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Physics of the Skeleton 

 SkeletonContents of the  

1. Skull 

2. Mandible 

3. Hyoid Bone 

4. Cervical Vertebra 

5. Clavicle 

6. Sternum 

7. Costal Cartilage 

8. Ribs 

9. Scapula 

10. Humerus 

11. Radius 

12. Ulna 

13. Carpal Bones 

14. Metacarpal Bones 

15. Phalanges of Fingers 

16. Thoracic Vertebra 

17. Lumbar Vertebra 

18. Sacrum 

19. Os Coxa 

20. Femur 

21. Patella 

22. Tibia 

23. Fibula 

24. Tarsal Bones 

25. Metatarsal Bones 

26. Phalanges of Toes 
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In this lecture, we will discuss the following topics: 

 (Functions, Composition ,Classification and Mechanical 

properties of bones  in the body). 

 Bone Joints. 

 Measurement of bone mineral. 

 

Functions of the bones in the body 

Bone has at least six functions in the body 

1. Supporting:- The body's muscles are attached to the bones through 

tendons and ligaments and the system of the bones plus muscle support 

the body. 

2. Locomotion:- Bone joints permit movement of one bone with respect 

to another. 

3. Protection:- The skull which protects the brain and several of the most 

important sensory organs (eyes or ears), is an extremely strong container. 

The ribs form a protective cage of the heart and lungs. 

4. Storage of chemicals:- The bones act as a chemical "bank" for storage 

elements for future use by the body. For example, Calcium (Ca), a 

minimum level of Ca is needed in the blood; if the level falls too " 

Calcium sensor " causes the bones to release the needed Calcium. 

5. Sound transmission in the middle ear. 

6. Nourishment: for example the Teeth. 
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onebComposition of  

Bone consists of three different materials: 

1. Collagen : is the organic part of the bone. It amounts to about 40% of 

the bone’s weight and 60% of its volume.  

2.  Bone mineral : is the inorganic part of the bone. It amounts to about 

60% of the bone’s weight and 40% of its volume. It contains many 

elements at different percents (H, C, N, O, Mg, P, S, Ca and others). 

3.  Water 

There are a large percentage of calcium (22.2%) in the body, it has much 

heavier nucleus than most elements of the body, it absorbs x-ray much 

better than surrounding soft tissue. 

 

Classification of bones  

We can classified the bones according to the: 

1.  Shape                  

2. Strength 

1. Classification of bones according to their shapes 

a. Small pile shape, flat plate – like bones. For example; the 

shoulder blade (scapula) and some bones of the skull.  

b. Long hollow bones; such as those in the arms, legs and fingers.  

c. Cylindrical bones; such as vertebrae in the spine.  

d. Irregular bones; such as those of the wrist and ankle. 
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e. Ribs; these do not belong to any of the types above.  

2. Classification of bones according to their strength 

Mainly, there are two types of bones having the same tissue.  

i- Solid or compact bones. These are long bones which are 

comparatively stronger than the other kind below.  

ii- Spongy (with thread-like structure) Trabecular bones found in the 

ends of the long bones and are comparatively weaker . 
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There are at least two advantages : 

1. Where a bone is subjected primarily to compressive force, such as at 

the ends of the bones in the spine, trabecular bone gives the strength 

necessary with less material than compact bone. 

2. Also because the trabecular is relatively flexible trabecular bone can 

absorb more energy when large forces are involved such as in walking, 

running, and jumping. 

 

Mechanical properties of bones  

1.  Density 

The density of compact bones is constant = 1.9 gm/cm3 (or 1.9 times as 

dense as water). It is independent of age.  

 

2. Bone elongation under tension and shortening under 

compression:  

 

According to Hook’s law a sample (e.g bone) under a tensional force 

(F) will increase in length(    as the force increases, and the bone 

breaks at a stress of about (120 N/ mm2).as in the Fig (1).  

How can derive Young’s Modulus  ?    

According to the definitions for to : 

Strain ( the ratio of the change in the length (    of the sample (e.g 

bone) to the original  length (LO))  

  

       
  

   
                                                                                             



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/First stage 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  7 
 

And Stress (the force (F) per unite area (A) of the sample)  

       
 

  
                                                                                                         

Young’s Modulus (Y.M) is the relationship between stress and 

strain   

     
      

      
   

    Y.M= 
    

      
                                                                                             

Or can rewrite the Young’s Modulus in terms of increase in length  

ΔL = 
   

    
                                                                                       (4) 

Under a compressive force the sample decreases in length as the 

force increases 

 

Healthy compact bone is able to with stand a compressive stress of about 

170 (N/mm2). 
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Example  

Assume leg has a (1.2 m) shaft of bone with an average cross-

sectional area of (3 cm
2
 ) what is the amount of shortening when body 

weight 0f (700 N) is supported on the leg? (Y.M=1.8x10
10 

N/m
2
). 

Solution: 

                               

A=3 cm
2
 → 3 x10

-4
 m

2 

ΔL = 
   

    
 

= (1.2 x700)/(3 x10
-4

 x 1.8x10
10

) 

ΔL= 0.000155 m 

H.W) Calculate the change in length of  a bone the original length is 

(40  cm)  exposed to a limited stress (2.33×10
3
 N/m

2
)? Knowing that 

(Y.M.=1.8x10
10

 N/m
2
). 

Bone Joints 

Joints are places in the body where two bones come together. Each bone 

ended with synovial fluid, the joints made most of the body movement  

The surface of the articulate cartilage does not smooth the roughens of the 

cartilage plays useful role in joint lubrication by trapping some of 

synovial fluid and because of its porous nature, other lubricating material 



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/First stage 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  9 
 

is squeezed into the joint when it is under great test stress when it needs 

the most lubrication. 

 

 

When the pressure increased on the joint, the lubrication threads squeezed 

out of the cartilage into the joint in one end each lubricating thread 

remain in the cartilage, and as the pressure is reduced the threads pull 

back into their holes. 

The viscosity of the synovial fluid decreases under the large shear 

stresses found in the joint. 

The coefficient of friction of healthy joint was found to be 0.01 (much 

less than that of the steel blade on ice 0.03). (i.e. when 100 N force 
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excretion a joint only 1 N of force needed to move it, which is the least 

friction in nature). 

 

Viscosity α 1 / Lubrication 

Measurement of bone mineral 

The physical techniques for studying bones are:  

  

1. X-ray image 

2. Photon absorptiometry technique  

3. Activation technique 
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Pressure 

In this lecture, we will discuss the following topics: 

 The Pressure Definition. 

 Calculation the pressure of column of liquid. 

 Units the pressure in medicine.  

 Blood pressure. 

 Measurement of pressure in the Body. 

 The Pressure in  the human body organs (skull ,Eye, digestive 

system, skeleton and the urinary bladder)     

The Pressure Definition  

The pressure (P) is defined as : the force per unit area in gas or liquid . for 

a solid the quantity force per unit area is referred to as stress.  

Calculation the pressure of column of liquid 

The pressure of column of liquid calculated as : 

 P = ρɡh ………………………………………..………………(1) 

 where the (ρ) is the density, for mercury (ρHg =13.6 gm/cm
3
) 

 and for  the  water (ρwater =1 gm/cm
3
 ) , (ɡ ) gravity acceleration  (g=980 

cm/sec
2
) and ( h ) is height of column . 
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Units the pressure in medicine  

In the metric system it is measured in Dynes per square centimeter 

(Dyn/cm
2
) or Newton's per square meter (N/m

2
)( (Pascal) or (Pa) and in 

the (SI) unit it is measured in Pascal (Pa) .  

None of the above units is in common in medicine. The used unit is the 

height of a column of mercury (Hg). 

 The peak systolic pressure = 120 mm Hg = a pressure of a liquid 

mercury of this height on its base. While the atmospheric pressure = 760 

mm Hg . 

 

Blood pressure 

What is blood pressure? 

Blood pressure is the force of blood moving through your arteries . 

Arteries are the blood vessels that carry blood from your heart to the rest 

of your body. 

What do blood pressure numbers measure? 

Blood pressure is measured with 2 numbers. An example is shown below. 

Ideally, we should all have a blood pressure below 120 over 80 (120/80). 

This is the ideal blood pressure for people wishing to have good health. 
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The top number (120) measures the force of blood in your arteries when 

your heart contracts (beats). This is  called systolic pressure.  The bottom 

number (80) measures the  force of blood in your arteries while your 

heart is relaxed. This is called  diastolic pressure. 

Measurement of pressure in the Body 

There are two instrument to measure the pressure: 

1- Manometer 

This is a U-shaped tube containing a fluid that is connected to the 

pressure to be measured, The levels in the arms change until the 

different in the levels (h) is equal to the pressure as shown in Fig.(1).  

 

Figure (1) 

A U- tube manometer for measuring pressure  
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This type of manometer can measure both (positive) and (negative) 

pressure. The fluid used can be: Mercury for high pressure 

measurements, water or other low density fluid for low pressures. 

2- Sphygmomanometer 

Is the clinical instrument used for measuring the blood pressure. 

It can be provided by one of two types of gauges  Fig (2): 

a. Mercury gauge: the pressure is indicated by the height of mercury inside 

a glass tube. 

b. Aneroid type: the pressure changes the shape of a sealed flexible 

container, which cause a needle to move on a dial. 

 

 

Figure (2) 

Sphygmomanometer 
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The Pressure in  the human body organs 

 

1- Pressure inside the skull: 

 

The brain contains approximately (150 cm
3
 ) of cerebrospinal fluid (CSF) 

in a series of interconnected opening called ventricles. 

CSF is generated inside the brain and flows through the ventricles into the 

spinal column and eventually into the circulatory system. Fig. (3) 

 If at birth the narrow opening of the ventricle (aqueduct) is blocked then 

the CSF is trapped inside the skull and hence increases the internal 

pressure and causes the skull to enlarge (A case named hydrocephalus). 

 

Figure(3). A cross-section the brain showing the location of the 

cerebrospinal fluid and the aqueduct 

 

2- Eye Pressure 

The clear fluids in the eyeball (the aqueous and vitreous humors) that 
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transmit light to the retina are under pressure .This pressure maintain the 

eyeball in a fixed size and shape. A change of only ( 0.1mm) in the eye 

diameter has a significant effect on the clarity of vision. The pressure in 

normal eyes range from (12) to (23mm Hg). The eye continuously 

produces aqueous humors and a drain system allows escaping. the 

pressure increased due to a partial blockage then the blood supply to the 

retina will be restricted and thus affecting vision (glaucoma) which 

produce tunnel vision in moderate cases and blindness in sever cases. -Fig 

(4)-.  

 

 

 

 

 

 

 

 

 

Figure(4) 

Normal eye and eye with Glaucoma 

 

3- Pressure in the digestive system:  

The digestive system is an opening through the body with about 6 meter 

length from the mouth to anus. It has several valves and sphincters 
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(circular muscles) which open for the passage of food, drink, and their 

by-products, in a unidirectional flow. Fig (5) 

Esophagus: The pressure is less than the atmospheric because it is 

coupled to the pressure between the lungs and chest wall (intra-thoracic 

pressure). 

Stomach: The pressure is higher than the atmospheric pressure because 

of the stretching of the stomach walls and due to air swallowed during 

eating. 

Gut: gas flatus generated by the bacterial action increases the pressure, 

and hence it is higher the atmospheric.  

Sometimes a blockage forms in the small or large intestine and a pressure 

build up between the blockage and the pylorus. If this pressure becomes 

great enough to restrict blood flow to critical organs, it can cause death. 

And can be solved by: 

1. Intubation: - 

passing of a hollow tube through nose, stomach, and pylorus. 

2. Surgry: - 

chosen when the intubations don't work. 
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Figure(5) 

The valves and sphincters of the digestive tract 

 

4- Pressure in the skeleton:- 

This is the highest pressure that can be found in the body-for example 

when all the weight of the body is on one leg, such as when walking, the 

pressure in the knee joint may be more than 10 atmospheres!! 

The surface area of a bone at the joint is greater than its area either above 

or below the joint Fig (6). The larger area at the joint distributes the force, 

thus reducing the pressure. 
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Figure(6) The surface area of a bone at the joint is greater than its 

area either above or below the joint. 

 

5- Pressure in the urinary bladder:-     

There are internal pressure in the urinary bladder due to accumulation of 

urine, For adults, the typical maximum volume  is (500 ml). Normal 

pressure is fairly low (20 to 40 cm H2O) but for men who suffer from 

prostatic obstruction of the urinary passage it may be over ( 100 cm H2O). 

Fig. (7) The figure below shows the typical pressure-volume curve for the 

bladder . 

 

 

Figure(7) 
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Measurement: 

1. The pressure in the bladder is measured by passing a catheter with a 

pressure sensor to the bladder through the urinary passage (Urethra). 

2. Direct cystometry: A needle is inserted through the walls of the 

abdomen directly to the bladder. 

 

 

 



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/First Stage  
Dr. Saja Esmaeel Khaleel                                            

 

2020-2021  1 
 

Energy, Work and Power of the body 

In this lecture, we will discuss the following topics: 

 Definition for(Energy, Work and Power). 

 The Energy in Human Body. 

 Conservation of energy in the body. 

 Energy Content of Body Fuel. 

 The Basal Metabolic Rate (BMR).  

 Mechanical Work and Power. 

 Modes of Heat Loss. 

Definition for 

1. Energy (E): Is the quantitative property that must be transferred to 

an object in order to perform work on, or to heat, the object. The SI 

unit of energy is the Joule(J). Common forms of energy include 

the kinetic energy , potential energy, the chemical energy, the 

radiant energy carried by light, and the thermal energy due to an 

object's temperature. 

2. Work (W): Is defined as product of the force (F) and the distance 

(x) over which the force is applied. Work is done when a force is 

applied to an object and the object is moved through a distance. 

(W=Force×Distance),  the unite is (1N.m= J). 

3. Power (P): Is the rate of doing work (W) or transferring heat, the 

amount of energy transferred or converted (E) per unit tim (t) . The 

https://en.wikipedia.org/wiki/Physical_quantity
https://en.wikipedia.org/wiki/Physical_property
https://en.wikipedia.org/wiki/Energy#Energy_transfer
https://en.wikipedia.org/wiki/Physical_body
https://en.wikipedia.org/wiki/Work_(thermodynamics)
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Potential_energy
https://en.wikipedia.org/wiki/Chemical_energy
https://en.wikipedia.org/wiki/Radiant_energy
https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Work_(physics)
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Energy_(physics)
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SI unit of power is the joule per second (J/s), known as the Watt . 

(P=W/t). 

The Energy in Human Body 

All body activities including thinking, doing work, or keeping the body 

temperature (temp.) . constant involve energy changes, for example under 

resting conditions the skeletal muscles and the heart using 25% of the 

body's energy, another 19%is being used by the brain,10% is being used 

by the kidneys, and 27% is being used by the liver and the spleen. A 

small percent of about 5% of food energy being excreted in feces and 

urine. Extra food energy will be stored mainly as fat. External heat energy 

from environment can help maintain the body temp. , but it has no use in 

body function. 

 The body uses the food energy to:- 

1. Operate  body various organs. 

2. Maintain a constant body temperature. 

3. Do external work for example lifting. 

 

Conservation of energy in the body 

The conservation of energy in the body is expressed by the first law of 

thermodynamics:  

The change in stored energy in the body (food energy, body fat, and body 

heat) = The heat lost or gained from the body ± Work done 

ΔU=ΔQ±ΔW………………………………………………… (1) 

Where: 

https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/Watt
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ΔU: is the change in stored energy. 

ΔQ: is the heat lost or gained (will discussed the heat concept in coming 

lectures). 

ΔW: is the work done by the body. 

The rate of change of energy is given by: 

ΔU/Δt =ΔQ/Δt±ΔW/Δt…………………………………….………..…(2) 

Where: 

ΔU/Δt: Rate of change of stored energy. 

ΔQ/Δt: Rate of heat loss or gain. 

ΔW/Δt: Rate of doing work. 

Equation (2) tells us that energy is conserved in all processes, but it does 

not tell us whether or not a process can occur. 

The body's basic source of energy is the food energy; it must be 

chemically changed by the body to make molecules that can combine 

with oxygen in the body's cells. Figure ( 1). 

 

Figure (1): Energy flow into and from the body 
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All types of energy have the same units, including heat (often expressed 

in terms of calories) and work (often expressed in terms of joules). One 

important conversion between units is 

1 calorie (cal) = 4.184 joule (J). 

 

Energy Content of Body Fuel 

There is some similarity between metabolic oxidation and combustion, 

even though the body does not “burn” its fuels in oxygen. It is useful to 

learn about the combustion of these fuels because combustion tells you 

the maximum amount of energy that is available from breaking and 

rearranging bonds. 

What do you mean oxidation? 

A chemical process in which oxygen is used to make energy from 

carbohydrates (sugars). Also called metabolism. The oxidation process 

within the body, heat is produced as energy of metabolism . 

The Basal Metabolic Rate (BMR)  

BMR: It is the amount of energy needed to perform minimal body 

functions ( such as breathing and pumping the blood through the arteries). 

BMR depends primarily upon thyroid function.  A person of an over 

active thyroid has a higher BMR than a person with normal thyroid 

function. Since the energy used for basal metabolism becomes heat and 

dissipated from the skin, so BMR is related to the surface area, or the 

mass of the body. The metabolic rate depends on temperature of the body,  

and on sex, age, height, and weight. In Figure (2) the graph represents the 
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change between BMR (kcal/day) and the mass of different beings, the 

slope of the graph indicates that the BMR is proportional to mass. 

      
         Figure (2): Relationship between BMR and body                                 

   mass for different beings 

 

Mechanical Work and Power 

The first law of thermodynamics equation (1) shows that stored energy 

can be used to supply heat or work. For people, this is mechanical work. 

Mechanical work is the force you apply to an object (F) × the distance 

you push or pull it (x)  and it can be also written as: 

Δw=F. Δx ………………………………..…………………………..…(3) 

Or with accurate meaning: 

Δw= F Δx cos θ……………………………………………….………..(4) 

where θ is the angle between F and the direction of movement. 

 The power is work per unit time. 
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P= Δw/Δt  

= F Δx / Δt    ; Δx / Δt    = v 

P = F v ………………………………………… …..………………….(5)  

where v is the velocity . When the force is perpendicular to the 

displacement (θ=90
0
 ) work will be zero, such as walking body, his 

weight is perpendicular to distance of movement but practically it will not 

be zero because the uses energy against friction and other movement of 

his body, but in the case of climbing person for distance (h) the weight is 

on the same line of displacement then the work = mgh , g=9.8 m/sec
2
. 

we can call external work, work is also done about the joints of the body 

to lift the center of mass of the body itself, which is internal work. Also, 

concentric muscle contractions are said to do positive (mechanical) work, 

while eccentric contractions do negative work. Walking on level ground 

requires equal amounts of positive and negative work. Walking uphill 

requires relatively more positive work, while walking downhill requires 

relatively more negative work Figure (3). The work efficiencies of 

positive and negative work are different. 
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Figure (3) :“Internal” vs. “external” work in lifting an object. 

 

 

The efficiency of human body can be obtained from the law:  

Efficiency (    
                       

                            
 ………………………….(6) 

  = 
        

  
   …………………………………………………………..(7) 

Energy consumed = Metabolic Rate. 

Example : 

Person raising a box of mass (15 kg) to a table is (2 m) from the 

ground ,Calculate the necessary energy in the units of calories, 

assuming that the efficiency of this person is (25%) and acceleration 

of the gravitational is (g=9.8 m/sec
2
) ? 

Solution 

 

  = 
        

  
 , m= 15 Kg, g=9.8 m/sec

2
, h=2 m ,   =25%  =25/100=0.25 

 

,  E=? 

 

  = 
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= 
         

     
=1176 J 

 

1 cal = 4.184 J  

 

→ E= 
     

     
    →  E = 281.07 cal. 

 

Modes of Heat Loss 

There are four modes of heat loss. -Figures (4,5)-. 

1. Radiation loss.  

2. Convection and Conduction of air from the body . 

3. The Evaporation of sweat . 

4. The Evaporation of water through breathing . 

 

 

 

 

 

H.W) Calculate the power of a man who has completed a work of 

(7.2×10
3
 Joule) within a period of time estimated at 20 minutes. 

Figure (4): Overall body modes of 

loss of heat 

 

Figure (5): More microscopic view of 

modes of heat loss by removal from 

the skin. 
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Heat and Cold in Medicine 

Contents 

- Heat (Definition , Therapy and Production )  

- Cold (Cryogenics, Cryosurgery and its uses) 

  

 Definition of  Heat  

Heat is the transfer of kinetic energy from one medium or object to 

another, or from an energy source to a medium or object. For example the 

energy transferred from the hot subject to the cold subject causing to rise 

the temperature of cold subject. 

 The effect of heat on the material 

 

As molecules of all materials are moving, so they have kinetic energy 

(K.E). The average kinetic energy of an ideal gas can be shown to be 

directly proportional with temperature. The same thing is for liquids and 

solids. The movement of gas molecules are more free than liquid and 

liquid molecules are more free than solid, an increase of temp. of any 

material means an increase in the energy of molecules of that material. 

In order to increase the temp. of a gas, it is necessary to increase the 

average kinetic energy of its molecules by putting the gas in contact with 

a flame, the energy transferred from the flame to the gas causing temp. 

rise is called heat. If enough heat added to a solid, it melts, forming a 

liquid. The liquid may be changed to a gas by adding more heat. Adding 
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still more heat converts gas to ions, We can represent this word with the 

following expression : 

Solid + heat liquid 

Liquid + heat gas 

Gas + heat ions 

 

 Definition of Temperature (Temp.) 

 

Is a physical quantity expressing hot and cold. It is measured with a 

thermometer calibrated in one or more temperature scales. We'll discuss 

the temperature scales types in the coming lecture. 

 

 Thermograph-mapping the body's temperature 

The surface of the body temp. is slightly different in different parts. 

Depending on external physical factors and internal metabolic and blood 

supply to the skin. Measurement of surface temp. though to be useful in 

diagnosis of some diseases, which may change locally the skin temp. All 

objects regardless on the temp. emit heat radiation. The body heat can 

give infrared radiation (IR) of long waves, which are not visible unlike 

the red-hot object, which is visible. By using this principle the 

thermograph instrument was designed to measure the radiation emitted 

from a part of the body, The total radiation power per surface area (P) is 

given by Stefan – Bultzman Law : The power radiated (P)  from a black 

body is directly proportional to the fourth power of the black body's 

thermodynamic temperature T  (P α T
4
): 

https://en.wikipedia.org/wiki/Physical_quantity
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Thermometer
https://en.wikipedia.org/wiki/Calibration
https://en.wikipedia.org/wiki/Conversion_of_units_of_temperature
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Proportionality_(mathematics)
https://en.wikipedia.org/wiki/Thermodynamic_temperature
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P= e σT
4
………………………………………………………(1) 

Where T: is the absolute temp. of the body ,e: is the emissivity depends 

upon the emitter material and its temp. for radiation from body e is almost 

1 ,σ: is the Stefan –Boltzmann constant=5.7×10
-12

 Watt/cm
2 
°K

4
. 

 

 Heat production for therapy. 

Before starting to explain the methods of heat production in the body, I 

will show you a figure -Fig(1)- the electromagnetic spectrum which 

includes all types of waves that have several uses not only in the field of 

medicine but in the fields of industry and communications. 

 

Fig(1): The Electromagnetic Spectrum 

Methods of heat production in the body: 

 1- The Conductive method  

2- Infrared Radiant heating (IR). 

3- Electromagnetic (E.M)  wave  Diathermy.  

4- Micro wave Diathermy . 

5- Ultrasonic wave heating. 
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1- The Conductive method 

Heat can transfer by conduction, the quantity of heat transfer depends on  

temp. difference, the time of contact, the area of contact, and the thermal 

conductivity of the materials. This can be done by several  ways such as 

hot bath, hot packs, and electric heating pad. This can lead to local 

surface heating and using in the treatment of arthritis, neuritis, strains, 

sinusitis and back pain. 

2- Infrared Radiant heating (IR). 

Heat radiation can be achieved by using infrared radiation (IR), it 

penetrates about (3mm) in the skin. It is considered to be more effective 

than conductive heating because it can penetrate deeper. 

3- Electromagnetic (E.M)  wave ( Diathermy)  

The energy (E) of electromagnetic waves is expressed in the following 

relationship: 

E=hυ………………………………………………………………….(2) 

Where h is Blank's constant(h= 6.626×10
−34

 J/s , υ the frequency (υ=1/ λ) 

So the classified according to energy E→υ→ λ: 

A- Short-wave Diathermy  with (λ  = 10nm and  υ =30 MHz) -

(MHz =10
6 
Hz) -: 

B- Long Wave Diathermy with  υ = 10 kHz 

Heat from diathermy penetrates deeper into the body than radiant and 

conductive heat, thus it is useful for internal heating. It used in treatment 

of inflammation of the skeleton , bursitis , neuralgia ,Muscle spasm, pain 

from protruded intervertebral discs , degenerative joint disease. 
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 Body absorption of radiation 

In physics, absorption of electromagnetic radiation is the way in which 

the energy of a photon is taken up by matter, typically the electrons of an 

atom. Thus, the electromagnetic energy is transformed into internal 

energy of the absorber, for example thermal energy.  In the body if   the 

radiation intensity at the surface  is (Io) penetrates  the tissue with 

thickness ( D), then the radiation intensity (I) at depth (x)  is: 

I = Io exp( - x / D)…………………………………………………….(3) 

4- Microwave diathermy: 

Microwave diathermy utilizes electromagnetic radio waves used in 

treatment of   fractures, sprains and strains, bursitis, injuries to tendons. 

we use microwaves diathermy for deep area covered with fatty layers. 

Absorption of Microwave beam depend on : 

1. The amount of water in the tissue. 

Because the energy is deposited more effectively in tissue with high 

water content, microwave energy is absorbed better in muscle tissue 

rather than in fatty tissue which have less water. 

2. The frequency of microwaves: 

The energy is absorbed is very high at frequency ~ 20 GHz (GHz = 

10
9
Hz). It's poorly absorbed at lower frequency nearly 100 MHz and at 

very high frequency >1000 GHz. 
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5- Ultrasonic wave heating. 

These waves are different from electromagnetic waves. It produces 

mechanical vibration inside tissue. It is the same as the sound waves but it 

has much higher frequencies about 1MHz with power of several watts per 

centimeter. It can move the tissue particles backward and forward with 

high frequency, in doing so it can increase the kinetic energy 

consequently it heats the tissue. Ultrasound can be produced by special 

transducers placed in direct contact with the skin. It is used for reliving 

tightness and scarring occurring in joint disease. It can dispose more heat 

in bones, as bones are better absorber for ultrasonic energy than soft 

tissue. It is also used in deep therapy. Heat therapy has also been used in 

cancer treatment in combination with radiotherapy. The tumor is heated 

about 42°C for approximately 30 minutes, and the radiation treatment is 

given after heat treatment. 

 Cold in Medicine 

Cryogenics 

Is the science of very low temp., it is used in biology and called 

cryobiology. Low temp. can be produced by liquefying gases. The 

storages of liquefied gases is rather difficult because it can take heat 

rapidly from the environment by conduction, convection, and radiation.  

Moderately low temp. was successful in some types of tissue blood and 

semen, low temp. have been used for long term preservation of blood, 

sperm, bone marrow, and tissue. It has been found that for long-term, 

survival the tissue should be stored at very low temp. , since the 
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biochemical and physical processes that sustain life are temp. dependent, 

lowering the temp. reduce the rates of the processes, liquid nitrogen (-196 

°C) proved to be much better for preservation than solid carbon dioxide (-

79°C). For conventional blood storage it can be stored with anticoagulant 

at 4°C, about 1% of the red blood cells hemolyze (break) each day so the 

blood will not be suitable for use after 21 day, for rare blood types should 

be stored for longer periods, other procedures were used. Blood can be 

preserved for very long periods of time if it frozen rapidly in liquid 

nitrogen (-196°C). 

 There are two ways to freeze the blood to (-196°C): 

1-The blood sand on the surface of liquid nitrogen surface and then it will 

be frozen in small droplets in very short time forming sand like particles, 

then stored at liquid nitrogen temp. . 

2-The blood is kept in a thin wall highly heat conductive with large 

surface area metal container and the spacing between the walls of the 

container is small to maintain a small thickness of blood inside the 

container .The container with the blood is immersed into the liquid 

nitrogen bath making very rapid cooling. 

 The preservation of large tissue like bone, muscles is still under searches 

as storage of them involves some problems: 

A- Because of its large physical dimensions, it is difficult to cool down 

all the cells at the same rate. 

B- Adding and removing protective agents is difficult. Some work has 

been carried out to preserve cornea and skin. 
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 Cryosurgery 

The cryogenic methods are used to destroy cells called cryosurgery. It has 

several advantages: 

1-Cause a little bleeding  

2-The volume of the tissue destroyed can be controlled 

3-Little pain because low temp. desensitize the nerves 

 4-Very short recovery. 

 Uses of Cryosurgery    

In treatment of  

1.  Parkinson’s disease , Disease Shaking Palsy . It is a disease that 

associated with the basal ganglion of the brain which causes un 

controlled tremor in the arms and legs, Treatment is done by 

destroying the part of the thalamus in the brain that controls the 

transmission of nerve impulses to other parts of nervous system . 

2. Tumors and warts. 

3.  Eye surgery : 

 Repair of detached retina. 

 Cataract surgery removal of a darkened lens. 
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Thermometer and its kinds, Heat Capacity, Specific Heat and 

Latent Heat 

 

 Thermometry and Temperature Scales 

Temperature is difficult to measure directly, so we usually measure it 

indirectly by measuring one of many physical properties that change with 

temp., For example, the Mercury expansion property at high temperature. 

There are three for temperature scales 

1‐ Fahrenheit scale (°F): In this scale the freezing temp. is 32°F and 

boiling point is 212°F ,and normal body temp. is about 98.6°F . 

2-The Celsius (°C): The freezing point is 0°C and the boiling point is 

100°C ,in between is divided into 100 division. 

3-The Kalvin scale (°K) or the absolute scale: This scale has the same 

divisions as the Celsius but takes the 0° K at the absolute zero 

 which is=-273.15°C.-Fig (1)- 

 To change °C to °F 

[°C= (°F-32) 5/9]……………………………………………...………..(1) 

or [°F=°C (9/5)+32] 

Also  °C→ °K , or vice versa 

 °C=°K-273………..……………………………………………………(2) 

 or °K=°C+273 
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Fig. (1): Temperature Scales 

 

 Types of Thermometers 

1- Glass-liquid thermometer 

This thermometer composed of glass capillary tube ends with a bulb a 

store for liquid, the liquid can be mercury or alcohol for low temp. 

measurement ,- Fig.(2)-. When the thermometer is heated the liquid 

inside will expand more than the glass causing the liquid to rise in the 

capillary, for mercury it expand 1.8% from (100°C). The temp. usually 

taken underneath the tongue or in the rectum. 
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Fig. (2): Glass-liquid thermometer 

 

2-  Thermistor 

It's composed from a bridge of four resistances with a source of 

electricity. These resistors are in balance and one of them is used for 

temp. measurement (resistor T). –Fig(3)-. This resistor as any other 

resistance changing with heat but this particular resistance has the 

property of rapid change with heat ( 5 % °C). A bridge circuit with a 

thermistor in one of the legs, initially the four resistors are equal, the 

bridge is balanced, by symmetry, the voltages at each end of the meter are 

equal and no current flows through the meter. A temp. change causes the 

thermistor resistance to change. This unbalance the bridge, the voltages at 

each end of the meter become un equal, causing a current to flow through 

the meter, and the resulting meter deflection can be calibrated for temp., 

with thermistors it is easy to measure temp. changes of 0.01°C, therefore 
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are used quite often in medicine because of their sensitivity. Thermistores 

are placed in the nose to monitor the breathing rate of patients . 

 

Fig. (3): Thermistor 

3-  Thermocouple 

Consist of two junctions of two different metals (copper-constantan) in 

Fig(4). If the two junctions are at different temp. , a voltage is produced 

that depends on the temp. difference.  

 

Fig.(4): Thermocouple 
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 Heat Capacity  
 

 Definition  Heat Capacity 
The amount of energy (or more specifically, the heat (Q))  that must be 

added to an object to raise its temperature by one degree is known as the 

heat capacity (Hcap) of that object), then it is given in calories/
0
 C or in 

Joules/
0
 C.   

Mathematical expression of  Heat Capacity (Hcap): 

 Change in thermal energy = (Heat capacity) x (Change in Temperature) 

 

 Q = H cap × ΔT  

H cap=
 

  
   ……………………………………...………………….(1) 

where  Q = heat added or subtracted (calories or joules) , H cap = heat 

capacity (calories/ 
o
C or joules/ 

o
C) ,ΔT = change in temperature = T final 

– T initial (Celsius degrees). 

Example 1 

What is the heat capacity of (100 g) of iron if (9000 J) of thermal 

energy are required to increase the temperature of the iron by (20 

o
C)? 

Solution: 

H cap =?,Q=9000 J, ΔT =20 
o
C 
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H cap=
 

  
    

  =
    

  
    

 H cap =450 J/
0
C 

 Specific Heat 

 Definition  Specific Heat 

The specific heat (S heat) is the amount per unit mass required to raise the  

by one degree Celsius. Then the specific heat does not depend on the size 

or shape of an object, but only on the material from which it is made.- 

Table (1)-. Water has a large specific heat of (1 calorie per gram per 

degree Celsius) or (4.186 Joules per Kilogram degree Celsius). Ice floats 

because the volume of water increases when it freezes. This is connected 

to the change in the specific heat of water near 0 
o
C. 

 

Object (Substance) Specific Heat (cal/g
◦
C) 

Water 1 

Ice 0.480 

Soil 0.2 to 0.8, depending on water content 

Average for human body 0.83 

Aluminum 0.214 

Protein 0.4 

TABLE(1) Specific Heat for Some objects 
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 Mathematical expression of Specific heat (S heat): 

 

The heat required to change the temperature of an object can be expressed 

as:  

Change in thermal energy = (Specific heat) x (Mass) x (Change in 

Temperature) 

Q = S heat × M × ΔT  

S heat= 
 

      
   …………………………………………………………..(2) 

Where:  

Sheat = specific heat (calories/gram 
o
C or Joules/gram 

o
C) ,M = mass 

(grams) . If heat is given in calories (cal), mass in grams(g) and 

temperature in degrees Celsius, then specific heat is given in 

calories/(gram degree Celsius). 

*Note: The heat capacity is an extensive property of a given object, 

while the specific heat is an intensive property of an object. 

Example 2: 

A. How much thermal energy is needed to raise (200 g) of iron by 

(10 
o
C)? The specific heat of iron is ( 0.450 J/g 

o
C). 

Solution: 

 Q = S heat × M × ΔT  
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     = 0.450  × 200  × 10 

   Q = 900 J  

B. What is the heat capacity of this object? (H.W) 

 

Example 3: 

How much energy (in calories) is needed to warm up (300 kg) of 

water from (10 
0
C) to a comfortable ( 37 

0
C)? (Use the specific heat of 

the water is  1(cal/g
 0
C). 

Solution: 

1Kg=1000g=10
3
g ,m=300×10

3
= 3×10

5
 g 

T1=10 
0
C, T2=37

 0
C , T=T2-T1=37-10=27 

0
C 

Q = S heat × M × ΔT  

     =3×10
5
×1×27 

 Q =81×10
5
 cal 

 

 Latent Heat 

The another  thing that can happen when heat is transferred to or from a 

system is that the state of the system can change –Figure 5-. Changes 

from the solid to the liquid or from the liquid to the gaseous state, 

and vice versa, are called phase changes. For example turning water 

into ice or steam. 
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Fig. (5) The effect of the heat on objects state 

We call the amount of heat needed to change the phase of one gram of a 

object Latent Heat (L heat) . Two examples of latent heat are the heat of 

freezing and the heat of vaporization. The heat of freezing is the amount 

of thermal energy given off as a liquid freezes, and the heat of 

vaporization is the amount of thermal energy that must be added to 

change a liquid to a gas.  

Mathematical expression of  Latent Heat (Lheat) 

Heat added or subtracted for a phase change = Latent heat x Mass  

Q= L heat M ………………………………………………………..(3) 

Where:  

Q = heat (calories or Joules) , L heat = latent heat (calories/gram or 

Joules/gram) , M = mass (grams). 
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Example (4)  

How many calories of heat are required to convert ( 500 g) of water 

at a temperature of (25
o
C) into steam at (100

o
C)? The specific heat of 

liquid water is (1 cal/g
o
C) & the latent heat of evaporation of water is 

(540 cal/g) 

Solution: 

To find the heat required to raise the temperature of the water to 100 
o
C.  

Q = S heat × M × ΔT,  ΔT=100-25=75 
o
C 

      =1×500 × 75 = 37500 cal 

the heat required for the phase change of 500 grams of water at 100 
o
C 

into steam at 100 
o
C. 

Q= L heat ×M 

   = 540 × 500  

 Q = 270000 cal 

The total heat (Q Tolal) is the sum of the heat required to heat the water to 

100 
o
C and the heat required to convert the liquid water into steam.  

Q Tolal= 37500 + 270000  

Q Tolal = 307500 cal. 
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Homework 

1) For a (70 kg) person (specific heat 3500 J/kg 
0
C), how much 

extra released energy (in Joule) would be required to raise the 

temperature from (37 °C) to (40 °C) ? 

2) How many calories heat are required to convert (200 g) of ice  

at (0 
o
C) into liquid water at (30 

o
C) ? The latent heat of melting of 

ice is (80 cal/g)& The specific heat of ice is (0.5 calories/g 
o
C). 
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Regulation of heat through the human body 

We spoke in previous lectures about the source of energy in the human 

body (food + oxygen), as well as the conversion of energy into work and 

loss heat and methods of loss this heat from the body (Radiation,  

Convection (Conduction) and Evaporation).-Fig.(1)- In this lecture we 

will know how to regulated heat (equilibrium between internal (Core TC) 

and External temperature (shell temperature (Ts)  for the body.  

 

 

 

 

 Fig.(1) : Modes of loss of heat for the body 

The body tightly regulates the body temperature through a process called 

thermoregulation, in which the body can maintain its temperature within 

certain boundaries, even when the surrounding temperature is very 
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different. The core temperature (TC) of the body remains steady at around 

36.5–37.5 °C (or 97.7–99.5 °F).- Fig.(2)-. 

 

Fig.(2): Temperature in the body in cold and hot environments 

Note: The site of choice for(Tc) measurement would depend on the type 

of instrument available and used, and the purpose of measurement. 

Sublingual, axilla and Tympanic temperatures are commonly used in the 

clinical setting.  
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Temperature regulation: 

There are various regulating factors that affect body temperature. These 

are: 

1. Physical control 

2. Chemical control 

3. Nervous system control 

1. Physical control 

The body gains heat from its environment, for example clothing, sun and 

ingestion of hot food. 

 

2.  Chemical control. 

• The body produces heat through the metabolism of food. 

• Body metabolism increases in order to produce more heat for the body 

 as necessary.( I mentioned in previous lectures –Lec.3-) 

• Thus, the rate at which metabolism takes place affects and controls body 

temperature, an increase in the metabolic rate will result in an increase in 

body temperature and vice versa. 

 

3. Nervous system control. 

• The hypothalamus in the brain is the master switch that works as a 

thermostat to regulate the body’s core temperature -Fig.(3). 

https://opentextbc.ca/anatomyandphysiology/chapter/24-6-energy-and-heat-balance/#fig-ch25_06_01
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• The anterior portion of the hypothalamus is concerned with heat 

dissipation (loss), and the posterior portion of the hypothalamus governs 

heat conservation (gain). 

 

 

 

Fig. (3): Hypothalamus Controls Thermoregulation. 
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 If the temperature is too high, the hypothalamus can initiate several 

processes to lower it. These include increasing the circulation of the 

blood to the surface of the body to allow for the dissipation of heat 

through the skin and initiation of sweating to allow evaporation of water 

on the skin to cool its surface. Conversely, if the temperature falls below 

the set core temperature, the hypothalamus can initiate shivering to 

generate heat. The body uses more energy and generates more heat. In 

addition, thyroid hormone will stimulate more energy use and heat 

production by cells throughout the body. An environment is said to be 

thermo neutral when the body does not expend or release energy to 

maintain its core temperature.  

Heat dissipating mechanism: 

• The anterior part of the hypothalamus is stimulated by very slight 

increase in the temperature of the blood above normal. 

• It stimulates the sweat glands to increase their rate of secretion. 

• Evaporation of the larger amount of sweat causes a greater heat loss 

which causes dilatation of surface blood vessels; so more heat 
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is lost by radiation from the larger quantity of blood circulating near the 

surface in the dilated skin vessels. 

Heat gaining mechanism: 

• In a cold environment, the posterior portion of the hypothalamus is 

stimulated, this causes skin blood vessels constriction which decreases 

the volume of blood circulating near the surface and so decreases the heat 

loss by radiation. In addition there is decrease in activity of sweat gland. 

Thus, decreases heat loss by evaporation. 

• Also shivering and muscle contractions occur, thereby accelerating 

catabolism and heat production. 

Body heat is lost through the skin, lungs, and excretion (digestive and 

urinary tracts). –Fig.(4)-.The loss through the skin accounts about 85% of 

the total. 
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Fig.(4):Modes of heat loss by removal from the skin &Lungs 

 

 

Note: The point is that to keep temperature constant a balance 

between mechanisms by which the body gains heat and the body 

loses(dissipating) heat must be maintained. 

Disorders of body temperature may be either Increase  (Fever) or 

reduction (Hypothermia) of temperature below normal range. 

According to the conservation of energy implies a conservation of heat 

creation (production) and loss: 

(
  

  
)
   
 (

  

  
)
          

 (
  

  
)
            

 (
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The left side is the net heating rate due to all modes of heat production 

and heat loss. The first term on the right-hand side is the heat production 

from metabolic activity and physical activity; it is >0. The second term is 

heat loss due to passive modes, such as from the skin, radiation, 

convection, etc., it is <0. The third term is that due to body-controlled 

heating (>0) and/or heat removal (<0), describes the involuntary 

responses by the body to maintain a normal body temperature, which we 

can call the set point – the targeted temperature. When an increase in 

temperature is needed, this term is positive due to increased metabolic 

activity and motor activity, such as shivering this heat goes directly to the 

core and muscles. 
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Physics of Lung and Breathing 

(Part One) 
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- Function of the Lungs 

Our lungs serve several important functions: 

1. Interact with blood by exchanging carbon dioxide (CO2) for 

oxygen (O2) 

2. Keeping the PH (acidity) of blood constant. 

3. Heat exchange and fluid balance of the body by warming and 

moisturizing the air we breathe in (inspire).   

