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8- Example

1- Type of the forces :

Physicists recognize four fundamental forces. In order of their relative strength from weakest to strongest . They are : 
• 1- Gravitational force 

• 2- Electrical force 

• 3- Weak nuclear force 

• 4- Strong nuclear force 
The first fundamental force described was gravitational force . Newton formulated the law of universal gravitation . this law states that there is a force of attraction between any two objects. the gravitational force is much smaller on the moon. one of the important medical effects of gravitational force is the formation of varicose veins in the legs , another medical effect of gravity is on the bones . gravitational force on the skeleton in some way contributes to healthy bones . The second fundamental force described by physicists was electrical force . this force is more complicated than gravity since it involves attractive and repulsive forces between static electrical charges as well as magnetic forces produced by moving electrical charges . our bodies are basically electrical machines . the forces produced by the muscles are caused by electrical charges attracting or repelling other electrical charges . Each of the billions of living cells in the body has an electrical potential difference across the cell membrane because of a difference in charge between the inside and outside of the cell, this amounts to less than 0.1 v. Only the gravitational and electrical forces are importance in our study of the forces affecting the human body. Gravitational force, though very much weaker than the electrical force by a factor 10 exp39.
2- Types of Levers in the Body :
Many of the muscle and the bone system of the body acts as levers. Levers are classified according to the positions of the fulcrum , effort and load or resistance. There are three classes of levers, identified as first, second, and third class levers. 
Bones as Levers :
Each of the three types of levers can be found in the human body. In each type of lever, notice where the fulcrum is located compared to the effort and the load. In your body, the effort is the force that your muscles apply to the lever. The load is the weight that resists the pull of your muscles.
1- First Class Lever

[image: image1.emf]
In a first class lever, the weight and force are on opposite sides of the fulcrum: An Examples of a first-class lever is the joint between the skull and the atlas vertebrae of the spine: the spine is the fulcrum across which muscles lift the head.
[image: image2.emf]
2- Second Class Lever

In the second class lever, the load is between the fulcrum and the force:

[image: image3.emf]
An example in the human body of a second-class lever is the

Achilles tendon, pushing or pulling across the heel of the foot.
[image: image4.emf]
3- Third Class Lever

In the third class lever, the force is between the fulcrum and load :

[image: image5.emf]
An example of a third-class lever in the human body is the elbow joint: when lifting a book , the elbow joint is the fulcrum across which the biceps muscle performs the work.

[image: image6.emf]
Example:- The lever system in the body is the case of the biceps muscle and the radius bone acting to support a weight in the hand.

[image: image7.emf]
R:- The reaction force of the human on the ulna.

M:- The Muscle force supplies by the biceps.

W:- the weight in the hand
[image: image8.emf]
٨
The force and dimension where the weight of the tissue and bones of the hand and arm (H) at their center of gravity. From this example :

 find  value of (M) when W=100N ?
Sol:

Tow torques :

1. due to the weight W

2. due to muscle M

sum of clock wise torque = sum of counter clock wise torque

τ = r × F = 30×10 exp(-2)×100 = 4×10 exp (-2)×M

∴M=750N [If neglected the weight of the forearm and hand (H)]

If H=15N ; W=5N

τw= τM       (W×L+H×L) = M×L

5×30×10 exp (-2) +15×14×10 exp (-2) = M×4×10 exp (-2)
150+210 = 4M

M= 90N

3- Some Effects of Gravity on the Body 
•The forces produced by muscles are caused by electrical charges attracting opposite electrical charges. 

• Cells in the body has an electrical potential difference across the cell membrane. 
4- Frictional forces 

• Friction and energy loss resulting from friction appear everywhere in our everyday life. 

• Some diseases of the body, such as arthritis, increase the friction in bone joint. 

•Force of friction (Ff) is described by 

• Ff = μN 
•N : is normal force 

• μ : is coefficient of friction between two surfaces 

•F - friction must be overcome when joints move, but for normal joints it is very small. 

•Synovial fluid in the joint is involved in lubrication. 

second, and third class systems
[image: image9.emf]
Third class levers are most common in the body
(Fig.)The forearm at the angle α to the horizontal. (a) The muscle and the bone system. (b) The forces and dimensions
[image: image10.emf]
the torques about the joint we find that M remains constant as α change 

•length of the biceps muscle changes with the angle. In general, each muscle has a minimum length to which it can be contracted and maximum length to which it stretched and still faction. 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 

[image: image11.emf]
 (Fig.) At its resting length L a muscle is close to its optimum length for producing force. 
5- DYNAMICS 

• Forces on the body where acceleration , the Newton's second low, force equals mass times acceleration .    •F = ma 

• The force equals the change of momentum Δ(mv) over a short internal of time Δt or                                   • F = (Δ(mv) )/Δt 
6- Accelerations can produce a number of effects such as

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- If the acceleration become large may pool in various regions of the body, the location of the pooling depends upon the direction of acceleration. If a person is accelerated head first the lack of blood flow to the brain can cause blackout. 

5-Tissue can be distorted by acceleration, if the forces are large, tearing or rupture can take place.
7- Pain symptoms of human subjected to vibrations from 1 to 20Hz

Each of our major organs has its own resonant frequency (or natural period) which depends on its mass and elastic forces that act on it. Pain or discomfort occurs if particular organ is vibrated strongly and its resonant frequency 

[image: image12.emf]
•The speed at which small objects fall through a liquid depends on their size, viscosity, acceleration due to gravity g , we can artificially increase g by centrifuge. Let us consider sedimentation of the small spherical  objects of density ρ in the solution of the density ρo in the gravitational field g. Stokes has shown that for a spherical object or radius a , the  retarding force Fd and terminal velocity V are related by ( Fd = 6πηaV) 

η : is viscosity of the liquid 

The force of gravity Fg = 4/3 π a3ρɡ 
In some forms of disease such as rheumatic , heart disease, the red blood cells clump together and the effective radius increases; thus an increased sedimentation velocity occurs. In other disease such as hemolytic     jaundice and sickle cell anemia , the red blood cells changes shape and break. The radius decreases; thus the rate of sedimentation of these cells in slower than normal                                      
Where f is rotation rate in revolution per second and r is the position on the radius of the centrifuge . A related medical test that also depends on the equation of sedimentation velocity, is the determination of the hematocrit, the percent of red blood cells, since the sedimentation velocity is proportional to the gravitational acceleration, it can be greatly enhanced if the acceleration is increased. We can increase g by means of 
a centrifuge , Since the packing of the red blood cells takes place in the centrifuge, the hematocrit obviously depends upon the radius of the centrifuge and the speed and duration of centrifugation. The increase of any these leads to more dense packing of the red blood cells or a smaller hematocrit. A normal  hematocrit is 40 – 60; a value lower than 40 indicates anima , and a high value may indicate polycythemia vera . In the body , friction effects are often important . 
8- Example:-

A 60 Kg person walking at 1 m/sec bumps into a wall and stops

in a distance of 2.5 cm in about 0.05sec what is he force developed on impact?
Example:-

A person walking at 1 m/sec hits his head on a steel beam . Assume his head stops in 0.5 cm in about 0.01 sec . If the mass of his head is 4kg, what is the force developed ?
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