out exactly how large the forces are in the lumbar region of the back. Measurements of the pressure in the discs separating the vertebrae have been made. A hollow needle connected to a calibrated pressure transducer is inserted into the gelatinous center of an intervertebral discs.
   Even when standing erect there is a relatively large pressure in the disc due to the combined effect of weight and muscular tension. If the disc is over loaded in a lifting accident it can rupture, causing pain either from the rupture or by allowing irritating materials from inside the disc to leak out.

   Sometimes vertebral bone collapse rather than disc damage occurs. This often happens in elderly woman who suffer from weakened bones. Collapse of a vertebra can lead to hunchback stature.    
Tendon:    
    Just as forces can be transmitted over distances and through angles by cable and pulley systems, the forces of muscles in the body are transmitted by tendons. Tendons minimize the bulk at a joint. Tendons have to remain in their proper locations to function properly.
· The muscle that move the fingers to grip objects are located in the forearm, and long tendon are connected to appropriate places on the finger bones.
· In the leg, tendons pass over grooves in the knee cap(patella) and connect to the shin bone (tibia). With your leg extended you can move the patella with your hand but with your knee flexed you cannot – the patella is held rigidly.
The functions of patella:
· The patella also serves as a pulley for changing the direction of the force.

· Increase the mechanical advantage of the muscles that straighten the leg.
· Some of the greatest forces in the body occur at the patella. When a person is squatting, the tension in the tendons that pass over the patella may be more than two times his weight.
2. Frictional Forces:

   Friction and the energy loss due to friction appear everywhere in our everyday life. Friction limits the efficiency of most machines such as electrical generators and automobiles.

  When a person is walking, as the heel of the foot touches the ground a force is transmitted from the foot to the ground. We can resolve this force into:

A. the vertical reaction force is supplied by the surface (a normal force)N.

B. the horizontal reaction component must be supplied by frictional forces.

f = µN
µ : is the coefficient of friction between two surfaces (the value of µ depends upon two materialism contact and it is essentially independent of the surface area).

Measurements have been made of the horizontal force component and it has been found to be approximately 0.15W, where W is the person's weight. This is how large the frictional force must be in order to prevent the person from slipping.

If we let N=W then we can apply a frictional as large as f = µW. 

· For a rubber heel on a dry concrete surface, the maximum frictional force can be as large as f = W    (µ = 1), and µ < 0.15, which is much larger than the needed horizontal force component (0.15W) to prevent a person from slipping.
· On an icy, wet oily surface, where µ < 0.15, a person is slipping.
· Friction must be overcome when joints move, but for normal joints it is very small. The coefficient of friction in bone joints is usually much lower than if there is a disease of the joint exists, the friction may become large. The synovial fluid in the joint is involved in the lubrication.
· The saliva we add when we chew food acts as a lubricant. If you swallow a piece of dry toast you become painfully aware of this lack of lubricant.
· Each time the heart beats it moves.

· The lungs move inside the chest with each breath.

· The intestines have a slow rhythmic motion as they move food toward its final destination. All of these organs are lubricated by a slippery mucus covering to minimize friction.
this table explain values of coefficients of friction for some of materials:
	Material
	μ (Static friction)

	Steel on steel
	0.15

	Rubber tire on dry concrete road
	1.00

	Rubber tire on wet concrete road
	0.7

	Steel on ice
	0.03

	Between tendon and sheath
	0.013

	Lubricant bone joint
	0.003


3. Dynamic Forces:
        These forces appears on the body where acceleration or deceleration is involved: for simplicity, we will usually consider cases in which the acceleration or deceleration is constant, then the Newton's second law, force equals mass times acceleration,
F=ma                             since         a
[image: image1.wmf]t

v

D

D

=


This is not the way Newton originally wrote the law; he said force equals the change of momentum over a short interval of time.
F= change of moment 
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This force is important when the body is moving and hitting another body.

Example of dynamic force in the body is apparently increases of weight when the heart beats (systole) are increased.

Example: 60 gm of blood is given upward of about 0.1 second in a velocity nearly 1 m/sec , the force is equal to:
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  This upward force will produce a downward reaction force (Newton's third law) acting on the rest of the body. This is enough to produce a noticeable jiggle on a sensitive spring – type scale. 
   Because of the large velocity of modern car the riders have a larger momentum than when walking. In an accident the car often stops in short time, producing very large forces. The results of these large forces on the passengers can be broken bones, internal injuries, and sometimes death.
   Consider the case of" whiplash". A person sitting in an auto will often suffer a whiplash injury of the neck. When the car is struck, forces acts through the seat forcing the trunk of the body ahead, while the inertia of the head causes it to stay in place, leading to severe stretching of the neck. In milliseconds the head is forced to accelerate forward. The headrests currently installed in autos reduce the effects of this form of whiplash.
   Although seat belts in auto have helped to reduce injuries from accidents, the passenger's head and body are thrown against the dash and stopped. If the dash is padded, the decelerative force may be minimized. If, however, the dash is not padded or if the head strikes a metal surface, forces far beyond that of human tolerance occur and severe head injuries or death can be expected.
Safety devices:
· Headrest.
· Seat belts.