4. Our breathing mechanism provide a controlled flow of air for 

talking, sneezing, coughing, laughing. In addition, blocking the air 

passage generates increased pressure for defecating and vomiting. 

5. An important function of breathing apparatus is voice production. 

Voice is produced by a controlled outflow of air from the lungs. 

- Structure of the Lungs 

Air is inhaled through the nose or mouth and then through the pharynx, 

larynx, and the trachea  .The trachea divides into the right and left 

bronchus each of which continues to bifurcate into smaller and smaller 

bronchi and bronchioles over 23 levels of bifurcation until they form 

alveoli. We will explain the components (parts) of the respiratory system 

in detail (The  air ways): 

1. The Nose :The nasal passages serve as a moistener, a filter, and to 

warm up the air before it reaches the lungs.    Different air 

passageways and the nasal passages are covered with a mucous 

membrane.  The mucus collect dust, bacteria, and other particles in 

the air and helps in moistening the air.   
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2. Pharynx and Larynx : Air travels from the nasal passages to the 

pharynx. When the air leaves the pharynx it passes into the larynx, 

or the voice box.  The voice box is constructed mainly of cartilage, 

which is a flexible connective tissue.  The vocal chords are two 

pairs of membranes that are stretched across the inside of the 

larynx.  As the air is expired, the vocal chords vibrate. (Fig.1). 

 

Fig.1: Diagram of parts of the respiratory system 

3. Trachea : The larynx goes directly into the trachea or the wind 

pipe.  The trachea is a tube approximately 12 centimeters in length 

and 2.5 centimeters wide.   

4. Bronchi : Around the center of the chest, the trachea divides into 

two cartilage-ringed tubes called bronchi.  Also, this section of the 
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respiratory system is lined with ciliated cells.  The bronchi enter the 

lungs and spread into smaller tubes called bronchial tubes. 

5. Bronchioles :bronchioles supply air to millions of small sacs called 

alveoli. - (Fig. 2)-.  

6. Alveoli : The alveoli like small interconnected bubbles. Each 

alveolus is about (0.2 mm) in diameter and has wall thickness of 

only (0.4µm)-(1 µm=10
-6

 m. The alveoli play an important role in 

breathing, they expand and contract during breathing, they are 

where the action is in exchanging of O2 and CO2. Each alveolus is 

surrounded by blood so that O2 can diffuse from the alveolus into 

the red blood cells and CO2 can diffuse from the blood into the air 

in the alveolus. - (Fig. 2)-. 

 

Fig. 2: Bifurcations of Lung airways 



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics /Lecture Seven 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  5 
 

The Interaction of Blood and Lungs 

Blood is pumped from the heart to the lungs under relatively low 

pressure. The average peak blood pressure in the main pulmonary artery 

carrying blood to the lungs is only about 20 mmHg or about 15% of the 

pressure in the main body circulation. The lungs offer little resistance to 

the flow of blood. About one fifth of the body’s blood supply is in the 

lungs, but only about 70 ml of that blood is in the capillaries of the lungs 

getting O2 at any one time. Two general processes are involved in gas 

exchange in the lungs: 

1. Ventilation (V): getting the air to the alveolar surface. 

2. Perfusion (P): getting the blood to the pulmonary capillaries 

Mechanism of Breathing  

Breathing consists of two phases, Inspiration and Expiration –Fig.(3)-. 

During inspiration (inhalation), the diaphragm moves downwards 

increasing the volume of the thoracic (chest) cavity, and the intercostal 

muscles pull the ribs up expanding the rib cage and further increasing this 

volume.  This increase of volume lowers the air pressure in the alveoli to 

below atmospheric pressure.  Because air always flows from a region of 

high pressure to a region of lower pressure, it rushes in through the 

respiratory tract and into the alveoli.  This is called negative pressure 

breathing, changing the pressure inside the lung relative to the pressure of 

the outside atmosphere.  In contrast to inspiration, during expiration 
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(exhalation) the diaphragm and intercostal muscles relax.  This returns 

the thoracic cavity to its original volume, increasing the air pressure in 

the lungs, and forcing the air out. 

 

(a) Inspiration 

 

 

                                                                                     (b) Expiration 

Fig. 3: Mechanism of Breathing  
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The Physics of the Alveoli 

The alveoli are physically like millions of small interconnected bubbles, 

they have a natural tendency to get smaller due to the surface tension of a 

unique fluid lining, called surfactant which is secreted by the cells lining 

the internal surface of the alveoli. This fluid is responsible for decreasing 

surface tension of the alveoli. 

The surface tension (γ) is the force (F) acting on an imaginary line along 

the surface of a liquid.  

  
          

          
   ………………………………………………...………..(1)  

      in the unit of the (Dyne) and        in the unit of the (cm)                      

The pressure (P) inside the alveoli can be calculated due to (Laplace Law) 

(which is applied on bubble) :  

ΔP alveoli = Pin − Pout  
   

 
 …………………………………………(2) 

where R is the radius of alveolus. 

 

Mechanism of O2 and CO2 exchange in blood  

The transfer of O2 and CO2 across the alveolar and pulmonary capillary 

membranes is controlled by the physical law of Diffusion, When the 

concentration of particles (or molecules) is not uniform, the random 

particle thermal motion leads to a net movement (or Diffusion) of 

particles from regions of higher concentration to regions of lower 
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concentration . In the lungs we are concerned with diffusion in both gas 

and liquids .In the O2 and CO2 exchange in the tissues we are concerned 

only with diffusion in liquids . 

The distance (D) of molecule will travel from its origin after collisions 

(N) is: 

D= λ√    ……………………………………………………………….(3) 

Where λ is defined as the average distance between collision, 

 in air λ =10 
‾ 7

 m 

in tissue λ = 10 ‾ ¹¹ m 

Respiration involves the gaseous exchange of O2 and CO2 by diffusion 

between alveoli and the pulmonary capillary, this exchange depend on: 

1- Volume of alveolar ventilation. 

2- Volume of blood flow through the pulmonary capillaries which is in 

contact with the ventilated alveoli. 

Partial Pressures of O2 and CO2 

The behavior of gases in the lungs obeys Dalton law of partial pressures: 

Total pressure of a gas mixture (in our case air) is equal to the sum of the 

pressures that each gas in the mixture would have independently (Partial 

Pressure of each gas). 

 Total Pressure= sum of Partial Pressures= p t 1 + p t2+ p t3 +  ---- 
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Partial Pressure = %(gas) (Atmospheric Pressure – Partial Pressure 

of water vapor) 

In the lungs, at (37ºC) and (100%) relative humidity, the partial pressure 

of water vapor= 47 mmHg. At atmospheric pressure = 760 mmHg, the 

alveolar air contain 14% O2, 5.6% CO2. 

To determine the partial pressure of O2: 

PO2= 14% (760 mmHg - 47 mmHg) 100 mmHg 

PCO2= 5.6 %( 760 mmHg - 47 mmHg)  40 mmHg 

 



Determination of the viscosity coefficient for the liquid
تحديد معامل اللزوجة للسائل

 

 

 

 The Aim of Experiment.

الھدف من التجربة.

Determine the coefficient of viscosity of the given liquid (Glycerin).

تحدید معامل لزوجة السائل المحدد (الجلسرین).



 

 Theory.

Viscosity is a fluid’s resistance to flow, and how much it resists pressure

that forces it to move and flow. The higher the viscosity of a fluid, the

lower its flow ability. For liquids, the viscosity is the equivalent of the

slang term "thicken". Particles of a highly viscous liquid are tightly

bound together, and thus less able to move. Its friction increases with the

solid

الذي یجبره علىھي مقاومة السائل للتدفق ومقدار مقاومتھ للضغطاللزوجة

على التدفق.الحركة والتدفق.  كلما زادت لزوجة السائل ، انخفضت قدرتھ

ترتبط جزیئاتبالنسبة للسوائل ، اللزوجة تعادل المصطلح العامي "ثخن".

تكون أقل قدرة علىالسائل عالي اللزوجة ببعضھا البعض بإحكام ، وبالتالي

الحركة.  یزداد احتكاكھا مع المادة الصلبة



object in contact with it, and the viscosity can be described as the internal

friction between the liquid molecules.

We feel the viscosity in our daily life, such as the fall of a spoon in the

honey of bees or the fall of a piece of iron in tar, as well as the flow of

water inside the water pipes, what happens during that in terms of

resistance to movement related to the viscosity of the liquid.

It is an important characteristic of fluids, whereby the fluid resists the

change in shape resulting from the influence of the shear forces affecting

it.

جزیئاتبینالداخليالاحتكاكبأنھااللزوجةوصفویمكن،لھالملامسالكائن

.السائل

قطعةسقوطأوالنحلعسلفيملعقةسقوطمثل،الیومیةحیاتنافيباللزوجةنشعر

منذلكخلالیحدثما،المیاهأنابیبداخلالماءتدفقوكذلك،القطرانفيحدید

السائلبلزوجةالمتعلقةالحركةلمقاومةحیث .

تأثیرعنالناتجالشكلفيالتغیرالسائلیقاومحیث،للسوائلمھمةخاصیةإنھا

علیھتؤثرالتيالقصقوى .



Viscosity coefficient.

It is the force per unit area required to maintain a difference in velocity

per unit distance per unit time between two parallel levels in the fluid in

the direction of flow and between them one unit distance. The viscosity

coefficient depends as well on the type of liquid as on the temperature.

However, the influence of the temperature on the changes of viscosity

coefficient value is crucial. In liquids, the mutual shifting of adjacent

layers counteracts cohesion forces and such movements are possible

mainly due to the mobility of molecules penetrating from one layer to

another. The exchange of particles between the layers, which increases

with the increase of temperature, causes the viscosity to decrease as

the temperature increases.

The ball that falls into the liquid is subject to three forces –Figure (1)-:

معامل اللزوجة
السرعة لكل وحدة مسافةإنھا القوة لكل وحدة مساحة المطلوبة للحفاظ على اختلاف

التدفق وبینھما مسافة وحدةلكل وحدة زمنیة بین مستویین متوازیین في السائل في اتجاه
یعتمد على درجة الحرارة.واحدة.  یعتمد معامل اللزوجة أیضًا على نوع السائل كما

معامل اللزوجة أمر بالغومع ذلك ، فإن تأثیر درجة الحرارة على التغیرات في قیمة
المجاورة مع قوى التماسك ،الأھمیة.  في السوائل ، یتعارض التحول المتبادل للطبقات

تخترق من طبقة إلىوھذه الحركات ممكنة بشكل أساسي بسبب تنقل الجزیئات التي
مع زیادة درجة الحرارة ،أخرى.  یؤدي تبادل الجزیئات بین الطبقات ، والذي یزداد

إلى انخفاض اللزوجة
تزداد درجة الحرارة.

-:)1(الشكل-قوىلثلاثتخضعالسائلفيتسقطالتيالكرة



1- The weight of the sphere (its weight) or the force of gravity

of the earth towards it.(F1)

)F1(تجاھھا.الأرضجاذبیةقوةأو(وزنھا)الكرةوزن

Where r radius of sphere (m), ρs density of the steel sphere (kg/ m3)

And g acceleration due to gravity (9.8 m/sec)

الجاذبیةوتسارع)3م/(كجمالفولاذیةالكرةكثافةρs،(م)الكرةقطرنصفrحیث

ث)/م9.8(

Figure (1)

2- The force of the liquid to push the ball upward (F2).

).F2(لأعلىالكرةلدفعالسائلقوة

ρl density of the liquid (kg/ m3). ρl 3م/(كجمالسائلكثافة )



ستوكسلقانونوفقاًتحدیدھاویتم(لأعلى)الكرةحركةلاتجاهمعاكسةالمائعلزوجةقوةتكون.3
)F3:(

3- The strength of the viscosity of the fluid is opposite to the

direction of movement of the ball (up) and is given by Stokes' law(F3):

Where η Coefficient of viscosity of liquid (Kg /m. sec) , v mean terminal
velocity (m/sec).

Kg(السائللزوجةمعاملηحیث / m. sec) ، vالنھائیةالسرعةتعني)m / sec.(
When the ball reaches a regular velocity, these forces, which were

explained above, are balanced, meaning the sum of the forces up is

equal to the sum of the force down

التي تم شرحھا أعلاه ، تكون متوازنة ، مماعندما تصل الكرة إلى سرعة منتظمة ، فإن ھذه القوى ،
یعني أن مجموع القوى لأعلى یساوي مجموع القوة لأسفل

The last equation can be written in the following form. (Prove that?).

ذلك؟).یمكن كتابة المعادلة الأخیرة بالشكل التالي.  (اثبت

● Tools

Glass tube, Glycerin, Group of steel spherical balls, Stop Watch,
Metric ruler, rubber bands, Micrometer.



الادوات●

ساعة إیقاف ، مسطرة متري ، أربطةأنبوب زجاجي ، جلسرین ، مجموعة كرات فولاذیة كرویة ،
مطاطیة ، میكرومتر.

● The method of work

1. Select (10 or 5) of dozen of the same diameter .

2. Clamp the tube vertically and fill it with glycerin .

طریقة العمل.●
القطر.نفسمندزینة)5أو10(اختر)1
ثبت الأنبوب عمودیاً واملأه بالجلسرین.)2



3. By means of rubber bands put two paper round the tube a fixed
distance about (30,25,20,15,10) cm .

حواليثابتةبمسافةالأنبوبحولورقتینضع،المطاطیةالأربطةباستخدام.3
سم.)30،25،20،15،10(

4. Now Drop a sphere centrally down the tube and with stop watch
find the time it takes to traverse the distance between the rubber bands.

الوقتعنابحث،التوقفساعةوباستخدامالأنبوبأسفلالمنتصففيكرةبإسقاطقمالآن.4
المستغرق لاجتیاز المسافة بین الأشرطة المطاطیة.

a. Calculations and results. والنتائجالحسابات

We record the obtained readings as in the following table

نسجل القراءات التي تم الحصول علیھا كما في الجدول التالي
X × 10-2 (m) t (sec)

30
25
20
15
10

Plot graph with values of (x (cm)) against values of (t (sec)) and from
graph calculate the terminal velocity (v) By using the value of velocity
can be calculate (𝜼) in units of (Kg /m. sec) (pois) .

x(بقیمالبیانيالرسمارسم (cm((قیممقابل)t (sec((احسبالبیانيالرسمومن
Kg(بوحدات(𝜼)حسابیمكنالسرعةقیمةباستخدام)v(النھائیةالسرعة / m.

ثانیة) (بویس).



The Graph of the experiment.

x×10-2 (m)

(Sec)

Translate� b� ab� jou�🖤✨
Tea� alnoor
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Medical Physics Lab. 

Simple Pendulum 

Purpose: Find the gravitational acceleration. 

Experiment Theory: If the pendulum is removed from the settling 

position by a small lateral shift, it will move a simple harmonic motion. 

To study this movement, we need to know the forces acting on the 

pendulum during its movement, as in the shown figure (1), where a 

simple pendulum represents a thread length in it = L, and the weight 

suspended in it = m, and the linear displacement 

from equilibrium is (s) (the length of the arc).  

The forces affecting it are: 

1. The force of attraction of the earth to the 

body (𝑤 = 𝑚𝑔). 

2. The tension strength of the thread (T). 

From the figure, we note that the force of the 

Earth’s attraction to the object can be analyzed into 

two components: 

a) Radial component (along the pendulum) which is equal to: 

𝑹𝒆𝒅𝒊𝒂𝒍 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 = 𝒎𝒈 𝐜𝐨𝐬 𝜽 

Figure (1) 



الغرض: أوجد 
عجلة الجاذبیة.

نظریة التجربة: إذا تمت إزالة البندول من موضع الاستقرار عن طریق 
إزاحة جانبیة صغیرة ، فسوف یتحرك بحركة توافقیة بسیطة.  لدراسة 

ھذه الحركة ، نحتاج إلى معرفة القوى المؤثرة على البندول أثناء 
حركتھ ، كما في الشكل الموضح (1) ، حیث یمثل البندول البسیط طول 

الخیط فیھ = L ، والوزن المعلق فیھ = م ،  والإزاحة الخطیة من التوازن 
ھي (ق) (طول القوس).

القوى المؤثرة علیھ ھي:

 .(𝑤 = 𝑚 𝑔) 1. قوة جذب الأرض للجسم
 

 .(T) 2. قوة شد الخیط 
 

 من الشكل ، نلاحظ أنھ یمكن تحلیل قوة انجذاب الأرض إلى الجسم 
 مكونان:

) المكون الشعاعي (على طول البندول) والذي یساوي: 
 

 𝑹𝒆𝒅𝒊𝒂𝒍 𝒄𝒐𝒎 𝒑 𝒐𝒏𝒆𝒏𝒕 = 𝒎 𝒈 𝐜𝐨𝐬 𝜽

  a

(1)
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It causes the central acceleration that causes the pendulum to continue 

to move over the arc of the circle. 

b) Tangential component which is equal to: 

𝑻𝒂𝒏𝒈𝒆𝒏𝒕𝒊𝒂𝒍 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 = 𝒎𝒈 𝐬𝐢𝐧 𝜽 

It is the restoring force that tries to return the pendulum to a position 

of stability, and it is symbolized by a symbol (𝐹)  wherever: 

                         𝐹 = −𝑚𝑔 sin 𝜃…………………….(1) 

It is about the angular displacement. 

Note that:   the restoring force is proportional to the s(sin 𝜃) of the angle 

instead of the angle itself (i.e., the motion is not a simple harmonic) 

when the angle is very small (approaches zero), the sine of the angle 

approaches zero, meaning: 

             sin 𝜃 ≈ 𝜃 ,   𝐹 ≈ −𝑚𝑔 𝜃 … … … … … … . . (2) 

and as the displacement along the arc is: 

𝑠 = 𝐿𝜃                        𝜃 =
𝑠

𝐿
  

Substituting a value (𝜃) into equation (2) we get: 

          𝐹 = −𝑚𝑔 
𝑠

𝐿
               𝒐𝒓           𝐹 = −𝐾𝑋 … … … … . (3) 

 Where the force constant is given by: 

𝐾 =
𝑚𝑔

𝐿
 

and the displacement is given by: 

𝑋 = 𝑠 

By using equation (3), we can find the period of a pendulum for 

amplitudes less than about (15º): 

وبما أن الإزاحة على طول القوس هي:

استبدال القيمة (𝜃) ف المعادلة (2) نحصل على:

حيث يتم إعطاء ثابت القوة من خلال:

باستخدام المعادلة (3) , يمكننا إيجاد فترة البندول لاتساع أقل من حوالي (15 درجة):

ويعطى الإزاحة بواسطة:



یتسبب في التسارع المركزي الذي یتسبب في استمرار حركة البندول فوق قوس 
الدائرة.

ب) المكون المماسي الذي یساوي: 
 

 𝑻𝒂𝒏 𝒈 𝒆𝒏𝒕𝒊𝒂𝒍 𝒄𝒐𝒎 𝒑 𝒐𝒏𝒆𝒏𝒕 = 𝒎 𝒈 𝐬𝐢𝐧 𝜽

إنھا قوة الاستعادة التي تحاول إعادة البندول إلى وضع 
الاستقرار ، ویرُمز إلیھ بالرمز (𝐹) حیثما: 

 
 𝐹 = −𝑚 𝑔 sin 𝜃 …………………… (1)

 
 لاحظ أن: قوة الاستعادة تتناسب مع s (sin 𝜃) للزاوية بدلاً من الزاوية نفسها (أي أن 

الحركة ليست توافقية بسيطة) عندما تكون الزاوية صغيرة جدًا (تقترب من الصفر) , جيب 
الزاوية  تقترب من الصفر , وهذا يعني: 

 
  Sin𝜃 ≈ 𝜃 , 𝐹 ≈ −𝑚 𝑔 𝜃……………….  .  (2) 

 
 𝜃 = s/L<—  𝑠 = 𝐿𝜃             :وبما أن الإزاحة على طول القوس هي 

 

إنه يتعلق بالإزاحة الزاوية.

(2)
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                                                𝑇 = 2𝜋ට
𝑚

𝐾
… … … … … … . (4) 

Where 𝑚: mass of a vibrating body. 

            𝐾: constant that depends on the geometry of the vibrating body. 

What is meant by the vibrating body here is not only a simple 

pendulum, but other bodies that vibrate like a compound pendulum. 

Substituting the value of (𝐾) into the equation (4), we get: 

𝑇 = 2𝜋ඨ
𝑚

𝑚𝑔
𝐿

 

                       𝑇 = 2𝜋ට
𝐿

𝑔
………………..(5)  

Where 𝑇: is the oscillation time of a simple pendulum and equal 

 𝑇 =
1

𝑓
 , where 𝑓 is the frequency. 

Equation (5)  is shows: the only things that affect the period of a simple 

pendulum are its length and the acceleration due to gravity. By squaring 

both sides of the equation yields: 

𝑇2 = 4𝜋2
𝐿

𝑔
 

                    ∴ 𝒈 = 𝟒𝝅𝟐
𝑳

𝑻𝟐
… … … … … . (𝟔) 

Equipment: simple pendulum, stopwatch, metric ruler. 

Procedure:  

1. Measure the length (L) of the thread from the point of suspension 

to the middle of the bob as shown in the figure (2). 

حيث 𝑚: كتلة الجسم المهتز.

𝐾: ثابت يعتمد على هندسة الجسم 
 المهتز.  ما هو المقصود بالجسم المهتز

 هنا ليس فقط بندول بسيط ، ولكن
  أجسامًا أخرى تهتز مثل بندول مركب.
 في المعادلة (𝐾) بالتعويض عن قيمة

:(4) ، نحصل على

حيث 𝑇: هو وقت التذبذب لبندول 
 , 𝑇 \u003d 1 بسيط ويساوي

حيث 𝑓 هو التردد.

توضح المعادلة (5): الأشياء الوحيدة التي 
تؤثر على فترة البندول البسيط هي طوله 

والتسارع بسبب الجاذبية من خلال تربيع 
طرف المعادلة. من خلال تربيع طرف 

المعادلة ينتج عنه:
المعدات: بندول بسيط , ساعة توقيت , إجراء المسطرة المترية:

1 قم بقياس طول الخيط (L) من نقطة التعليق إلى منتصف البوب \u200b\u200bكما هو موضح ف الشكل (2).
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2.  Move bob using the hand at an angle not more than (10°) and 

leave it. 

3.  Count (20) complete oscillations, and read the required time 

when the (20th) oscillation is complete (𝑡20 ) using a stopwatch 

(The stopwatch is started when the pendulum crosses the 

equilibrium position to any one side. When it passes the 

equilibrium position in the same direction the next time it has 

completed one oscillation). 

4. Repeat the experiment for different lengths, and take observation 

of the time for (20) oscillation for each new length. 

5.  Tabulated the reading as the Table: 

 Length 

L (cm) 

Time for 20 

Oscillation 

𝒕𝟐𝟎(𝒔𝒆𝒄) 

Time for 1 

Oscillation  

𝑻 = 𝒕𝟐𝟎 𝟐𝟎 (𝒔𝒆𝒄)Τ  

 

𝑻𝟐(𝒔𝒆𝒄𝟐) 

    

Figure (2) 



2. حرك بوب باستخدام اليد بزاوية لا تزيد عن (10 درجات) 
واتركه. 

 
 3. عد (20) ذبذبة كاملة , واقرأ الوقت المطلوب عند اكتمال 

التذبذب (20) (20) باستخدام ساعة توقيت (يتم تشغيل ساعة 
التوقيت عندما يعبر البندول موضع التوازن إلى أي جانب.  وضع 

التوازن ف نفس الاتجاه ف المرة التالية التي يكمل فيها تذبذبًا 
واحدًا). 

 
 4. كرر التجربة لأطوال مختلفة , وخذ ملاحظة للزمن لـ (20) 

ذبذبة لكل طول جديد. 
 

 5. جدولة القراءة كالجدول: 
6. ارسم رسمًا بيانيًا (L) على المحور x مقابل 2 من على المحور 

 ൫ ൯ اصنع  .y
 "أفضل خط ملائم" للحصول على منحدر هذا الخط.  المعاملة 

بالمثل 
 يجب ضرب المنحدر لحساب عجلة الجاذبية 

 وفقًا للمعادلة (6) ونحصل على:

(4)
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6. Plot a graph (L) on the x-axis against ൫𝑇2൯ of on the y-axis. Make 

the "best fit line" to obtain the slope of this line. The reciprocal of 

slope must multiplied by to calculate the gravity acceleration 

according to Equation (6) and we get: 

𝑔 = 4𝜋2 × 𝑠𝑙𝑜𝑝𝑒 

Where: 

𝑠𝑙𝑜𝑝𝑒 =
𝐿

𝑇2
 

Questions of the Experiment:  

Q1/ Define gravity acceleration and how it changes in height or 

decrease from sea level? 

Q2/ Why do we move the pendulum at a small angle of less than (10°) 

degrees? 

Q3/ Does the oscillation time of the pendulum depend on the mass of 

the weight of the thread? and why? 

أسئلة التجربة:  
 

 س 1 / تحديد تسارع الجاذبية وكيف يتغير ف الارتفاع أو النقصان عن 
مستوى سطح البحر? 

 
 س 2 / لماذا نحرك البندول بزاوية صغيرة اقل من (10 درجات) درجات? 

 
 س 3 / هل وقت تذبذب البندول يعتمد على كتلة وزن الخيط?  و لماذا?



 اٌطج١خ ش اٌف١ض٠بءخزجِ

 ٠شذرم١ٕبد اٌزخ ُلغ 

 بػ١ً خ١ًٍَّ.د. عجٝ اع 

 َ.َ. أعّبء ص٠ذاْ ٠ٛٔظ 
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 The Aim of Experiment:
 

Determining the Coefficient of Static Friction (μs) between two Surfaces. 

 انخجشبت: هذف
  

  عطح١ٓ. ث١ٓ  )sμ) اٌغبوٓ الاحزىبن ِؼبًِ رحذ٠ذ

  
 

 Theory:

Frictional force is defined as the resistance or resistance to the movement 

of an object against an object, this force depends on the nature of the 

surface, does not depend on the area of the two contact surfaces. The 

contact between the two bodies and its direction is opposite to the 

direction of the acting force. 

If a small drag force (F) is applied to an object (A) lying on a horizontal 

surface(B) as shown in Figure (1). 

 انقوة عهىأٚ ِمبِٚخ حشوخ جغُ ظذ جغُ ِب ، رؼزّذ ٘زٖ  رؼشف اٌمٛح الاحزىبو١خ ثأٔٙب ِمبِٚخ

 ٚارجب٘ٙب ا١ٌٙئز١ٓ ث١ٓ ٚالارصبي طبٍعت انسطح ، ولا حعخًذ عهى يساحت سطحً الاحصال.

 اٌمبئّخ ثبٌٛوبٌخ. ارجبٖ اٌمٛح ِغ ٠زؼبسض

Friction Experiment 



 اٌطج١خ ش اٌف١ض٠بءخزجِ

 ٠شذرم١ٕبد اٌزخ ُلغ 

 بػ١ً خ١ًٍَّ.د. عجٝ اع 

 َ.َ. أعّبء ص٠ذاْ ٠ٛٔظ 
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( وّب ٘ٛ ِٛظح Bػٍٝ عطح أفمٟ ) ٍِمٝ (A) (ػٍٝ وبئFٓلٛح عحت صغ١شح )إرا رُ رطج١ك 

 (.1فٟ اٌشىً )

  

F

i

g

u

r

e 
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1
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line by Although the body does not move, a force is generated between 

the two bodies, equal to and opposite to the drag force (f) If the force ((f) 

Force of friction) increases in the direction and this force is called the 

frictional force, the frictional force increases with it until the body begins 

to move, and this force is called the frictional force After the body starts 

to move from rest it is called (Force of static friction (fs)) Force The force 

required to maintain its movement at a constant speed and in a straight the 

force of sliding friction (of kinetic) friction (fk). 

The frictional force is proportional to the compressive force between the 

two friction objects, i.e. Figure. (2) : 

f= μ N ............................... (1) 
 

ػٍٝ اٌشغُ ِٓ أْ اٌجغُ لا ٠زحشن ، ٠زُ إٔشبء لٛح ث١ٓ اٌجغ١ّٓ ، ِغب٠ٚخ ٌمٛح اٌغحت ِٚؼبوغخ ٌٙب )ٚ( 

إرا صادد اٌمٛح ))ٚ( لٛح الاحزىبن( فٟ الارجبٖ ٚرغّٝ ٘زٖ اٌمٛح لٛح الاحزىبن رضداد ِؼٙب لٛح الاحزىبن 

٠جذأ اٌجغُ فٟ اٌزحشن ِٓ اٌغىْٛ حزٝ ٠جذأ اٌجغُ فٟ اٌحشوخ ، ٚرغّٝ ٘زٖ اٌمٛح لٛح الاحزىبن ثؼذ أْ 

 اٌمٛح اٌّطٍٛثخ ٌٍّحبفظخ حشوزٗ ثغشػخ ثبثزخ ٚثمٛح الاحزىبن الأضلالٟ ((fs) رغّٝ )لٛح الاحزىبن اٌغبوٓ

(fk) ٌٟػٍٝ اٌزٛا. 

2رزٕبعت لٛح الاحزىبن ِغ لٛح اٌعغػ ث١ٓ وبئٕٟ الاحزىبن ، أٞ اٌشىً. ) ): 

 

 

Figure (2) 
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Where (μ) represents a constant quantity called the coefficient of friction, 

and (N) Compressive force (the vertical force on the surface to which the 

body rides). 

There are two types of friction: kinetic and static. Kinetic friction is the 

friction between surfaces in relative motion: 

fK = µKN ...................... (2) 

(𝜇𝐾) is the coefficient of kinetic friction. 
 

لٛح اٌعغػ )اٌمٛح اٌشأع١خ ػٍٝ  (N) ىبن ، ٚو١ّخ ثبثزخ رغّٝ ِؼبًِ الاحز (μ) ح١ث رّثً

 .(اٌغطح اٌزٞ ٠شوت ػ١ٍٗ اٌجغُ

ٕ٘بن ٔٛػبْ ِٓ الاحزىبن: حشوٟ ٚثبثذ. الاحزىبن اٌحشوٟ ٘ٛ الاحزىبن ث١ٓ الأعطح فٟ 

 :حشوخ ٔغج١خ
fK = µKN ...................... (2) 

(𝜇𝐾ِٟؼبًِ الاحزىبن اٌحشو ٛ٘ ) 

 

Static friction describes the frictional forces between the surfaces of 

two objects that are at rest with respect to each other. 

𝑓𝑠 ≤ 𝜇𝑠𝑁…………….(3) 

µ𝑠 is the coefficient of Static friction. 

٠صف الاحزىبن اٌغبوٓ لٜٛ 

٠زؼٍك ثجؼعّٙب الاحزىبن ث١ٓ أعطح جغ١ّٓ فٟ حبٌخ عىْٛ ف١ّب 

 .اٌجؼط

𝑓𝑠 ≤ 𝜇𝑠𝑁 …………….(3) 

µ𝑠 ِٓؼبًِ الاحزىبن اٌغبو ٛ٘. 

 



 اٌطج١خ ش اٌف١ض٠بءخزجِ

 ٠شذرم١ٕبد اٌزخ ُلغ 

 بػ١ً خ١ًٍَّ.د. عجٝ اع 

 َ.َ. أعّبء ص٠ذاْ ٠ٛٔظ 
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 Tools: Wooden block, Loader, Thread, a sloping plane (inclined plane), 

Balance, Pulley. 

 .الأدٚاد: وزٍخ خشج١خ ، ِحًّ ، خ١ػ ، ِغزٜٛ ِبئً )ِغزٜٛ ِبئً( ، ١ِضاْ ، ثىشح •

 
 The method of work: 

 :طشٌقت انعًم •

A. Determining the coefficient of static friction (μs) using 

the inclined surface method: 

 ( ثبعزخذاَ غش٠مخ اٌغطح اٌّبئً:μsرحذ٠ذ ِؼبًِ الاحزىبن اٌغبوٓ ) -أ

Static friction: 

When you want to push a heavy object, static friction is the force that you 

must overcome in order to get it moving. The magnitude of the static 

frictional force, (fs) satisfies as equation (3): 

Once the applied force exceeds this threshold the object will begin to 

move. A common example of a static friction force is that of a stationary 

mass on an incline. Figure (3) depicts the free-body diagram of this case. 

 الاحزىبن اٌغبوٓ:

دفغ جغُ ثم١ً ، فإْ الاحزىبن اٌغبوٓ ٘ٛ اٌمٛح اٌزٟ ٠جت ػ١ٍه اٌزغٍت ػ١ٍٙب ٌزحش٠ىٗ. حجُ لٛح  ػٕذِب رش٠ذ

 (:3( ٠شظٟ وّب فٟ اٌّؼبدٌخ )fsالاحزىبن اٌغبوٓ ، )

ثّجشد أْ رزجبٚص اٌمٛح اٌّطجمخ ٘زٖ اٌؼزجخ ، ع١جذأ اٌجغُ فٟ اٌزحشن. اٌّثبي اٌشبئغ ٌمٛح الاحزىبن اٌغبوٓ ٘ٛ 

 ( ٠صٛس ِخطػ اٌجغُ اٌحش ٌٙزٖ اٌحبٌخ.3خ ػٍٝ ِٕحذس. اٌشىً )ٚجٛد وزٍخ ثبثز

 

 

Figure (3) Free-body diagram of a mass on an incline 

 



 اٌطج١خ ش اٌف١ض٠بءخزجِ

 ٠شذرم١ٕبد اٌزخ ُلغ 

 بػ١ً خ١ًٍَّ.د. عجٝ اع 
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If the angle at which the mass begins to slide is known, we can determine 

(μs) by decomposing the forces into the Cartesian coordinates, x, y, as 

 

( ػٓ غش٠ك رح١ًٍ μsإرا وبٔذ اٌضا٠ٚخ اٌزٟ رجذأ اٌىزٍخ فٟ الأضلاق ػٕذ٘ب ِؼشٚفخ ، ف١ّىٕٕب رحذ٠ذ )

 ، ِثً x  ،yاٌمٜٛ إٌٝ الإحذاث١بد اٌذ٠ىبسر١خ ، 

 

given in Figure (3). Since we are interested in the instant at which 

movement begins, we are dealing with an object in equilibrium. Thus, the 

resultant force in both the x and y directions must be zero. Analysis of the 

forces in the x direction yields: 

fs = mg sin𝜃 ..................... (4) 
 

ٙب اٌحشوخ ، فإٕٔب ٔزؼبًِ ِغ وبئٓ فٟ (. ٔظشًا لإٔٔب ِٙزّْٛ ثبٌٍحظخ اٌزٟ رجذأ ف3١اٌٛاسدح فٟ اٌشىً )

٠جت أْ رىْٛ صفشًا. ٠ٕزج ػٓ  x  ٚyحبٌخ رٛاصْ. ٚثبٌزبٌٟ ، فإْ اٌمٛح اٌّحصٍخ فٟ ولا الارجب١٘ٓ 

 :xرح١ًٍ اٌمٜٛ فٟ الارجبٖ 

fs = mg sin𝜃 ..................... (4) 

 

Following a similar procedure for the y direction yields 

 yثبرجبع إجشاء ِّبثً ٌؼبئذ الارجبٖ 

N = mg cos𝜃 ....................... (5) 

 

However, we know that at the instant that the mass begins to move 

 بٌزحشنِٚغ رٌه ، ٔؼٍُ أٔٗ فٟ اٌٍحظخ اٌزٟ رجذأ ف١ٙب اٌىزٍخ ث

fs = µsN ............................. (6) 

Thus, by substituting (4) into (5) and equating the result with (6) we can solve for (𝜇𝑠) 

as follows: 

 ( ػٍٝ إٌحٛ اٌزبٌٟ:𝜇𝑠( ٠ّىٕٕب إ٠جبد )6( ِٚؼبدٌخ إٌز١جخ ثـ )5( فٟ )4ٚثبٌزبٌٟ ، ثبٌزؼ٠ٛط ػٓ )

𝑓𝑠 = µ𝑠𝑚𝑔 cos 𝜃 = 𝑚𝑔 sin 𝜃 



 اٌطج١خ ش اٌف١ض٠بءخزجِ

 ٠شذرم١ٕبد اٌزخ ُلغ 

 بػ١ً خ١ًٍَّ.د. عجٝ اع 

 َ.َ. أعّبء ص٠ذاْ ٠ٛٔظ 
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µ𝑠 = tan 𝜃 ........................... (7) 

 
B. Determining the coefficient of static friction (μs) using 

the horizontal surface method: 

 ( ثبعزخذاَ غش٠مخ اٌغطح الأفمٟ:μsرحذ٠ذ ِؼبًِ الاحزىبن اٌغبوٓ ) -ة

 

1. Calculate the mass of the piece of wood using the scale (W1 (Kg)). 

2. Put the wooden piece on the horizontal surface of the device and 

tie its end with a fine thread passing on a Pulley It is smooth and 

the thread ends with a weight holder, as shown in Figure (4): 

 

 

 (W1 (Kg.). احغت وزٍخ لطؼخ اٌخشت ثبعزخذاَ اٌّم١بط )1

جٙبص ٚاسثػ غشفٙب ثخ١ػ سف١غ ٠ّش ػٍٝ ثىشح ، ٟٚ٘ . ظغ اٌمطؼخ اٌخشج١خ ػٍٝ اٌغطح الأفمٟ 2ٌٍ

 (:4ٔبػّخ ٠ٕٚزٟٙ اٌخ١ػ ثحبًِ ٌٍٛصْ ، وّب ٘ٛ ِٛظح فٟ اٌشىً )

 

 

 

 
Figure (4) 



 ةينطبا ءايصينفا بشهخج

 انخخزٌش حقٍُاث قسٍ

 خهٍم اسواعٍم سجى .د.و

 نسوي نازيد أسماء .م.م

 

 

3. Add appropriate weights at the end of the stand that represent 

(𝑀(𝐾𝑔)) So that the piece of wood is moving at a constant speed. 

 . أظف الأٚصاْ إٌّبعجخ فٟ ٔٙب٠خ اٌحبًِ اٌزٟ رّث3ً

(𝑀 (𝐾𝑔.ثح١ث رزحشن لطؼخ اٌخشت ثغشػخ ثبثزخ )) 

4. Calculate the value of pulling force = mass of hanging weight × 

acceleration: 

𝐹 = (𝑀 × 𝑔) 

 اٌزغبسع:× . احغت ل١ّخ لٛح اٌغحت = وزٍخ اٌٛصْ اٌّؼٍك 4
𝐹 = (𝑀 × 𝑔( 

5.  Put weights on the wooden block So the mass of the timber with 

the weights in it: 

 :ظغ أٚصأًب ػٍٝ اٌىزٍخ اٌخشج١خ ثح١ث رىْٛ وزٍخ اٌخشت ِغ الأٚصاْ ثذاخٍٙب .5

W = (W1 + W2) 

Where (W1) plank block (Kg), (W2) weights placed on the wooden block 

(Kg). 

 (.Kg( رٛظغ أٚصاْ ػٍٝ اٌىزٍخ اٌخشج١خ )W2)،  (Kg( ثٍٛن ثلأه )W1ح١ث )

6. Find the compressive force from the equation: 

 . أٚجذ لٛح اٌعغػ ِٓ اٌّؼبدٌخ:6

𝑁 = (W × 𝑔) 

7. Repeat the steps (3,4) Different values of gravity (W2) . 

 (.W2( ل١ُ ِخزٍفخ ٌٍجبرث١خ )3،4. وشس اٌخطٛاد )7

8. Sort your results according to the following Table: 

 ٌزبٌٟ:. سرت ٔزبئجه ٚفمبً ٌٍجذٚي ا8
 
 

𝑀 (𝐾𝑔) 𝐹 = 𝑀 × 𝑔 

(Nt) 

W (𝐾𝑔) 𝑁 = W × 𝑔 

(Nt) 

    

 

 

 

 

 



 ةينطبا ءايصينفا بشهخج

 انخخزٌش حقٍُاث قسٍ

 خهٍم اسواعٍم سجى .د.و

 نسوي نازيد أسماء .م.م

 

 

5 

9.Draw the graphical relationship between the pulling force (F(Nt)) on the 

y-axis and the compressive force (N) on the x-axis you will get a straight line 

inclined representing the coefficient of friction 

 x( ػٍٝ اٌّحٛس Nٚلٛح اٌعغػ ) y(( ػٍٝ اٌّحٛس Nt) Fاسعُ اٌؼلالخ اٌشع١ِٛخ ث١ٓ لٛح اٌغحت ) -9

 عٛف رحصً ػٍٝ خػ ِغزم١ُ ِبئً ٠ّثً ِؼبًِ الاحزىبن
 

 

 

 

 



 يخخبش انفٍضٌاء انطبٍت

 انخخذٌش قسى حقٍُاث

 خهٍم اسًاعٍم سجى .د.و

 يونس نازيد أسماء .م.م

 

 

 

 

 

Q1) A skier with a mass of (62 kg) is sliding down a snowy slope at a 

constant velocity. Find the coefficient of kinetic friction for the skier 

if friction is known to be (45 N). 

Q1( يخضنج كخهخه )كجى( ٌُضنق عهى يُحذس ثهجً بسشعت ثابخت. أوجذ يعايم الاحخكاك  26

 ٍَوحٍ(. 54وفاً )انحشكً نهًخضنج إرا كاٌ الاحخكاك يعش

 

 

 

 
Q2) Derive the unit of coefficient of friction 

 

 ( اشزك ٚحذح ِؼبًِ الاحزىبن2ط 
 

 

Questions: 



 يخخبش انفٍضٌاء انطبٍت

 انخخذٌش قسى حقٍُاث

 خهٍم اسًاعٍم سجى .د.و

 يونس نازيد أسماء .م.م
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Determination of the viscosity coefficient for the liquid 

  

 The Aim of Experiment. 

Determine the coefficient of viscosity of the given liquid (Glycerin). 

 

 

 Theory. 

 

Viscosity is a fluid’s resistance to flow, and how much it resists pressure 

that forces it to move and flow. The higher the viscosity of a fluid, the 

lower its flow ability. For liquids, the viscosity is the equivalent of the 

slang term "thicken". Particles of a highly viscous liquid are tightly bound 

together, and thus less able to move. Its friction increases with the solid 
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object in contact with it, and the viscosity can be described as the internal 

friction between the liquid molecules. 

We feel the viscosity in our daily life, such as the fall of a spoon in the 

honey of bees or the fall of a piece of iron in tar, as well as the flow of 

water inside the water pipes, what happens during that in terms of 

resistance to movement related to the viscosity of the liquid. 

It is an important characteristic of fluids, whereby the fluid resists the 

change in shape resulting from the influence of the shear forces affecting 

it. 

Viscosity coefficient. 

 
It is the force per unit area required to maintain a difference in velocity 

per unit distance per unit time between two parallel levels in the fluid in 

the direction of flow and between them one unit distance. The viscosity 

coefficient depends as well on the type of liquid as on the temperature. 

However, the influence of the temperature on the changes of viscosity 

coefficient value is crucial. In liquids, the mutual shifting of adjacent 

layers counteracts cohesion forces and such movements are possible 

mainly due to the mobility of molecules penetrating from one layer to 

another. The exchange of particles between the layers, which increases 

with the increase of temperature, causes the viscosity to decrease as 

the temperature increases. 

 

The ball that falls into the liquid is subject to three forces –Figure (1)-: 
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1- The weight of the sphere (its weight) or the force of gravity of the 

earth towards it.(F1)  

 
Where r  radius of sphere (m), ρs density of the steel sphere (kg/ m

3
) 

And g acceleration due to gravity (9.8 m/sec) 

 
Figure (1) 

2- The force of the liquid to push the ball upward (F2). 

 
ρl density of the liquid (kg/ m

3
) 

3- The strength of the viscosity of the fluid is opposite to the direction of 

movement of the ball (up) and is given by Stokes' law(F3): 

 
Where η  Coefficient of viscosity of liquid (Kg /m. sec) , v mean terminal 

velocity (m/sec). 
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When the ball reaches a regular velocity, these forces, which were 

explained above, are balanced, meaning the sum of the forces up is 

equal to the sum of the force down 

 

The last equation can be written in the following form. (Prove that?). 

 

 

 Tools 
 

Glass tube, Glycerin, Group of steel spherical balls, Stop Watch, 

Metric ruler, rubber bands, Micrometer.  

 

 
 

 

 The method of work 
 

1. Select (10 or 5) of dozen of the same diameter .  

2. Clamp the tube vertically and fill it with glycerin .  
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3.By means of rubber bands put two paper round the tube a fixed distance 

about (30,25,20,15,10) cm .  

4. Now Drop a sphere centrally down the tube and with stop watch find 

the time it takes to traverse the distance between the rubber bands.  

 Calculations and results 

We record the obtained readings as in the following table 

X × 10
-2

  (m) t (sec) 

30  

25  

20  

15  

10  

 

Plot graph with values of (x (cm)) against values of  (t (sec)) and from 

graph calculate the terminal velocity (v) By using the value of velocity 

can be calculate (𝜼) in units of (Kg /m. sec) (pois) .  

 

 The Graph of the experiment. 

 

 x×10
-2

 (m) 

 

 

                       slope = v = x/t 

 

 

   t (sec)  
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Medical Physics Lab. 

Simple Pendulum 

Purpose: Find the gravitational acceleration. 

Experiment Theory: If the pendulum is removed from the settling 

position by a small lateral shift, it will move a simple harmonic motion. 

To study this movement, we need to know the forces acting on the 

pendulum during its movement, as in the shown figure (1), where a 

simple pendulum represents a thread length in it = L, and the weight 

suspended in it = m, and the linear displacement 

from equilibrium is (s) (the length of the arc).  

The forces affecting it are: 

1. The force of attraction of the earth to the 

body (𝑤 = 𝑚𝑔). 

2. The tension strength of the thread (T). 

From the figure, we note that the force of the 

Earth’s attraction to the object can be analyzed into 

two components: 

a) Radial component (along the pendulum) which is equal to: 

𝑹𝒆𝒅𝒊𝒂𝒍 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 = 𝒎𝒈 𝐜𝐨𝐬 𝜽 

Figure (1) 
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It causes the central acceleration that causes the pendulum to continue 

to move over the arc of the circle. 

b) Tangential component which is equal to: 

𝑻𝒂𝒏𝒈𝒆𝒏𝒕𝒊𝒂𝒍 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 = 𝒎𝒈 𝐬𝐢𝐧 𝜽 

It is the restoring force that tries to return the pendulum to a position 

of stability, and it is symbolized by a symbol (𝐹)  wherever: 

                         𝐹 = −𝑚𝑔 sin 𝜃…………………….(1) 

It is about the angular displacement. 

Note that:   the restoring force is proportional to the s(sin 𝜃) of the angle 

instead of the angle itself (i.e., the motion is not a simple harmonic) 

when the angle is very small (approaches zero), the sine of the angle 

approaches zero, meaning: 

             sin 𝜃 ≈ 𝜃 ,   𝐹 ≈ −𝑚𝑔 𝜃 … … … … … … . . (2) 

and as the displacement along the arc is: 

𝑠 = 𝐿𝜃                        𝜃 =
𝑠

𝐿
  

Substituting a value (𝜃) into equation (2) we get: 

          𝐹 = −𝑚𝑔 
𝑠

𝐿
               𝒐𝒓           𝐹 = −𝐾𝑋 … … … … . (3) 

 Where the force constant is given by: 

𝐾 =
𝑚𝑔

𝐿
 

and the displacement is given by: 

𝑋 = 𝑠 

By using equation (3), we can find the period of a pendulum for 

amplitudes less than about (15º): 
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                                                𝑇 = 2𝜋ට
𝑚

𝐾
… … … … … … . (4) 

Where 𝑚: mass of a vibrating body. 

            𝐾: constant that depends on the geometry of the vibrating body. 

What is meant by the vibrating body here is not only a simple 

pendulum, but other bodies that vibrate like a compound pendulum. 

Substituting the value of (𝐾) into the equation (4), we get: 

𝑇 = 2𝜋ඨ
𝑚

𝑚𝑔
𝐿

 

                       𝑇 = 2𝜋ට
𝐿

𝑔
………………..(5)  

Where 𝑇: is the oscillation time of a simple pendulum and equal 

 𝑇 =
1

𝑓
 , where 𝑓 is the frequency. 

Equation (5)  is shows: the only things that affect the period of a simple 

pendulum are its length and the acceleration due to gravity. By squaring 

both sides of the equation yields: 

𝑇2 = 4𝜋2
𝐿

𝑔
 

                    ∴ 𝒈 = 𝟒𝝅𝟐
𝑳

𝑻𝟐
… … … … … . (𝟔) 

Equipment: simple pendulum, stopwatch, metric ruler. 

Procedure:  

1. Measure the length (L) of the thread from the point of suspension 

to the middle of the bob as shown in the figure (2). 
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2.  Move bob using the hand at an angle not more than (10°) and 

leave it. 

3.  Count (20) complete oscillations, and read the required time 

when the (20th) oscillation is complete (𝑡20 ) using a stopwatch 

(The stopwatch is started when the pendulum crosses the 

equilibrium position to any one side. When it passes the 

equilibrium position in the same direction the next time it has 

completed one oscillation). 

4. Repeat the experiment for different lengths, and take observation 

of the time for (20) oscillation for each new length. 

5.  Tabulated the reading as the Table: 

 Length 

L (cm) 

Time for 20 

Oscillation 

𝒕𝟐𝟎(𝒔𝒆𝒄) 

Time for 1 

Oscillation  

𝑻 = 𝒕𝟐𝟎 𝟐𝟎 (𝒔𝒆𝒄)Τ  

 

𝑻𝟐(𝒔𝒆𝒄𝟐) 

    

Figure (2) 
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6. Plot a graph (L) on the x-axis against ൫𝑇2൯ of on the y-axis. Make 

the "best fit line" to obtain the slope of this line. The reciprocal of 

slope must multiplied by to calculate the gravity acceleration 

according to Equation (6) and we get: 

𝑔 = 4𝜋2 × 𝑠𝑙𝑜𝑝𝑒 

Where: 

𝑠𝑙𝑜𝑝𝑒 =
𝐿

𝑇2
 

Questions of the Experiment:  

Q1/ Define gravity acceleration and how it changes in height or 

decrease from sea level? 

Q2/ Why do we move the pendulum at a small angle of less than (10°) 

degrees? 

Q3/ Does the oscillation time of the pendulum depend on the mass of 

the weight of the thread? and why? 
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Friction Experiment 

 

 

 

 The Aim of Experiment: 

Determining the Coefficient of Static Friction (μs) between two Surfaces. 

 Theory: 

Frictional force is defined as the resistance or resistance to the movement 

of an object against an object, this force depends on the nature of the 

surface, does not depend on the area of the two contact surfaces. The 

contact between the two bodies and its direction is opposite to the 

direction of the acting force. 

If a small drag force (F) is applied to an object (A) lying on a horizontal 

surface(B) as shown in Figure (1).  

 Figure (1) 
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Although the body does not move, a force is generated between the two 

bodies, equal to and opposite to the drag force (f) If the force ((f) Force of 

friction) increases in the direction and this force is called the frictional 

force, the frictional force increases with it until the body begins to move, 

and this force is called the frictional force After the body starts to move 

from rest it is called (Force of static friction (fs)) Force The force required 

to maintain its movement at a constant speed and in a straight line by the 

force of sliding friction (of kinetic) friction (fk). 

The frictional force is proportional to the compressive force between the 

two friction objects, i.e. Figure. (2) : 

f= μ N…..……………….(1) 

 

 

Figure (2) 

Where (μ) represents a constant quantity called the coefficient of friction, 

and (N) Compressive force (the vertical force on the surface to which the 

body rides). 

There are two types of friction: kinetic and static. Kinetic friction is the 

friction between surfaces in relative motion: 

       ……………….(2) 

      is the coefficient of kinetic friction. 
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 Static friction describes the frictional forces between the surfaces of 

two objects that are at rest with respect to each other. 

      …………….(3) 

   is the coefficient of Static friction. 

 Tools: Wooden block, Loader, Thread, a sloping plane (inclined plane), 

Balance, Pulley. 

 

 The method of work: 

A. Determining the coefficient of static friction (μs) using 

the inclined surface method: 

Static friction: 

When you want to push a heavy object, static friction is the force that you 

must overcome in order to get it moving. The magnitude of the static 

frictional force, (fs) satisfies as equation (3): 

Once the applied force exceeds this threshold the object will begin to 

move. A common example of a static friction force is that of a stationary 

mass on an incline. Figure (3) depicts the free-body diagram of this case. 

 

 

If the angle at which the mass begins to slide is known, we can determine 

(μs) by decomposing the forces into the Cartesian coordinates, x, y, as 

Figure (3) Free-body diagram of a mass on an incline 
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given in Figure (3). Since we are interested in the instant at which 

movement begins, we are dealing with an object in equilibrium. Thus, the 

resultant force in both the x and y directions must be zero. Analysis of the 

forces in the x direction yields: 

           ……………(4) 

Following a similar procedure for the y direction yields 

          ………………(5) 

However, we know that at the instant that the mass begins to move 

      …………………… (6) 

Thus, by substituting (4) into (5) and equating the result with (6) we can 

solve for (  ) as follows: 

                   

        …………………(7) 

 

B. Determining the coefficient of static friction (μs) using 

the horizontal surface method: 

 

1. Calculate the mass of the piece of wood using the scale (   (Kg)). 

2. Put the wooden piece on the horizontal surface of the device and 

tie its end with a fine thread passing on a Pulley It is smooth and 

the thread ends with a weight holder, as shown in Figure (4): 

 
Figure (4) 
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3. Add appropriate weights at the end of the stand that represent 

        So that the piece of wood is moving at a constant speed. 

4. Calculate the value of pulling force = mass of hanging weight × 

acceleration: 

        

5.  Put weights on the wooden block So the mass of the timber with 

the weights in it: 

          

Where      plank block (Kg),      weights placed on the wooden block 

(Kg). 

6. Find the compressive force from the equation: 

        

7. Repeat the steps (3,4) Different values of gravity      . 

8. Sort your results according to the following Table: 

 

             

(Nt) 

             

(Nt) 

    

9. Draw the graphical relationship between the pulling force (F(Nt)) 

on the y-axis and the compressive force (N) on the x-axis you will 

get a straight line inclined representing the coefficient of friction 
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 Questions:

Q1) A skier with a mass of (62 kg) is sliding down a snowy slope at a 

constant velocity. Find the coefficient of kinetic friction for the skier 

if friction is known to be (45 N). 

 

 

Q2) Derive the unit of coefficient of friction 
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Focal Length of Convex Lens 

 

 

 The Aim of Experiment: 

Determine the focal length of a spherical convex lens. 

 Theory: 

There are two basic types of lenses: convex and concave. 

 

A convex lens is also known as a converging lens. A converging lens is a 

lens that converges rays of light that are traveling parallel to its principal 

axis. They can be identified by their shape which is relatively thick across 

the middle and thin at the upper and lower edges. The edges are curved 

outward rather than inward. As light approaches the lens, the rays are 

parallel. As each ray reaches the glass surface, it refracts according to the 
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effective angle of incidence at that point of the lens. Since the surface is 

curved, different rays of light will refract to different degrees; the 

outermost rays will refract the most. This runs contrary to what occurs 

when a divergent lens (otherwise known as concave, biconcave or plano-

concave) is employed. In this case, light is refracted away from the axis 

and outward. 

Focal Length Physics 

The focal length of a lens f is the distance from a lens to the focal point 

F. Light rays traveling parallel to the optical axis of a convex or a 

concavo-convex lens will meet at the focal point. 

A convex lens converges parallel rays to a focal point with a positive 

focal length. Because the light goes through the lens, positive image 

distances (and real images) are on the opposite side of the lens from the 

object. The image will be inverted (up-side down) relative to the actual 

image. 

Focal Length Formula 

Finding focal length uses the focal length formula and requires knowing 

the distance from the original object to the lens u and the distance from 

the lens to the image v. The lens formula says that the inverse of the 

distance from the object plus the distance to the image equals the 

inverse of the focal distance f. The equation, mathematically, is written: 

 

 
 
 

 
 
 

 
  ………………………………………(1) 
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 Tools:  

Light Box, Object, Convex lens with lens holder, Screen, Metric ruler. 
 

 The method of work: 

Place the object at distance more than twice the rough value of 

focal length of the lens, and the then locate the position of the object on 

other side of lens on to a screen, then measure the distance of each 

Object and image from the lens . Each of these distance is represent 

(u) Object distance and image (v) distance, move the object at different 

values from the lens and record many such reading in the from of the 

table . 

u(cm) v(cm) 1/u(cm
-1

) 1/v(cm
-1

) 

    

 

Plot a graph of (1/u) against (1/v) . Draw the best straight line through the 

points 
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From graph ,for 1/v=0, 1/u=1/f1(cm
-1

)→f1 

                    for 1/u=0, 1/v=1/f2(cm
-1

 )→f2 

 

f=
     

 
 (cm) 

 Questions 

Q1) Compare a convex lens and a concave lens. 

Q2) Mention the applications of lenses in medicine. 
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Focal Length of Convex Lens 

 

 

 The Aim of Experiment: 

Determine the focal length of a spherical convex lens. 

 Theory: 

There are two basic types of lenses: convex and concave. 

 

A convex lens is also known as a converging lens. A converging lens is a 

lens that converges rays of light that are traveling parallel to its principal 

axis. They can be identified by their shape which is relatively thick across 

the middle and thin at the upper and lower edges. The edges are curved 

outward rather than inward. As light approaches the lens, the rays are 

parallel. As each ray reaches the glass surface, it refracts according to the 
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effective angle of incidence at that point of the lens. Since the surface is 

curved, different rays of light will refract to different degrees; the 

outermost rays will refract the most. This runs contrary to what occurs 

when a divergent lens (otherwise known as concave, biconcave or plano-

concave) is employed. In this case, light is refracted away from the axis 

and outward. 

Focal Length Physics 

The focal length of a lens f is the distance from a lens to the focal point 

F. Light rays traveling parallel to the optical axis of a convex or a 

concavo-convex lens will meet at the focal point. 

A convex lens converges parallel rays to a focal point with a positive 

focal length. Because the light goes through the lens, positive image 

distances (and real images) are on the opposite side of the lens from the 

object. The image will be inverted (up-side down) relative to the actual 

image. 

Focal Length Formula 

Finding focal length uses the focal length formula and requires knowing 

the distance from the original object to the lens u and the distance from 

the lens to the image v. The lens formula says that the inverse of the 

distance from the object plus the distance to the image equals the 

inverse of the focal distance f. The equation, mathematically, is written: 

 

 
 
 

 
 
 

 
  ………………………………………(1) 
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 Tools:  

Light Box, Object, Convex lens with lens holder, Screen, Metric ruler. 
 

 The method of work: 

Place the object at distance more than twice the rough value of 

focal length of the lens, and the then locate the position of the object on 

other side of lens on to a screen, then measure the distance of each 

Object and image from the lens . Each of these distance is represent 

(u) Object distance and image (v) distance, move the object at different 

values from the lens and record many such reading in the from of the 

table . 

u(cm) v(cm) 1/u(cm
-1

) 1/v(cm
-1

) 

    

 

Plot a graph of (1/u) against (1/v) . Draw the best straight line through the 

points 
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From graph ,for 1/v=0, 1/u=1/f1(cm
-1

)→f1 

                    for 1/u=0, 1/v=1/f2(cm
-1

 )→f2 

 

f=
     

 
 (cm) 

 Questions 

Q1) Compare a convex lens and a concave lens. 

Q2) Mention the applications of lenses in medicine. 
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Friction Experiment 

 

 

 

 The Aim of Experiment: 

Determining the Coefficient of Static Friction (μs) between two Surfaces. 

 Theory: 

Frictional force is defined as the resistance or resistance to the movement 

of an object against an object, this force depends on the nature of the 

surface, does not depend on the area of the two contact surfaces. The 

contact between the two bodies and its direction is opposite to the 

direction of the acting force. 

If a small drag force (F) is applied to an object (A) lying on a horizontal 

surface(B) as shown in Figure (1).  

 Figure (1) 
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Although the body does not move, a force is generated between the two 

bodies, equal to and opposite to the drag force (f) If the force ((f) Force of 

friction) increases in the direction and this force is called the frictional 

force, the frictional force increases with it until the body begins to move, 

and this force is called the frictional force After the body starts to move 

from rest it is called (Force of static friction (fs)) Force The force required 

to maintain its movement at a constant speed and in a straight line by the 

force of sliding friction (of kinetic) friction (fk). 

The frictional force is proportional to the compressive force between the 

two friction objects, i.e. Figure. (2) : 

f= μ N…..……………….(1) 

 

 

Figure (2) 

Where (μ) represents a constant quantity called the coefficient of friction, 

and (N) Compressive force (the vertical force on the surface to which the 

body rides). 

There are two types of friction: kinetic and static. Kinetic friction is the 

friction between surfaces in relative motion: 

       ……………….(2) 

      is the coefficient of kinetic friction. 
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 Static friction describes the frictional forces between the surfaces of 

two objects that are at rest with respect to each other. 

      …………….(3) 

   is the coefficient of Static friction. 

 Tools: Wooden block, Loader, Thread, a sloping plane (inclined plane), 

Balance, Pulley. 

 

 The method of work: 

A. Determining the coefficient of static friction (μs) using 

the inclined surface method: 

Static friction: 

When you want to push a heavy object, static friction is the force that you 

must overcome in order to get it moving. The magnitude of the static 

frictional force, (fs) satisfies as equation (3): 

Once the applied force exceeds this threshold the object will begin to 

move. A common example of a static friction force is that of a stationary 

mass on an incline. Figure (3) depicts the free-body diagram of this case. 

 

 

If the angle at which the mass begins to slide is known, we can determine 

(μs) by decomposing the forces into the Cartesian coordinates, x, y, as 

Figure (3) Free-body diagram of a mass on an incline 
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given in Figure (3). Since we are interested in the instant at which 

movement begins, we are dealing with an object in equilibrium. Thus, the 

resultant force in both the x and y directions must be zero. Analysis of the 

forces in the x direction yields: 

           ……………(4) 

Following a similar procedure for the y direction yields 

          ………………(5) 

However, we know that at the instant that the mass begins to move 

      …………………… (6) 

Thus, by substituting (4) into (5) and equating the result with (6) we can 

solve for (  ) as follows: 

                   

        …………………(7) 

 

B. Determining the coefficient of static friction (μs) using 

the horizontal surface method: 

 

1. Calculate the mass of the piece of wood using the scale (   (Kg)). 

2. Put the wooden piece on the horizontal surface of the device and 

tie its end with a fine thread passing on a Pulley It is smooth and 

the thread ends with a weight holder, as shown in Figure (4): 

 
Figure (4) 
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3. Add appropriate weights at the end of the stand that represent 

        So that the piece of wood is moving at a constant speed. 

4. Calculate the value of pulling force = mass of hanging weight × 

acceleration: 

        

5.  Put weights on the wooden block So the mass of the timber with 

the weights in it: 

          

Where      plank block (Kg),      weights placed on the wooden block 

(Kg). 

6. Find the compressive force from the equation: 

        

7. Repeat the steps (3,4) Different values of gravity      . 

8. Sort your results according to the following Table: 

 

             

(Nt) 

             

(Nt) 

    

9. Draw the graphical relationship between the pulling force (F(Nt)) 

on the y-axis and the compressive force (N) on the x-axis you will 

get a straight line inclined representing the coefficient of friction 
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 Questions:

Q1) A skier with a mass of (62 kg) is sliding down a snowy slope at a 

constant velocity. Find the coefficient of kinetic friction for the skier 

if friction is known to be (45 N). 

 

 

Q2) Derive the unit of coefficient of friction 
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Physics of Lung and Breathing 

(Part Two) 

Measurement of Lung Volume 

The volume of the lungs during different stages of normal and deep 

breathing is a good diagnostic of lung functionality. It is easily measured 

using a Spirometer :It is a device used to measure air flow into and out 

of the lungs and record it on a graph of volume versus time (which is 

shown by the Fig.1). 

 

Fig.1: (a) Lung volume changes during breathing cycles, (b) along with a 

schematic of a spirometer 
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Respiratory Volumes and Capacities 

Tidal Volume (TV) : It is the volume of air inhaled with each breath 

during normal breathing at rest (~ 500 cm
3
). During heavy exercise the 

tidal volume is considerably large. 

Inspiratroy Reserve Volume (IRV): It is the additional air taken at the 

end of inspiration, which is possible with some effort to further fill the 

lungs with air. 

Expiratory Reserve Volume (ERV) : It is the additional expired air, 

which can be forced out of the lungs at the end of normal expiration. 

Inspiratory Capacity (IC) :Is the maximum amount of air that can be 

inspired after a normal expiration. IC is the sum of TV and IRV. (TV + 

IRV = IC)  

Functional Residual Capacity (FRC): It is the air remaining in the 

lungs after a normal respiration where the stale air mixes with the fresh 

air of the next breath .-It's been mentioned in the past lecture (Lec. 

seven)-  

Vital Capacity (VC): Is the maximum amount of air that can be 

forcefully expelled from the lungs after an extended or complete 
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inspiration. VC is the sum of IRV, TV, and ERV. (IRV + TV + ERV = 

VC). 

Residual Volume (RV): It is the amount of air stale in lungs after vital 

capacity, which is ~1lit for adult. 

Total Lung Capacity(TLC) : Total volume of air accommodated in the 

lungs at the end of a forced inspiration. This includes (RV + IRV + TV + 

ERV = TLC). 

Anatomical and physiological Dead Spaces 

They are spaces in the respiratory system at which air does not provide 

O2 to the body:  

 Anatomical dead space (A.D.S) 

 In the conducting airways (nose, mouth, pharynx, larynx, trachea, 

bronchi and bronchioles) there is no significant exchange of O2 & CO2 

between gas and blood, the internal volume of the airways is called the 

anatomic dead space. The volume of air in the anatomical dead space= 

150 cm
3
. 

 Physiological Dead Space (P.D.S) 

 In some diseases, some air reach the alveoli are poorly perfused by the 

blood capillary, result in poor ventilation-perfusion relationship 

increasing the physiological dead space. The volume of air in the 

physiological dead space= 350 cm
3
. 

500 cm
3

 = 150 cm
3 

 (A.D.S) + 350 cm
3
 (P.D.S) 
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Pressure – airflow – Volume relationships in the Lung 

The lungs of a healthy individual need small P to cause air to flow into or 

out of them ,which is few cm of H2O as in Fig (2). 

 

 

Fig (2): Pressure  in the  Lung 

The increase pressure and decreased air flow for a patient with narrowed 

airway during expiration and increased airflow into or out of the normal 

lungs as in fig 2 and 3. 

 

Fig (3): Air flow rate air in the Lung 

The pressure-airflow-volume 

relationship

+5

-5
inspiration expiration

patient

normal

Pressure 

(cmH20)

Time (sec)

Flow rate (liter/ min)

Time (sec)

inspiration expiration

patient

normal
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The lung volume during breathing cycle for a normal and for a patient 

with narrowed airways as in Fig. 4 

 

Fig (4): The lung volume  

 

The Pressure – Volume (P.V.) Curve 

The esophagus reflects the pressure between the lungs and chest wall the 

pressure in the esophagus “can be measured with a pressure gauge which 

in normally (-10 mm Hg) due to the elasticity of the lungs. 

 

inspiration expiration

Time (sec) 

Volume 

(liters) patient

normal
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Fig. 5: The P.V. Curves for chest alone. The lungs alone, and the 

chest combined 

From P.V. Curve: 

1- If the chest wall (alone) ;i.e. without interaction with lung the 

volume =2/3 of total vital capacity at P= o 

The lung would collapse & have no air volume. 

2- If the chest wall & lung together; 

The volume = 30 % of vital capacity (come to Relaxation volume 

FRC) at P=o. 

The volume = 60 % of vital capacity, the pressure = +10 cm .H2O, 

This pressure is called Relaxation pressure & is produced by elastic 

properties of the lung. 

Compliance (C) 

 It is an important physical characteristic of the lungs: 

(Is the change in the Volume produced by a small change in Pressure). 
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Where        in the unit of the (Liter) and           in the unit of the 

(cm.H2O). 

In Normal adult, the range of compliance = 0.18 – 0.27 (lit / cm.H2O) 

 A Stiff lung (Fibrosis) has a small ΔV for large Δ P. 

   
        

         
                

 A Flabby lung has large ΔV and a small ΔP 

   
        

        
                              

 

Example (1) 

Determine the compliance of the lungs for each condition (within the 

lowest 5 cm.H2O pressure range & volume 1 Lit)? 

Solution: 

  
  

  
 

  
 

 
 

      lit / cm.H2O 

 

Airways Resistance (Ra) 

Airway resistance is a concept used in respiratory physiology to describe 

mechanical factors which limit the access of inspired air to the pulmonary 

alveoli, and thus determine airflow. It is the amount of pressure required 

to deliver a given flow of gas and is expressed in terms of a change in 

pressure (P) divided by flow (fr). During inspiration the forces on the 

airways tend to open them further, during expiration the forces tend to 

http://en.wikipedia.org/wiki/Respiratory_physiology
http://en.wikipedia.org/wiki/Pulmonary_alveoli
http://en.wikipedia.org/wiki/Pulmonary_alveoli
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close the airways and thus restrict airflow. For a given lung volume, the 

expiratory flow rate reaches a maximum and remains constant; it might 

even decrease slightly with increased respiratory force.  

Air way resistance can be calculated by the law:  

Ra=
                  

                 
=
               

  
 

           

              
 …………………(2) 

(Ra) depends on the dimensions of the airway and the viscosity of the 

gas. for typical adult Ra= 3.3 cm.H2O / (Lit/sec). 

Example (2) 

 In both inspiration and expiration, a pressure difference of (0.4 

cm.H2O) causes a flow of (0.15 L/s) in the nose. Determine the flow 

resistance in it? 

Solution: 

Ra 
     

     
    

      

    
       cm.H2O/ (Lit/sec). 

Example (3) 

 If Ra = (3) cm H2O/(liter/sec) , what air flow rate would occur at an 

expiratory pressure difference of (100 mm H20) ? 

Solution: 

         10
-1 

cm 

Ra 
               

  
 

     
  

  

    fr=  
     

  
  

             

 
  → fr = 3.33 liter/sec 
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The Time Constant 

When the respiratory system is subjected to P, time is needed
 
until V 

occurs, and the time necessary to inflate 63% of its
 
volume is called the 

Time Constant (TC). The time constant of the lung is related to the 

airway resistance (Ra) & the Compliance.(C)  

TC (sec) = Ra C ……………………………………………………….(3) 

From equations (1)&(2) we get 

TC= 
  

  
   

  

     
 …………………………………………………………(4) 

The time constant (T) of the lung is complicated, since many parts of the 

lungs are interconnected. If one part has large (T) than others parts, it will 

not get its share of the air and that part of the lung will be poor ventilated.  

Disorders of  Respiratory System  

Asthma Is a difficulty in breathing causing wheezing due to 

inflammation of bronchi and bronchioles. 

Emphysema Is a chronic disorder in which alveolar walls are damaged 

due to which respiratory surface is decreased. One of the major causes of 

this is cigarette smoking. 

Occupational Respiratory Disorders: In certain industries, especially 

those involving grinding or stone-breaking, so much dust is produced 

that the defense mechanism of the body cannot fully cope with the 

situation. Long exposure can give rise to inflammation leading to fibrosis 

(proliferation of fibrous tissues) and thus causing serious lung damage. 

Workers in such industries should wear protective masks. 
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Physics of Eye and Vision 
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Our eyes image a source onto light-sensitive retinas. Cells in the retina 

convert the imaged light into electrical signals. This information is 

carried to the brain by neurons via the optic nerve. The visual cortex in 

the brain processes this information, and we somehow perceive a visual 

image. 

Structure of the Eye 

Figure (1) shows the structure of the human eye. The eye is roughly 

sphere, approximately (2.4 cm) in diameter. All vertebrate eyes are 

similar in structure but vary in size. Light enters the eye through the 

cornea, which is a transparent section in the outer cover of the eyeball. 

The light is focused by the lens system of the eye into an inverted image 

at the photosensitive retina, which covers the back surface of the eye. 

Here the light produces nerve impulses that convey information to the 

brain. The focusing of the light into an image at  the retina is produced by 

the curved surface of the cornea and by the crystal line lens inside the 

eye. The focusing power of the cornea is fixed. The focus of the 

crystalline lens, however, is alterable, allowing the eye to view objects 

over a wide range of distances. 
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Fig.1: Structure of the eye 

Vision Elements of the Eyes  

1. The cornea: It is the clear transparent bump on the front of the eye 

that does about two-third of focusing of light. 

2. The Iris: It is the colored part of the front eye. The function of iris 

is adaptation of vision from light to dark and vice versa.   It is 

believed that the iris aids the eye by increasing or decreasing 

incident light  on the retina until the retina to adapted the new 

lighting condition.  In addition, under bright light conditions it 

plays an important role reducing lens defects. 

3.  The Pupil: It is the small opening in the center of iris where light 

enters the lens. It appears black because essential all of the light 
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that enters is  absorbed inside the eye.  (Under average light 

conditions, the opening is about ≈ 4mm). It can change from ≈3mm 

in diameter in bright light to 8mm in diameter in dim light. The 

physiologic reason form this change in size is not clear.  

4. The lens: It is variable in shape and has the ability to focus 

objects at various distances at both its front and back surfaces. It is 

more curved in the back than in the front. The focusing power of 

lens is smaller than that of the cornea (1/3), because it  is 

surrounded by substance that have indexes of refraction close to its 

own. The lens is made up of layers somewhat like onion and all 

layers do not have  the same n.  

  

5. The aqueous humor: It fills the space between the lens and the 

cornea.  

  

6. The Vitreous humor: Is a clear jelly-like substance that fills the 

large space between the lens and the retina. It helps to keep the 

shape  of the eye fixed and is essentially  permanent.  

  

7. The sclera: Is the tough, white, light .. tight covering over all of 

the eye excep  the cornea.  

  

8. The Retina: The light sensitive part of the eye. It converts the 

light image into electrical nerve impulses that one sent to the brain. 
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The Physical Aspects of the Retina  

Retina  consists of millions of photo-receptors  called rods (1.3x10
8
) and 

cones (7x10
6
) .These structures send electrical impulses to  the brain via 

the optic nerve Converts light energy into electrical energy. 

The absorption of light by the rods and cones is a fundamental quantum 

mechanical process in which one photon (or quantum) of light 

The energy of a photon is –(return to Lecture 4 -Heat and Cold in 

Medicine- eqution (2)) - : 

E = hυ  = 
   

 
………………..…………………………………………...(1) 

 

where h is Planck’s constant (6.626 × 10
−34

 J/s), ν (or f) is the frequency 

of the light, c is the speed of light (3×10
8
 m/s), and λ is the wavelength of 

light. 

The Rods and Cons are distributed symmetrically in all directions from 

the visual axis  except in one region the blind spot. 

Image Formation 

Figure (2) shows how an object or source is imaged by a convex 

(converging or positive) lens. By convention in optics the object is placed 

a positive distance d1 to the left of the lens and optical rays propagate 

from the left to the right. The object has a size (or height) y1. For a 

convex lens the focal length f is positive, hence the name positive lens. 

The central axis (the z-axis) is known as the optic axis. All rays passing 

through the lens form an image a positive distance d2 to the right of the 

lens, where d2 is given by the lens equation: 
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Fig. (2): Imaging by a thin, positive lens 

 

A real image forms at d2 when d1 >f, which means that you will see the 

image at d2 if you place a screen, such as a piece of paper, there. The 

image is inverted and its size y2 is magnified by M = d2/d1 (the transverse 

magnification). This can be seen from the triangles in Fig.(2) that give 

y1/d1 = y2/d2, so the magnification is: 

  
  

  
 

  

  
                               

For the eye: 

The characteristics of the image on retina are  (Fig.3): 

1. Real  

2. inverted  

3.  small size  



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/Lecture Night 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  7 
 

 

Fig.(3): There is a simple relationship between the object and image 

size and the object, image distances. 

 

I: is image size, Q: is image distance, O: is object size, p: is object 

distance . 

The magnification is: 

  
               

              
 

 

 
                     

 

 In order to discuss the strength of a corrective lens for a defective eye we 

need to review the basic equations of simple lenses. There is a simple 

relationship between the focal length F, the object distance (p), and the 

image distance (Q) of a thin lens 

 

 

 
 

 

 
 

 

 
                              

If (f) is measured in meters, then (1/f) is the lens strength in diopters (D). 

That is, a positive (converging) lens with a focal length of 0.1 m has a 
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strength of 10 D. The focal length (f) of a negative (diverging) lens is 

considered negative. A negative lens with a focal length of 0.5 m has a 

strength of -2 D. 

 

The Power of Accommodation 

Ciliary muscles around lens change its shape and focal length. The eye 

can focus on objects both close and far Fig.(4)  . 

The “far point” and “near point” are the maximum and minimum object 

distances where the image remains in focus. 

 

Fig.(4) “far point” and “near point” 

 

1. The object distance (near point) for normal eye:                                                                                                                                          

object distance: p  = 25 cm  =  0.25 m ,   Image distance:  Q=20 

mm = 0.02 m,   Focal length of the lens = f.        

Power of lens ( Pn ) = 
 

 
 

 

 
 

 

 
  (diopter) 

Pn = 
 

    
 

 

    
 

Pn = 4 + 50 = 54 D 

2.  The far point of normal eye = ∞: 

object distance p =∞ ,Image distance Q = 20 mm = 0.02 m.        
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Power of lens ( Pf ) = 
 

 
 

 

 
 

 

 
  (diopter) 

Pf = 
 

 
 

 

    
 

 

Pf = 50 D         

Power of accommodation = Pn – Pf = 54 – 50 = 4 D  

  The range of accommodation of the eye decreases with age as a result of 

loss in elasticity of lens 

Optical Defects of the Eyes 

The relaxed normal eye focuses parallel light onto the retina (Fig. 5). 

 

Fig .(5):The normal eye. 

There are four common defects in vision associated with the focusing 

system of the eye: Myopia (nearsightedness, Short sight), Hyperopia 

(farsightedness, Long sight), Astigmatism and Presbyopia (old sight). 
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1. Myopia (Short sight): The eyeball is too long and parallel ray is 

focused in front of the retina. Therefore only near objects can be seen 

clearly. Near point <  25cm, far point ≤ ∞.  

The defect can be corrected by use  of spectacles, which employ 

diverging  spectacle lenses  (negative lens). Fig .(6) 

 

Fig .(6): (a) Myopia. (b) Its correction 

 

2. Hyperopia (Long sight): The eyeball is too short, and parallel rays       

are focused to a point behind the retina. Therefore the near point is much 

further  from the eye than normal. Near point > 25 cm, far point = ∞. 

The defect can be corrected by using converging spectacle lenses 

(Positive lens). Fig .(7) 

 

Fig .(7) : (a) Hyperopia. (b) Its correction. 
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3. A stigmatism: when a stigmatism is present, point objects do not form 

clear point images on the retina. This is normally due to the corneas 

having an  equal curvature in different directions. (25 → ∞). 

 The defect is corrected by the use of cylindrical spectacle lenses with 

axes about 0 → 180. Fig .(8) 

   

Fig .(8): Cylindrical lens for astigmatism. 

 

3. Presbyopia (old sight): As people get older, the ciliary muscles 

weaken and the lens losses some of its elasticity. In order to 

compensate, converging spectacle lenses are employed a the case 

of hyperopia. 
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Example (1): 

 

If a source is 20 cm in front of (to the left of) the primary focal point 

and the image is 5 cm to the right of the secondary focal point, Find 

the  power of the lens? 

Solution: 

 

Pn  = 
 

 
 

 

 
 

 

 
 

object distance: p  = 20 cm  =  0.2 m ,   Image distance: Q= 5 cm =0.05 m 

Pn  = 
 

   
 

 

    
 

Pn = 5+20 

 Pn=25 1/m 

Pn = 25 D 

 

Example (2):  

Determine the strength of lens needed to correct myopia eye with a 

far- point of (1m) ? We consider the image ( lens to retina ) distance 

to be 2 cm (0.02 m) . 

Solution: 

The far point of normal eye = ∞ → object distance p =∞ ,Image distance 

Q = 0.02 m.        
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1/f = 0 + 1/0.02 = 50 D 

1/f = 1/p + 1/Q =1/0.02 + 1/1 = 51 D 

The strength of lens = 50-51 = -1D 

A negative lens of -1 D will correct his vision. 

    

 



 lec10                    
فيزياء طبية

• Light in Medicine
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 Nature of Light

Light and other electromagnetic radiation behave as if 
composed of small 

packets (quanta) of energy. These packets of energy are
called photons. 

For a given frequency υ of the radiation, each photon 
has a fixed amount 
of energy E which is:

 
E = h υ = h c/λ .……………………………………(1)

where h : Plan's constant = 6.6×10-34 (joule/sec) ,υ : 
frequency of 

radiation , λ wave length of radiation , c : velocity of 
light.
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  2-Properties of light

1- The speed of light changes when it goes from one 
material into 

another Fig.(1). The ratio of the speed of light in a 
vacuum to its 

speed in a given material is called the index of 
refraction that we 

will discuss later-.. If a light beam meets a new material
at an angle 

other than perpendicular, it bends, or is refracted
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The speed of light when it goes from one material into 
another given by 

equation: n=c/v…………….(2)
 
  
c: Speed of light in vacuum, v: Speed of light in 
material , and 

n; Refractive index 
 

Dr. Saja Esmaeel Khaleel



2- Light behaves both as a wave and as a particle. As a 
wave, it 

produces interference and diffraction, which are of 
minor importance in medicine. As a particle, it can be 
absorbed by a 

single molecule. When a light photon is absorbed

 its energy is 
used in various ways. It can cause a chemical change in 
the
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molecule that in turn cause an electrical change. This 
is basically 

what happens when a light photon is absorbed in one 
of the sensitive cells of the retina (the light-sensitive 
part of the eye).-Lec

3- When light is absorbed, its energy generally appears
as heat. 

This  property is the basis for the use in medicine of 
Infrared (IR) light to 
heat tissue

4- Sometimes when a light photon is absorbed, a lower
energy light 

photon is emitted. This property is known as 

fluorescence; as you  may guess, it is the basis of the 
fluorescent light bulb. 
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Certain materials fluoresce in the presence of 
Ultraviolet (UV) light, 

sometimes called "black light" and give off visible light. 
The 
amount of fluorescence and the color of the emitted 
light 

depend  on the wavelength of the Ultraviolet (UV) light 
and on the  chemical composition of the material that is
fluorescing. 

5- Light is reflected to some extent from all surfaces. 
There are two 

types of reflection. 

* Diffuse reflection occurs when rough surfaces scatter 
the  light in many directions.
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 *Specular reflection is a more useful type of reflection; it
is  obtained from very smooth shiny surfaces such as 
mirrors 

where the light is reflected at an angle that is equal to 
the angle  at which it strikes the surface.

 Measurement of Light and Its Units

The three general categories of light (Ultraviolet (UV)- 
VisibleInfrared (IR)) are defined in terms of their 
wavelengths (λ). Wavele

of light used to be measured in

Dr. Saja Esmaeel Khaleel



Microns                                           1 μ =10-6 m

Angstroms

Nanometer                                      1 nm = 10-9 
m

1 Aᵒ= 10- 10 m

1. Ultraviolet (UV) light: λ= 100 ~ 400 nm 

2. Visible light: λ = 400 ~ 700 nm

3. Infrared (IR) light: λ =700 ~ 10,000 nm.

Units of light

1-Photometric unit for visible light (Table.2).

Illuminance; the quantity of light striking a surface

Luminace; the intensity of a light source

Dr . Saja Esmaeel Khaleel



2. Radiometric unit for all lights (Table.2).

Irradiance: quantity of light striking a surface.

Radiance: intensity of a light source.

Light has wavelengths much shorter than TV and 
radio waves but  much longer than x-rays and gamma 
rays. 

Dr. Saja Esmaeel Khaleel



 Visible light has energies  ranging from 2 ~ 4 eV. For 
comparison, the kinetic energy of a 

molecule in air at room temperature is about 0.025 eV 
and the energy  of a typical x-ray photon used in 
medicine is about 50,000 eV, 50 KeV 
(Fig.2).