· Shoulder belts.
· Air bag.
· Penetration – resistance windshields

· Sidedoor beams. 
· Energy absorbing steering column. 
    It reduces the decelerative forces during a collision by increasing the time the trunk of the body takes to come to a stop. Most of the safety devices have been effective in reducing body injuries. These devices are designed for adults. If a child is in the car special safety devices are needed.
   The amount of acceleration the body can withstand depends on the orientation of the body and the time the acceleration and the force lasts. The body can withstand large forces for short periods of time. By knowing the limitations of the body, the accelerative force and its duration can be adjusted to minimize the probability of injury.
Acceleration can produce a number of effects: 

1- An apparent increase or decrease in body weight.
2- Changes in internal hydrostatic pressure.
3- Distortion of the elastic tissues of the body.
4- The tendency of solids with different densities suspended in a liquid to separate.
   Astronaut in an orbiting satellite are in a condition of weightlessness. Prior to man's first space flights, many concerns were expressed about the physiological effects of weightlessness. Many of the effects predicted were based on the behavior of the body during extended periods of  bed rest. 
   Tissue can be distorted by acceleration and, if the forces are sufficiently large, tearing or rupture can take place. Laboratory information is sparse, but some experiments in huge centrifuges have shown that tissue can be stretched by accelerative forces until it tears.
   We have thus far concerned ourselves with linear acceleration and deceleration. If we subject the body to oscillatory motion, resonance behavior can occur. Each of our major organs has its resonance frequency depending on its mass and the elastic forces that acts on it. Pain or discomfort occurs in a particular organ if it is vibrated at its resonance frequency. The excessive vibration often occurs in motor trucks. It results in fatigue and discomfort and may cause visual disturbance. The vibratory frequency of motorized vehicles is usually 8 Hz or less. As might be expected, aircraft and space vehicles have higher vibratory frequencies. Sound pressure waves below 20Hz (infrasound) can also cause fatigue and discomfort.
   The tendency of suspended solids of different densities to separated when accelerated is not important in the body but it is utilized in the common laboratory centrifuge.

The purposes of centrifuge: 
1- Is a way to increase apparent.

2- Separating a suspension in a liquid.
    It speed up the sedimentation that occurs at a slow rate under the force of gravity. Very fine particles appear to remain suspended. The speed at which small objects fall through a liquid depends on their size, the viscosity of the liquid, and the acceleration due to gravity g.  we can artificially increase g by spinning the fluid in a centrifuge. This will cause very fine particles to separate from the fluid.   

Sedimentation
   A sedimentation of small spherical objects of radius (a) and Density (ρ) insulation of density (ρo), and viscosity  is (η in SI unit is Pascal second(pas) and in cgs unit is poise(1pas=10poise)), in gravitational field, and when the object is moving of constant speed (ν), the retarding force is:

Fd = 
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The retarding force is in equilibrium with difference downward gravitational force and upward buoyant force( the weight of the liquid the particle displaces):
Fd = Fg – FB 
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Terminal velocity         
(Sediment action velocity)
the above equation is valid only for spherical particles; however, we can use it as a guide to the behavior of particles with a more complicated shape.
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 sedimentation velocity depend on:
1. size of particle.

2. viscosity of liquid.

3. acceleration of gravitation. 
In some forms of disease such as:

1. rheumatic fever.

2. rheumatic heart disease.

3. gout (the RBCs clump together).

and the effective radius increase; thus an increased sedimentation velocity occurs.

In other disease such as:
1. hemolytic jaundice.

2. sickle cell anemia.

the RBCs change or break, the radius decrease, then the rate of sedimentation is slower than normal.

NOTE:

    A related medical test that also depend on the last equation (***) is the  determination of the hematocrit (the present of RBCs in blood). The hematocrit obviously depends upon the radius of the centrifuge and the speed and duration of centrifugation. The increase of any of these leads to more dense packing of the red blood cells or a smaller hematocrit. 
  Since v increase with (g) it can be greatly enhanced if (g) increase. We can increase the acceleration by means of a centrifuge, which provides an effective acceleration:

geff =4π 2 f 2 r

    where f=in the rotation rate of revolutions per second (rpm).

              r=in the position on the radius of centrifuge.

One standard method utilizes centrifugation for 30 min at 3000 rpm.
A normal hematocrit is 40 – 60 %.

A lower value than 40% indicates anemia.
A high value than 60% indicates polycythemia.
Polycythemia  (high number of RBCs in the blood).
The ultracentrifuge is a research tool used in the determination of the molecular weight of large macromolecules. It run at 40000 to 300000 rpm. They have very useful in protein research; however, they are not used in the clinical medicine. 
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Figure 4 (a,b,c)





Figure 5 (a ,b)
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