Note: 1 eV=1.6×10-19 Joul

Dr. Saja Esmaeel Khaleel



 Application of Visible Light in Medicine:

1. Endoscope: a number of instruments are used for 
viewing internal  body cavities

Dr. Saja Esmaeel Khaleel



2. Gyroscopes: are used to examine the bladder.

3. Bronchoscope: are used for examining the air 
passages into lungs.  Some endoscopes are rigid tubes 
with a light source to illuminate area 

of interest. Flexible endoscopes can be used to obtain 
information from  regions of the body that cannot be 

examined with rigid endoscopes, 
such as the small intestine and much of large intestine

Dr. Saja Esmaeel Khaleel



 Application of Ultraviolet (UV) and Infrared (IR) 
light  in Medicine:

• Ultraviolet photons have energies than visible 
and IR light. Because of their higher energies, 
Ultraviolet photons are more  useful than IR 
photons

- Ultraviolet can kill germs and used to sterilize 
medical  instruments.

- Ultraviolet produces more reaction in the skin 
some of these 

- reactions are beneficial, and some are harmful

Dr. Saja Esmaeel Khaleel



 Beneficial effects of Ultraviolet light from the sun is 
the  conversion of molecular products in the skin into
vitamin D.

- Harmful effects of Ultraviolet light can produce 
sunburn. Solar  Ultraviolet light is also cause of 
skin cancer in humans.

Two types of IR photography are used in medicine:

1. Reflective IR photography, which uses 
wavelength of 700 to 900  nm to show patterns 
of veins just below the skin

2.   Emissive IR photography uses the long IR heat 
waves emitted by  the body that give an indication of 
the body temperature, is usually  called thermograph.

Dr. Saja Esmaeel Khaleel



 Laser
Laser is “Light Amplification Stimulated Emission by 
Radiation”.

A laser is a unique light source that emits a narrow 
beam of light of a  single wavelength (monochromatic 
light) in 

which each wave is in phase  with the others near it 
(coherent light).

 Properties of a Laser
1. Monochromaticity – same λ or frequency.
2. Directivity.
3. Highly correlated photons for long distances.
4. High energy- density.

 Principle of Laser Action

Therefore three process of light emission:

1.Absorption
2. Spontaneous Emission
3. Stimulated Emission

Dr. Saja Esmaeel Khaleel



 Laser in Medicine

The laser is routinely used in clinical medicine only in 
ophthalmology.  Its effectiveness in treating certain 

types of cancer and its usefulness as a  "bloodless 
knife" for surgery are under active investigation. 
Lasers are 

used in medical research for special three-dimensional
imaging called  holography.

Dr. Saja Esmaeel Khaleel



In ophthalmology lasers are primarily used for 
photocoagulation of the  retina, that is, heating a 

blood vessel to the point where the blood 
coagulates and blocks the vessel

Dr. Saja  Esmaeel  Khaleel
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Physics of Ear and Hearing  
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The sense of hearing involves: -  

1. The mechanical system that stimulates the hair cells in the cochlea.  

2. The sensors that produce the action potentials in the auditory nerves.  

3. The auditory cortex, the part of the brain that interprets the signals 

from the auditory nerves.  

Deafness or hearing loss results if any of these parts malfunctions.  

The ear is a cleverly designed converter of very weak mechanical 

waves in air into electrical pulses in the auditory nerve. 

 Structure of the Ear. 

The ear consists of the outer, middle, and inner   ear (Fig.1):  

 

Fig.1 :  Anatomy of human ear 
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1. The outer ear 

The outer ear does not refer, as you might think, to the visible part of the 

ear, which in medical jargon is called the external auricle or pinna. The 

outer ear is the external auditory canal, which terminates at the eardrum. 

The outer structure, or auricle, is the least important part of the hearing 

system; it aids only slightly in funneling sound waves into the canal and 

can be completely removed with no noticeable loss in hearing, although 

its removal will not help anyone's appearance. The external auditory 

canal, besides being a storage place for ear wax, serves to increase the 

ear's sensitivity in the region of 3000 to 4000 Hz. 
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The eardrum, or tympanic membrane, is about 0.1mm thick (paper thin) 

and has an area of about 60 mm
2
. It couples the vibrations in the air to the 

small bones in the middle ear. Because of the off-center attachment of the 

malleus, the eardrum does not vibrate symmetrically like a drumhead. 

 

However, it is clear that the actual movement of the eardrum is 

exceedingly small since it must be less than the movement of the air 

molecules in the sound wave. This movement at the threshold of hearing 

at 3000Hz is about 10-9cm. At the threshold of hearing at the lowest 

frequencies that we can hear (~20Hz), the motion of the eardrum may be 

as large as 10-5cm. It is possible for sound pressures above 160dB to 
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rupture the eardrum. A ruptured eardrum normally heals just as other 

living tissue does.  

Note: (dB Decibel , unit for expressing the ratio between two physical quantities, 

usually amounts of acoustic for measuring the relative loudness of sounds. One 

decibel (0.1 bel) equals 10 times the common logarithm of the power ratio) 

 

2.  The middle ear: 

 It is a small air-filled cavity separated from the outer ear by the eardrum 

and houses the ossicles ,which are full adult size bones before birth (the 

fetus can hear while it is still in the womb). (Fig. 2) 

The ossicles :  

The three bones are  :  

a. The hammer (malleus).  

b. The anvil (incus).  

c. The stirrup (stapes).  
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Fig. 2: Middle ear in detail and visualization of partial and total uncoiling of the 

cochlea. 

They are connected to the walls of the inner ear by muscles that                          

act as a kind of automatic volume control. 

 

They play important role in:  
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 Matching the impedance of the sound waves at the eardrum to the 

liquid-filled chambers of the inner ear.  

  Protection the ear from possible damage by loud sound by rotating 

the stirup and puling it away from the oval window by the muscles 

which stifens the eardrum as well.  

  Amplification of the pressure behind the oval window by 40 to 90 

times and the intensity of sound to the square of  this pressure 

because the oval window is 15 times smaller than the eardrum. 

 Transmission poorly vibrations in the skull and even the large 

vibrations from the vocal cords. 

3 . The inner ear:  

The inner ear, hidden deep within the hard bone of the skull, is man's 

best-protected sense organ. The inner ear consist a small spiral-shaped, 

fluid-filled structure called the cochlea. The ossicles of the middle ear 

communicate with the cochlea via a flexible membrane (the oval 

window); the stapes transmits its pressure variations of incoming sound 

waves across this membrane to the cochlea. The cochlea communicates 

with the brain via the auditory nerve-a bundle of about 8000 conductors 

that inform the brain via coded electrical pulses which parts of the 
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cochlea are being stimulated by incoming sound waves. The auditory 

nerve provides information on both the frequency and the intensity of the 

sounds that we hear. The cochlea is about the size of the tip of the little 

finger. If its spiral were straightened out, the cochlea would be about 3cm 

(~1.25in.) long.It is divided into three small fluid-filled chambers that run 

its full length. The oval window is on the end of the vestibular chamber, 

the middle chamber is the cochlear duct, and the third chamber is the 

tympanic chamber. 

 

 

Fig.(3):Chambers of the cochlea (the vestibular chamber, the middle 

chamber {cochlear duct}, and the third chamber is the tympanic 

chamber. 
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The vestibular and tympanic chambers are interconnected at the tip of 

the spiral. Pressure produced at the oval window by the stapes is 

transmitted via the vestibular chamber to the end of the spiral and then 

returns via the tympanic chamber. Since fluid is almost incompressible; 

the cochlea needs a "relief valve"; the flexible round window at the end 

of the tympanic chamber serves this purpose. 

A sound wave entering at the oval window produces a wave-like ripple in 

the basilar membrane of the cochlear duct. This duct contains the sensors 

that convert the sound into nerve signals.  

The motions of basilar membrane are about 10 times smaller in 

amplitude than the motions of the eardrum. Stimulation of nerves in the 

cochlear duct near the oval window indicates high-frequency sounds. 

Low-frequency sounds cause "large" motions in the basilar membrane 

and stimulation of nerves in the cochlear duct near the tip of the spiral. 

The transducer that convert the mechanical vibrations into electrical 

signals are located in the bases of the fine hair cells in the organ of 

Corti. Apparently the small shear forces on these hair cells induce nerve 

impulses. When a sound of 10,000 Hz is heard, the nerves located in the 

portion of the organ of Corti that is stimulated donto send a 10,000 Hz 

signal to the brain, but rather send a series of pulses that indicates which 
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portion of the audible spectrum is being received. Below about 1000 Hz 

the frequency of the nerve pulses is synchronized with that of sinusoidal 

sound waves. 

 

 Testing of the Hearing 

The human ear is capable of detecting sound at frequencies between 

about 20 and 20,000 Hz. Within this frequency range, however, the 

response of the ear is not uniform. The ear is most sensitive to 

frequencies between 200 and 4000Hz,and its response decreases toward 

both higher and lower frequencies. There are wide variations in the 

frequency response of individuals. Some people cannot hear sounds 

above 8000Hz, whereas a few people can hear sounds above 20,000Hz. 

Furthermore, the hearing of most people deteriorates with age. 

The tests are normally done in a specially constructed soundproof testing 

room. Each ear is tested separately; test sounds can be sent to either ear 

through a comfortable headset. The subject is asked to give a sign when 

he hears the test sound. Selected frequencies from 250 to 8000 Hz are 

used. At each frequency the operator raises and lowers the volume until a 

consistent hearing threshold is obtained. The hearing thresholds are then 
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plotted on a chart and can be compared to normal hearing thresholds. The 

normal hearing threshold at each frequency is taken to be 0 dB. The chart 

may show a general loss in one or both ears.  

 Deafness and hearing aids. 

There are two common causes of reduced hearing: - 

 

1. Conduction hearing loss, in which the sound vibrations do not 

reach the inner ear.  

2. Nerve hearing loss, in which the sound reaches the inner ear but no 

nerve signals are sent to the brain.  

Conduction hearing loss may be temporary due to a plug of wax 

blocking the eardrum or fluid in the middle ear. It may, however, be due 

to a solidification of the small bones in the middle ear. This condition can 

sometimes be corrected by an operation in which the stapes, which 

pushes on the oval window, is replaced with a piece of plastic. If a 

conduction hearing loss is not curable, a hearing aid can be used to 

transmit the sound through the bones of the skull to the inner ear. Nerve 

hearing loss may affect only a narrow band of frequencies or it may affect 



 
 
Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/Lecture Eleven    
Dr. Saja Esmaeel Khaleel 

 

2020-2021  12 
 

all frequencies. At present there is no known cure or aid for nerve hearing 

losses. 
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Sound in Medicine 
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 Nature of Sound. 

Sound : Is a mechanical wave produced by vibrating bodies at 

frequencies between about 20 and 20,000 Hz. While Infrasound: Is 

refers to the sound frequency below the  normal hearing range (<20 Hz), 

and Ultrasound: It ranges above 20,000 Hz. 

Sound is a compressional wave in a gas, liquid, or solid. A wave is a 

periodic disturbance that travels in space, say in the z direction. It is 

periodic in space, which means that at any given time t, the disturbance is 

periodic with z, as in Fig.1 It is periodic in time, which means that at any 

given position z, 

 

Fig.1: Waves at (a) one time, (b) one place, and (c) two different times, showing 

wave propagation 

For example, when an object such as a tuning fork or the human vocal 

cords is set into vibrational motion, the surrounding air molecules are 
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disturbed and are forced to follow the motion of the vibrating body. The 

vibrating molecules in turn transfer their motion to adjacent molecules 

causing the vibrational disturbance to propagate away from the source. 

When the air vibrations reach the ear, they cause the eardrum to vibrate; 

this produces nerve impulses that are interpreted by the brain. The 

properties of sound in terms of simple sinusoidal vibrations such as 

would be set up by a vibrating tuning fork (Fig.2).  

 

Fig.2: Sinusoidal sound wave produced by a vibrating tuning fork 

 General Properties of Sound. 

1. A sound wave is a mechanical disturbance in a gas ,liquid or solid 

cause local pressure increase (i.e. compression ) and pressure decrease 

(rarefaction). 
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2. Sound wave spread outward as a  longitudinal wave i.e. the 

pressure changes occur in the same direction that the wave 

travels. The pressure variations due to the propagating sound 

are super imposed on the ambient air pressure. Thus, the total 

pressure in the path of a sinusoidal sound wave is of the form 

 P=Pa+Po sin2πft …………………………………………………….(1) 

where Pa is the ambient air pressure (which at sea level at 0
◦
C is  

1.01×10
5 

Pa =1.01×10
6
dyn/cm

2
), Po is the maximum pressure change due 

to the sound wave, and f is the frequency of the sound. 
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3. The speed of the sound wave v depends on the material that 

propagates the sound.  

Speed in  gas  <   speed in liquid   <  speed in solid                       

(348 m/sec)      (1480-1540) m/sec)        (4080 m/sec) 

 The relationship between frequency (f)  , wavelength (λ) , and the speed 

of propagation (v)  is given by the following equation: 

v=λf   ………………………………………………………..(2) 

4. The amount of energy transmitted by a sinusoidal sound wave 

per unit time through each unit area perpendicular to the 

direction of sound propagation is called the intensity I and is 

given by: 

  
 

 
    (   )  

 

 
 (  )  

  
 

  
…………………………….(3) 

Here ρ is the density of the medium, v is the speed of sound 

propagation,  A is maximum displacement amplitude of the atoms or 

molecules from the equilibriam position, Z= v ρ is the acoustic 

impedance,   w = (2 π f) angular frequency, ρo  = is the maximum 

change in pressure  

5. Reflection: When a wave enters one medium from another, part 

of the wave is reflected at the interface, and part of it enters the 

medium 
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If the wave is incident on the interface at an oblique angle, the direction 

of propagation of the transmitted wave in the new medium is changed 

(Fig.3). This phenomenon is called refraction.  

 Fig. 3: Illustration of reflection and refraction. (θ is the angle of incidence.) 

The ratio of the reflected pressure amplitude (R) to the incident pressure 

amplitude (Ao) depends on the acoustic impedances media, Z1, & Z2 . 

The relationship is: 

 

  
 
     

     
 ……………………………………………………………..(4) 

If Z1=Z2 there is not reflection and the transmission is complete.  The 

ratio of the transitive pressure amplitude to the incident pressure 

amplitude (Ao) is: 
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 ……………………………………………………………..(5) 

6. Absorption: When a sound wave passes through tissue , there 

is some loss of energy the absorption of energy causes a 

reduction in the amplitude of sound wave .The amplitude (A) 

at depth X cm in a medium is given by exponential equation 

       
    ………………………………………………………..(6) 

   α = absorption coefficient.               Ao= initial amplitude. 

Since I   A
2
 

       
     …………………………………………..…………….(7) 

 

Fig. 4: Absorption 
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Fig. 5: Schematic of acoustic wave transmission and reflection 

 

7. Interference :When two (or more) waves travel simultaneously 

in the same medium, the total disturbance in the medium is at each point 

the vectorial sum of the individual disturbances produced by each wave. 

This phenomenon is called interference. -Fig. 6-. 
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Fig. 6: Interference 

 

 Clinical Uses of Sound. 

 

The most familiar clinical use of sound is in the analysis of body sounds 

with a stethoscope. This instrument consists of a small bell-shaped cavity 

attached to a hollow flexible tube. The bell is placed on the skin over the 

source of the body sound (such as the heart or lungs). The sound is then 

conducted by the pipe to the ears of the examiner who evaluates the 

functioning of the organ. A modified version of the stethoscope consists 

of two bells that are placed on different parts of the body. The sound 

picked up by one bell is conducted to one ear, and the sound from the 

other bell is conducted to the other ear. The two sounds are then 

compared. With this device, it is possible, for example, to listen 

simultaneously to the heartbeats of the fetus and of the pregnant mother. 
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 Ultrasonic Waves. 

These waves, which are simply the extension of sound to high 

frequencies, are called ultrasonic waves. Because of their short 

wavelength, ultrasonic waves can be focused onto small areas and can be 

imaged much as visible light Ultrasonic waves penetrate tissue and are 

scattered and absorbed within it. Using specialized techniques called 

ultrasound imaging, it is possible to form visible images of ultrasonic 

reflections and absorptions. Therefore, structures within living organisms 

can be examined with ultrasound, as with X-rays. 

Ultrasonic examinations are safer than X-rays and often can provide as 

much information. In some cases, such as in the examination of a fetus 

and the heart, ultrasonic methods can show motion, which is very useful 

in such displays. The frequency of sound detected by an observer depends 

on the relative motion between the source and the observer. This 

phenomenon is called the Doppler effect. 

Within the tissue, the mechanical energy in the ultrasonic wave is 

converted to heat. With a sufficient amount of ultrasonic energy, it is 
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possible to heat selected parts of a patient’s body more efficiently and 

evenly than can be done with conventional heat lamps. This type of 

treatment, called diathermy, is used to relieve pain and promote the 

healing of injuries. It is actually possible to destroy tissue with very high-

intensity ultrasound. Ultrasound is now routinely used to destroy kidney 

and gall stones (lithotripsy). 

 

 Doppler effect. 

The Doppler effect describes a change in the frequency of a wave , 

resulting from motion of the wave source or receiver, or in the case of a 

reflected wave, motion of the reflector.  

If a wave reflects off a moving object the reflected frequency is changed 

This is called the Doppler effect  given by:  

    
 

    
 ………………………………..……………………………(8) 

where f
/
 the frequency of the sound detected by the observer , f is the 

frequency in the absence of motion, v is the speed of sound, 

and vs is the speed of the source. 

Medical Doppler ultrasound. 

1- Doppler ultrasound is used to detect and measure blood flow, and 

the major reflector is the red blood cell. 

2-  The Doppler shift is dependent on the insonating frequency, the 

velocity of moving blood , and the angle between the sound beam 

and direction of moving blood. 
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When and why is it used ultrasound.  

1-There are many occasions when ultrasound is a favourable method of 

viewing inside the body.  

2-An obstetrician can use ultrasound to check the development of an 

unborn baby.  

3-Doppler ultrasound can be use to view blood flow through the heart and 

diagnose circulation problems.  

4-Ultrasound is a imaging method with instant results, relatively 

inexpensive, with little or no health risks.  

5-Recent advances, including 4D with surface rendering have increased 

the resolution and detail of ultrasound scans. 
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Physics of nuclear medicine , Radiation Therapy 

& Radiation protection 
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 Radioactivity. 

A certain natural elements, heavy have unstable that disintegrate to emit 

various rays. Alpha(α ), Beta(β), and Gamma(𝛄 )rays.  

- Alpha ray (α ) 

1. Nuclei of helium atoms. 

 2. A few centimeters in air. 

 3. Positively charges. 

4. Fixed energy  

- Beta ray (β-)  

1. High-speed electrons. 

 2. A few meters in air. 

 3. Negatively charged. 

 4. Spread of energies  

- Gamma ray(𝛄 )  

1. Very penetrating.  

2. Physically identical to x-ray but much higher energy. 

 3. Fixed energy. 
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 Isotopes.  

Nuclei of a given element with different numbers of neutrons.  

There are two types:  

1-Stable isotopes if they are not radioactive…Ex:(
12

C,
13

C).  

2-Radioisotopes if they are radioactive. ..Ex: (
11

C,
14

C,
15

C). 

 Radio-nuclides.  

Is used when several radioactive elements are involved.(Radioisotopes 

are used when referring to single element).  

Neutrino.  

A mass less, charge less, particle, Takes up the difference in energy 

between the actual beta energy and the maximum beta energy. 

Alpha (α): Is helium atom(
4
 2He) with mass number (A) = 4 and atomic 

number (Z) = 2. The result of alpha emission is a daughter whose atomic 

number is two less than of the parent, and whose atomic mass number is 

four less than that of the parent.  

 Activity of Radioactive materials.  

half-life , mean life ,decay constant. 

Half  life (T1/2).  

The time needed for half of the radioactive nuclei to decay. 
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A = A0 e
-λt

 …………………………………………………………….. (1) 

Where:  

A : activity in disintegration per second after time(t)  

Ao: initial activity  

λ : decay constant(sec-1,hour-1,year-1)  

t : time since activity (sec, hour, year)  

T1/2 = 0.693 / λ ………………………………………...………….…. (2)  

A = λN = (0.693/ T1/2(mass/atomic weight)×Avogadro number  

(NA =6.022×10
23

 mol
-1

 ). 

1 year = 3.15 × 10
7
sec  

T1/2 = should be in second  

The average or mean time T = 1/ λ  

1/ λ from the equation (2) = 1.44 T1/2  

So τ = 1.44 T1/2  

τ mean life time (tau) is the average lifetime of a radioactive particle 

before decay. 
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Units of activity.  

The unit of activity of radioactive is Ci (Curie)  

1 Ci = 3.7 x 10
10

 dis/s of Bq (Becquerel)  

(micro)μ Ci = 10
-6

Ci , (nano)η Ci = 10
-9

Ci , (pico)ρ Ci = 10
-12

 Ci. 

Example.  

If you have 1g of pure potassium 40 (
40

 K) that is experimentally 

determined to emit about 10 
5

 beta rays per second.  

a- What is the decay constant λ? 

b- Estimate the half-life of 
40

K from .  

  

Solution:  

a- A = λN =λ (mass/atomic weight)× Avogadro number)  

10
5

 = λ × (1/40) x 6.02 x 10
23

  

So λ = 6.7 × 10
-18

 s
-1

  

b- Estimate the half-life of 
40

K from .  

T1/2 =0.693/ λ = 10
17

  

T1/2 = 10
17

/(3.15 x 10
7
) = 3 x 10

9 
years. 
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 Clinical Applications.  

 

 

The clinical uses of radioactivity for the diagnosis of disease.  

- The most useful radio-nuclides for nuclear medicine are those that emit 

gamma rays.  

- Since 𝛄 – rays is very penetrating 𝛄 emitting radioactive element inside 

the body can be detected outside the body.  

In nuclear physics used Geiger counter to detect radiations.  

Magnetic Resonance Imaging (MRI).  

• A way of obtaining diagnostic images of the body  

• Uses electromagnetic radiation  

• Does not use ionising radiation  

• Very versatile  
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• Excellent tissue contrast and resolution –anatomy and pathology  

• A typical image   

• Shows Lumbar spine and cord  

• MRI allows for different types of tissue contrast  

• Provides lots of information  

Anatomy Pathology , Blood flow ..etc. 

 

The MRI Scanner consists of:  

• Powerful magnet  

• Patient table  

• Magnetic gradients (for localising the signal)  

• Radio-frequency (RF) coils that transmit RF into the patient and receive 

the signal  

• Computer  

 Radiation Doses in Nuclear medicine. 
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In general, the radiation dose to the body from a nuclear medicine 

procedure is:  

1- Non uniform since radioisotopes tend to concentrate in certain organs, 

while it is impossible to measure the radiation received by a particular 

patient ,it is possible to calculate the dose to various organs of a standard 

man .The organ receiving the largest dose during a procedure is 

sometimes referred to as the critical organ.  

2- The dose can vary considerably from one individual to another.  

3- The dose to a particular organ of the body depends on the physical 

characteristics of the radio-nuclides what particles it emits , their energies 

and on the length of the radio-nuclides is in the organ. Two factors 

determine the length of time the radio-nuclides is in the organ, or the 

effective half-life (T1/2 Bio) .The biological half-life of an element is the 

time needed for one half of the original atoms present in an organ to be 

removed from the organ ,and it is independent of whether the element is 

radioactive.  

 Physics of Radiation Therapy.  

Early attempts were not a great success; however, today radiation therapy 

is recognized as an important tool in the treatment of many types of 

cancer.  

Currently three major methods are used alone or in combination to treat 

cancer: surgery, radiation therapy and drugs (chemotherapy).  

About half of all cancer patients receive radiation as part or all of their 

treatment.  

The success of radiation therapy depends on:  
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1. The type and extent of the cancer  

2. The skill of the radiotherapist, the physician who specializes in the 

treatment of cancer with radiation  

3. The kind of radiation used in the treatment.  

4. The accuracy with which the radiation is administered to the tumor.  

5. The responsibility of the radiological physicist (last factor). 

The basic principle of radiation therapy is to maximize damage to the 

tumor while minimizing damage to normal tissue. This is generally 

accomplished by directing a beam of radiation at the tumor from several 

directions, so that the maximum dose occurs at the tumor.  

 Radiation protection. 

The since of protecting workers and the public from 

unnecessary radiation. It involves. 

1. Accurate measurement of radiation to radiation workers. 

2. Design and use of methods to reduce radiation. 

Medical radiation exposures come from therapeutic uses of x-rays and 

radioactivity, diagnostic uses of radioactivity (nuclear medicine) and 

diagnostic uses of x-rays.  

The biological effects of ionizing radiation are of two general types 

somatic and genetic.  

Somatic effects affect an individual directly (loss of hair, reddening of the 

skin, etc), while genetic effects consist of mutations in the reproductive 

cells that affect later generations.  

Since genetic effects occur only when reproductive cells are irradiated, 

the gonads should be shielded during x-ray studies when possible. 
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 Types of Radiation that we must protect our selves from it : 

1. Natural radiation. 

2. Artificial radiation. 

1.Natural Radiation: It called also background radiation and it divides 

into:- 

A. External : It include: 

1. Cosmic rays: Including neutrons, it constitute 30-40% of 

the natural radiation. Research have been indicate that the 

background at 3000m elevation is about 20% higher than that 

at sea level. 

2. Terrestrial radiation: Including air, it constitutes also 30-40% of the 

natural radiation and depend on the geographical factor. 

B. Internal : It includes: 

1. 
40

 K :.Constitute 16% of the natural radiation 

2. Other radionudides :. Constitute 4%of the natural radiation and include 

Fe, S, ..... 

2. Artificial Radiation : 

The sources of these radiation is: 

1. Diagnostic uses of radioactivity (nuclear medicine) and X  rays. 

2. Therapeutic uses of X-rays and radio activity. 
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Sound in Medicine 
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 Nature of Sound. 

Sound : Is a mechanical wave produced by vibrating bodies at 

frequencies between about 20 and 20,000 Hz. While Infrasound: Is 

refers to the sound frequency below the  normal hearing range (<20 Hz), 

and Ultrasound: It ranges above 20,000 Hz. 

Sound is a compressional wave in a gas, liquid, or solid. A wave is a 

periodic disturbance that travels in space, say in the z direction. It is 

periodic in space, which means that at any given time t, the disturbance is 

periodic with z, as in Fig.1 It is periodic in time, which means that at any 

given position z, 

 

Fig.1: Waves at (a) one time, (b) one place, and (c) two different times, showing 

wave propagation 

For example, when an object such as a tuning fork or the human vocal 

cords is set into vibrational motion, the surrounding air molecules are 
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disturbed and are forced to follow the motion of the vibrating body. The 

vibrating molecules in turn transfer their motion to adjacent molecules 

causing the vibrational disturbance to propagate away from the source. 

When the air vibrations reach the ear, they cause the eardrum to vibrate; 

this produces nerve impulses that are interpreted by the brain. The 

properties of sound in terms of simple sinusoidal vibrations such as 

would be set up by a vibrating tuning fork (Fig.2).  

 

Fig.2: Sinusoidal sound wave produced by a vibrating tuning fork 

 General Properties of Sound. 

1. A sound wave is a mechanical disturbance in a gas ,liquid or solid 

cause local pressure increase (i.e. compression ) and pressure decrease 

(rarefaction). 
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2. Sound wave spread outward as a  longitudinal wave i.e. the 

pressure changes occur in the same direction that the wave 

travels. The pressure variations due to the propagating sound 

are super imposed on the ambient air pressure. Thus, the total 

pressure in the path of a sinusoidal sound wave is of the form 

 P=Pa+Po sin2πft …………………………………………………….(1) 

where Pa is the ambient air pressure (which at sea level at 0
◦
C is  

1.01×10
5 

Pa =1.01×10
6
dyn/cm

2
), Po is the maximum pressure change due 

to the sound wave, and f is the frequency of the sound. 
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3. The speed of the sound wave v depends on the material that 

propagates the sound.  

Speed in  gas  <   speed in liquid   <  speed in solid                       

(348 m/sec)      (1480-1540) m/sec)        (4080 m/sec) 

 The relationship between frequency (f)  , wavelength (λ) , and the speed 

of propagation (v)  is given by the following equation: 

v=λf   ………………………………………………………..(2) 

4. The amount of energy transmitted by a sinusoidal sound wave 

per unit time through each unit area perpendicular to the 

direction of sound propagation is called the intensity I and is 

given by: 

  
 

 
    (   )  

 

 
 (  )  

  
 

  
…………………………….(3) 

Here ρ is the density of the medium, v is the speed of sound 

propagation,  A is maximum displacement amplitude of the atoms or 

molecules from the equilibriam position, Z= v ρ is the acoustic 

impedance,   w = (2 π f) angular frequency, ρo  = is the maximum 

change in pressure  

5. Reflection: When a wave enters one medium from another, part 

of the wave is reflected at the interface, and part of it enters the 

medium 
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If the wave is incident on the interface at an oblique angle, the direction 

of propagation of the transmitted wave in the new medium is changed 

(Fig.3). This phenomenon is called refraction.  

 Fig. 3: Illustration of reflection and refraction. (θ is the angle of incidence.) 

The ratio of the reflected pressure amplitude (R) to the incident pressure 

amplitude (Ao) depends on the acoustic impedances media, Z1, & Z2 . 

The relationship is: 

 

  
 
     

     
 ……………………………………………………………..(4) 

If Z1=Z2 there is not reflection and the transmission is complete.  The 

ratio of the transitive pressure amplitude to the incident pressure 

amplitude (Ao) is: 
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 ……………………………………………………………..(5) 

6. Absorption: When a sound wave passes through tissue , there 

is some loss of energy the absorption of energy causes a 

reduction in the amplitude of sound wave .The amplitude (A) 

at depth X cm in a medium is given by exponential equation 

       
    ………………………………………………………..(6) 

   α = absorption coefficient.               Ao= initial amplitude. 

Since I   A
2
 

       
     …………………………………………..…………….(7) 

 

Fig. 4: Absorption 
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Fig. 5: Schematic of acoustic wave transmission and reflection 

 

7. Interference :When two (or more) waves travel simultaneously 

in the same medium, the total disturbance in the medium is at each point 

the vectorial sum of the individual disturbances produced by each wave. 

This phenomenon is called interference. -Fig. 6-. 
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Fig. 6: Interference 

 

 Clinical Uses of Sound. 

 

The most familiar clinical use of sound is in the analysis of body sounds 

with a stethoscope. This instrument consists of a small bell-shaped cavity 

attached to a hollow flexible tube. The bell is placed on the skin over the 

source of the body sound (such as the heart or lungs). The sound is then 

conducted by the pipe to the ears of the examiner who evaluates the 

functioning of the organ. A modified version of the stethoscope consists 

of two bells that are placed on different parts of the body. The sound 

picked up by one bell is conducted to one ear, and the sound from the 

other bell is conducted to the other ear. The two sounds are then 

compared. With this device, it is possible, for example, to listen 

simultaneously to the heartbeats of the fetus and of the pregnant mother. 
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 Ultrasonic Waves. 

These waves, which are simply the extension of sound to high 

frequencies, are called ultrasonic waves. Because of their short 

wavelength, ultrasonic waves can be focused onto small areas and can be 

imaged much as visible light Ultrasonic waves penetrate tissue and are 

scattered and absorbed within it. Using specialized techniques called 

ultrasound imaging, it is possible to form visible images of ultrasonic 

reflections and absorptions. Therefore, structures within living organisms 

can be examined with ultrasound, as with X-rays. 

Ultrasonic examinations are safer than X-rays and often can provide as 

much information. In some cases, such as in the examination of a fetus 

and the heart, ultrasonic methods can show motion, which is very useful 

in such displays. The frequency of sound detected by an observer depends 

on the relative motion between the source and the observer. This 

phenomenon is called the Doppler effect. 

Within the tissue, the mechanical energy in the ultrasonic wave is 

converted to heat. With a sufficient amount of ultrasonic energy, it is 
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possible to heat selected parts of a patient’s body more efficiently and 

evenly than can be done with conventional heat lamps. This type of 

treatment, called diathermy, is used to relieve pain and promote the 

healing of injuries. It is actually possible to destroy tissue with very high-

intensity ultrasound. Ultrasound is now routinely used to destroy kidney 

and gall stones (lithotripsy). 

 

 Doppler effect. 

The Doppler effect describes a change in the frequency of a wave , 

resulting from motion of the wave source or receiver, or in the case of a 

reflected wave, motion of the reflector.  

If a wave reflects off a moving object the reflected frequency is changed 

This is called the Doppler effect  given by:  

    
 

    
 ………………………………..……………………………(8) 

where f
/
 the frequency of the sound detected by the observer , f is the 

frequency in the absence of motion, v is the speed of sound, 

and vs is the speed of the source. 

Medical Doppler ultrasound. 

1- Doppler ultrasound is used to detect and measure blood flow, and 

the major reflector is the red blood cell. 

2-  The Doppler shift is dependent on the insonating frequency, the 

velocity of moving blood , and the angle between the sound beam 

and direction of moving blood. 
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When and why is it used ultrasound.  

1-There are many occasions when ultrasound is a favourable method of 

viewing inside the body.  

2-An obstetrician can use ultrasound to check the development of an 

unborn baby.  

3-Doppler ultrasound can be use to view blood flow through the heart and 

diagnose circulation problems.  

4-Ultrasound is a imaging method with instant results, relatively 

inexpensive, with little or no health risks.  

5-Recent advances, including 4D with surface rendering have increased 

the resolution and detail of ultrasound scans. 
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Physics of Lung and Breathing 

(Part Two) 

Measurement of Lung Volume 

The volume of the lungs during different stages of normal and deep 

breathing is a good diagnostic of lung functionality. It is easily measured 

using a Spirometer :It is a device used to measure air flow into and out 

of the lungs and record it on a graph of volume versus time (which is 

shown by the Fig.1). 

 

Fig.1: (a) Lung volume changes during breathing cycles, (b) along with a 

schematic of a spirometer 

 




قياس حجم الرئة يعتبر حجم الرئتين خلال المراحل المختلفة من التنفس الطبيعي والعميق تشخيصًا جيدًا لوظائف الرئة.  يمكن قياسه بسهولة باستخدام مقياس التنفس: إنه جهاز يستخدم لقياس تدفق الهواء داخل وخارج الرئتين وتسجيله على رسم بياني للحجم مقابل الوقت (كما هو موضح في الشكل 1).


ترجمة:توفي🐅🖤
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Respiratory Volumes and Capacities 

Tidal Volume (TV) : It is the volume of air inhaled with each breath 

during normal breathing at rest (~ 500 cm
3
). During heavy exercise the 

tidal volume is considerably large. 

Inspiratroy Reserve Volume (IRV): It is the additional air taken at the 

end of inspiration, which is possible with some effort to further fill the 

lungs with air. 

Expiratory Reserve Volume (ERV) : It is the additional expired air, 

which can be forced out of the lungs at the end of normal expiration. 

Inspiratory Capacity (IC) :Is the maximum amount of air that can be 

inspired after a normal expiration. IC is the sum of TV and IRV. (TV + 

IRV = IC)  

Functional Residual Capacity (FRC): It is the air remaining in the 

lungs after a normal respiration where the stale air mixes with the fresh 

air of the next breath .-It's been mentioned in the past lecture (Lec. 

seven)-  

Vital Capacity (VC): Is the maximum amount of air that can be 

forcefully expelled from the lungs after an extended or complete 














حجم المد والجزر (TV): هو حجم الهواء الذي يتم استنشاقه مع كل نفس أثناء التنفس الطبيعي أثناء الراحة (حوالي 500 سم 3).  أثناء التمرينات الشاقة ، يكون حجم المد والجزر كبيرًا إلى حد كبير.


حجم احتياطي الشهيق (IRV): هو الهواء الإضافي المأخوذ في نهاية الشهيق ، وهو أمر ممكن مع بعض الجهد لملء الرئتين بالهواء.


حجم احتياطي الزفير (ERV): هو الهواء الإضافي المنتهي الصلاحية ، والذي يمكن إجباره على الخروج من الرئتين في نهاية الزفير الطبيعي.


سعة الشهيق (IC): هي أقصى كمية من الهواء يمكن استلهامها بعد انتهاء الصلاحية العادي.  IC هو مجموع TV و IRV.  (تلفزيون + IRV = IC)


القدرة الوظيفية المتبقية (FRC): هو الهواء المتبقي في الرئتين بعد التنفس الطبيعي حيث يختلط الهواء الفاسد مع الهواء النقي للنفس التالي. - تم ذكره في المحاضرة السابقة (Lec.


القدرة الحيوية (VC): هي أقصى كمية هواء يمكن طردها بقوة من الرئتين بعد تمددها أو اكتمالها.
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inspiration. VC is the sum of IRV, TV, and ERV. (IRV + TV + ERV = 

VC). 

Residual Volume (RV): It is the amount of air stale in lungs after vital 

capacity, which is ~1lit for adult. 

Total Lung Capacity(TLC) : Total volume of air accommodated in the 

lungs at the end of a forced inspiration. This includes (RV + IRV + TV + 

ERV = TLC). 

Anatomical and physiological Dead Spaces 

They are spaces in the respiratory system at which air does not provide 

O2 to the body:  

 Anatomical dead space (A.D.S) 

 In the conducting airways (nose, mouth, pharynx, larynx, trachea, 

bronchi and bronchioles) there is no significant exchange of O2 & CO2 

between gas and blood, the internal volume of the airways is called the 

anatomic dead space. The volume of air in the anatomical dead space= 

150 cm
3
. 

 Physiological Dead Space (P.D.S) 

 In some diseases, some air reach the alveoli are poorly perfused by the 

blood capillary, result in poor ventilation-perfusion relationship 

increasing the physiological dead space. The volume of air in the 

physiological dead space= 350 cm
3
. 

500 cm
3

 = 150 cm
3 

 (A.D.S) + 350 cm
3
 (P.D.S) 












وحي.  VC هو مجموع IRV و TV و ERV.  (IRV + TV + ERV = VC).


الحجم المتبقي (RV): هو كمية الهواء التي لا معنى لها في الرئتين بعد السعة الحيوية ، والتي تبلغ ~ 1 لتر للبالغين.


إجمالي سعة الرئة (TLC): الحجم الكلي للهواء الذي يتم استيعابها في الرئتين في نهاية الشهيق القسري.  يتضمن ذلك (RV + IRV + TV + ERV = TLC).


المساحات الميتة التشريحية والفسيولوجية هي مساحات في الجهاز التنفسي لا يوفر فيها الهواء O2 للجسم:


الفضاء الميت التشريحي (A.D.S)
 في الممرات الهوائية الموصلة (الأنف ، الفم ، البلعوم ، الحنجرة ، القصبة الهوائية ،
 القصبات الهوائية والشعيبات الهوائية) لا يوجد تبادل كبير للأكسجين وثاني أكسيد الكربون بين الغاز والدم ، ويسمى الحجم الداخلي للمسالك الهوائية بالمساحة التشريحية الميتة.  حجم الهواء في الفراغ التشريحي الميت = 150 سم 3.


الفضاء الفسيولوجي الميت (P.D.S) في بعض الأمراض، فإن بعض الهواء يصل إلى الحويصلات الهوائية سيئة للغاية من قبل الدمية الدموية، مما يؤدي إلى ضعف علاقة نضح التهوية زيادة الفضاء الفسيولوجي الميت. حجم الهواء في الفضاء الميت الفسيولوجي = 350 سم 3.
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Pressure – airflow – Volume relationships in the Lung 

The lungs of a healthy individual need small P to cause air to flow into or 

out of them ,which is few cm of H2O as in Fig (2). 

 

 

Fig (2): Pressure  in the  Lung 

The increase pressure and decreased air flow for a patient with narrowed 

airway during expiration and increased airflow into or out of the normal 

lungs as in fig 2 and 3. 

 

Fig (3): Air flow rate air in the Lung 

The pressure-airflow-volume 

relationship

+5

-5
inspiration expiration

patient

normal

Pressure 

(cmH20)

Time (sec)

Flow rate (liter/ min)

Time (sec)

inspiration expiration

patient

normal






الضغط - تدفق الهواء - العلاقات الحجمية في الرئة تحتاج رئتا الفرد السليم إلى P صغيرة للتسبب في تدفق الهواء داخلها أو خارجه ، وهو عبارة عن سنتيمترات قليلة من H2O كما في الشكل (2).


زيادة الضغط وانخفاض تدفق الهواء لمريض مصاب بضيق في مجرى الهواء أثناء الزفير وزيادة تدفق الهواء إلى أو خارج الرئتين الطبيعيتين كما في الشكل 2 و 3
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The lung volume during breathing cycle for a normal and for a patient 

with narrowed airways as in Fig. 4 

 

Fig (4): The lung volume  

 

The Pressure – Volume (P.V.) Curve 

The esophagus reflects the pressure between the lungs and chest wall the 

pressure in the esophagus “can be measured with a pressure gauge which 

in normally (-10 mm Hg) due to the elasticity of the lungs. 

 

inspiration expiration

Time (sec) 

Volume 

(liters) patient

normal






حجم الرئة أثناء التنفس دورة من أجل طبيعي وللمريض مع قناة طيران مزودة كما في الشكل 4


منحنى الضغط - الحجم (P.V.) يعكس المريء الضغط بين الرئتين وجدار الصدر ، ويمكن قياس الضغط في المريء "بمقياس ضغط يكون عادة (-10 ملم زئبق) بسبب مرونة الرئتين.
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Fig. 5: The P.V. Curves for chest alone. The lungs alone, and the 

chest combined 

From P.V. Curve: 

1- If the chest wall (alone) ;i.e. without interaction with lung the 

volume =2/3 of total vital capacity at P= o 

The lung would collapse & have no air volume. 

2- If the chest wall & lung together; 

The volume = 30 % of vital capacity (come to Relaxation volume 

FRC) at P=o. 

The volume = 60 % of vital capacity, the pressure = +10 cm .H2O, 

This pressure is called Relaxation pressure & is produced by elastic 

properties of the lung. 

Compliance (C) 

 It is an important physical characteristic of the lungs: 

(Is the change in the Volume produced by a small change in Pressure). 

  
                

                  
 

  

  
                   












1- إذا كان جدار الصدر (وحده) ؛ أي.  بدون تفاعل مع الرئة الحجم = 2/3 من مجموع الحيوية


إذا كان جدار الصدر والرئة معًا ؛  الحجم = 30٪ من السعة الحيوية (يصل إلى حجم الاسترخاء FRC) عند P = o.


حجم الصوت = 60٪ من القدرة الحيوية، والضغط = +10 سم .h2o، يسمى هذا الضغط ضغط الاسترخاء ويتم إنتاجه بواسطة خصائص مرنة للرئة


الامتثال (ج) وهي خاصية فيزيائية مهمة للرئتين: (هو التغيير في الحجم الناتج عن تغير بسيط في الضغط
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Where        in the unit of the (Liter) and           in the unit of the 

(cm.H2O). 

In Normal adult, the range of compliance = 0.18 – 0.27 (lit / cm.H2O) 

 A Stiff lung (Fibrosis) has a small ΔV for large Δ P. 

   
        

         
                

 A Flabby lung has large ΔV and a small ΔP 

   
        

        
                              

 

Example (1) 

Determine the compliance of the lungs for each condition (within the 

lowest 5 cm.H2O pressure range & volume 1 Lit)? 

Solution: 

  
  

  
 

  
 

 
 

      lit / cm.H2O 

 

Airways Resistance (Ra) 

Airway resistance is a concept used in respiratory physiology to describe 

mechanical factors which limit the access of inspired air to the pulmonary 

alveoli, and thus determine airflow. It is the amount of pressure required 

to deliver a given flow of gas and is expressed in terms of a change in 

pressure (P) divided by flow (fr). During inspiration the forces on the 

airways tend to open them further, during expiration the forces tend to 

http://en.wikipedia.org/wiki/Respiratory_physiology
http://en.wikipedia.org/wiki/Pulmonary_alveoli
http://en.wikipedia.org/wiki/Pulmonary_alveoli







حيث في وحدة (Litre) وفي وحدة (cm.H2O).  في البالغين العاديين ، نطاق الامتثال


مثال (1) تحديد مدى توافق الرئتين لكل حالة (ضمن أقل 5 سم ، نطاق ضغط الماء والحجم 1 لتر)؟  حل:


مقاومة مجرى الهواء هو مفهوم مستخدم في فسيولوجيا الجهاز التنفسي لوصف العوامل الميكانيكية التي تحد من وصول الهواء الملهم إلى الحويصلات الهوائية ، وبالتالي تحديد تدفق الهواء.  إنه مقدار الضغط المطلوب لإيصال تدفق معين من الغاز ويتم التعبير عنه من حيث التغيير في الضغط (P) مقسومًا على التدفق (fr).  أثناء الشهيق ، تميل القوى الموجودة على الشعب الهوائية إلى فتحها أكثر ، أثناء الزفير تميل القوى إلى ذلك
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close the airways and thus restrict airflow. For a given lung volume, the 

expiratory flow rate reaches a maximum and remains constant; it might 

even decrease slightly with increased respiratory force.  

Air way resistance can be calculated by the law:  

Ra=
                  

                 
=
               

  
 

           

              
 …………………(2) 

(Ra) depends on the dimensions of the airway and the viscosity of the 

gas. for typical adult Ra= 3.3 cm.H2O / (Lit/sec). 

Example (2) 

 In both inspiration and expiration, a pressure difference of (0.4 

cm.H2O) causes a flow of (0.15 L/s) in the nose. Determine the flow 

resistance in it? 

Solution: 

Ra 
     

     
    

      

    
       cm.H2O/ (Lit/sec). 

Example (3) 

 If Ra = (3) cm H2O/(liter/sec) , what air flow rate would occur at an 

expiratory pressure difference of (100 mm H20) ? 

Solution: 

         10
-1 

cm 

Ra 
               

  
 

     
  

  

    fr=  
     

  
  

             

 
  → fr = 3.33 liter/sec 

 

 










أغلق الممرات الهوائية وبالتالي تقييد تدفق الهواء.  بالنسبة لحجم معين من الرئة ، يصل معدل تدفق الزفير إلى الحد الأقصى ويظل ثابتًا ؛  حتى أنه قد ينخفض بشكل طفيف مع زيادة قوة التنفس.


في كل من الشهيق والزفير ، يؤدي اختلاف ضغط (0.4 سم ماء) إلى تدفق (0.15 لتر / ثانية) في الأنف.  تحديد مقاومة التدفق فيه؟


(رع) يعتمد على أبعاد مجرى الهواء ولزوجة الغاز.  للبالغين النموذجي Ra = 3.3 سم. H2O / (Lit / sec)


إذا كان Ra = (3) سم ماء / (لتر / ثانية) ، فما معدل تدفق الهواء الذي سيحدث عند اختلاف ضغط الزفير بمقدار (100 مم H20)؟
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The Time Constant 

When the respiratory system is subjected to P, time is needed
 
until V 

occurs, and the time necessary to inflate 63% of its
 
volume is called the 

Time Constant (TC). The time constant of the lung is related to the 

airway resistance (Ra) & the Compliance.(C)  

TC (sec) = Ra C ……………………………………………………….(3) 

From equations (1)&(2) we get 

TC= 
  

  
   

  

     
 …………………………………………………………(4) 

The time constant (T) of the lung is complicated, since many parts of the 

lungs are interconnected. If one part has large (T) than others parts, it will 

not get its share of the air and that part of the lung will be poor ventilated.  

Disorders of  Respiratory System  

Asthma Is a difficulty in breathing causing wheezing due to 

inflammation of bronchi and bronchioles. 

Emphysema Is a chronic disorder in which alveolar walls are damaged 

due to which respiratory surface is decreased. One of the major causes of 

this is cigarette smoking. 

Occupational Respiratory Disorders: In certain industries, especially 

those involving grinding or stone-breaking, so much dust is produced 

that the defense mechanism of the body cannot fully cope with the 

situation. Long exposure can give rise to inflammation leading to fibrosis 

(proliferation of fibrous tissues) and thus causing serious lung damage. 

Workers in such industries should wear protective masks. 

 










الوقت الثابت عند التعرض للنظام التنفسي ل P، هناك حاجة إلى الوقت حتى يحدث الخامس، والوقت اللازم لضغط 63٪ من حجمها يسمى الوقت الثابت (TC). يرتبط الوقت المستمر في الرئة بمقاومة مجرى الهواء (RA) والامتثال. (ج)


الوقت المستمر (ر) من الرئة معقدة، لأن أجزاء كثيرة من الرئتين مترابطون. إذا كان جزء واحد كبير (ر) من أجزاء أخرى، فلن تحصل على حصتها من الهواء، وهذا الجزء من الرئة سيكون تهوية سيئة.


اضطرابات الجهاز التنفسي الربو هو صعوبة في التنفس يسبب الصفير بسبب التهاب الشعب الهوائية والشعيبات.  انتفاخ الرئة هو اضطراب مزمن تتضرر فيه الجدران السنخية بسبب انخفاض سطح الجهاز التنفسي.  أحد الأسباب الرئيسية ل


اضطرابات الجهاز التنفسي المهنية: في بعض الصناعات ، خاصة تلك التي تنطوي على طحن أو كسر الحجارة ، يتم إنتاج الكثير من الغبار بحيث لا تستطيع آلية الدفاع في الجسم التعامل مع الموقف بشكل كامل.  يمكن أن يؤدي التعرض الطويل إلى التهاب يؤدي إلى تليف (تكاثر الأنسجة الليفية) وبالتالي 
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Physics of Eye and Vision 

 

النـقـرة

العـصب البـصري 

شـبكية العـين

المـشيـمة

صـلبة العـين

الجـسم الهـدبي

العـدسة

القـزحـية

الـقـرنـيـة

الجـسم الهـدبي 

القـزحـية

صـلبة العـين

جـفـن

البـؤبـؤ

فيزياء العين والرؤية

المناطق 

الفكاهة الزجاجية
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Our eyes image a source onto light-sensitive retinas. Cells in the retina 

convert the imaged light into electrical signals. This information is 

carried to the brain by neurons via the optic nerve. The visual cortex in 

the brain processes this information, and we somehow perceive a visual 

image. 

Structure of the Eye 

Figure (1) shows the structure of the human eye. The eye is roughly 

sphere, approximately (2.4 cm) in diameter. All vertebrate eyes are 

similar in structure but vary in size. Light enters the eye through the 

cornea, which is a transparent section in the outer cover of the eyeball. 

The light is focused by the lens system of the eye into an inverted image 

at the photosensitive retina, which covers the back surface of the eye. 

Here the light produces nerve impulses that convey information to the 

brain. The focusing of the light into an image at  the retina is produced by 

the curved surface of the cornea and by the crystal line lens inside the 

eye. The focusing power of the cornea is fixed. The focus of the 

crystalline lens, however, is alterable, allowing the eye to view objects 

over a wide range of distances. 

 

عيوننا تصور مصدرا على شبكية العين الحساسة للضوء. تقوم الخلايا في شبكية العين 
بتحويل الضوء المصور إلى إشارات كهربائية. يتم نقل هذه المعلومات إلى الدماغ عن 
طريق الخلايا العصبية عبر العصب البصري. القشرة البصرية في الدماغ تعالج هذه 
المعلومات، ونحن بطريقة أو بأخرى نرى صورة بصرية.

 يف )مس 2.4( نم برقي ام ،لاجلما ابيرقت يه ينعلا .ةيرشبلا ينعلا ةينب رهظي )1( لكشلا
 ءوضلا لخدي .مجحلا يف فلتخت اهنكلو لكيهلا يف ةهباشتم ةيراقفلا نويعلا عيمج .رطقلا
 ءوضلا زكري .ينعلا ةلقلم يجراخلا ءاطغلا يف فافش مسق وهو ،ةينرقلا للاخ نم ينعلا ىلإ
 يتلاو ، ءوضلل ةساسحلا ينعلا ةيكبش يف ةبولقم ةروص ىلع ينعلا ةسدع ماظن للاخ نم
 .غامدلا ىلإ تامولعلما لقنت ةيبصع تاضبن ءوضلا جتني انه .ينعلل يفلخلا حطسلا يطغت
 ةسدعو ةينرقلل ينحنلما حطسلا للاخ نم ينعلا ةيكبش يف ةروص يف ءوضلا زيكرت جاتنإ متي
 ةسدعلا زيكرت نإف ،كلذ عمو .ةينرقلل زيكرتلا ةوق حلاصإ متي .ينعلا لخاد لاتسيركلا طخ
.تافاسلما نم ةعساو ةعومجم ربع ءايشلأا ضرعب ينعلل حمسي امم ،بيركتلل لباق ةيرولبلا

هـيكل العـين
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Fig.1: Structure of the eye 

Vision Elements of the Eyes  

1. The cornea: It is the clear transparent bump on the front of the eye 

that does about two-third of focusing of light. 

2. The Iris: It is the colored part of the front eye. The function of iris 

is adaptation of vision from light to dark and vice versa.   It is 

believed that the iris aids the eye by increasing or decreasing 

incident light  on the retina until the retina to adapted the new 

lighting condition.  In addition, under bright light conditions it 

plays an important role reducing lens defects. 

3.  The Pupil: It is the small opening in the center of iris where light 

enters the lens. It appears black because essential all of the light 

الشكل 1: هيكل العين
عناصر الرؤية للعيون

القـزحـية

العـدسة

القـزحية 

شـبكية العـين

النـقرة

البـقعة 

العـصب البـصري

الفـكاهة الـزجـاجية

العـضلة الهـدبية 

الخلط المائي

البـؤبـؤ

القـرنية

القرنية: هي نتوء شفاف في مقدمة العين.

 يقوم بحوالي ثلثي تركيز الضوء

القزحية: وهي الجزء الملون من العين الأمامية.

وظيفة القزحية 

 هي تكييف الرؤية من الضوء إلى الظلام والعكس صحيح

يُعتقد أن القزحية تساعد العين عن طريق زيادة أو تقليل


الضوء الساقط على شبكية العين حتى تتكيف الشبكية مع حالة الإضاءة الجديدة.

بالإضافة إلى ذلك ، في ظل ظروف الإضاءة الساطعة 

تلعب دورًا مهمًا في تقليل عيوب العدسة.

الحدقة: وهي فتحة صغيرة في وسط القزحية حيث يدخل الضوء 

يبدو أسودًا لأنه ضروري لكل الضوء

الـى العـدسة

الـى العـدسة
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that enters is  absorbed inside the eye.  (Under average light 

conditions, the opening is about ≈ 4mm). It can change from ≈3mm 

in diameter in bright light to 8mm in diameter in dim light. The 

physiologic reason form this change in size is not clear.  

4. The lens: It is variable in shape and has the ability to focus 

objects at various distances at both its front and back surfaces. It is 

more curved in the back than in the front. The focusing power of 

lens is smaller than that of the cornea (1/3), because it  is 

surrounded by substance that have indexes of refraction close to its 

own. The lens is made up of layers somewhat like onion and all 

layers do not have  the same n.  

  

5. The aqueous humor: It fills the space between the lens and the 

cornea.  

  

6. The Vitreous humor: Is a clear jelly-like substance that fills the 

large space between the lens and the retina. It helps to keep the 

shape  of the eye fixed and is essentially  permanent.  

  

7. The sclera: Is the tough, white, light .. tight covering over all of 

the eye excep  the cornea.  

  

8. The Retina: The light sensitive part of the eye. It converts the 

light image into electrical nerve impulses that one sent to the brain. 

 

الذي يـدخله يـتم امتـصاصه داخـل العـين

 تكون الفتحة حوالي 4 مم)

(في ظل ظروف الإضاءة المتوسطة

في الضوء الساطع إلى قطر 8mm في الضوء الخافت.

يمكن أن يتغير قطرها من ≈3mm

السبب الفسيولوجي يشكل هذا التغيير في الحجم غير واضح.


الكائنات على مسافات مختلفة على كل من الأسطح الأمامية والظهرية

العدسة: هو متغير الشكل ولديه القدرة على تركيز

إنه منحني في الخلف أكثر من الأمام.

أصغر من تلك الموجودة في القرنية (1/3) ،

قوة التركيز للعدسة

لأنها محاطة بمادة لها دلائل انكسار قريبة منها. 

العدسة مكونة من طبقات تشبه إلى حد ما البصل 


ولا تحتوي جميع الطبقات على نفس n.

ماء العين : يملأ الفراغ بين العدسة والقرنية.

الخلط الزجاجي : هي مادة شفافة تشبه الهلام تملئ 

بين العدسة وشبكية العين

الفراغ الكبير

على شكل العين ثابتًا ودائمًا بشكل أساسي.

يساعد في الحفاظ

الصلبة : هو القاسي ، الأبيض ، الخفيف .. يغطي العين كلها ماعدا القرنية.

إنه يحول صورة الضوء إلى نبضات عصبية كهربائية يرسلها المرء إلى الدماغ.

الشبكية: الجزء الحساس للضوء من العين
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The Physical Aspects of the Retina  

Retina  consists of millions of photo-receptors  called rods (1.3x10
8
) and 

cones (7x10
6
) .These structures send electrical impulses to  the brain via 

the optic nerve Converts light energy into electrical energy. 

The absorption of light by the rods and cones is a fundamental quantum 

mechanical process in which one photon (or quantum) of light 

The energy of a photon is –(return to Lecture 4 -Heat and Cold in 

Medicine- eqution (2)) - : 

E = hυ  = 
   

 
………………..…………………………………………...(1) 

 

where h is Planck’s constant (6.626 × 10
−34

 J/s), ν (or f) is the frequency 

of the light, c is the speed of light (3×10
8
 m/s), and λ is the wavelength of 

light. 

The Rods and Cons are distributed symmetrically in all directions from 

the visual axis  except in one region the blind spot. 

Image Formation 

Figure (2) shows how an object or source is imaged by a convex 

(converging or positive) lens. By convention in optics the object is placed 

a positive distance d1 to the left of the lens and optical rays propagate 

from the left to the right. The object has a size (or height) y1. For a 

convex lens the focal length f is positive, hence the name positive lens. 

The central axis (the z-axis) is known as the optic axis. All rays passing 

through the lens form an image a positive distance d2 to the right of the 

lens, where d2 is given by the lens equation: 

الجوانب المادية لشبكية العين

تتكون شبكية العين من ملايين المستقبلات الضوئية التي تسمى
 القضبان (1.3 × 108) والمخاريط (7 × 106) التي ترسل نبضات كهربائية إلى الدماغ عبر العصب البصري وتحول الطاقة الضوئية إلى طاقة كهربائية.  يعد امتصاص العصي والمخاريط للضوء عملية ميكانيكا كمومية أساسية يكون فيها فوتون واحد (أو كم) من الضوء طاقة الفوتون - (العودة إلى المحاضرة 4 - الحرارة والبرودة في الطب-معادلة  (2)) -  :

where h is Planck’s constant (6.626 × 10−34 J/s), ν (or f) is the frequency of the light, c is the speed of light (3×108 m/s), and λ is the wavelength of light.

The Rods and Cons are distributed symmetrically in all directions from the visual axis except in one region the blind spot.

يتم توزيع القضبان والسلبيات بشكل متماثل في جميع الاتجاهات من المحور البصري إلا في منطقة واحدة البعثة.

حيث H هو ثابت بلانك (6.626 × 10-34 J / S)، ν (أو F) هو تواتر النور، C هو سرعة الضوء (3 × 108 م / ث)، و λ هو الطول الموجي للضوء.
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يوضح الشكل (2) كيف يتم تصوير كائن أو مصدر بواسطة عدسة محدبة (متقاربة أو موجبة).  وفقًا 
للاتفاقية في البصريات ، يتم وضع الكائن على مسافة موجبة d1 إلى يسار العدسة وتنتشر الأشعة 
الضوئية من اليسار إلى اليمين.  الكائن له حجم (أو ارتفاع) y1.  بالنسبة للعدسة المحدبة ، يكون البعد 
البؤري f موجباً ، ومن هنا جاءت تسمية العدسة الموجبة.  يُعرف المحور المركزي (المحور z) بالمحور 
البصري.  تشكل جميع الأشعة التي تمر عبر العدسة صورة مسافة موجبة d2 على يمين العدسة ، حيث 
يتم إعطاء d2 بواسطة معادلة العدسة:

Figure (2) shows how an object or source is imaged by a convex (converging 
or positive) lens. By convention in optics the object is placed a positive 
distance d1 to the left of the lens and optical rays propagate from the left to 
the right. The object has a size (or height) y1. For a convex lens the focal 
length f is positive, hence the name positive lens. The central axis (the z-
axis) is known as the optic axis. All rays passing through the lens form an 
image a positive distance d2 to the right of the lens, where d2 is given by the 
lens equation:

Image Formation

_____________________________

تشكيل الصورة

______________________________
2020-2021

0.00 in

______________________________

Fig. (2): Imaging by a thin, positive lens

6
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Fig. (2): Imaging by a thin, positive lens 

 

A real image forms at d2 when d1 >f, which means that you will see the 

image at d2 if you place a screen, such as a piece of paper, there. The 

image is inverted and its size y2 is magnified by M = d2/d1 (the transverse 

magnification). This can be seen from the triangles in Fig.(2) that give 

y1/d1 = y2/d2, so the magnification is: 

  
  

  
 

  

  
                               

For the eye: 

The characteristics of the image on retina are  (Fig.3): 

1. Real  

2. inverted  

3.  small size  

A real image forms at d2 when d1 >f, which means that you will see 
the image at d2 if you place a screen, such as a piece of paper, there. 
The image is inverted and its size y2 is magnified by M = d2/d1 (the 
transverse magnification). This can be seen from the triangles in Fig.
(2) that give y1/d1 = y2/d2, so the magnification is:     
     
 
     
                                  
For the eye: 
The characteristics of the image on retina are (Fig.3): 

1.  Real 
2.  inverted 
3.  small size

تتشكل صورة حقيقية عند d2 عند d1> f ، مما يعني أنك سترى الصورة عند d2 إذا وضعت شاشة هناك ، مثل قطعة من الورق.  الصورة معكوسة ويتم تكبير حجمها y2 بواسطة M = d2 / d1 (التكبير العرضي).  يمكن ملاحظة ذلك من المثلثات في

للعين: 
خصائص الصورة على شبكية العين هي (الشكل 3): 

1.  حقيقي 
2.  مقلوب 
3.  حجم صغير

الشكل (2) التي تعطي y1 / d1 = y2 / d2 ، وبالتالي يكون التكبير:

شكل (3): توجد علاقة بسيطة بين الكائن وحجم الصورة وبين الجسم ومسافات الصورة.

Fig.(3): There is a simple relationship between the object 
and image size and the object, image distances.

7
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Fig.(3): There is a simple relationship between the object and image 

size and the object, image distances. 

 

I: is image size, Q: is image distance, O: is object size, p: is object 

distance . 

The magnification is: 

  
               

              
 

 

 
                     

 

 In order to discuss the strength of a corrective lens for a defective eye we 

need to review the basic equations of simple lenses. There is a simple 

relationship between the focal length F, the object distance (p), and the 

image distance (Q) of a thin lens 

 

 

 
 

 

 
 

 

 
                              

If (f) is measured in meters, then (1/f) is the lens strength in diopters (D). 

That is, a positive (converging) lens with a focal length of 0.1 m has a 

I: is image size, Q: is image distance, O: is object size, p: is 
object distance . 

مسافة الكائن

مسافة الصورة

…………………………………………….

relationship between the focal length F, the object distance (p), and the
image distance (Q) of a thin lens

need to review the basic equations of simple lenses. There is a simple
In order to discuss the strength of a corrective lens for a defective eye we

(4)

I: حجم الصورة ، Q: مسافة الصورة ، O: حجم الكائن ، p: هي مسافة الكائن.

التكبير هو:
The magnification is:

من أجل مناقشة قوة العدسة التصحيحية للعين المعيبة، نحتاج إلى مراجعة
 ،F المعادلات الأساسية للعدسات البسيطة. هناك علاقة بسيطة بين البعد البؤري 

مسافة الكائن (P)، ومسافة الصورة (Q) من عدسة رقيقة

……………………………………………………..……..………………….(5)

If (f) is measured in meters, then (1/f) is the lens strength in diopters (D). 
That is, a positive (converging) lens with a focal length of 0.1 m has a

trength of 10 D. The focal length (f) of a negative (diverging) lens is 
considered negative. A negative lens with a focal length of 0.5 m has a 
strength of -2 D.

إذا تم قياس (f) بالأمتار ، فإن (1 / f) هي قوة العدسة في الديوبتر (D).  
أي أن العدسة الموجبة (المتقاربة) ذات البعد البؤري 0.1 متر لها

      قوة 10 د. يعتبر البعد البؤري (f) للعدسة السلبية (المتباينة) سالبًا.  
العدسة السلبية ذات البعد البؤري 0.5 متر لها قوة -2 د.
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strength of 10 D. The focal length (f) of a negative (diverging) lens is 

considered negative. A negative lens with a focal length of 0.5 m has a 

strength of -2 D. 

 

The Power of Accommodation 

Ciliary muscles around lens change its shape and focal length. The eye 

can focus on objects both close and far Fig.(4)  . 

The “far point” and “near point” are the maximum and minimum object 

distances where the image remains in focus. 

 

Fig.(4) “far point” and “near point” 

 

1. The object distance (near point) for normal eye:                                                                                                                                          

object distance: p  = 25 cm  =  0.25 m ,   Image distance:  Q=20 

mm = 0.02 m,   Focal length of the lens = f.        

Power of lens ( Pn ) = 
 

 
 

 

 
 

 

 
  (diopter) 

Pn = 
 

    
 

 

    
 

Pn = 4 + 50 = 54 D 

2.  The far point of normal eye = ∞: 

object distance p =∞ ,Image distance Q = 20 mm = 0.02 m.        

The Power of Accommodation

Ciliary muscles around lens change its shape and focal length. The eye can 
focus on objects both close and far Fig.(4) . 
The “far point” and “near point” are the maximum and minimum object 
distances where the image remains in focus.

تغير العضلات الهدبية حول العدسة شكلها وطولها البؤري.  
يمكن للعين التركيز على الأشياء القريبة والبعيدة على حد سواء الشكل (4).

 "النقطة البعيدة" و "النقطة القريبة" هما الحد الأقصى والأدنى لمسافات الكائن 
حيث تظل الصورة في البؤرة.

قوة الإقامة 

1. مسافة الجسم (بالقرب من النقطة) للعين العادية: مسافة الجسم: p = 25 سم = 0.25 م ، 
.f = مم = 0.02 م ، البعد البؤري للعدسة Q = 20 :مسافة الصورة

الشكل (4) "نقطة بعيدة" و "نقطة قريبة"

العضلة الهدبية

كائن بعيد

9



Optical Defects of the Eyes

شكل رقم (5): العين الطبيعية.

تركز العين الطبيعية المسترخية الضوء الموازي على شبكية العين (الشكل 5).

العيوب البصرية للعيون

يتناقص مدى ملاءمة العين مع تقدم العمر نتيجة فقدان مرونة العدسة

قوة الإقامة

قـوة العـدسة

 مسافة الجسم ص = ∞ ، مسافة الصورة س = 20 مم = 0.02 م.

object distance p =∞ ,Image distance Q = 20 mm = 0.02 m.

2. The far point of normal eye = ∞:

النقطة البعيدة للعين العادية = ∞:

Power of lens ( Pf )

Pf = 50 D

Power of accommodation = Pn – Pf = 54 – 50 = 4 D

The range of accommodation of the eye decreases with age as a result of

loss in elasticity of lens

The relaxed normal eye focuses parallel light onto the retina (Fig. 5).

Fig .(5):The normal eye.

_________________________________________
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Power of lens ( Pf ) = 
 

 
 

 

 
 

 

 
  (diopter) 

Pf = 
 

 
 

 

    
 

 

Pf = 50 D         

Power of accommodation = Pn – Pf = 54 – 50 = 4 D  

  The range of accommodation of the eye decreases with age as a result of 

loss in elasticity of lens 

Optical Defects of the Eyes 

The relaxed normal eye focuses parallel light onto the retina (Fig. 5). 

 

Fig .(5):The normal eye. 

There are four common defects in vision associated with the focusing 

system of the eye: Myopia (nearsightedness, Short sight), Hyperopia 

(farsightedness, Long sight), Astigmatism and Presbyopia (old sight). 

1. Myopia (Short sight):

هناك أربعة عيوب شائعة في الرؤية مرتبطة بالنظام البؤري للعين: قصر النظر (قصر النظر ، قصر 
النظر) ، مد البصر (طول النظر ، النظر البعيد) ، اللابؤرية وقصر النظر الشيخوخي (البصر القديم).

There are four common defects in vision associated with the focusing

system of the eye: Myopia (nearsightedness, Short sight), Hyperopia

(farsightedness, Long sight), Astigmatism and Presbyopia (old sight).

شكل (6): (أ) قصر النظر.  (ب) تصحيحه

BA

1- قصر النظر (قصر النظر): مقلة العين طويلة جدًا والشعاع الموازي
 ركز أمام الشبكية.  لذلك يمكن رؤية الأشياء القريبة فقط

 بوضوح.  النقطة القريبة <25 سم ، النقطة البعيدة ≤ ∞.
 يمكن تصحيح الخلل باستخدام النظارات التي تستخدم عدسات متباينة (عدسة سلبية).

focused in front of the retina. Therefore only near objects can be seen
clearly. Near point < 25cm, far point ≤ ∞.

The defect can be corrected by use of spectacles, which employ
diverging spectacle lenses (negative lens). Fig .(6)

The eyeball is too long and parallel ray is

Fig .(6): (a) Myopia. (b) Its correction

.(يمكن تصحيح الخلل باستخدام النظارات التي تستخدم عدسات متباينة (عدسة سلبية

11
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1. Myopia (Short sight): The eyeball is too long and parallel ray is 

focused in front of the retina. Therefore only near objects can be seen 

clearly. Near point <  25cm, far point ≤ ∞.  

The defect can be corrected by use  of spectacles, which employ 

diverging  spectacle lenses  (negative lens). Fig .(6) 

 

Fig .(6): (a) Myopia. (b) Its correction 

 

2. Hyperopia (Long sight): The eyeball is too short, and parallel rays       

are focused to a point behind the retina. Therefore the near point is much 

further  from the eye than normal. Near point > 25 cm, far point = ∞. 

The defect can be corrected by using converging spectacle lenses 

(Positive lens). Fig .(7) 

 

Fig .(7) : (a) Hyperopia. (b) Its correction. 

2. Hyperopia (Long sight):

The eyeball is too short, and parallel rays

are focused to a point behind the retina. Therefore the near point is much

further from the eye than normal. Near point > 25 cm, far point = ∞.

The defect can be corrected by using converging spectacle lenses

(Positive lens). Fig .(7)

مد البصر (رؤية طويلة): مقلة العين قصيرة للغاية ،والأشعة المتوازية مركزة على نقطة خلف الشبكية.

لذلك فإن النقطة القريبة أبعد بكثير من العين عن المعتاد. النقطة القريبة> 25 سم ،النقطة البعيدة =.

يمكن تصحيح الخلل باستخدام عدسات النظارات المتقاربة (العدسة الموجبة).  شكل رقم (7)

Fig .(7) : (a) Hyperopia. (b) Its correction.

a

b

شكل (7): (أ) مد البصر.  (ب) تصحيحه.

 3. A stigmatism:

when a stigmatism is present, point objects 

do not form clear point images on the retina. This is normally due to

The corneas having an equal curvature in different directions. (25 → ∞)

The defect is corrected by the use of cylindrical spectacle lenses 
with axes about 0 → 180. Fig .(8)

3. اللابؤرية: عند وجود وصمة ، لا تشكل الأجسام النقطية صورًا نقطية واضحة على شبكية العين.  هذا عادة بسبب القرنية التي لها انحناء متساوٍ في اتجاهات مختلفة.  (25 ← ∞).

يتم تصحيح الخلل باستخدام عدسات اسطوانية ذات محاور حوالي 0 → 180. شكل (8)

Fig .(8): Cylindrical lens for astigmatism.

شكل (8): عدسة اسطوانية للاستجماتيزم.
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3. A stigmatism: when a stigmatism is present, point objects do not form 

clear point images on the retina. This is normally due to the corneas 

having an  equal curvature in different directions. (25 → ∞). 

 The defect is corrected by the use of cylindrical spectacle lenses with 

axes about 0 → 180. Fig .(8) 

   

Fig .(8): Cylindrical lens for astigmatism. 

 

3. Presbyopia (old sight): As people get older, the ciliary muscles 

weaken and the lens losses some of its elasticity. In order to 

compensate, converging spectacle lenses are employed a the case 

of hyperopia. 

 

 

 

 

 

As people get older, the ciliary muscles3. Presbyopia (old sight):

weaken and the lens losses some of its elasticity. In order to
compensate, converging spectacle lenses are employed a
the case of hyperopia.

3. طول النظر الشيخوخي (البصر الشيخوخي): مع تقدم الناس في السن ،              تضعف العضلات الهدبية وتفقد العدسة بعض مرونتها.  من أجل التعويض ، يتم استخدام عدسات النظارات المتقاربة في حالة مد البصر.

Example (1):

If a source is 20 cm in front of (to the left of) the primary focal point

and the image is 5 cm to the right of the secondary focal point, Find

the power of the lens?

Solution:

object distance: p = 20 cm = 0.2 m،

Image distance: Q= 5 cm =0.05 m

إذا كان المصدر على بعد 20 سم أمام (على يسار) النقطة البؤرية الأساسية
 وكانت الصورة على بعد 5 سم على يمين النقطة البؤرية الثانوية ،

أوجد قوة العدسة؟

الحـل : 

مسافة الجسم: 

مسافة الصورة

مثال (1)
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Example (1): 

 

If a source is 20 cm in front of (to the left of) the primary focal point 

and the image is 5 cm to the right of the secondary focal point, Find 

the  power of the lens? 

Solution: 

 

Pn  = 
 

 
 

 

 
 

 

 
 

object distance: p  = 20 cm  =  0.2 m ,   Image distance: Q= 5 cm =0.05 m 

Pn  = 
 

   
 

 

    
 

Pn = 5+20 

 Pn=25 1/m 

Pn = 25 D 

 

Example (2):  

Determine the strength of lens needed to correct myopia eye with a 

far- point of (1m) ? We consider the image ( lens to retina ) distance 

to be 2 cm (0.02 m) . 

Solution: 

The far point of normal eye = ∞ → object distance p =∞ ,Image distance 

Q = 0.02 m.        

 

 
 

 

 
 

 

 
 Younis Gargary ( Yn2000 )

Translate by

Example (2):

Determine the strength of lens needed to correct myopia eye with a

far- point of (1m) ? We consider the image ( lens to retina ) distance

to be 2 cm (0.02 m) .

Solution:

تحديد قوة العدسة اللازمة لتصحيح قصر النظر مع نقطة بعيدة (1 م)؟  نحن نعتبر أن مسافة الصورة (العدسة إلى شبكية العين) هي 2 سم (0.02 م).

الحـل :

مثـال (2)

The far point of normal eye = ∞ → object distance p =∞ ,Image distance

Q = 0.02 m.

1/f = 0 + 1/0.02 = 50 D

1/f = 1/p + 1/Q =1/0.02 + 1/1 = 51 D

The strength of lens = 50-51 = -1D

A negative lens of -1 D will correct his vision.

مسافة الصورة 

مسافة الكائن p = ∞

النقطة البعيدة للعين العادية = ∞

قـوة العـدسة 

عـدسة سـلبية
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 lec10                    
فيزياء طبية

• Light in Medicine

Dr. Saja Esmaeel  Khaleel



 Nature of Light

Light and other electromagnetic radiation behave as if 
composed of small 

packets (quanta) of energy. These packets of energy are
called photons. 

For a given frequency υ of the radiation, each photon 
has a fixed amount 
of energy E which is:

 
E = h υ = h c/λ .……………………………………(1)

where h : Plan's constant = 6.6×10-34 (joule/sec) ,υ : 
frequency of 

radiation , λ wave length of radiation , c : velocity of 
light.

Dr. Saja Esmaeel Khaleel


🏵يتصرف الضوء والإشعاعات الكهرومغناطيسية الأخرى كما لو كانت صغيرة


🏵حزم (كوانتا) من الطاقة.  تسمى حزم الطاقة هذه بالفوتونات.


🏵بالنسبة لتردد معين υ للإشعاع ، يكون لكل فوتون كمية ثابتة


🏵حيث h: ثابت الخطة = 6.6 × 10-34 (جول / ثانية) ، υ: تردد


🏵الإشعاع ، طول موجة الإشعاع ، ج: سرعة الضوء



  2-Properties of light

1- The speed of light changes when it goes from one 
material into 

another Fig.(1). The ratio of the speed of light in a 
vacuum to its 

speed in a given material is called the index of 
refraction that we 

will discuss later-.. If a light beam meets a new material
at an angle 

other than perpendicular, it bends, or is refracted
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2-خواص الضوء


1- سرعة التغييرات الإضاءة عندما تذهب من مواد إلى


🧊شكل آخر (1).  نسبة سرعة الضوء في الفراغ إلى معدله


🧊السرعة في مادة معينة تسمى مؤشر الانكسار الذي نحن عليه


🧊سوف نناقش لاحقًا- .. إذا التقى شعاع ضوئي بمادة جديدة بزاوية


🧊بخلاف عمودي، ينحني، أو ينضب



The speed of light when it goes from one material into 
another given by 

equation: n=c/v…………….(2)
 
  
c: Speed of light in vacuum, v: Speed of light in 
material , and 

n; Refractive index 
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🛑سرعة الضوء عندما ينتقل من مادة إلى أخرى


🛑: سرعة الضوء في الفراغ ، v: سرعة الضوء في المادة ، و


🛑؛  معامل الانكسار



2- Light behaves both as a wave and as a particle. As a 
wave, it 

produces interference and diffraction, which are of 
minor importance in medicine. As a particle, it can be 
absorbed by a 

single molecule. When a light photon is absorbed

 its energy is 
used in various ways. It can cause a chemical change in 
the

D r. Saja Esmaeel Khaleel


2- يتصرف الضوء كموجة وكجسيم.  كموجة ، ذلك


🌀ينتج تداخلًا وانحرافًا ، وهي ذات أهمية ثانوية في الطب.  كجسيم ، يمكن امتصاصه بواسطة أ


🌀جزيء واحد.  عندما يتم امتصاص فوتون ضوئي


🌀تستخدم بطرق مختلفة.  يمكن أن يسبب تغيرًا كيميائيًا في



molecule that in turn cause an electrical change. This 
is basically 

what happens when a light photon is absorbed in one 
of the sensitive cells of the retina (the light-sensitive 
part of the eye).-Lec

3- When light is absorbed, its energy generally appears
as heat. 

This  property is the basis for the use in medicine of 
Infrared (IR) light to 
heat tissue

4- Sometimes when a light photon is absorbed, a lower
energy light 

photon is emitted. This property is known as 

fluorescence; as you  may guess, it is the basis of the 
fluorescent light bulb. 
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🌑الجزيء الذي يسبب بدوره تغيرًا كهربائيًا.  هذا في الأساس


🌑ما يحدث عندما يتم امتصاص الفوتون الخفيف في واحدة من الخلايا الحساسة لشبكية العين (الجزء الحساسة للضوء من العين).


🌑3- عند امتصاص الضوء ، تظهر طاقته بشكل عام على شكل حرارة.


🌑هذه الخاصية هي أساس استخدام ضوء الأشعة تحت الحمراء في الطب لتسخين الأنسجة


🌑4- في بعض الأحيان عند امتصاص الفوتون الخفيف، ضوء الطاقة الأدنى


🌑نفذت الفوتون. هذا العقار معروف باسم


🌑ضوئي؛  كما قد تتخيل ، فهو أساس لمبة الإضاءة الفلورية.



Certain materials fluoresce in the presence of 
Ultraviolet (UV) light, 

sometimes called "black light" and give off visible light. 
The 
amount of fluorescence and the color of the emitted 
light 

depend  on the wavelength of the Ultraviolet (UV) light 
and on the  chemical composition of the material that is
fluorescing. 

5- Light is reflected to some extent from all surfaces. 
There are two 

types of reflection. 

* Diffuse reflection occurs when rough surfaces scatter 
the  light in many directions.
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تتألق بعض المواد في وجود الأشعة فوق البنفسجية (UV)


يطلق عليه أحيانًا "الضوء الأسود" وينبعث منه ضوء مرئي.  


مقدار التألق ولون الضوء المنبعث


تعتمد على الطول الموجي للأشعة فوق البنفسجية (UV) وعلى التركيب الكيميائي للمادة التي تتألق


5- ينعكس الضوء إلى حد ما من جميع الأسطح.  هنالك اثنان


يحدث الانعكاس المنتشر عندما تشتت الأسطح الخشنة الضوء في اتجاهات عديدة.



 *Specular reflection is a more useful type of reflection; it
is  obtained from very smooth shiny surfaces such as 
mirrors 

where the light is reflected at an angle that is equal to 
the angle  at which it strikes the surface.

 Measurement of Light and Its Units

The three general categories of light (Ultraviolet (UV)- 
VisibleInfrared (IR)) are defined in terms of their 
wavelengths (λ). Wavele

of light used to be measured in
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* الانعكاس المرآوي هو نوع أكثر فائدة من الانعكاس ؛  هو - هي
 يتم الحصول عليها من أسطح لامعة شديدة النعومة مثل المرايا


حيث ينعكس الضوء على زاوية يساوي الزاوية التي يضربها السطح.


قياس الضوء ووحداته


يتم تحديد الفئات الثلاث العامة للضوء (الأشعة فوق البنفسجية (UV) VisibleInfrared (IR)) من حيث أطوالها الموجية (λ).  ويفيل


الضوء المستخدم ليتم قياسها 



Microns                                           1 μ =10-6 m

Angstroms

Nanometer                                      1 nm = 10-9 
m

1 Aᵒ= 10- 10 m

1. Ultraviolet (UV) light: λ= 100 ~ 400 nm 

2. Visible light: λ = 400 ~ 700 nm

3. Infrared (IR) light: λ =700 ~ 10,000 nm.

Units of light

1-Photometric unit for visible light (Table.2).

Illuminance; the quantity of light striking a surface

Luminace; the intensity of a light source
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ميكرون


انجسترومس


نانومتر


1. ضوء الأشعة فوق البنفسجية: λ = 100 ~ 400 نانومتر


2. الضوء المرئي: λ = 400 ~ 700 نانومتر


3. ضوء الأشعة تحت الحمراء: λ = 700 ~ 10،000 نانومتر.


1-وحدة قياس ضوئي للضوء المرئي (جدول 2).


إضاءة.  كمية الضوء التي تضرب السطح


luminace؛ شدة مصدر الضوء



2. Radiometric unit for all lights (Table.2).

Irradiance: quantity of light striking a surface.

Radiance: intensity of a light source.

Light has wavelengths much shorter than TV and 
radio waves but  much longer than x-rays and gamma 
rays. 
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2. وحدة قياس الإشعاع لجميع الأضواء (الجدول 2).


الإشعاع: كمية الضوء التي تضرب السطح.


الإشراف: شدة مصدر الضوء


للضوء أطوال موجية أقصر بكثير من موجات التلفزيون والراديو ولكنها أطول بكثير من الأشعة السينية وأشعة جاما.



 Visible light has energies  ranging from 2 ~ 4 eV. For 
comparison, the kinetic energy of a 

molecule in air at room temperature is about 0.025 eV 
and the energy  of a typical x-ray photon used in 
medicine is about 50,000 eV, 50 KeV 
(Fig.2).

Note: 1 eV=1.6×10-19 Joul

Dr. Saja Esmaeel Khaleel


الضوء المرئي له طاقات تتراوح من 2 ~ 4 فولت.  للمقارنة ، الطاقة الحركية


جزيء في الهواء في درجة حرارة الغرفة هو حوالي 0.025 EV وكانت طاقة فوتون الأشعة السينية النموذجية المستخدمة في الطب حوالي 50،000 EV، 50 KEV (FIG.2).




ترجمة: توفي 🖤🐅



 Application of Visible Light in Medicine:

1. Endoscope: a number of instruments are used for 
viewing internal  body cavities

Dr. Saja Esmaeel Khaleel


🛡تطبيق الضوء المرئي في الطب:


🛡1. المنظار: يتم استخدام عدد من الأدوات لعرض تجاويف الجسم الداخلية



2. Gyroscopes: are used to examine the bladder.

3. Bronchoscope: are used for examining the air 
passages into lungs.  Some endoscopes are rigid tubes 
with a light source to illuminate area 

of interest. Flexible endoscopes can be used to obtain 
information from  regions of the body that cannot be 

examined with rigid endoscopes, 
such as the small intestine and much of large intestine

Dr. Saja Esmaeel Khaleel


2. الجيروسكوبات: تستخدم لفحص المثانة.


3. منظار القصبات: يستخدم لفحص ممرات الهواء في الرئتين.  بعض المناظير عبارة عن أنابيب صلبة ذات مصدر ضوئي للإضاءة


من اهتمام.  يمكن استخدام المناظير المرنة للحصول على معلومات من مناطق الجسم التي لا يمكن أن توجد


يتم فحصه باستخدام مناظير داخلية صلبة ، مثل الأمعاء الدقيقة وجزء كبير من الأمعاء الغليظة



 Application of Ultraviolet (UV) and Infrared (IR) 
light  in Medicine:

• Ultraviolet photons have energies than visible 
and IR light. Because of their higher energies, 
Ultraviolet photons are more  useful than IR 
photons

- Ultraviolet can kill germs and used to sterilize 
medical  instruments.

- Ultraviolet produces more reaction in the skin 
some of these 

- reactions are beneficial, and some are harmful

Dr. Saja Esmaeel Khaleel


💜تطبيقات الأشعة فوق البنفسجية (UV) والأشعة تحت الحمراء (IR) في الطب:


💜الفوتونات فوق البنفسجية لها طاقات أكثر من الضوء المرئي والأشهر. بسبب طاقاتهم العليا، الفوتونات فوق البنفسجية أكثر فائدة من الفوتونات IR


💜يمكن للأشعة فوق البنفسجية أن تقتل الجراثيم وتستخدم لتعقيم الأدوات الطبية.


💜تنتج الأشعة فوق البنفسجية مزيدًا من التفاعل في الجلد بعضًا من هذه


💜ردود الفعل مفيدة وبعضها ضار



 Beneficial effects of Ultraviolet light from the sun is 
the  conversion of molecular products in the skin into
vitamin D.

- Harmful effects of Ultraviolet light can produce 
sunburn. Solar  Ultraviolet light is also cause of 
skin cancer in humans.

Two types of IR photography are used in medicine:

1. Reflective IR photography, which uses 
wavelength of 700 to 900  nm to show patterns 
of veins just below the skin

2.   Emissive IR photography uses the long IR heat 
waves emitted by  the body that give an indication of 
the body temperature, is usually  called thermograph.

Dr. Saja Esmaeel Khaleel


الآثار المفيدة للأشعة فوق البنفسجية من الشمس هي تحويل المنتجات الجزيئية في الجلد إلى فيتامين د.


الآثار الضارة للضوء الأشعة فوق البنفسجية يمكن أن تنتج حروق الشمس. ضوء الأشعة فوق البنفسجية الشمسية هو أيضا سبب سرطان الجلد في البشر


يتم استخدام نوعين من التصوير الفوتوغرافي IR في الطب


1. تصوير الأشعة تحت الحمراء العاكسة، والذي يستخدم الطول الموجي من 700 إلى 900 نانومتر لإظهار أنماط الأوردة أسفل الجلد


2. يستخدم التصوير بالأشعة تحت الحمراء الانبعاثية موجات الحرارة الطويلة بالأشعة تحت الحمراء المنبعثة من الجسم والتي تعطي مؤشرًا على درجة حرارة الجسم ، وعادة ما يطلق عليها اسم Thermograph



 Laser
Laser is “Light Amplification Stimulated Emission by 
Radiation”.

A laser is a unique light source that emits a narrow 
beam of light of a  single wavelength (monochromatic 
light) in 

which each wave is in phase  with the others near it 
(coherent light).

 Properties of a Laser
1. Monochromaticity – same λ or frequency.
2. Directivity.
3. Highly correlated photons for long distances.
4. High energy- density.

 Principle of Laser Action

Therefore three process of light emission:

1.Absorption
2. Spontaneous Emission
3. Stimulated Emission

Dr. Saja Esmaeel Khaleel


الليزر هو "انبعاث محفز لتضخيم الضوء بالإشعاع".


الليزر هو مصدر ضوء فريد ينبعث منه شعاع ضيق من الضوء بطول موجي واحد (ضوء أحادي اللون) في


التي تكون كل موجة في طور مع الموجات الأخرى القريبة منها (ضوء متماسك)


1. أحادي اللون - نفس λ أو تردد


2. الاتجاهية.


3. الفوتونات شديدة الارتباط لمسافات طويلة


4. كثافة عالية الطاقة.


مبدأ عمل الليزر


لذلك ثلاث عمليات لانبعاث الضوء:


1. الامتصاص
 2. الانبعاث التلقائي
 3 الانبعاث المحفز 



 Laser in Medicine

The laser is routinely used in clinical medicine only in 
ophthalmology.  Its effectiveness in treating certain 

types of cancer and its usefulness as a  "bloodless 
knife" for surgery are under active investigation. 
Lasers are 

used in medical research for special three-dimensional
imaging called  holography.

Dr. Saja Esmaeel Khaleel


الليزر في الطب


يستخدم الليزر بشكل روتيني في الطب السريري فقط في طب العيون.  فعاليته في علاج بعض


أنواع السرطان وفائدتها باعتبارها "سكين غير دموي" للجراحة قيد التحقيق الفعال. الليزر هي


يستخدم في البحث الطبي للتصوير ثلاثي الأبعاد الخاص يسمى الهولوغرافي.



In ophthalmology lasers are primarily used for 
photocoagulation of the  retina, that is, heating a 

blood vessel to the point where the blood 
coagulates and blocks the vessel

Dr. Saja  Esmaeel  Khaleel

Dr. Saja Esmaeel Khaleel


في طب العيون ، يتم استخدام الليزر في المقام الأول للتخثير الضوئي لشبكية العين ، أي تسخين


الأوعية الدموية إلى النقطة التي يتخثر فيها الدم ويسد الأوعية الدموية
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Pressure 

In this lecture, we will discuss the following topics: 

 The Pressure Definition. 

 Calculation the pressure of column of liquid. 

 Units the pressure in medicine.  

 Blood pressure. 

 Measurement of pressure in the Body. 

 The Pressure in  the human body organs (skull ,Eye, digestive 

system, skeleton and the urinary bladder)     

The Pressure Definition  

The pressure (P) is defined as : the force per unit area in gas or liquid . for 

a solid the quantity force per unit area is referred to as stress.  

Calculation the pressure of column of liquid 

The pressure of column of liquid calculated as : 

 P = ρɡh ………………………………………..………………(1) 

 where the (ρ) is the density, for mercury (ρHg =13.6 gm/cm
3
) 

 and for  the  water (ρwater =1 gm/cm
3
 ) , (ɡ ) gravity acceleration  (g=980 

cm/sec
2
) and ( h ) is height of column . 

 

 

ضغط

سنناقش في هذه المحاضرة المواضيع التالية:

تعريف الضغط.

حساب ضغط عمود السائل

وحدات الضغط في الطب.

ضغط الدم.

قياس الضغط في الجسم.

الضغط في أعضاء جسم الإنسان (الجمجمة والعين والجهاز الهضمي والهيكل العظمي والمثانة)

تعريف الضغط

يتم تعريف الضغط (P) على أنه: القوة لكل وحدة مساحة في الغاز أو السائل.  بالنسبة للصلب ، يشار إلى القوة الكمية لكل وحدة مساحة بالإجهاد.

حساب ضغط عمود السائل

يتم حساب ضغط عمود السائل على النحو التالي:

حيث (ρ) هي الكثافة ، للزئبق (ρHg = 13.6 جم / سم 3) وللماء (ρ الماء = 1 جم / سم 3) ، (ɡ) تسارع الجاذبية (جم = 980 سم / ثانية 2) و (ح) هو  ارتفاع العمود.
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Units the pressure in medicine  

In the metric system it is measured in Dynes per square centimeter 

(Dyn/cm
2
) or Newton's per square meter (N/m

2
)( (Pascal) or (Pa) and in 

the (SI) unit it is measured in Pascal (Pa) .  

None of the above units is in common in medicine. The used unit is the 

height of a column of mercury (Hg). 

 The peak systolic pressure = 120 mm Hg = a pressure of a liquid 

mercury of this height on its base. While the atmospheric pressure = 760 

mm Hg . 

 

Blood pressure 

What is blood pressure? 

Blood pressure is the force of blood moving through your arteries . 

Arteries are the blood vessels that carry blood from your heart to the rest 

of your body. 

What do blood pressure numbers measure? 

Blood pressure is measured with 2 numbers. An example is shown below. 

Ideally, we should all have a blood pressure below 120 over 80 (120/80). 

This is the ideal blood pressure for people wishing to have good health. 

   

  
 

وحدات الضغط في الطب

في النظام المتري يتم قياسه بوحدة Dynes لكل سنتيمتر مربع (Dyn / cm2) أو نيوتن لكل متر مربع (N / m2) ((Pascal) أو (Pa) وفي (SI) يتم قياسه بوحدة Pascal (Pa)  . لا توجد أي من الوحدات المذكورة أعلاه شائعة في الطب. الوحدة المستخدمة هي ارتفاع عمود من الزئبق (Hg). ذروة الضغط الانقباضي = 120 مم زئبق = ضغط زئبق سائل بهذا الارتفاع على قاعدته.  الضغط الجوي = 760 ملم زئبق ضغط الدم

ضغط الدم

ما هو ضغط الدم؟

ضغط الدم هو قوة الدم الذي يتحرك عبر الشرايين.  الشرايين هي الأوعية الدموية التي تنقل الدم من قلبك إلى باقي أجزاء الجسم.

ماذا تقيس أرقام ضغط الدم؟

يتم قياس ضغط الدم برقمين.  ويرد أدناه مثال على ذلك.  من الناحية المثالية ، يجب أن يكون ضغط الدم لدينا جميعًا أقل من 120 فوق 80 (120/80).  هذا هو ضغط الدم المثالي للأشخاص الذين يرغبون في التمتع بصحة جيدة.
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The top number (120) measures the force of blood in your arteries when 

your heart contracts (beats). This is  called systolic pressure.  The bottom 

number (80) measures the  force of blood in your arteries while your 

heart is relaxed. This is called  diastolic pressure. 

Measurement of pressure in the Body 

There are two instrument to measure the pressure: 

1- Manometer 

This is a U-shaped tube containing a fluid that is connected to the 

pressure to be measured, The levels in the arms change until the 

different in the levels (h) is equal to the pressure as shown in Fig.(1).  

 

Figure (1) 

A U- tube manometer for measuring pressure  

 

الرقم العلوي (120) يقيس قوة الدم في الشرايين عندما ينقبض قلبك (ينبض).  وهذا ما يسمى بالضغط الانقباضي.  الرقم السفلي (80) يقيس قوة الدم في الشرايين أثناء استرخاء قلبك.  وهذا ما يسمى بالضغط الانبساطي.

قياس الضغط في الجسم

هناك نوعان من الأدوات لقياس الضغط:

المانومتر

هذا أنبوب على شكل حرف U يحتوي على سائل متصل بالضغط المراد قياسه ، تتغير المستويات في الذراعين حتى الاختلاف في المستويات (ح) يساوي الضغط كما هو موضح في الشكل (1).

مقياس ضغط الأنبوب لقياس الضغط
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This type of manometer can measure both (positive) and (negative) 

pressure. The fluid used can be: Mercury for high pressure 

measurements, water or other low density fluid for low pressures. 

2- Sphygmomanometer 

Is the clinical instrument used for measuring the blood pressure. 

It can be provided by one of two types of gauges  Fig (2): 

a. Mercury gauge: the pressure is indicated by the height of mercury inside 

a glass tube. 

b. Aneroid type: the pressure changes the shape of a sealed flexible 

container, which cause a needle to move on a dial. 

 

 

Figure (2) 

Sphygmomanometer 

يمكن لهذا النوع من أجهزة قياس الضغط قياس الضغط (الإيجابي) و (السلبي).  يمكن أن يكون السائل المستخدم: الزئبق لقياسات الضغط المرتفع ، أو الماء أو السوائل الأخرى منخفضة الكثافة للضغط المنخفض.

مقياس ضغط الدم

هي الأداة السريرية المستخدمة لقياس ضغط الدم.  يمكن توفيره بأحد نوعين من أجهزة القياس شكل (2):

مقياس الزئبق: يُشار إلى الضغط بارتفاع الزئبق داخل أنبوب زجاجي.  ب

النوع اللاسائلي: يغير الضغط شكل الحاوية المرنة محكمة الغلق ، مما يتسبب في تحريك إبرة على قرص.
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The Pressure in  the human body organs 

 

1- Pressure inside the skull: 

 

The brain contains approximately (150 cm
3
 ) of cerebrospinal fluid (CSF) 

in a series of interconnected opening called ventricles. 

CSF is generated inside the brain and flows through the ventricles into the 

spinal column and eventually into the circulatory system. Fig. (3) 

 If at birth the narrow opening of the ventricle (aqueduct) is blocked then 

the CSF is trapped inside the skull and hence increases the internal 

pressure and causes the skull to enlarge (A case named hydrocephalus). 

 

Figure(3). A cross-section the brain showing the location of the 

cerebrospinal fluid and the aqueduct 

 

2- Eye Pressure 

The clear fluids in the eyeball (the aqueous and vitreous humors) that 

الضغط في أعضاء جسم الإنسان

الضغط داخل الجمجمة:

يحتوي الدماغ على ما يقرب من (150 سم 3) من السائل النخاعي (CSF) في سلسلة من الفتحات المترابطة تسمى البطينين.  يتم إنشاء CSF داخل الدماغ ويتدفق عبر البطينين إلى العمود الفقري وفي النهاية إلى جهاز الدورة الدموية.  شكل (3) إذا تم سد الفتحة الضيقة للبطين (القناة) عند الولادة فإن السائل الدماغي النخاعي محاصر داخل الجمجمة وبالتالي يزيد الضغط الداخلي ويؤدي إلى تضخم الجمجمة (حالة تسمى استسقاء الرأس).

مقطع عرضي للدماغ يوضح موقع السائل النخاعي والقناة

-  ارتفاع ضغط العين

السوائل الصافية في مقلة العين (الخلط المائي والزجاجي) التي
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transmit light to the retina are under pressure .This pressure maintain the 

eyeball in a fixed size and shape. A change of only ( 0.1mm) in the eye 

diameter has a significant effect on the clarity of vision. The pressure in 

normal eyes range from (12) to (23mm Hg). The eye continuously 

produces aqueous humors and a drain system allows escaping. the 

pressure increased due to a partial blockage then the blood supply to the 

retina will be restricted and thus affecting vision (glaucoma) which 

produce tunnel vision in moderate cases and blindness in sever cases. -Fig 

(4)-.  

 

 

 

 

 

 

 

 

 

Figure(4) 

Normal eye and eye with Glaucoma 

 

3- Pressure in the digestive system:  

The digestive system is an opening through the body with about 6 meter 

length from the mouth to anus. It has several valves and sphincters 

ينقل الضوء إلى شبكية العين تحت الضغط ، وهذا الضغط يحافظ على حجم وشكل مقلة العين.  تغيير قطر العين بمقدار (0.1 مم) فقط له تأثير كبير على وضوح الرؤية.  يتراوح الضغط في العيون العادية من (12) إلى (23 ملم زئبق).  تنتج العين باستمرار خلطات مائية ويسمح نظام الصرف بالهروب.  يزداد الضغط بسبب انسداد جزئي ثم يتم تقييد تدفق الدم إلى الشبكية وبالتالي يؤثر على الرؤية (الجلوكوما) التي تنتج رؤية نفقية في الحالات المتوسطة والعمى في الحالات الشديدة.  -تين

الضغط في الجهاز الهضمي: T.

الجهاز الهضمي عبارة عن فتحة عبر الجسم يبلغ طولها حوالي 6 أمتار من الفم إلى فتحة الشرج.  لديها العديد من الصمامات والعضلات العاصرة



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/First Stage 
Dr. Saja Esmaeel Khaleel                                               

 

2020-2021  7 
 

(circular muscles) which open for the passage of food, drink, and their 

by-products, in a unidirectional flow. Fig (5) 

Esophagus: The pressure is less than the atmospheric because it is 

coupled to the pressure between the lungs and chest wall (intra-thoracic 

pressure). 

Stomach: The pressure is higher than the atmospheric pressure because 

of the stretching of the stomach walls and due to air swallowed during 

eating. 

Gut: gas flatus generated by the bacterial action increases the pressure, 

and hence it is higher the atmospheric.  

Sometimes a blockage forms in the small or large intestine and a pressure 

build up between the blockage and the pylorus. If this pressure becomes 

great enough to restrict blood flow to critical organs, it can cause death. 

And can be solved by: 

1. Intubation: - 

passing of a hollow tube through nose, stomach, and pylorus. 

2. Surgry: - 

chosen when the intubations don't work. 

 

عضلات دائرية) التي تفتح لمرور الطعام والشراب ومنتجاتهما الثانوية ، في تدفق أحادي الاتجاه.  شكل (5)

المريء: يكون الضغط أقل من الضغط الجوي لأنه مرتبط بالضغط بين الرئتين وجدار الصدر (الضغط داخل الصدر).

المعدة: يكون الضغط أعلى من الضغط الجوي بسبب تمدد جدران المعدة وبسبب الهواء الذي يبتلع أثناء الأكل.

القناة الهضمية: ريح الغازات الناتجة عن الفعل البكتيري تزيد الضغط ، وبالتالي فهي أعلى في الغلاف الجوي.

في بعض الأحيان يتشكل انسداد في الأمعاء الدقيقة أو الغليظة ويتراكم الضغط بين الانسداد والبوابة.  إذا أصبح هذا الضغط كبيرًا بما يكفي لتقييد تدفق الدم إلى الأعضاء الحيوية ، فقد يتسبب في الوفاة.  ويمكن حلها عن طريق:

إدخال أنبوب

مرور أنبوب مجوف عبر الأنف والمعدة والبواب.

جراحة

يتم اختياره عندما لا تعمل التنبيب.
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Figure(5) 

The valves and sphincters of the digestive tract 

 

4- Pressure in the skeleton:- 

This is the highest pressure that can be found in the body-for example 

when all the weight of the body is on one leg, such as when walking, the 

pressure in the knee joint may be more than 10 atmospheres!! 

The surface area of a bone at the joint is greater than its area either above 

or below the joint Fig (6). The larger area at the joint distributes the force, 

thus reducing the pressure. 

 

 

 

 

الضغط في الهيكل العظمي: -

هذا هو أعلى ضغط يمكن العثور عليه في الجسم - على سبيل المثال عندما يكون كل وزن الجسم على رجل واحدة ، كما هو الحال عند المشي ، قد يكون الضغط في مفصل الركبة أكثر من 10 أجواء !!  مساحة سطح العظم عند المفصل أكبر من مساحتها إما أعلى أو أسفل المفصل شكل (6).  توزع المنطقة الأكبر في المفصل القوة ، وبالتالي تقلل الضغط.
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Figure(6) The surface area of a bone at the joint is greater than its 

area either above or below the joint. 

 

5- Pressure in the urinary bladder:-     

There are internal pressure in the urinary bladder due to accumulation of 

urine, For adults, the typical maximum volume  is (500 ml). Normal 

pressure is fairly low (20 to 40 cm H2O) but for men who suffer from 

prostatic obstruction of the urinary passage it may be over ( 100 cm H2O). 

Fig. (7) The figure below shows the typical pressure-volume curve for the 

bladder . 

 

 

Figure(7) 

ضغط في المثانة البولية: -

يوجد ضغط داخلي في المثانة البولية نتيجة تراكم البول ، بالنسبة للبالغين الحجم الأقصى النموذجي هو (500 مل).  الضغط الطبيعي منخفض إلى حد ما (20 إلى 40 سم ماء) ولكن بالنسبة للرجال الذين يعانون من انسداد البروستاتا في مجرى البول ، قد يزيد الضغط عن (100 سم ماء).  الشكل (7) يوضح الشكل أدناه منحنى حجم الضغط النموذجي للمثانة.
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Measurement: 

1. The pressure in the bladder is measured by passing a catheter with a 

pressure sensor to the bladder through the urinary passage (Urethra). 

2. Direct cystometry: A needle is inserted through the walls of the 

abdomen directly to the bladder. 

 

 

 

قياس

يُقاس الضغط في المثانة عن طريق تمرير قسطرة مزودة بمستشعر ضغط إلى المثانة عبر الممر البولي (الإحليل).

قياس المثانة المباشر:

يتم إدخال الإبرة من خلال جدران البطن مباشرة إلى المثانة.

Translated: By Elaf Mahmood 
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Energy, Work and Power of the body  

In this lecture, we will discuss the following topics: 

: في هذه المحاضرة سنناقش المواضيع التالية   

• Definition for (Energy, Work and Power). ( تعريف )الطاقة والعمل والقوة    
 

• The Energy in Human Body.  طاقة في جسم الإنسان 

 

• Conservation of energy in the body. الحفاظ على الطاقة في الجسم    

 

• Energy Content of Body Fuel.        محتوى الطاقة في وقود الجسم 

 

• The Basal Metabolic Rate (BMR).  معدل الأيض الأساسي  (BMR) 

 

• Mechanical Work and Power. ه العمل الميكانيكي والقو    
 

• Modes of Heat Loss.  طرق فقدان الحرارة 

  
Definition for  

1. Energy (E): Is the quantitative property that must be transferred to 

an object in order to perform work on, or to heat, the object. The SI 

unit of energy is the Joule(J). Common forms of energy include the 

kinetic energy , potential energy, the chemical energy, the radiant 

https://en.wikipedia.org/wiki/Physical_quantity
https://en.wikipedia.org/wiki/Physical_property
https://en.wikipedia.org/wiki/Physical_property
https://en.wikipedia.org/wiki/Physical_property
https://en.wikipedia.org/wiki/Energy#Energy_transfer
https://en.wikipedia.org/wiki/Energy#Energy_transfer
https://en.wikipedia.org/wiki/Physical_body
https://en.wikipedia.org/wiki/Physical_body
https://en.wikipedia.org/wiki/Work_(thermodynamics)
https://en.wikipedia.org/wiki/Work_(thermodynamics)
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Potential_energy
https://en.wikipedia.org/wiki/Chemical_energy
https://en.wikipedia.org/wiki/Radiant_energy
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energy carried by light, and the thermal energy due to an object's 

temperature.  

هي الخاصية الكمية التي يجب نقلها إلى شيء ما من أجل أداء العمل عليه أو لتسخينه. وحدة   :(E) الطاقة  1

لطاقة الحركية ، والطاقة الكامنة  تشمل الأشكال الشائعة للطاقة ا .(J) الطاقة في النظام الدولي للوحدات هي الجول

 ، والطاقة الكيميائية ، والطاقة المشعة التي يحملها الضوء ، والطاقة الحرارية بسبب درجة حرارة الجسم 

2. Work (W): Is defined as product of the force (F) and the distance 

(x) over which the force is applied. Work is done when a force is 

applied to an object and the object is moved through a distance. 

(W=Force×Distance),  the unite is (1N.m= J).  

ف بأنه ناتج القوة :(W) الشغل 2  التي يتم خلالها تطبيق القوة. يتم الشغل عندما   (x) والمسافة (F) يعُرَّ

 1N.m) ، الوحدة هي (القوة × المسافة = W) .م تحريكه عبر مسافةيتم تطبيق قوة على جسم ما ويت

= J) 

3. Power (P): Is the rate of doing work (W) or transferring heat, the 

amount of energy transferred or converted (E) per unit tim (t) . The  

SI unit of power is the joule per second (J/s), known as the Watt .  

(P=W/t) 

 ال  .(t) لكل وحدة زمنية (E) أو نقل الحرارة ، كمية الطاقة المنقولة أو المحولة (W) هي معدل العمل  :(P) الطاقة .3 

 .، والمعروفة باسم الواط (J / s) وحدة الطاقة في النظام الدولي للوحدات هي الجول في الثانية

(P = W / t) 

The Energy in Human Body الطاقة في جسم الإنسان 

All body activities including thinking, doing work, or keeping the body 

temperature (temp.) . 

جة حرارة الجسم )درجة الحرارة( جميع أنشطة الجسم بما في ذلك التفكير أو العمل أو الحفاظ على در  

 

https://en.wikipedia.org/wiki/Radiant_energy
https://en.wikipedia.org/wiki/Radiant_energy
https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Work_(physics)
https://en.wikipedia.org/wiki/Work_(physics)
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Energy_(physics)
https://en.wikipedia.org/wiki/Energy_(physics)
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Watt
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 constant involve energy changes, for example under resting conditions the 

skeletal muscles and the heart using 25% of the body's energy, another 

19%is being used by the brain,10% is being used by the kidneys, and 27% 

is being used by the liver and the spleen. A small percent of about 5% of 

food energy being excreted in feces and urine. Extra food energy will be 

stored mainly as fat. External heat energy from environment can help 

maintain the body temp. , but it has no use in body function.  

الثابت يتضمن تغيرات في الطاقة ، على سبيل المثال في ظل ظروف الراحة ، تستخدم عضلات الهيكل العظمي والقلب  

٪ تستخدم بواسطة الكبد  27٪ تستخدم بواسطة الكلى ، و 10٪ أخرى يستخدمها الدماغ ، و 19٪ من طاقة الجسم ، و 25

٪ من الطاقة الغذائية في البراز والبول. سيتم تخزين الطاقة الغذائية الزائدة 5بة صغيرة من حوالي والطحال. يتم إفراز نس

بشكل أساسي على شكل دهون. يمكن أن تساعد الطاقة الحرارية الخارجية من البيئة في الحفاظ على درجة حرارة الجسم. ،  

 ولكن ليس له فائدة في وظائف الجسم

 The body uses the food energy to:- ذائية ليستخدم الجسم الطاقة الغ  

1. Operate  body various organs.  

2. Maintain a constant body temperature.  

3. Do external work for example lifting.  

 .تشغيل أجهزة الجسم المختلفة 1  

 .الحفاظ على درجة حرارة الجسم ثابتة   2

 3  القيام بالأعمال الخارجية على سبيل المثال الرفع .

Conservation of energy in the body الحفاظ على الطاقة في الجسم  

The conservation of energy in the body is expressed by the first law of 

thermodynamics:   

 :يتم التعبير عن حفظ الطاقة في الجسم من خلال القانون الأول للديناميكا الحرارية 
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The change in stored energy in the body (food energy, body fat, and body 

heat) = The heat lost or gained from the body ± Work done  

الجسم )طاقة الطعام ، ودهون الجسم ، وحرارة الجسم( = الحرارة المفقودة أو المكتسبة من  التغيير في الطاقة المخزنة في

 الجسم ± العمل المنجز 

ΔU=ΔQ±ΔW………………………………………………… (1)  

Where:  

ΔU: is the change in stored energy.  

ΔQ: is the heat lost or gained (will discussed the heat concept in coming 

lectures).  

 :أين

ΔU :هو التغيير في الطاقة المخزنة. 

Δ )س: هي الحرارة المفقودة أو المكتسبة )سوف تناقش مفهوم الحرارة في المحاضرات القادمة. 

ΔW: is the work done by the body.  

The rate of change of energy is given by:  

:ΔW  سمهو العمل الذي يقوم به الج. 

: يتم إعطاء معدل تغير الطاقة من خلال  

ΔU/Δt =ΔQ/Δt±ΔW/Δt…………………………………….………..…(2)  

Where:  

ΔU/Δt: Rate of change of stored energy. 

 ΔU / t :معدل تغير الطاقة المخزنة

ΔQ/Δt: Rate of heat loss or gain.  

:ΔQ / tمعدل فقدان الحرارة أو اكتسابها. 

ΔW/Δt: Rate of doing work.  

:ΔW / t العملمعدل. 
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Equation (2) tells us that energy is conserved in all processes, but it does 

not tell us whether or not a process can occur.  

( أن الطاقة محفوظة في جميع العمليات ، لكنها لا تخبرنا ما إذا كانت العملية يمكن أن تحدث أم لا 2تخبرنا المعادلة )  

The body's basic source of energy is the food energy; it must be chemically 

changed by the body to make molecules that can combine with oxygen in 

the body's cells. Figure ( 1).  

اسي للجسم هو الطاقة الغذائية. يجب أن يغيره الجسم كيميائياً لصنع جزيئات يمكن أن تتحد مع الأكسجين مصدر الطاقة الأس

( 1 )في خلايا الجسم. شكل   

  

Figure (1): Energy flow into and from the body  

All types of energy have the same units, including heat (often expressed in 

terms of calories) and work (often expressed in terms of joules). One 

important conversion between units is  

تحتوي جميع أنواع الطاقة على نفس الوحدات ، بما في ذلك الحرارة )غالباً ما يتم التعبير عنها من حيث السعرات  

ات تعبير عنها من حيث الجول(. تحويل واحد مهم بين الوحدالحرارية( والعمل )غالباً ما يتم ال  

1 calorie (cal) = 4.184 joule (J).  
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Energy Content of Body Fuel  محتوى الطاقة في وقود الجسم 

There is some similarity between metabolic oxidation and combustion, 

even though the body does not “burn” its fuels in oxygen. It is useful to 

learn about the combustion of these fuels because combustion tells you the 

maximum amount of energy that is available from breaking and 

rearranging bonds.  

هناك بعض التشابه بين الأكسدة الأيضية والاحتراق ، على الرغم من أن الجسم لا "يحرق" وقوده بالأكسجين. من المفيد 

ق يخبرك بأقصى قدر من الطاقة المتاحة من كسر الروابط وإعادة  حتراالتعرف على احتراق هذه الأنواع من الوقود لأن الا 

 ترتيبها

What do you mean oxidation?   ماذا تقصد بالأكسدة؟ 

A chemical process in which oxygen is used to make energy from 

carbohydrates (sugars). Also called metabolism. The oxidation process 

within the body, heat is produced as energy of metabolism .  

عملية كيميائية يستخدم فيها الأكسجين لتوليد الطاقة من الكربوهيدرات )السكريات(. يسمى أيضًا التمثيل الغذائي. عملية 

رة كطاقة التمثيل الغذائيالأكسدة داخل الجسم ، وتنتج الحرا  

The Basal Metabolic Rate (BMR) معدل الأيض الأساسي  

BMR: It is the amount of energy needed to perform minimal body functions 

( such as breathing and pumping the blood through the arteries). BMR 

depends primarily upon thyroid function.  

BMR : هو مقدار الطاقة اللازمة لأداء وظائف الجسم البسيطة )مثل التنفس وضخ الدم عبر الشرايين(. يعتمد معدل الأيض

 الأساسي في المقام الأول على وظيفة الغدة الدرقية 

 A person of an over active thyroid has a higher BMR than a person with 

normal thyroid function. 
الغدة  الشخص الذي يعاني من فرط نشاط الغدة الدرقية لديه معدل استقلاب عضلي أعلى من الشخص الذي يعاني من وظائف 

 الدرقية الطبيعية
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 Since the energy used for basal metabolism becomes heat and dissipated 

from the skin, so BMR is related to the surface area, or the mass of the 

body. The metabolic rate depends on temperature of the body,  and on sex, 

age, height, and weight. In Figure (2) the graph represents the change 

between BMR (kcal/day) and the mass of different beings, the slope of the 

graph indicates that the BMR is proportional to mass.  

نظرًا لأن الطاقة المستخدمة في التمثيل الغذائي الأساسي تصبح حرارة وتشتت من الجلد ، فإن معدل الاستقلاب الأساسي  

مرتبط بمساحة السطح أو كتلة الجسم. يعتمد معدل التمثيل الغذائي على درجة حرارة الجسم والجنس والعمر والطول والوزن.  

وكتلة الكائنات المختلفة ، يشير منحدر الرسم   BMR (kcal / day) ، يمثل الرسم البياني التغير بين( 2في الشكل ) 

 .يتناسب مع الكتلة BMR البياني إلى أن

       
         Figure (2): Relationship between BMR and body                                     

mass for different beings 
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Mechanical Work and Power العمل الميكانيكي والقوة  

The first law of thermodynamics equation (1) shows that stored energy 

can be used to supply heat or work. For people, this is mechanical work. 

Mechanical work is the force you apply to an object (F) × the distance 

you push or pull it (x)  and it can be also written as:  

ل. بالنسبة  ( أنه يمكن استخدام الطاقة المخزنة لتوفير الحرارة أو العم1يوضح القانون الأول لمعادلة الديناميكا الحرارية )

 (x) المسافة التي تدفعها أو تسحبها × (F) للناس ، هذا عمل ميكانيكي. العمل الميكانيكي هو القوة التي تطبقها على جسم

 :ويمكن كتابتها أيضًا

Δw=F. Δx ………………………………..…………………………..…(3)  

Or with accurate meaning:  أو بمعنى دقيق 

Δw= F Δx cos θ……………………………………………….………..(4)  

where θ is the angle between F and the direction of movement.  

 The power is work per unit time.  

 .واتجاه الحركة F هي الزاوية بين θ حيث
 القوة هي الشغل لكل وحدة زمنية   

P= Δw/Δt   

= F Δx / Δt    ; Δx / Δt    = v  

P = F v ………………………………………… …..………………….(5)   
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where v is the velocity . When the force is perpendicular to the displacement 

(θ=900 ) work will be zero, such as walking body, his weight is perpendicular 

to distance of movement but practically it will not be zero because the uses 

energy against friction and other movement of his body, but in the case of 

climbing person for distance (h) the weight is on the same line of displacement 

then the work = mgh , g=9.8 m/sec2.  

، فإن الشغل سيكون صفراً ، مثل المشي ، يكون  (θ = 900) ة عمودية على الإزاحةهي السرعة. عندما تكون القو v حيث

وزنه متعامداً مع مسافة الحركة ولكنه عملياً لن يكون صفراً لأن استخدامات الطاقة ضد الاحتكاك وغيرها من حركات جسمه ،  

.  2م / ثانية  mgh   ،g = 9.8 = الشغلولكن في حالة تسلق الشخص للمسافة )ح( يكون الوزن على نفس خط الإزاحة ثم 

 / mgh  ،g = 9.8 m = ولكن في حالة الشخص المتسلق لمسافة )ح( يكون الوزن على نفس خط الإزاحة ثم الشغل

sec2. 

we can call external work, work is also done about the joints of the body to 

lift the center of mass of the body itself, which is internal work. Also, 

concentric muscle contractions are said to do positive (mechanical) work, 

while eccentric contractions do negative work. Walking on level ground 

requires equal amounts of positive and negative work. Walking uphill 

requires relatively more positive work, while walking downhill requires 

relatively more negative work Figure (3). The work efficiencies of positive 

and negative work are different.  

يمكننا أن نطلق على العمل الخارجي ، كما يتم العمل على مفاصل الجسم لرفع مركز كتلة الجسم نفسه ، وهو عمل داخلي.  

ال إن تقلصات العضلات متحدة المركز تؤدي عملًا إيجابياً )ميكانيكياً( ، بينما تؤدي الانقباضات غير المركزية  أيضًا ، يقُ

عملًا سلبياً. يتطلب المشي على أرض مستوية كميات متساوية من العمل الإيجابي والسلبي. يتطلب المشي صعوداً عملاً أكثر 

(. تختلف كفاءات العمل في العمل الإيجابي  3لمنحدرات عملًا سلبياً أكثر نسبياً شكل )إيجابية نسبياً ، بينما يتطلب المشي على ا

 . والسلبي
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Figure (3) :“Internal” vs. “external” work in lifting an object.  

  

  

The efficiency of human body can be obtained from the law:   

 :يمكن الحصول على كفاءة جسم الإنسان من القانون

Efficiency  ………………………….(6)  

   …………………………………………………………..(7)  

Energy consumed = Metabolic Rate. الطاقة المستهلكة = معدل الأيض. 

Example :  

Person raising a box of mass (15 kg) to a table is (2 m) from the ground 

,Calculate the necessary energy in the units of calories, assuming that 

the efficiency of this person is (25%) and acceleration of the 

gravitational is (g=9.8 m/sec2) ?  

رارية ،  م( من الأرض ، احسب الطاقة اللازمة بوحدات السعرات الح 2كجم( إلى طاولة ) 15رفع شخص صندوق كتلته ) 

 (؟ 2م / ث  9.8٪( وتسارع الجاذبية هو )ز = 25بافتراض أن كفاءة هذا الشخص تبلغ )

Solution   المحلول 

  

 , m= 15 Kg, g=9.8 m/sec2, h=2 m ,  =25%  =25/100=0.25  
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,  E=?  

  

  
  

1176 J  

  

1 cal = 4.184 J   

  

→ E=     →  E = 281.07 cal.  

  

Modes of Heat Loss طرق فقدان الحرارة  

 

 
 

  

  

 Figure (4): Overall body modes of  Figuremodes of heat loss by removal from  

(5): More microscopic view of loss of heat    the skin.  
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 سَمَاءُ
Heat and Cold in Medicine 
 الحرارة والبرودة في الطب

Contents المحتويات
- Heat (Definition , Therapy and Production )
- Cold (Cryogenics, Cryosurgery and its uses)
- الحرارة (التعريف والعلاج والإنتاج)
- البرد (المبردة والجراحة البردية واستخداماتها) 
· Definition of Heat تعريف الحرارة

Heat is the transfer of kinetic energy from one medium or object to 
another, or from an energy source to a medium or object. For example 
the energy transferred from the hot subject to the cold subject causing 
to rise the temperature of cold subject.
الحـرارة هـي نـقل الـطاقـة الحـركـية مـن وسـط أو جـسم إلـى آخـر ، أو مـن مـصدر طـاقـة إلـى وسـيط أو 
جــسم.  عــلى ســبيل المــثال الــطاقــة المــنقولــة مــن مــوضــوع ســاخــن إلــى مــوضــوع بــارد مــما يــؤدي 

إلى ارتفاع درجة حرارة الجسم البارد.
· The effect of heat on the material
· تأثير الحرارة على المادة

As molecules of all materials are moving, so they have kinetic 
energy (K.E). The average kinetic energy of an ideal gas can be 
shown to be directly proportional with temperature. The same thing is 
for liquids and solids.
نــظراً لأن جــزيــئات جــميع المــواد تتحــرك ، فــإن لــديــها طــاقــة حــركــية (K.E).  يــمكن إظــهار مــتوســط 
الـــطاقـــة الحـــركـــية لـــغاز مـــثالـــي يـــتناســـب طـــرديـــا مـــع درجـــة الحـــرارة.  نـــفس الـــشيء بـــالنســـبة 

للسوائل والمواد الصلبة.
 The movement of gas molecules are more free than liquid and 
liquid molecules are more free than solid, an increase of temp. of 
any material means an increase in the energy of molecules of that 
material.
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تـكون حـركـة جـزيـئات الـغاز أكـثر حـريـة مـن الـسوائـل والجـزيـئات الـسائـلة أكـثر حـريـة مـن الـصلبة ، 
مما يزيد من درجة الحرارة.  من أي مادة يعني زيادة في طاقة جزيئات تلك المادة.

In order to increase the temp. of a gas, it is necessary to increase the 
average kinetic energy of its molecules by putting the gas in contact 
with a flame, the energy transferred from the flame to the gas 
causing temp. rise is called heat. If enough heat added to a solid, it 
melts, forming a liquid. The liquid may be changed to a gas by adding 
more heat. Adding
مـن أجـل زيـادة درجـة الحـرارة.  مـن الـغاز ، مـن الـضروري زيـادة مـتوسـط الـطاقـة الحـركـية لجـزيـئاتـه 

عــن طــريــق وضــع الــغاز فــي اتــصال مــع اللهــب ، والــطاقــة المــنقولــة مــن اللهــب إلــى الــغاز الــذي 

يســبب درجــة الحــرارة.  الارتــفاع يــسمى الحــرارة.  إذا تــمت إضــافــة حــرارة كــافــية إلــى مــادة 

صــلبة ، فــإنــها تــذوب مــكونــة ســائــلًا.  يــمكن تــغيير الــسائــل إلــى غــاز عــن طــريــق إضــافــة المــزيــد 
من الحرارة.  مضيفا

still more heat converts gas to ions, We can represent this word with 
the following expression :

لا يزال المزيد من الحرارة تحول الغاز إلى أيونات ، ويمكننا تمثيل هذه الكلمة بالتعبير التالي:
Solid + heat > liquid 

Liquid + heat > gas 

Gas + heat  >  ions 

· Definition of Temperature (Temp.)
· تعريف درجة الحرارة (درجة حرارة.)

Is a physical quantity expressing hot and cold. It is measured with a 
thermometer calibrated in one or more temperature scales. We'll 
discuss the temperature scales types in the coming lecture.
هــي كــمية مــاديــة تــعبر عــن الــساخــن والــبارد.  يــتم قــياســه بــميزان حــرارة مــعايــر فــي مــقياس درجــة 

حرارة واحد أو أكثر.  سنناقش أنواع مقاييس درجة الحرارة في المحاضرة القادمة.
· Thermograph-mapping the body's temperature

https://en.wikipedia.org/wiki/Physical_quantity
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Thermometer
https://en.wikipedia.org/wiki/Calibration
https://en.wikipedia.org/wiki/Conversion_of_units_of_temperature
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· رسم الخرائط الحرارية لدرجة حرارة الجسم
The surface of the body temp. is slightly different in different parts. 
Depending on external physical factors and internal metabolic and 
blood supply to the skin. Measurement of surface temp.
درجــة حــرارة ســطح الــجسم.  يــختلف قــليلاً فــي أجــزاء مــختلفة.  اعــتمادا عــلى الــعوامــل الــفيزيــائــية 

الخارجية والتمثيل الغذائي الداخلي وإمداد الدم للجلد.  قياس درجة حرارة السطح.
 though to be useful in diagnosis of some diseases, which may 
change locally the skin temp. All objects regardless on the temp.
عـــــلى الـــــرغـــــم مـــــن أنـــــه مـــــفيد فـــــي تـــــشخيص بـــــعض الأمـــــراض الـــــتي قـــــد تـــــغير درجـــــة حـــــرارة الجـــــلد 

موضعياً.  جميع الكائنات بغض النظر عن درجة الحرارة.
 emit heat radiation. The body heat can give infrared radiation (IR) of 
long waves, which are not visible unlike the red-hot object, which is 
visible. By using this principle the thermograph instrument was 
designed to measure the radiation emitted from a part of the body, 
The total radiation power per surface area (P) is given by Stefan – 
Bultzman Law : The power radiated (P) from a black body is 
directly proportional to the fourth power of the black body's 
thermodynamic temperature T (P α T4):
تـنبعث مـنها إشـعاع حـراري.  يـمكن أن تـعطي حـرارة الـجسم الأشـعة تـحت الحـمراء (IR) لمـوجـات 
طـويـلة ، والـتي لا يـمكن رؤيـتها عـلى عـكس الـجسم الأحـمر الـساخـن المـرئـي.  بـاسـتخدام هـذا 
المـبدأ ، تـم تـصميم أداة الـرسـم الحـراري لـقياس الإشـعاع المـنبعث مـن جـزء مـن الـجسم ، وتـم 
إعــطاء الــطاقــة الإشــعاعــية الإجــمالــية لــكل مــساحــة ســطح (P) بـواسـطة -قـانـون سـتيفان 
بـولـتزمـان : الـطاقـة المـشعة (P) مـن الـجسم الأسـود هـي يـتناسـب طـرديـًا مـع الـقوة 

:T (P α T4) الرابعة لدرجة الحرارة الديناميكية الحرارية للجسم الأسود

https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Black_body
https://en.wikipedia.org/wiki/Proportionality_(mathematics)
https://en.wikipedia.org/wiki/Thermodynamic_temperature
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P= e σT4 (1) 
............................................................................

Where T: is the absolute temp. of the body ,e: is the emissivity 
depends upon the emitter material and its temp. for radiation from 
body e is almost 1 ,σ: is the Stefan –Boltzmann constant=5.7×10-12 Watt/
cm2 °K4.

حـيث T: هـي درجـة الحــرارة الــمطلقة.  مـن الــجسم ، e: الانــبعاثــية تــعتمد عـلى الــمادة الـباعـثة 
ودرجــة الحــرارة.  لـلإشـعاع مـن الــجسم e تـقريـباً 1 ،: هـل ثـابـت ســتيفان بـولـتزمـان = 5.7 

.K4 ° 2 10-12 وات / سـم ×

· Heat production for therapy.
· إنتاج الحرارة للعلاج

Before starting to explain the methods of heat production in the body, 
I will show you a figure -Fig(1)- the electromagnetic spectrum which 
includes all types of waves that have several uses not only in the field 
of medicine but in the fields of industry and communications.

قـــبل الـــبدء فـــي شـــرح طـــرق إنـــتاج الحـــرارة فـــي الـــجسم ، ســـأعـــرض عـــليكم شـــكلاً - الـــشكل (1) - 
الــطيف الكهــرومــغناطــيسي الــذي يــشمل جــميع أنــواع المــوجــات الــتي لــها اســتخدامــات عــديــدة 

ليس فقط في مجال الطب ولكن في مجالات الصناعة والاتصالات.
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Fig(1): The Electromagnetic Spectrum

شكل رقم (1): الطيف الكهرومغناطيسي

Methods of heat production in the body: 

طرق إنتاج الحرارة في الجسم:

1- The Conductive method طريقة التوصيل

2. Infrared Radiant heating (IR). التسخين المشع بالأشعة تحت الحمراء (IR)

3. Electromagnetic (E.M) wave Diathermy. الموجة الكهرومغناطيسية (EM) 

الإنفاذ الحراري

4.  4- Micro wave Diathermy . مايكرو موجة الإنفاذ الحراري

5- Ultrasonic wave heating. تسخين الموجات فوق الصوتية

1. The Conductive method
Heat can transfer by conduction, the quantity of heat transfer 
depends on temp. difference, the time of contact, the area of 
contact, and the thermal conductivity of the materials. This can be 
done by several ways such as hot bath, hot packs, and electric 
heating pad. This can lead to local surface heating and using in the 
treatment of arthritis, neuritis, strains, sinusitis and back pain.

طريقة التوصيل
 يـــمكن أن تـــنتقل الحـــرارة عـــن طـــريـــق الـــتوصـــيل ، وتـــعتمد كـــمية نـــقل الحـــرارة عـــلى درجـــة الحـــرارة.  
الاخــتلاف ووقــت الــتلامــس ومــنطقة الــتلامــس والــتوصــيل الحــراري لــلمواد.  يــمكن الــقيام بــذلــك 
بــعدة طــرق مــثل الحــمام الــساخــن والــضمادات الــساخــنة ووســادة الــتدفــئة الكهــربــائــية.  يــمكن 
أن يـــــؤدي ذلـــــك إلـــــى تـــــسخين الســـــطح المـــــوضـــــعي واســـــتخدامـــــه فـــــي عـــــلاج الـــــتهاب المـــــفاصـــــل 

والتهاب الأعصاب والتهابات الجيوب الأنفية وآلام الظهر.



Alnoor University Collage Anesthesia 
Technology Department Medical 
Physics/First stage 
Dr. Saja Esmaeel Khaleel

2020-2021 6

2. Infrared Radiant heating (IR).
Heat radiation can be achieved by using infrared radiation (IR), it 
penetrates about (3mm) in the skin. It is considered to be more 
effective than conductive heating because it can penetrate deeper.

.(IR) التدفئة بالإشعاع بالأشعة تحت الحمراء

 يـمكن تـحقيق الإشـعاع الحـراري بـاسـتخدام الأشـعة تـحت الحـمراء (IR) الـتي تـخترق حـوالـي (3 
مم) في الجلد.  يعتبر أكثر فعالية من التدفئة الموصلة لأنه يمكن أن يخترق أعمق.

3. Electromagnetic (E.M) wave ( Diathermy)
The energy (E) of electromagnetic waves is expressed in the 

following relationship:                                                                            
E=hυ (2) .....................................................................................................

Where h is Blank's constant(h= 6.626×10−34 J/s , υ the frequency 

(υ=1/ λ) So the classified according to energy E→υ→ λ: 

الموجة الكھرومغناطیسیة (إي إم) (الإنفاذ الحراري) 

 یتم التعبیر عن الطاقة (E) للموجات الكھرومغناطیسیة بالعلاقة التالیة:  

E = hυ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••(2) 

 حیث h ھو ثابت الفراغ (h = 6.626 × 10−34 J / s ، التردد (υ = 1 / λ) لذلك المصنف وفقاً 

 :E → υ → λ للطاقة

A- Short-wave Diathermy with (λ = 10nm and υ =30 MHz) - 

(MHz =106 Hz) -:
B- Long Wave Diathermy with υ = 10 kHz
 υ = 30 نــــانــــومــــتر و λ = 10) أ- الإنــــفاذ الحــــراري بــــالمــــوجــــة الــــقصيرة مــــع

ميجاهرتز) - (ميجاهرتز = 106 هرتز) -:
 ب- الإنفاذ الحراري بموجة طويلة مع υ = 10 كيلو هرتز
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Heat from diathermy penetrates deeper into the body than radiant 
and conductive heat, thus it is useful for internal heating. It used in 
treatment of inflammation of the skeleton , bursi t is , 
neuralgia ,Muscle spasm, pain from protruded intervertebral discs , 
degenerative joint disease.
تــــخترق الحــــرارة الــــناتــــجة عــــن الإنــــفاذ الحــــراري الــــجسم أعــــمق مــــن الحــــرارة المــــشعة والمــــوصــــلية ، 
وبــــالــــتالــــي فــــهي مــــفيدة لــــلتدفــــئة الــــداخــــلية.  يســــتخدم فــــي عــــلاج الــــتهاب الــــهيكل الــــعظمي ، 
الــــتهاب الجــــراب ، الألــــم الــــعصبي ، تــــشنج الــــعضلات ، الألــــم الــــناتــــج عــــن الأقــــراص الــــفقريــــة 

البارزة ، أمراض المفاصل التنكسية.

· Body absorption of radiation امتصاص الجسم للإشعاع

In physics, absorption of electromagnetic radiation is the way in 
which the energy of a photon is taken up by matter, typically the 
electrons of an atom. Thus, the electromagnetic energy is 
transformed into internal energy of the absorber, for example 
thermal energy. In the body if the radiation intensity at the surface 
is (Io) penetrates the tissue with thickness ( D), then the radiation 
intensity (I) at depth (x) is:
I = Io exp( - x / D) (3) ....................................................................................
فـي الـفیزیـاء ، یـعد امـتصاص الإشـعاع الكھـرومـغناطیسـي ھـو الـطریـقة الـتي یـتم بـھا امـتصاص طـاقـة 
الـفوتـون بـواسـطة الـمادة ، عـادةً إلـكترونـات الـذرة.  وبـالـتالـي ، یـتم تـحویـل الـطاقـة الكھـرومـغناطیسـیة إلـى 
طـاقـة داخـلیة لـلممتص ، عـلى سـبیل الـمثال الـطاقـة الحـراریـة.  فـي الـجسم إذا كـانـت كـثافـة الإشـعاع عـلى 

السطح (Io) تخترق الأنسجة بسمك (D) ، فإن شدة الإشعاع (I) عند العمق (x) ھي: 
 I = Io exp (- x / D) (3) 
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4. Microwave diathermy: الإنفاذ الحراري بالميكروويف

Microwave diathermy utilizes electromagnetic radio waves used in 

treatment of fractures, sprains and strains, bursitis, injuries to 

tendons. we use microwaves diathermy for deep area covered with 

fatty layers.

Absorption of Microwave beam depend on :
يستخدم الإنفاذ الحراري بالموجات الدقيقة موجات الراديو الكهرومغناطيسية المستخدمة في 

علاج الكسور والالتواءات والإجهاد والتهاب الجراب وإصابات الأوتار.  نستخدم أجهزة 
الإنفاذ الحراري بالميكروويف للمناطق العميقة المغطاة بطبقات دهنية.

 يعتمد امتصاص شعاع الميكروويف على:
1. The amount of water in the tissue.

Because the energy is deposited more effectively in tissue 
with high water content, microwave energy is absorbed better 
in muscle tissue rather than in fatty tissue which have less 
water.

كمية الماء في الأنسجة.

 نـــظراً لأن الـــطاقـــة تـــترســـب بـــشكل أكـــثر فـــعالـــية فـــي الأنـــسجة ذات المـــحتوى المـــائـــي الـــعالـــي ، فـــإن 
طـــاقـــة المـــيكروويـــف يـــتم امـــتصاصـــها بـــشكل أفـــضل فـــي الأنـــسجة الـــعضلية بـــدلاً مـــن 

الأنسجة الدهنية التي تحتوي على كمية أقل من الماء.

2. The frequency of   microwaves:

The energy is absorbed is very high at frequency ~ 20 GHz (GHz = 
109Hz). It's poorly absorbed at lower frequency nearly 100 MHz and 
at very high frequency >1000 GHz.

تردد المايكرويف:
 يــتم امــتصاص الــطاقــة عــالــية جــدًا عــند الــتردد ~ 20 جــيجاهــرتــز (جــيجاهــرتــز = 109 هــرتــز).  يــتم 
امـتصاصـه بـشكل سيئ عـند تـردد أقـل حـوالـي 100 مـيجاهـرتـز وعـند تـردد عـالٍ جـدًا> 1000 

جيجاهرتز.
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5. Ultrasonic wave heating.
These waves are different from electromagnetic waves. It produces 
mechanical vibration inside tissue. It is the same as the sound waves 
but it has much higher frequencies about 1MHz with power of several 
watts per centimeter. It can move the tissue particles backward and 
forward with high frequency, in doing so it can increase the kinetic 
energy consequently it heats the tissue.

تسخين الموجات فوق الصوتية.

 تــختلف هــذه المــوجــات عــن المــوجــات الكهــرومــغناطــيسية.  يــنتج اهــتزاز مــيكانــيكي داخــل الأنــسجة.  
إنـها نـفس المـوجـات الـصوتـية ولـكنها ذات تـرددات أعـلى بـكثير حـوالـي 1 مـيجا هـرتـز بـقوة عـدة 
واط لـكل سنـتيمتر.  يـمكنه تحـريـك جـزيئـات الأنـسجة للخـلف ولـلأمـام بتـردد عـالٍ ، وبـذلـك يـمكن 

أن يزيد الطاقة الحركية وبالتالي يسخن الأنسجة.

 Ultrasound can be produced by special transducers placed in direct 
contact with the skin. It is used for reliving tightness and scarring 
occurring in joint disease. It can dispose more heat in bones, as 
bones are better absorber for ultrasonic energy than soft tissue. It is 
also used in deep therapy. Heat therapy has also been used in cancer 
treatment in combination with radiotherapy. The tumor is heated 
about 42°C for approximately 30 minutes, and the radiation treatment 
is given after heat treatment.
يـمكن إنـتاج المـوجـات فـوق الـصوتـية بـواسـطة مـحولات طـاقـة خـاصـة تـوضـع فـي اتـصال مـباشـر مـع 
الجـلد.  يـتم اسـتخدامـه لـتخفيف الـضيق والـتندب الـذي يحـدث فـي أمـراض المـفاصـل.  يـمكنه 
التخــلص مــن مــزيــد مــن الحــرارة فــي الــعظام ، حــيث أن الــعظام تــمتص طــاقــة المــوجــات فــوق 
الـصوتـية بـشكل أفـضل مـن الأنـسجة الـرخـوة.  كـما أنـها تسـتخدم فـي الـعلاج الـعميق.  كـما تـم 
اســتخدام الــعلاج الحــراري فــي عــلاج الســرطــان مــع الــعلاج الإشــعاعــي.  يــتم تــسخين الــورم 
بــــحوالــــي 42 درجــــة مــــئويــــة لمــــدة 30 دقــــيقة تــــقريــــباً ، ويــــتم الــــعلاج الإشــــعاعــــي بــــعد المــــعالــــجة 

الحرارية.
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· Cold in Medicine البرد في الطب

Cryogenics المبردة

Is the science of very low temp., it is used in biology and called 
cryobiology. Low temp. can be produced by liquefying gases. The 
storages of liquefied gases is rather difficult because it can take 
heat rapidly from the environment by conduction, convection, and 
radiation.

هـو عـلم درجـات الحـرارة المـنخفضة جـدا ، ويسـتخدم فـي عـلم الأحـياء ويـسمى كـريـبيولـوجـيا.  درجـة 
الحـرارة مـنخفضة.  يـمكن أن تـنتج عـن طـريـق تـسييل الـغازات.  يـعد تخـزيـن الـغازات المـسالـة 
أمــراً صــعباً إلــى حــد مــا لأنــه يــمكن أن يــأخــذ الحــرارة بســرعــة مــن الــبيئة عــن طــريــق الــتوصــيل 

والحمل الحراري والإشعاع.
Moderately low temp. was successful in some types of tissue blood 
and semen, low temp. have been used for long term preservation of 
blood, sperm, bone marrow, and tissue. It has been found that for 
long-term, survival the tissue should be stored at very low temp. , 
since the biochemical and physical processes that sustain life are 
temp. dependent, lowering the temp.
درجـة حـرارة مـنخفضة إلـى حـد مـا.  كـان نـاجـحًا فـي بـعض أنـواع أنـسجة الـدم والـسائـل المـنوي ، 
ودرجـــة الحـــرارة المـــنخفضة.  تـــم اســـتخدامـــها لـــلحفاظ عـــلى الـــدم والـــحيوانـــات المـــنويـــة ونـــخاع 
الــــعظام والأنــــسجة عــــلى المــــدى الــــطويــــل.  لــــقد وجــــد أنــــه عــــلى المــــدى الــــطويــــل ، يــــجب تخــــزيــــن 
الأنــسجة فــي درجــة حــرارة مــنخفضة لــلغايــة.  ، لأن الــعمليات الــكيميائــية الــحيويــة والــفيزيــائــية 

التي تحافظ على الحياة هي درجة حرارة.  تعتمد ، وخفض درجة الحرارة.
 reduce the rates of the processes, liquid nitrogen (-196°C) proved 
to be much better for preservation than solid carbon dioxide (- 79°C). 
لـتقلیل مـعدلات الـعملیات ، أثـبت الـنیتروجـین الـسائـل (-196 
درجـة مـئویـة) أنـھ أفـضل بـكثیر لـلحفظ مـن ثـانـي أكسـید 

الكربون الصلب (-79 درجة مئویة). 
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For conventional blood storage it can be stored with anticoagulant at 
4°C, about 1% of the red blood cells hemolyze (break) each day so the 
blood will not be suitable for use after 21 day, for rare blood types 
should be stored for longer periods, other procedures were used. 
Blood can be preserved for very long periods of time if it frozen 
rapidly in liquid nitrogen (-196°C).
بــالنســبة لتخــزيــن الــدم الــتقليدي ، يــمكن تخــزيــنه بــمضادات الــتخثر عــند 4 درجــات مــئويــة ، حــوالــي 
1٪ مــن خــلايــا الــدم الحــمراء تتحــلل (كســر) كــل يــوم لــذلــك لــن يــكون الــدم مــناســباً لــلاســتخدام 
بـعد 21 يـومـًا ، لأن أنـواع الـدم الـنادرة يـجب تخـزيـنها مـن أجـل لـفترات أطـول ، تـم اسـتخدام 
إجـراءات أخـرى.  يـمكن حـفظ الـدم لـفترات طـويـلة جـدًا إذا تـم تجـميده بسـرعـة فـي الـنيتروجـين 

السائل (-196 درجة مئوية).
There are two ways to freeze the blood to (-196°C):

هناك طريقتان لتجميد الدم إلى (-196 درجة مئوية):

1.The blood sand on the surface of liquid nitrogen surface and then it 
will be frozen in small droplets in very short time forming sand like 
particles, then stored at liquid nitrogen temp. .

رمـل الـدم عـلى سـطح الـنيتروجـين الـسائـل ثـم يـتم تجـميده فـي قـطرات صـغيرة فـي وقـت قـصير جـدًا 
لتشكيل الرمل مثل الجزيئات ، ثم تخزينها في درجة حرارة النيتروجين السائل.  .

2.The blood is kept in a thin wall highly heat conductive with large 
surface area metal container and the spacing between the walls of 
the container is small to maintain a small thickness of blood inside 
the container .The container with the blood is immersed into the 
liquid nitrogen bath making very rapid cooling.

يـُــحفظ الـــدم فـــي جـــدار رقـــيق مـــوصـــل بـــدرجـــة حـــرارة عـــالـــية مـــع وعـــاء مـــعدنـــي بـــمساحـــة ســـطح كـــبيرة 
ويـكون الـتباعـد بـين جـدران الـحاويـة صـغيراً لـلحفاظ عـلى سـمك صـغير مـن الـدم داخـل الـحاويـة. 
يـتم غـمر الـحاويـة الـتي تـحتوي عـلى الـدم فـي الـنيتروجـين الـسائـل حـمام يـجعل الـتبريـد سـريـعًا 

جدًا.
The preservation of large tissue like bone, muscles is still under 
searches as storage of them involves some problems:
الــــحفاظ عــــلى الأنــــسجة الــــكبيرة مــــثل الــــعظام والــــعضلات لا يــــزال قــــيد الــــبحث حــــيث أن تخــــزيــــنها 

ينطوي على بعض المشاكل:
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A- Because of its large physical dimensions, it is difficult to cool down 
all the cells at the same rate.
B- Adding and removing protective agents is difficult. Some work 
has been carried out to preserve cornea and skin.

أ- بسبب أبعادها الفيزيائية الكبيرة ، من الصعب تبريد جميع الخلايا بنفس المعدل.
 ب- مــن الــصعب إضــافــة وإزالــة عــوامــل الحــمايــة.  تــم إجــراء بــعض الأعــمال لــلحفاظ عــلى الــقرنــية 

والجلد.
· Cryosurgery الجراحة البردية

The cryogenic methods are used to destroy cells called 
cryosurgery. It has several advantages:

تستخدم الطرق المبردة لتدمير الخلايا التي تسمى الجراحة البردية.  لها عدة مزايا:
1.Cause a little bleeding يسبب القليل من النزيف
2.The volume of the tissue destroyed can be controlled يمكن التحكم في حجم 
الأنسجة المدمرة

3.-Little pain because low temp. desensitize the nerves 
ألم خفيف بسبب درجة حرارة منخفضة.  إزالة حساسية الأعصاب

4.Very short recovery. انتعاش قصير جدا.
· Uses of Cryosurgery استخدامات الجراحة البردية

In treatment of في علاج ال
1. Parkinson’s disease , Disease Shaking Palsy . It is a disease 

that associated with the basal ganglion of the brain which 
causes un controlled tremor in the arms and legs, Treatment 
is done by destroying the part of the thalamus in the brain that 
controls the transmission of nerve impulses to other parts of 
nervous system .

مـرض بـاركـنسون مـرض شـلل اهـتزازي.  وهـو مـرض يـصاحـب الـعقدة الـقاعـديـة لـلدمـاغ ويسـبب رعـشة 
غـير مـضبوطـة فـي الـذراعـين والـساقـين ، ويـتم الـعلاج عـن طـريـق تـدمـير جـزء المـهاد فـي الـدمـاغ 

الذي يتحكم في انتقال النبضات العصبية إلى أجزاء أخرى من الجهاز العصبي .
2. Tumors and warts. الأورام والثآليل.
3. Eye surgery :

· Repair of detached retina.
· Cataract surgery removal of a darkened lens.

جراحة العيون:
 إصلاح انفصال الشبكية.

 جراحة الساد - إزالة العدسة المظلمة.
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Thermometer and its kinds, Heat Capacity, Specific Heat and 

Latent Heat 

 

 Thermometry and Temperature Scales 

Temperature is difficult to measure directly, so we usually measure it 

indirectly by measuring one of many physical properties that change with 

temp., For example, the Mercury expansion property at high temperature. 

There are three for temperature scales 

1‐ Fahrenheit scale (°F): In this scale the freezing temp. is 32°F and 

boiling point is 212°F ,and normal body temp. is about 98.6°F . 

2-The Celsius (°C): The freezing point is 0°C and the boiling point is 

100°C ,in between is divided into 100 division. 

3-The Kalvin scale (°K) or the absolute scale: This scale has the same 

divisions as the Celsius but takes the 0° K at the absolute zero 

 which is=-273.15°C.-Fig (1)- 

 To change °C to °F 

[°C= (°F-32) 5/9]……………………………………………...………..(1) 

or [°F=°C (9/5)+32] 

Also  °C→ °K , or vice versa 

 °C=°K-273………..……………………………………………………(2) 

 or °K=°C+273 

ميزان الحرارة وأنواعه ، والسعة المحددة ، ومختلفة و
  ثغاء براءة اختراع

.  موازين الحرارة ودرجات الحرارة

يصعب قياس درجة الحرارة بشكل مباشر ، لذلك نقوم عادة بقياسها
  بشكل غير مباشر عن طريق قياس واحدة من العديد من الخصائص الفيزيائية التي تتغير مع
  temp. ، على سبيل المثال ، خاصية توسيع الزئبق في درجة حرارة عالية.
  هناك ثلاثة لمقاييس درجة الحرارة
  1- مقياس فهرنهايت (F): في هذا المقياس درجة حرارة التجمد.  هو 32'F و
  نقطة الغليان هي 212 درجة فهرنهايت ، ودرجة حرارة الجسم الطبيعية.  حوالي 98.6'F.
  2-السلزيوس ('C): نقطة التجمد هي O'C ونقطة الغليان
  100'C ، بينهما ينقسم إلى 100 قسمة.
  3-مقياس كالفن ('ك) أو المقياس المطلق: هذا المقياس له نفس الشيء
  التقسيمات بالدرجة المئوية ولكنها تأخذ O 'K عند الصفر المطلق
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Fig. (1): Temperature Scales 

 

 Types of Thermometers 

1- Glass-liquid thermometer 

This thermometer composed of glass capillary tube ends with a bulb a 

store for liquid, the liquid can be mercury or alcohol for low temp. 

measurement ,- Fig.(2)-. When the thermometer is heated the liquid 

inside will expand more than the glass causing the liquid to rise in the 

capillary, for mercury it expand 1.8% from (100°C). The temp. usually 

taken underneath the tongue or in the rectum. 

أنواع موازين الحرارة
  1- ترمومتر زجاجى سائل
  يتكون مقياس الحرارة هذا من أنبوب شعري زجاجي وينتهي بمصباح أ
  تخزين السائل ، يمكن أن يكون السائل الزئبق أو الكحول لدرجات حرارة منخفضة.
  الشكل (2) -.  عندما يسخن مقياس الحرارة السائل
  سوف يتمدد الداخل أكثر من الزجاج مما يتسبب في ارتفاع السائل في
  شعري ، بالنسبة للزئبق فإنه يتوسع بنسبة 1.8٪ من (100 درجة مئوية).  درجة الحرارة.  مستخدم
  تؤخذ تحت اللسان أو في المستقيم.
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Fig. (2): Glass-liquid thermometer 

 

2-  Thermistor 

It's composed from a bridge of four resistances with a source of 

electricity. These resistors are in balance and one of them is used for 

temp. measurement (resistor T). –Fig(3)-. This resistor as any other 

resistance changing with heat but this particular resistance has the 

property of rapid change with heat ( 5 % °C). A bridge circuit with a 

thermistor in one of the legs, initially the four resistors are equal, the 

bridge is balanced, by symmetry, the voltages at each end of the meter are 

equal and no current flows through the meter. A temp. change causes the 

thermistor resistance to change. This unbalance the bridge, the voltages at 

each end of the meter become un equal, causing a current to flow through 

the meter, and the resulting meter deflection can be calibrated for temp., 

with thermistors it is easy to measure temp. changes of 0.01°C, therefore 

2- الثرمستور
  إنه يتكون من جسر مكون من أربعة مقاومات مع مصدر
  كهرباء.  هذه المقاومات متوازنة ويتم استخدام إحداها
  درجة الحرارة.  القياس (المقاوم T).  -تين. 3)-.  هذا المقاوم مثل أي مقاوم آخر
  تتغير المقاومة مع الحرارة ولكن هذه المقاومة المعينة لها
  خاصية التغيير السريع بالحرارة (5٪ ج).  دائرة الجسر مع
  الثرمستور في إحدى الأرجل ، في البداية تكون المقاومات الأربعة متساوية ، و
  الجسر متوازن ، من خلال التناظر ، تكون الفولتية عند كل طرف من طرفي العداد
  متساوية ولا يتدفق أي تيار عبر العداد.  درجة الحرارة.  التغيير يسبب ال
  مقاومة الثرمستور للتغيير.  يؤدي هذا إلى عدم توازن الجسر ، والجهود في
  يصبح كل طرف من طرفي العداد غير متساويين ، مما يتسبب في تدفق تيار من خلاله
  يمكن معايرة العداد وانحراف العداد الناتج لدرجة الحرارة.
  باستخدام الثرمستورات ، من السهل قياس درجة الحرارة.  تغييرات 0.01 درجة مئوية ، لذلك
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are used quite often in medicine because of their sensitivity. Thermistores 

are placed in the nose to monitor the breathing rate of patients . 

 

Fig. (3): Thermistor 

3-  Thermocouple 

Consist of two junctions of two different metals (copper-constantan) in 

Fig(4). If the two junctions are at different temp. , a voltage is produced 

that depends on the temp. difference.  

 

Fig.(4): Thermocouple 

 

 

يتم استخدام ما لا يقل عن عشرة جنيهات إسترلينية في الطب بسبب حساسيتها.  ثيرمستوريس
  يتم وضعها في الأنف لمراقبة معدل تنفس المرضى.
  شكل (3): الثرمستور
  3- المزدوجات الحرارية
  تتكون من اثنين من تقاطعات معادن مختلفة (النحاس - Constantan) في
  الشكل رقم (4).  إذا كان المفصلان في درجة حرارة مختلفة.  ، يتم إنتاج الجهد
  هذا يعتمد على درجة الحرارة.  اختلاف.
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 Heat Capacity  
 

 Definition  Heat Capacity 
The amount of energy (or more specifically, the heat (Q))  that must be 

added to an object to raise its temperature by one degree is known as the 

heat capacity (Hcap) of that object), then it is given in calories/
0
 C or in 

Joules/
0
 C.   

Mathematical expression of  Heat Capacity (Hcap): 

 Change in thermal energy = (Heat capacity) x (Change in Temperature) 

 

 Q = H cap × ΔT  

H cap=
 

  
   ……………………………………...………………….(1) 

where  Q = heat added or subtracted (calories or joules) , H cap = heat 

capacity (calories/ 
o
C or joules/ 

o
C) ,ΔT = change in temperature = T final 

– T initial (Celsius degrees). 

Example 1 

What is the heat capacity of (100 g) of iron if (9000 J) of thermal 

energy are required to increase the temperature of the iron by (20 

o
C)? 

Solution: 

H cap =?,Q=9000 J, ΔT =20 
o
C 

.  السعة الحرارية
  .  التعريف السعة الحرارية
  كمية الطاقة (أو بشكل أكثر تحديدًا ، الحرارة (Q)) التي يجب أن تكون
  يُضاف إلى كائن ما لرفع درجة حرارته بمقدار درجة واحدة يُعرف باسم
  السعة الحرارية (H. ،) لذلك الجسم) ، ثم يتم إعطاؤها بالسعرات الحرارية / o C أو في
  جول / درجة مئوية.
  التعبير الرياضي عن السعة الحرارية
  تغيير في الطاقة الحرارية  (السعة الحرارية) × (التغيير في درجة الحرارة)

المثال الأول
  ما هي السعة الحرارية لـ (100 جرام) من الحديد إذا (9000 ج) من ثيرما]
  الطاقة اللازمة لزيادة درجة حرارة الحديد بمقدار (20
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H cap=
 

  
    

  =
    

  
    

 H cap =450 J/
0
C 

 Specific Heat 

 Definition  Specific Heat 

The specific heat (S heat) is the amount per unit mass required to raise the  

by one degree Celsius. Then the specific heat does not depend on the size 

or shape of an object, but only on the material from which it is made.- 

Table (1)-. Water has a large specific heat of (1 calorie per gram per 

degree Celsius) or (4.186 Joules per Kilogram degree Celsius). Ice floats 

because the volume of water increases when it freezes. This is connected 

to the change in the specific heat of water near 0 
o
C. 

 

Object (Substance) Specific Heat (cal/g
◦
C) 

Water 1 

Ice 0.480 

Soil 0.2 to 0.8, depending on water content 

Average for human body 0.83 

Aluminum 0.214 

Protein 0.4 

TABLE(1) Specific Heat for Some objects 

.  حرارة نوعية
  e Defnition حرارة محددة
  الحرارة النوعية (S h.t) هي المقدار لكل وحدة كتلة مطلوبة لرفع
  بدرجة واحدة مئوية.  ثم لا تعتمد الحرارة النوعية على الحجم
  أو شكل شيء ما ، ولكن فقط على المادة التي صنع منها. -
  الجدول 1)-.  يحتوي الماء على حرارة نوعية كبيرة تبلغ (سعرات حرارية لكل جرام لكل جرام
  درجة مئوية) أو (4. 186 جول لكل كيلوجرام درجة مئوية).  يطفو lce
  لأن حجم الماء يزداد عندما يتجمد.  هذا متصل
  للتغير في حرارة الماء النوعية بالقرب من O 'C.
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 Mathematical expression of Specific heat (S heat): 

 

The heat required to change the temperature of an object can be expressed 

as:  

Change in thermal energy = (Specific heat) x (Mass) x (Change in 

Temperature) 

Q = S heat × M × ΔT  

S heat= 
 

      
   …………………………………………………………..(2) 

Where:  

Sheat = specific heat (calories/gram 
o
C or Joules/gram 

o
C) ,M = mass 

(grams) . If heat is given in calories (cal), mass in grams(g) and 

temperature in degrees Celsius, then specific heat is given in 

calories/(gram degree Celsius). 

*Note: The heat capacity is an extensive property of a given object, 

while the specific heat is an intensive property of an object. 

Example 2: 

A. How much thermal energy is needed to raise (200 g) of iron by 

(10 
o
C)? The specific heat of iron is ( 0.450 J/g 

o
C). 

Solution: 

 Q = S heat × M × ΔT  

هنا:
  sh: .t ؛  حرارة محددة (سعرات حرارية / جرام C أو جول / جرام C) ، M ؛  كتلة
  (جرام) إذا أعطيت الحرارة بالسعرات الحرارية ، الكتلة بالجرام (جم) و
  درجة الحرارة بالدرجات المئوية ، ثم الحرارة النوعية
  سعرات حرارية / (جرام درجة مئوية).
  * ملاحظة: السعة الحرارية هي خاصية واسعة النطاق لجسم معين ،
  في حين أن الحرارة النوعية هي  مكثفة لجسم ما.
  المثال 2:
  أ. كمية الطاقة الحرارية اللازمة لرفع (200 جرام) من الحديد بها
  (لو ج)؟  الحرارة النوعية للحديد هي (0.450 J / g 'C).

.  التعبير الرياضي للحرارة النوعية (S h. ، t):
  يمكن التعبير عن الحرارة المطلوبة لتغيير درجة حرارة o12ject
  مثل:
  تغيير في الطاقة الحرارية  (الحرارة النوعية) × (الكتلة) × (التغيير في
  درجة الحرارة)
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     = 0.450  × 200  × 10 

   Q = 900 J  

B. What is the heat capacity of this object? (H.W) 

 

Example 3: 

How much energy (in calories) is needed to warm up (300 kg) of 

water from (10 
0
C) to a comfortable ( 37 

0
C)? (Use the specific heat of 

the water is  1(cal/g
 0
C). 

Solution: 

1Kg=1000g=10
3
g ,m=300×10

3
= 3×10

5
 g 

T1=10 
0
C, T2=37

 0
C , T=T2-T1=37-10=27 

0
C 

Q = S heat × M × ΔT  

     =3×10
5
×1×27 

 Q =81×10
5
 cal 

 

 Latent Heat 

The another  thing that can happen when heat is transferred to or from a 

system is that the state of the system can change –Figure 5-. Changes 

from the solid to the liquid or from the liquid to the gaseous state, 

and vice versa, are called phase changes. For example turning water 

into ice or steam. 

.  أنا ، في هيت
  الشيء الآخر الذي يمكن أن يحدث عند نقل الحرارة من وإلى
  النظام هو أن حالة النظام يمكن أن تتغير - الشكل 5- التغييرات
  من الحالة الصلبة إلى السائل أو من السائل إلى الحالة الغازية ،
  والعكس بالعكس ، تسمى تغييرات المرحلة.  على سبيل المثال تحول الماء
  في الجليد أو البخار.

B. ما هي السعة الحرارية لهذا o12ject؟  (H.W)
  المثال 3:
  ما مقدار الطاقة (بالسعرات الحرارية) اللازمة لتسخين (300 كجم) من
  الماء من (LO 'C) إلى مريح (37 درجة مئوية)؟  (استخدم الحرارة المحددة لـ
  الماء أنا (كال / غرام درجة مئوية).
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Fig. (5) The effect of the heat on objects state 

We call the amount of heat needed to change the phase of one gram of a 

object Latent Heat (L heat) . Two examples of latent heat are the heat of 

freezing and the heat of vaporization. The heat of freezing is the amount 

of thermal energy given off as a liquid freezes, and the heat of 

vaporization is the amount of thermal energy that must be added to 

change a liquid to a gas.  

Mathematical expression of  Latent Heat (Lheat) 

Heat added or subtracted for a phase change = Latent heat x Mass  

Q= L heat M ………………………………………………………..(3) 

Where:  

Q = heat (calories or Joules) , L heat = latent heat (calories/gram or 

Joules/gram) , M = mass (grams). 

 

 

شكل رقم (5) حالة انتصاب الحرارة على الأجسام
  نسمي كمية الحرارة اللازمة لتغيير طور جرام واحد من a
  الجسم الكامن الحرارة (L h.t).  مثالان على الحرارة الكامنة هما حرارة
  التجميد وحرارة التبخر.  حرارة التجميد هي المقدار
  من الطاقة الحرارية المعطاة "في صورة سائل يتجمد ، وحرارة
  التبخير هو مقدار الطاقة الحرارية التي يجب أن يضاف إليها
  تغيير السائل إلى غاز.
  التعبير الرياضي للحرارة الكامنة (Lh ،، J
  إضافة الحرارة أو طرحها لتغيير الطور ؛  الحرارة الكامنة × الكتلة
  VVh هنا:
  س ؛  الحرارة (سعرات حرارية أو جول) ، لتر ؛  الحرارة الكامنة (سعرات حرارية / جرام أو
  جول / جرام) ، م ؛  الكتلة (جرام).
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Example (4)  

How many calories of heat are required to convert ( 500 g) of water 

at a temperature of (25
o
C) into steam at (100

o
C)? The specific heat of 

liquid water is (1 cal/g
o
C) & the latent heat of evaporation of water is 

(540 cal/g) 

Solution: 

To find the heat required to raise the temperature of the water to 100 
o
C.  

Q = S heat × M × ΔT,  ΔT=100-25=75 
o
C 

      =1×500 × 75 = 37500 cal 

the heat required for the phase change of 500 grams of water at 100 
o
C 

into steam at 100 
o
C. 

Q= L heat ×M 

   = 540 × 500  

 Q = 270000 cal 

The total heat (Q Tolal) is the sum of the heat required to heat the water to 

100 
o
C and the heat required to convert the liquid water into steam.  

Q Tolal= 37500 + 270000  

Q Tolal = 307500 cal. 

 

مثال (4)
  كم عدد السعرات الحرارية اللازمة لتحويل (500 جم) من الماء
  عند درجة حرارة (25 درجة مئوية) إلى بخار عند (100 درجة مئوية)؟  الحرارة النوعية لـ
  الماء السائل هو (I cal / g'C) والحرارة الكامنة لتبخر الماء
  (540 كالوري / جم)
  المحلول:
  للعثور على الحرارة المطلوبة لرفع درجة حرارة الماء إلى 100 درجة مئوية.
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Homework 

1) For a (70 kg) person (specific heat 3500 J/kg 
0
C), how much 

extra released energy (in Joule) would be required to raise the 

temperature from (37 °C) to (40 °C) ? 

2) How many calories heat are required to convert (200 g) of ice  

at (0 
o
C) into liquid water at (30 

o
C) ? The latent heat of melting of 

ice is (80 cal/g)& The specific heat of ice is (0.5 calories/g 
o
C). 

الواجب المنزلي
  1) بالنسبة لشخص (70 كغ) (حرارة محددة 3500 جول / كغم درجة مئوية) ، ما المقدار
  ستكون هناك حاجة إلى طاقة مطلقة إضافية (في الجول) لرفع
  درجة الحرارة من (37 درجة مئوية) إلى (40 درجة مئوية)؟
  2) كم عدد السعرات الحرارية اللازمة لتحويل (200 جرام) من الثلج
  عند (O 'C) في ماء سائل عند (30' C)؟  الحرارة الكامنة للذوبان
  الثلج (80 كالوري / جم) والحرارة النوعية للجليد هي (0.5 كالوري / غرام سي).
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Regulation of heat through the human body 

We spoke in previous lectures about the source of energy in the human 

body (food + oxygen), as well as the conversion of energy into work and 

loss heat and methods of loss this heat from the body (Radiation,  

Convection (Conduction) and Evaporation).-Fig.(1)- In this lecture we 

will know how to regulated heat (equilibrium between internal (Core TC) 

and External temperature (shell temperature (Ts)  for the body.  

 

 

 

 

 Fig.(1) : Modes of loss of heat for the body 

The body tightly regulates the body temperature through a process called 

thermoregulation, in which the body can maintain its temperature within 

certain boundaries, even when the surrounding temperature is very 

تنظيم الحرارة عبر جسم الإنسان

تحدثنا في محاضرات سابقة عن مصدر الطاقة في جسم الإنسان (غذاء + أكسجين) وكذلك تحويل الطاقة إلى عمل وفقدان الحرارة وطرق فقدان هذه الحرارة من الجسم (الإشعاع ، الحمل الحراري (التوصيل) والتبخر  - الشكل (1) - في هذه المحاضرة سنتعرف على كيفية تنظيم الحرارة (التوازن بين درجة الحرارة الداخلية (Core TC) ودرجة الحرارة الخارجية (درجة حرارة الغلاف (Ts) للجسم)

ينظم الجسم درجة حرارة الجسم بإحكام من خلال عملية تسمى التنظيم الحراري ، حيث يمكن للجسم الحفاظ على درجة حرارته ضمن حدود معينة ، حتى عندما تكون درجة الحرارة المحيطة شديدة للغاية.

شكل (1): طرق فقدان حرارة الجسم

أنــــور
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different. The core temperature (TC) of the body remains steady at around 

36.5–37.5 °C (or 97.7–99.5 °F).- Fig.(2)-. 

 

Fig.(2): Temperature in the body in cold and hot environments 

Note: The site of choice for(Tc) measurement would depend on the type 

of instrument available and used, and the purpose of measurement. 

Sublingual, axilla and Tympanic temperatures are commonly used in the 

clinical setting.  

 

مختلف.  تظل درجة حرارة الجسم الأساسية (TC) ثابتة حولها

شكل رقم (2): درجة حرارة الجسم في البيئات الباردة والساخنة

ملاحظة: يعتمد الموقع المختار للقياس (Tc) على نوع الأداة المتاحة والمستخدمة ، والغرض من القياس.  تُستخدم درجات الحرارة تحت اللسان والإبط والطبلة بشكل شائع في البيئة السريرية.
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Temperature regulation: 

There are various regulating factors that affect body temperature. These 

are: 

1. Physical control 

2. Chemical control 

3. Nervous system control 

1. Physical control 

The body gains heat from its environment, for example clothing, sun and 

ingestion of hot food. 

 

2.  Chemical control. 

• The body produces heat through the metabolism of food. 

• Body metabolism increases in order to produce more heat for the body 

 as necessary.( I mentioned in previous lectures –Lec.3-) 

• Thus, the rate at which metabolism takes place affects and controls body 

temperature, an increase in the metabolic rate will result in an increase in 

body temperature and vice versa. 

 

3. Nervous system control. 

• The hypothalamus in the brain is the master switch that works as a 

thermostat to regulate the body’s core temperature -Fig.(3). 

https://opentextbc.ca/anatomyandphysiology/chapter/24-6-energy-and-heat-balance/#fig-ch25_06_01
تنظيم درجة الحرارة:

هناك العديد من العوامل المنظمة التي تؤثر على درجة حرارة الجسم.  وهذه هي:

1. التحكم المادي

2. التحكم الكيميائي

3. مراقبة الجهاز العصبي

1. التحكم المادة

يكتسب الجسم الحرارة من بيئته ، على سبيل المثال الملابس والشمس وتناول الطعام الساخن.

2.التحكم الكيميائي

• ينتج الجسم الحرارة من خلال عملية التمثيل الغذائي للطعام

• زيادة التمثيل الغذائي في الجسم من أجل إنتاج المزيد من الحرارة للجسم

حسب الضرورة (أشرت في المحاضرات السابقة - ديسمبر 3 -)

• وبالتالي ، فإن معدل حدوث التمثيل الغذائي يؤثر على درجة حرارة الجسم ويتحكم فيها ، وزيادة معدل التمثيل الغذائي سيؤدي إلى زيادة درجة حرارة الجسم والعكس صحيح.

3.مراقبة الجهاز العصبي

• ما تحت المهاد في الدماغ هو المفتاح الرئيسي الذي يعمل كمنظم حرارة لتنظيم درجة حرارة الجسم الأساسية - الشكل (3).
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• The anterior portion of the hypothalamus is concerned with heat 

dissipation (loss), and the posterior portion of the hypothalamus governs 

heat conservation (gain). 

 

 

 

Fig. (3): Hypothalamus Controls Thermoregulation. 

• الجزء الأمامي من منطقة ما تحت المهاد معني بتبديد الحرارة (فقدان) ، والجزء الخلفي من الوطاء يتحكم في الحفاظ على الحرارة (الكسب).

شكل (3): تحت المهاد يتحكم في التنظيم الحراري.

الغدة النخامية
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 If the temperature is too high, the hypothalamus can initiate several 

processes to lower it. These include increasing the circulation of the 

blood to the surface of the body to allow for the dissipation of heat 

through the skin and initiation of sweating to allow evaporation of water 

on the skin to cool its surface. Conversely, if the temperature falls below 

the set core temperature, the hypothalamus can initiate shivering to 

generate heat. The body uses more energy and generates more heat. In 

addition, thyroid hormone will stimulate more energy use and heat 

production by cells throughout the body. An environment is said to be 

thermo neutral when the body does not expend or release energy to 

maintain its core temperature.  

Heat dissipating mechanism: 

• The anterior part of the hypothalamus is stimulated by very slight 

increase in the temperature of the blood above normal. 

• It stimulates the sweat glands to increase their rate of secretion. 

• Evaporation of the larger amount of sweat causes a greater heat loss 

which causes dilatation of surface blood vessels; so more heat 

إذا كانت درجة الحرارة مرتفعة جدًا ، يمكن أن يبدأ الوطاء عدة عمليات لخفضها.  وتشمل هذه زيادة تدفق الدم إلى سطح الجسم للسماح بتبديد الحرارة عبر الجلد وبدء التعرق للسماح بتبخر الماء على الجلد لتبريد سطحه.  على العكس من ذلك ، إذا انخفضت درجة الحرارة إلى ما دون درجة الحرارة الأساسية المحددة ، يمكن أن يبدأ الوطاء في الارتعاش لتوليد الحرارة.  يستخدم الجسم المزيد من الطاقة ويولد المزيد من الحرارة.  بالإضافة إلى ذلك ، يحفز هرمون الغدة الدرقية المزيد من استخدام الطاقة وإنتاج الحرارة بواسطة الخلايا في جميع أنحاء الجسم.  يقال إن البيئة محايدة حراريًا عندما لا ينفق الجسم أو يطلق الطاقة للحفاظ على درجة حرارته الأساسية.

آلية تبديد الحرارة:

• يتم تحفيز الجزء الأمامي من منطقة ما تحت المهاد من خلال زيادة طفيفة للغاية في درجة حرارة الدم فوق المعدل الطبيعي.

• يحفز الغدد العرقية على زيادة معدل إفرازها.

• يؤدي تبخر كمية أكبر من العرق إلى زيادة فقدان الحرارة مما يؤدي إلى توسع الأوعية الدموية السطحية.  مزيد من الحرارة
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is lost by radiation from the larger quantity of blood circulating near the 

surface in the dilated skin vessels. 

Heat gaining mechanism: 

• In a cold environment, the posterior portion of the hypothalamus is 

stimulated, this causes skin blood vessels constriction which decreases 

the volume of blood circulating near the surface and so decreases the heat 

loss by radiation. In addition there is decrease in activity of sweat gland. 

Thus, decreases heat loss by evaporation. 

• Also shivering and muscle contractions occur, thereby accelerating 

catabolism and heat production. 

Body heat is lost through the skin, lungs, and excretion (digestive and 

urinary tracts). –Fig.(4)-.The loss through the skin accounts about 85% of 

the total. 

 

يتم فقدانه عن طريق الإشعاع من كمية الدم الكبيرة التي تدور بالقرب من السطح في الأوعية الجلدية المتوسعة.

آلية اكتساب الحرارة:

• في البيئة الباردة ، يتم تحفيز الجزء الخلفي من منطقة ما تحت المهاد ، مما يؤدي إلى انقباض الأوعية الدموية للجلد مما يقلل من حجم الدورة الدموية بالقرب من السطح وبالتالي يقلل من فقدان الحرارة بسبب الإشعاع.  بالإضافة إلى انخفاض نشاط الغدة العرقية.  وبالتالي ، يقلل من فقدان الحرارة عن طريق التبخر.

• كما يحدث ارتعاش وتقلصات للعضلات ، مما يؤدي إلى تسريع عملية الهدم وإنتاج الحرارة.

يتم فقدان حرارة الجسم من خلال الجلد والرئتين والإفراز (الجهاز الهضمي والمسالك البولية).  - الشكل (4) - تمثل الخسارة من خلال الجلد حوالي 85٪ من الإجمالي.
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Fig.(4):Modes of heat loss by removal from the skin &Lungs 

 

 

Note: The point is that to keep temperature constant a balance 

between mechanisms by which the body gains heat and the body 

loses(dissipating) heat must be maintained. 

Disorders of body temperature may be either Increase  (Fever) or 

reduction (Hypothermia) of temperature below normal range. 

According to the conservation of energy implies a conservation of heat 

creation (production) and loss: 

(
  

  
)
   
 (

  

  
)
          

 (
  

  
)
            

 (
  

  
)
               

……(1) 

 

شكل رقم (4): طرق فقدان الحرارة بالإزالة من الجلد والرئتين

ملحوظة: النقطة المهمة هي أنه للحفاظ على ثبات درجة الحرارة ، يجب الحفاظ على التوازن بين الآليات التي يكتسب بها الجسم الحرارة ويفقد الجسم (يشتت) الحرارة.

قد تكون اضطرابات درجة حرارة الجسم إما زيادة (حمى) أو انخفاض (انخفاض حرارة الجسم) في درجة الحرارة عن المعدل الطبيعي.

وفقًا للحفاظ على الطاقة ، يعني الحفاظ على توليد الحرارة (الإنتاج) والخسارة:

يسيطر عليها الجسم

خسارة سلبية

التمثيل الغذائي

صافي

رئتين

قصبة الهوائية

التوصيل

تنتج الحرارة في العضلات

غدة العرق

حرارة في الدم

إشعاع

الحمل

تبخر العرق
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The left side is the net heating rate due to all modes of heat production 

and heat loss. The first term on the right-hand side is the heat production 

from metabolic activity and physical activity; it is >0. The second term is 

heat loss due to passive modes, such as from the skin, radiation, 

convection, etc., it is <0. The third term is that due to body-controlled 

heating (>0) and/or heat removal (<0), describes the involuntary 

responses by the body to maintain a normal body temperature, which we 

can call the set point – the targeted temperature. When an increase in 

temperature is needed, this term is positive due to increased metabolic 

activity and motor activity, such as shivering this heat goes directly to the 

core and muscles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

الجانب الأيسر هو صافي معدل التسخين بسبب جميع أنماط إنتاج الحرارة وفقدان الحرارة.  المصطلح الأول على الجانب الأيمن هو إنتاج الحرارة من النشاط الأيضي والنشاط البدني ؛  إنه> 0.  المصطلح الثاني هو فقدان الحرارة بسبب الأوضاع السلبية ، مثل الجلد ، والإشعاع ، والحمل الحراري ، وما إلى ذلك ، فهو <0.  المصطلح الثالث هو أنه بسبب التسخين الذي يتحكم فيه الجسم (> 0) و / أو إزالة الحرارة (<0) ، يصف الاستجابات اللاإرادية من قبل الجسم للحفاظ على درجة حرارة الجسم الطبيعية ، والتي يمكن أن نسميها نقطة التحديد - درجة الحرارة المستهدفة  .  عندما تكون هناك حاجة إلى زيادة في درجة الحرارة ، يكون هذا المصطلح إيجابيًا بسبب زيادة النشاط الأيضي والنشاط الحركي ، مثل ارتعاش هذه الحرارة التي تذهب مباشرة إلى القلب والعضلات.
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Physics of Lung and Breathing 

(Part One) 

 

 

 

 

فيزياء الرئة والتنفس

الجزء الأول

ارفع الاستحقاق تذكر انك تستحق الافضل تستحق تفتخر بنفسك



عبدالرحمن احمد حبش
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- Function of the Lungs 

Our lungs serve several important functions: 

1. Interact with blood by exchanging carbon dioxide (CO2) for 

oxygen (O2) 

2. Keeping the PH (acidity) of blood constant. 

3. Heat exchange and fluid balance of the body by warming and 

moisturizing the air we breathe in (inspire).   

4. Our breathing mechanism provide a controlled flow of air for 

talking, sneezing, coughing, laughing. In addition, blocking the air 

passage generates increased pressure for defecating and vomiting. 

5. An important function of breathing apparatus is voice production. 

Voice is produced by a controlled outflow of air from the lungs. 

- Structure of the Lungs 

Air is inhaled through the nose or mouth and then through the pharynx, 

larynx, and the trachea  .The trachea divides into the right and left 

bronchus each of which continues to bifurcate into smaller and smaller 

bronchi and bronchioles over 23 levels of bifurcation until they form 

alveoli. We will explain the components (parts) of the respiratory system 

in detail (The  air ways): 

1. The Nose :The nasal passages serve as a moistener, a filter, and to 

warm up the air before it reaches the lungs.    Different air 

passageways and the nasal passages are covered with a mucous 

membrane.  The mucus collect dust, bacteria, and other particles in 

the air and helps in moistening the air.   

وظيفة الرئتين

تؤدي الرئتان عدة وظائف مهمة:

تتفاعل مع الدم عن طريق استبدال ثاني أكسيد الكربون (CO

بالأكسجين (O2)

الحفاظ على ثبات درجة الحموضة في الدم.

التبادل الحراري وتوازن السوائل في الجسم عن طريق تدفئة

وترطيب الهواء الذي نتنفسه (إلهام).

توفر آلية التنفس لدينا تدفقًا متحكمًا للهواء من أجل

التحدث

العطس

السعال

يضحك

بالإضافة الى

يؤدي انسداد

ممر الهواء إلى زيادة الضغط من أجل التغوط والقيء.

من الوظائف المهمة لجهاز التنفس إنتاج الصوت.

ينتج الصوت عن طريق تدفق الهواء المتحكم فيه من الرئتين.

هيكل الرئتين

 
يتم استنشاق الهواء من خلال الأنف أو الفم ثم من خلال البلعوم

الحنجرة

والقصبة الهوائية

تنقسم القصبة الهوائية إلى القصبة الهوائية اليمنى واليسرى

والتي يستمر كل منها في التفرع إلى قصبات أصغر وأصغر

وشعيبات أكثر من 23 مستوى من التشعب حتى تشكل الحويصلات الهوائية.

سنشرح مكونات (أجزاء) الجهاز التنفسي بالتفصيل (الممرات الهوائية)

الانف

تعمل الممرات الأنفية كمرطب

وفلتر

ولتدفئة الهواء قبل أن يصل إلى الرئتين.

ممرات الهواء المختلفة والممرات الأنفية مغطاة بغشاء مخاطي.

يجمع المخاط الغبار والبكتيريا والجزيئات الأخرى في الهواء

ويساعد في ترطيب الهواء.
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2. Pharynx and Larynx : Air travels from the nasal passages to the 

pharynx. When the air leaves the pharynx it passes into the larynx, 

or the voice box.  The voice box is constructed mainly of cartilage, 

which is a flexible connective tissue.  The vocal chords are two 

pairs of membranes that are stretched across the inside of the 

larynx.  As the air is expired, the vocal chords vibrate. (Fig.1). 

 

Fig.1: Diagram of parts of the respiratory system 

3. Trachea : The larynx goes directly into the trachea or the wind 

pipe.  The trachea is a tube approximately 12 centimeters in length 

and 2.5 centimeters wide.   

4. Bronchi : Around the center of the chest, the trachea divides into 

two cartilage-ringed tubes called bronchi.  Also, this section of the 

البلعوم والحنجرة

ينتقل الهواء من الممرات الأنفية إلى البلعوم

عندما يخرج الهواء من البلعوم فإنه يمر إلى الحنجرة

أو صندوق الصوت.

يتكون صندوق الصوت بشكل أساسي من الغضروف ،

وهو عبارة عن نسيج ضام مرن.

الحبال الصوتية هما زوجان

الأغشية التي يتم شدها عبر الحنجرة من الداخل.

مع انتهاء صلاحية الهواء

تهتز الحبال الصوتية

رسم تخطيطي لأجزاء الجهاز التنفسي

قصبة هوائية

تذهب الحنجرة مباشرة إلى القصبة الهوائية أو أنبوب الرياح

القصبة الهوائية عبارة عن أنبوب يبلغ طوله حوالي 12 سم 

وعرضه 2.5 سم

الشعب الهوائية

حول مركز الصدر ،

تنقسم القصبة الهوائية

إلى أنبوبين حلقيين غضروفيين يسمى القصبات الهوائية.

أيضا

هذا القسم من
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respiratory system is lined with ciliated cells.  The bronchi enter the 

lungs and spread into smaller tubes called bronchial tubes. 

5. Bronchioles :bronchioles supply air to millions of small sacs called 

alveoli. - (Fig. 2)-.  

6. Alveoli : The alveoli like small interconnected bubbles. Each 

alveolus is about (0.2 mm) in diameter and has wall thickness of 

only (0.4µm)-(1 µm=10
-6

 m. The alveoli play an important role in 

breathing, they expand and contract during breathing, they are 

where the action is in exchanging of O2 and CO2. Each alveolus is 

surrounded by blood so that O2 can diffuse from the alveolus into 

the red blood cells and CO2 can diffuse from the blood into the air 

in the alveolus. - (Fig. 2)-. 

 

Fig. 2: Bifurcations of Lung airways 

الجهاز التنفسي مبطن بخلايا مهدبة

تدخل القصبات إلى الرئتين

وتنتشر في أنابيب أصغر تسمى أنابيب الشعب الهوائية

القصيبات

توفر القصيبات الهواء لملايين الأكياس الصغيرة التي تسمى الحويصلات الهوائية.

الحويصلات الهوائية

الحويصلات الهوائية مثل الفقاعات الصغيرة المترابطة.

يبلغ قطر كل حويصلة (0.2 مم)

) وسمك جدارها

تلعب الحويصلات الهوائية دورًا مهمًا في التنفس

تتوسع وتتقلص أثناء التنفس

يتم العمل في تبادل O2 و CO2.

كل حويصلة

محاطة بالدم بحيث يمكن أن ينتشر O2 من الحويصلات الهوائية

يمكن أن تنتشر خلايا الدم الحمراء وثاني أكسيد الكربون من الدم إلى الهواء في

الحويصلات الهوائية

تشعبات الشعب الهوائية الرئوية
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The Interaction of Blood and Lungs 

Blood is pumped from the heart to the lungs under relatively low 

pressure. The average peak blood pressure in the main pulmonary artery 

carrying blood to the lungs is only about 20 mmHg or about 15% of the 

pressure in the main body circulation. The lungs offer little resistance to 

the flow of blood. About one fifth of the body’s blood supply is in the 

lungs, but only about 70 ml of that blood is in the capillaries of the lungs 

getting O2 at any one time. Two general processes are involved in gas 

exchange in the lungs: 

1. Ventilation (V): getting the air to the alveolar surface. 

2. Perfusion (P): getting the blood to the pulmonary capillaries 

Mechanism of Breathing  

Breathing consists of two phases, Inspiration and Expiration –Fig.(3)-. 

During inspiration (inhalation), the diaphragm moves downwards 

increasing the volume of the thoracic (chest) cavity, and the intercostal 

muscles pull the ribs up expanding the rib cage and further increasing this 

volume.  This increase of volume lowers the air pressure in the alveoli to 

below atmospheric pressure.  Because air always flows from a region of 

high pressure to a region of lower pressure, it rushes in through the 

respiratory tract and into the alveoli.  This is called negative pressure 

breathing, changing the pressure inside the lung relative to the pressure of 

the outside atmosphere.  In contrast to inspiration, during expiration 

تفاعل الدم والرئتين

يُضخ الدم من القلب إلى الرئتين تحت ضغط منخفض نسبيًا.

يبلغ متوسط ذروة ضغط الدم في الشريان الرئوي الرئيسي

الذي ينقل الدم إلى الرئتين حوالي 20 مم زئبق فقط أو حوالي 15٪

تقدم الرئتان مقاومة قليلة 

من الضغط في الدورة الدموية الرئيسية بالجسم

لتدفق الدم.

يتواجد حوالي خُمس إمداد الجسم بالدم في الرئتين

ولكن فقط حوالي 70 مل من هذا الدم يوجد في الشعيرات الدموية في الرئتين 

يحصل على O2 في أي وقت

هناك عمليتان عامتان تشاركان في تبادل الغازات :

في الرئتين

التهوية

 توصيل الهواء إلى السطح السنخي

 حقن متواصل

إيصال الدم إلى الشعيرات الدموية الرئوية

آلية التنفس

يتكون التنفس من مرحلتين

الشهيق

زفير

أثناء الشهيق (الاستنشاق) ،

يتحرك الحجاب الحاجز

لأسفل مما يزيد من حجم التجويف الصدري

وتقوم العضلات الوربية

بسحب الضلوع إلى أعلى لتوسيع القفص الصدري وزيادة هذا الحجم.

تؤدي هذه الزيادة في الحجم إلى خفض ضغط الهواء في الحويصلات الهوائية إلى ما .

دون الضغط الجوي

نظرًا لأن الهواء يتدفق دائمًا من منطقة

ذات ضغط مرتفع إلى منطقة ذات ضغط منخفض ،

فإنه يندفع عبر الجهاز

التنفسي إلى الحويصلات الهوائية.

وهذا ما يسمى التنفس بالضغط السلبي

، أي تغيير الضغط داخل الرئة بالنسبة إلى ضغط الغلاف الجوي الخارجي.

على عكس الإلهام ،

أثناء انتهاء الصلاحية
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(exhalation) the diaphragm and intercostal muscles relax.  This returns 

the thoracic cavity to its original volume, increasing the air pressure in 

the lungs, and forcing the air out. 

 

(a) Inspiration 

 

 

                                                                                     (b) Expiration 

Fig. 3: Mechanism of Breathing  

الزفير) استرخاء الحجاب الحاجز والعضلات الوربية.

هذا يعيد التجويف الصدري إلى حجمه الأصلي ،

زيادة ضغط الهواء في الرئتين

وإجبار الهواء على الخروج

آلية التنفس
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The Physics of the Alveoli 

The alveoli are physically like millions of small interconnected bubbles, 

they have a natural tendency to get smaller due to the surface tension of a 

unique fluid lining, called surfactant which is secreted by the cells lining 

the internal surface of the alveoli. This fluid is responsible for decreasing 

surface tension of the alveoli. 

The surface tension (γ) is the force (F) acting on an imaginary line along 

the surface of a liquid.  

  
          

          
   ………………………………………………...………..(1)  

      in the unit of the (Dyne) and        in the unit of the (cm)                      

The pressure (P) inside the alveoli can be calculated due to (Laplace Law) 

(which is applied on bubble) :  

ΔP alveoli = Pin − Pout  
   

 
 …………………………………………(2) 

where R is the radius of alveolus. 

 

Mechanism of O2 and CO2 exchange in blood  

The transfer of O2 and CO2 across the alveolar and pulmonary capillary 

membranes is controlled by the physical law of Diffusion, When the 

concentration of particles (or molecules) is not uniform, the random 

particle thermal motion leads to a net movement (or Diffusion) of 

particles from regions of higher concentration to regions of lower 

فيزياء الحويصلات الهوائية

الحويصلات الهوائية تشبه الملايين من الفقاعات الصغيرة المترابطة

ولديها ميل طبيعي إلى أن تصبح أصغر بسبب التوتر السطحي لبطانة سائلة فريدة

تسمى الفاعل بالسطح والتي تفرزها الخلايا التي تبطن

السطح الداخلي للحويصلات الهوائية

هذا السائل مسؤول عن تقليل

التوتر السطحي للحويصلات الهوائية

التوتر السطحي

القوة

تعمل على خط وهمي على

طول سطح السائل

القوة في وحدة (داين)

والطول بوحدة (سم)

يمكن حساب الضغط (P) داخل الحويصلات الهوائية بسبب (قانون لابلاس)

المطبق على الفقاعة

حيث R هو نصف قطر الحويصلات الهوائية.

آلية تبادل الأكسجين وثاني أكسيد الكربون في الدم

يتم التحكم في نقل O2 و CO2 عبر الأغشية الشعرية السنخية والرئوية

بواسطة القانون الفيزيائي للانتشار

عندما يكون تركيز الجسيمات (أو الجزيئات) غير منتظم

الحركة الحرارية للجسيمات العشوائية إلى حركة صافية (أو انتشار)

من مناطق ذات تركيز أعلى إلى مناطق أقل
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concentration . In the lungs we are concerned with diffusion in both gas 

and liquids .In the O2 and CO2 exchange in the tissues we are concerned 

only with diffusion in liquids . 

The distance (D) of molecule will travel from its origin after collisions 

(N) is: 

D= λ√    ……………………………………………………………….(3) 

Where λ is defined as the average distance between collision, 

 in air λ =10 
‾ 7

 m 

in tissue λ = 10 ‾ ¹¹ m 

Respiration involves the gaseous exchange of O2 and CO2 by diffusion 

between alveoli and the pulmonary capillary, this exchange depend on: 

1- Volume of alveolar ventilation. 

2- Volume of blood flow through the pulmonary capillaries which is in 

contact with the ventilated alveoli. 

Partial Pressures of O2 and CO2 

The behavior of gases in the lungs obeys Dalton law of partial pressures: 

Total pressure of a gas mixture (in our case air) is equal to the sum of the 

pressures that each gas in the mixture would have independently (Partial 

Pressure of each gas). 

 Total Pressure= sum of Partial Pressures= p t 1 + p t2+ p t3 +  ---- 

تركيز

نحن مهتمون في الرئتين بالانتشار في كل من الغازات والسوائل

في تبادل O2 و CO2 في الأنسجة نحن مهتمون

بالانتشار في السوائل

المسافة (D) للجزيء ستنتقل من أصله بعد الاصطدامات

حيث يتم تعريف λ على أنها متوسط المسافة بين الاصطدام

الانسجة

هواء

ينطوي التنفس على التبادل الغازي للأكسجين وثاني أكسيد الكربون عن طريق الانتشار

بين الحويصلات الهوائية والشعيرات الدموية الرئوية ،

يعتمد هذا التبادل على:

حجم التهوية السنخية.

حجم تدفق الدم عبر الشعيرات الدموية الرئوية التي تتلامس

مع الحويصلات الهوائية جيدة التهوية

الضغوط الجزئية على O2 و CO2

سلوك الغازات في الرئتين يخضع لقانون دالتون للضغوط الجزئية

الضغط الكلي لخليط الغاز (في حالتنا الهواء) يساوي مجموع

الضغوط التي سيكون لكل غاز في الخليط بشكل مستقل

الضغط الجزئي لكل غاز

الضغط الكلي 

مجموع الضغوط الجزئية
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Partial Pressure = %(gas) (Atmospheric Pressure – Partial Pressure 

of water vapor) 

In the lungs, at (37ºC) and (100%) relative humidity, the partial pressure 

of water vapor= 47 mmHg. At atmospheric pressure = 760 mmHg, the 

alveolar air contain 14% O2, 5.6% CO2. 

To determine the partial pressure of O2: 

PO2= 14% (760 mmHg - 47 mmHg) 100 mmHg 

PCO2= 5.6 %( 760 mmHg - 47 mmHg)  40 mmHg 

 

ضغط جزئي

الضغط الجوي

الضغط الجزئي لبخار الماء)

في الرئتين

الرطوبة النسبية

الضغط الجزئي 

لبخار الماء

عند الضغط الجوي

يحتوي الهواء السنخي

لتحديد الضغط الجزئي لـ O2:

الفشل عبارة عن نتائج وبمجرد ما تغير الافعال رح تتغير هاي النتائج🍃
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Physics of Lung and Breathing 

(Part Two) 

Measurement of Lung Volume 

The volume of the lungs during different stages of normal and deep 

breathing is a good diagnostic of lung functionality. It is easily measured 

using a Spirometer :It is a device used to measure air flow into and out 

of the lungs and record it on a graph of volume versus time (which is 

shown by the Fig.1). 

 

Fig.1: (a) Lung volume changes during breathing cycles, (b) along with a 

schematic of a spirometer 
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Respiratory Volumes and Capacities 

Tidal Volume (TV) : It is the volume of air inhaled with each breath 

during normal breathing at rest (~ 500 cm
3
). During heavy exercise the 

tidal volume is considerably large. 

Inspiratroy Reserve Volume (IRV): It is the additional air taken at the 

end of inspiration, which is possible with some effort to further fill the 

lungs with air. 

Expiratory Reserve Volume (ERV) : It is the additional expired air, 

which can be forced out of the lungs at the end of normal expiration. 

Inspiratory Capacity (IC) :Is the maximum amount of air that can be 

inspired after a normal expiration. IC is the sum of TV and IRV. (TV + 

IRV = IC)  

Functional Residual Capacity (FRC): It is the air remaining in the 

lungs after a normal respiration where the stale air mixes with the fresh 

air of the next breath .-It's been mentioned in the past lecture (Lec. 

seven)-  

Vital Capacity (VC): Is the maximum amount of air that can be 

forcefully expelled from the lungs after an extended or complete 
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inspiration. VC is the sum of IRV, TV, and ERV. (IRV + TV + ERV = 

VC). 

Residual Volume (RV): It is the amount of air stale in lungs after vital 

capacity, which is ~1lit for adult. 

Total Lung Capacity(TLC) : Total volume of air accommodated in the 

lungs at the end of a forced inspiration. This includes (RV + IRV + TV + 

ERV = TLC). 

Anatomical and physiological Dead Spaces 

They are spaces in the respiratory system at which air does not provide 

O2 to the body:  

 Anatomical dead space (A.D.S) 

 In the conducting airways (nose, mouth, pharynx, larynx, trachea, 

bronchi and bronchioles) there is no significant exchange of O2 & CO2 

between gas and blood, the internal volume of the airways is called the 

anatomic dead space. The volume of air in the anatomical dead space= 

150 cm
3
. 

 Physiological Dead Space (P.D.S) 

 In some diseases, some air reach the alveoli are poorly perfused by the 

blood capillary, result in poor ventilation-perfusion relationship 

increasing the physiological dead space. The volume of air in the 

physiological dead space= 350 cm
3
. 

500 cm
3

 = 150 cm
3 

 (A.D.S) + 350 cm
3
 (P.D.S) 
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Pressure – airflow – Volume relationships in the Lung 

The lungs of a healthy individual need small P to cause air to flow into or 

out of them ,which is few cm of H2O as in Fig (2). 

 

 

Fig (2): Pressure  in the  Lung 

The increase pressure and decreased air flow for a patient with narrowed 

airway during expiration and increased airflow into or out of the normal 

lungs as in fig 2 and 3. 

 

Fig (3): Air flow rate air in the Lung 

The pressure-airflow-volume 

relationship

+5

-5
inspiration expiration

patient

normal

Pressure 

(cmH20)

Time (sec)

Flow rate (liter/ min)

Time (sec)

inspiration expiration

patient

normal
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The lung volume during breathing cycle for a normal and for a patient 

with narrowed airways as in Fig. 4 

 

Fig (4): The lung volume  

 

The Pressure – Volume (P.V.) Curve 

The esophagus reflects the pressure between the lungs and chest wall the 

pressure in the esophagus “can be measured with a pressure gauge which 

in normally (-10 mm Hg) due to the elasticity of the lungs. 

 

inspiration expiration

Time (sec) 

Volume 

(liters) patient

normal
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Fig. 5: The P.V. Curves for chest alone. The lungs alone, and the 

chest combined 

From P.V. Curve: 

1- If the chest wall (alone) ;i.e. without interaction with lung the 

volume =2/3 of total vital capacity at P= o 

The lung would collapse & have no air volume. 

2- If the chest wall & lung together; 

The volume = 30 % of vital capacity (come to Relaxation volume 

FRC) at P=o. 

The volume = 60 % of vital capacity, the pressure = +10 cm .H2O, 

This pressure is called Relaxation pressure & is produced by elastic 

properties of the lung. 

Compliance (C) 

 It is an important physical characteristic of the lungs: 

(Is the change in the Volume produced by a small change in Pressure). 
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Where        in the unit of the (Liter) and           in the unit of the 

(cm.H2O). 

In Normal adult, the range of compliance = 0.18 – 0.27 (lit / cm.H2O) 

 A Stiff lung (Fibrosis) has a small ΔV for large Δ P. 

   
        

         
                

 A Flabby lung has large ΔV and a small ΔP 

   
        

        
                              

 

Example (1) 

Determine the compliance of the lungs for each condition (within the 

lowest 5 cm.H2O pressure range & volume 1 Lit)? 

Solution: 

  
  

  
 

  
 

 
 

      lit / cm.H2O 

 

Airways Resistance (Ra) 

Airway resistance is a concept used in respiratory physiology to describe 

mechanical factors which limit the access of inspired air to the pulmonary 

alveoli, and thus determine airflow. It is the amount of pressure required 

to deliver a given flow of gas and is expressed in terms of a change in 

pressure (P) divided by flow (fr). During inspiration the forces on the 

airways tend to open them further, during expiration the forces tend to 

http://en.wikipedia.org/wiki/Respiratory_physiology
http://en.wikipedia.org/wiki/Pulmonary_alveoli
http://en.wikipedia.org/wiki/Pulmonary_alveoli
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close the airways and thus restrict airflow. For a given lung volume, the 

expiratory flow rate reaches a maximum and remains constant; it might 

even decrease slightly with increased respiratory force.  

Air way resistance can be calculated by the law:  

Ra=
                  

                 
=
               

  
 

           

              
 …………………(2) 

(Ra) depends on the dimensions of the airway and the viscosity of the 

gas. for typical adult Ra= 3.3 cm.H2O / (Lit/sec). 

Example (2) 

 In both inspiration and expiration, a pressure difference of (0.4 

cm.H2O) causes a flow of (0.15 L/s) in the nose. Determine the flow 

resistance in it? 

Solution: 

Ra 
     

     
    

      

    
       cm.H2O/ (Lit/sec). 

Example (3) 

 If Ra = (3) cm H2O/(liter/sec) , what air flow rate would occur at an 

expiratory pressure difference of (100 mm H20) ? 

Solution: 

         10
-1 

cm 

Ra 
               

  
 

     
  

  

    fr=  
     

  
  

             

 
  → fr = 3.33 liter/sec 
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The Time Constant 

When the respiratory system is subjected to P, time is needed
 
until V 

occurs, and the time necessary to inflate 63% of its
 
volume is called the 

Time Constant (TC). The time constant of the lung is related to the 

airway resistance (Ra) & the Compliance.(C)  

TC (sec) = Ra C ……………………………………………………….(3) 

From equations (1)&(2) we get 

TC= 
  

  
   

  

     
 …………………………………………………………(4) 

The time constant (T) of the lung is complicated, since many parts of the 

lungs are interconnected. If one part has large (T) than others parts, it will 

not get its share of the air and that part of the lung will be poor ventilated.  

Disorders of  Respiratory System  

Asthma Is a difficulty in breathing causing wheezing due to 

inflammation of bronchi and bronchioles. 

Emphysema Is a chronic disorder in which alveolar walls are damaged 

due to which respiratory surface is decreased. One of the major causes of 

this is cigarette smoking. 

Occupational Respiratory Disorders: In certain industries, especially 

those involving grinding or stone-breaking, so much dust is produced 

that the defense mechanism of the body cannot fully cope with the 

situation. Long exposure can give rise to inflammation leading to fibrosis 

(proliferation of fibrous tissues) and thus causing serious lung damage. 

Workers in such industries should wear protective masks. 
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Physics of Eye and Vision 
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Our eyes image a source onto light-sensitive retinas. Cells in the retina 

convert the imaged light into electrical signals. This information is 

carried to the brain by neurons via the optic nerve. The visual cortex in 

the brain processes this information, and we somehow perceive a visual 

image. 

Structure of the Eye 

Figure (1) shows the structure of the human eye. The eye is roughly 

sphere, approximately (2.4 cm) in diameter. All vertebrate eyes are 

similar in structure but vary in size. Light enters the eye through the 

cornea, which is a transparent section in the outer cover of the eyeball. 

The light is focused by the lens system of the eye into an inverted image 

at the photosensitive retina, which covers the back surface of the eye. 

Here the light produces nerve impulses that convey information to the 

brain. The focusing of the light into an image at  the retina is produced by 

the curved surface of the cornea and by the crystal line lens inside the 

eye. The focusing power of the cornea is fixed. The focus of the 

crystalline lens, however, is alterable, allowing the eye to view objects 

over a wide range of distances. 
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Fig.1: Structure of the eye 

Vision Elements of the Eyes  

1. The cornea: It is the clear transparent bump on the front of the eye 

that does about two-third of focusing of light. 

2. The Iris: It is the colored part of the front eye. The function of iris 

is adaptation of vision from light to dark and vice versa.   It is 

believed that the iris aids the eye by increasing or decreasing 

incident light  on the retina until the retina to adapted the new 

lighting condition.  In addition, under bright light conditions it 

plays an important role reducing lens defects. 

3.  The Pupil: It is the small opening in the center of iris where light 

enters the lens. It appears black because essential all of the light 
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that enters is  absorbed inside the eye.  (Under average light 

conditions, the opening is about ≈ 4mm). It can change from ≈3mm 

in diameter in bright light to 8mm in diameter in dim light. The 

physiologic reason form this change in size is not clear.  

4. The lens: It is variable in shape and has the ability to focus 

objects at various distances at both its front and back surfaces. It is 

more curved in the back than in the front. The focusing power of 

lens is smaller than that of the cornea (1/3), because it  is 

surrounded by substance that have indexes of refraction close to its 

own. The lens is made up of layers somewhat like onion and all 

layers do not have  the same n.  

  

5. The aqueous humor: It fills the space between the lens and the 

cornea.  

  

6. The Vitreous humor: Is a clear jelly-like substance that fills the 

large space between the lens and the retina. It helps to keep the 

shape  of the eye fixed and is essentially  permanent.  

  

7. The sclera: Is the tough, white, light .. tight covering over all of 

the eye excep  the cornea.  

  

8. The Retina: The light sensitive part of the eye. It converts the 

light image into electrical nerve impulses that one sent to the brain. 
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The Physical Aspects of the Retina  

Retina  consists of millions of photo-receptors  called rods (1.3x10
8
) and 

cones (7x10
6
) .These structures send electrical impulses to  the brain via 

the optic nerve Converts light energy into electrical energy. 

The absorption of light by the rods and cones is a fundamental quantum 

mechanical process in which one photon (or quantum) of light 

The energy of a photon is –(return to Lecture 4 -Heat and Cold in 

Medicine- eqution (2)) - : 

E = hυ  = 
   

 
………………..…………………………………………...(1) 

 

where h is Planck’s constant (6.626 × 10
−34

 J/s), ν (or f) is the frequency 

of the light, c is the speed of light (3×10
8
 m/s), and λ is the wavelength of 

light. 

The Rods and Cons are distributed symmetrically in all directions from 

the visual axis  except in one region the blind spot. 

Image Formation 

Figure (2) shows how an object or source is imaged by a convex 

(converging or positive) lens. By convention in optics the object is placed 

a positive distance d1 to the left of the lens and optical rays propagate 

from the left to the right. The object has a size (or height) y1. For a 

convex lens the focal length f is positive, hence the name positive lens. 

The central axis (the z-axis) is known as the optic axis. All rays passing 

through the lens form an image a positive distance d2 to the right of the 

lens, where d2 is given by the lens equation: 
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Fig. (2): Imaging by a thin, positive lens 

 

A real image forms at d2 when d1 >f, which means that you will see the 

image at d2 if you place a screen, such as a piece of paper, there. The 

image is inverted and its size y2 is magnified by M = d2/d1 (the transverse 

magnification). This can be seen from the triangles in Fig.(2) that give 

y1/d1 = y2/d2, so the magnification is: 

  
  

  
 

  

  
                               

For the eye: 

The characteristics of the image on retina are  (Fig.3): 

1. Real  

2. inverted  

3.  small size  



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/Lecture Night 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  7 
 

 

Fig.(3): There is a simple relationship between the object and image 

size and the object, image distances. 

 

I: is image size, Q: is image distance, O: is object size, p: is object 

distance . 

The magnification is: 

  
               

              
 

 

 
                     

 

 In order to discuss the strength of a corrective lens for a defective eye we 

need to review the basic equations of simple lenses. There is a simple 

relationship between the focal length F, the object distance (p), and the 

image distance (Q) of a thin lens 

 

 

 
 

 

 
 

 

 
                              

If (f) is measured in meters, then (1/f) is the lens strength in diopters (D). 

That is, a positive (converging) lens with a focal length of 0.1 m has a 
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strength of 10 D. The focal length (f) of a negative (diverging) lens is 

considered negative. A negative lens with a focal length of 0.5 m has a 

strength of -2 D. 

 

The Power of Accommodation 

Ciliary muscles around lens change its shape and focal length. The eye 

can focus on objects both close and far Fig.(4)  . 

The “far point” and “near point” are the maximum and minimum object 

distances where the image remains in focus. 

 

Fig.(4) “far point” and “near point” 

 

1. The object distance (near point) for normal eye:                                                                                                                                          

object distance: p  = 25 cm  =  0.25 m ,   Image distance:  Q=20 

mm = 0.02 m,   Focal length of the lens = f.        

Power of lens ( Pn ) = 
 

 
 

 

 
 

 

 
  (diopter) 

Pn = 
 

    
 

 

    
 

Pn = 4 + 50 = 54 D 

2.  The far point of normal eye = ∞: 

object distance p =∞ ,Image distance Q = 20 mm = 0.02 m.        
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Power of lens ( Pf ) = 
 

 
 

 

 
 

 

 
  (diopter) 

Pf = 
 

 
 

 

    
 

 

Pf = 50 D         

Power of accommodation = Pn – Pf = 54 – 50 = 4 D  

  The range of accommodation of the eye decreases with age as a result of 

loss in elasticity of lens 

Optical Defects of the Eyes 

The relaxed normal eye focuses parallel light onto the retina (Fig. 5). 

 

Fig .(5):The normal eye. 

There are four common defects in vision associated with the focusing 

system of the eye: Myopia (nearsightedness, Short sight), Hyperopia 

(farsightedness, Long sight), Astigmatism and Presbyopia (old sight). 



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/Lecture Night 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  10 
 

1. Myopia (Short sight): The eyeball is too long and parallel ray is 

focused in front of the retina. Therefore only near objects can be seen 

clearly. Near point <  25cm, far point ≤ ∞.  

The defect can be corrected by use  of spectacles, which employ 

diverging  spectacle lenses  (negative lens). Fig .(6) 

 

Fig .(6): (a) Myopia. (b) Its correction 

 

2. Hyperopia (Long sight): The eyeball is too short, and parallel rays       

are focused to a point behind the retina. Therefore the near point is much 

further  from the eye than normal. Near point > 25 cm, far point = ∞. 

The defect can be corrected by using converging spectacle lenses 

(Positive lens). Fig .(7) 

 

Fig .(7) : (a) Hyperopia. (b) Its correction. 
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3. A stigmatism: when a stigmatism is present, point objects do not form 

clear point images on the retina. This is normally due to the corneas 

having an  equal curvature in different directions. (25 → ∞). 

 The defect is corrected by the use of cylindrical spectacle lenses with 

axes about 0 → 180. Fig .(8) 

   

Fig .(8): Cylindrical lens for astigmatism. 

 

3. Presbyopia (old sight): As people get older, the ciliary muscles 

weaken and the lens losses some of its elasticity. In order to 

compensate, converging spectacle lenses are employed a the case 

of hyperopia. 
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Example (1): 

 

If a source is 20 cm in front of (to the left of) the primary focal point 

and the image is 5 cm to the right of the secondary focal point, Find 

the  power of the lens? 

Solution: 

 

Pn  = 
 

 
 

 

 
 

 

 
 

object distance: p  = 20 cm  =  0.2 m ,   Image distance: Q= 5 cm =0.05 m 

Pn  = 
 

   
 

 

    
 

Pn = 5+20 

 Pn=25 1/m 

Pn = 25 D 

 

Example (2):  

Determine the strength of lens needed to correct myopia eye with a 

far- point of (1m) ? We consider the image ( lens to retina ) distance 

to be 2 cm (0.02 m) . 

Solution: 

The far point of normal eye = ∞ → object distance p =∞ ,Image distance 

Q = 0.02 m.        
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1/f = 0 + 1/0.02 = 50 D 

1/f = 1/p + 1/Q =1/0.02 + 1/1 = 51 D 

The strength of lens = 50-51 = -1D 

A negative lens of -1 D will correct his vision. 

    

 



 lec10                    
فيزياء طبية

• Light in Medicine

Dr. Saja Esmaeel  Khaleel



 Nature of Light

Light and other electromagnetic radiation behave as if 
composed of small 

packets (quanta) of energy. These packets of energy are
called photons. 

For a given frequency υ of the radiation, each photon 
has a fixed amount 
of energy E which is:

 
E = h υ = h c/λ .……………………………………(1)

where h : Plan's constant = 6.6×10-34 (joule/sec) ,υ : 
frequency of 

radiation , λ wave length of radiation , c : velocity of 
light.
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  2-Properties of light

1- The speed of light changes when it goes from one 
material into 

another Fig.(1). The ratio of the speed of light in a 
vacuum to its 

speed in a given material is called the index of 
refraction that we 

will discuss later-.. If a light beam meets a new material
at an angle 

other than perpendicular, it bends, or is refracted
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The speed of light when it goes from one material into 
another given by 

equation: n=c/v…………….(2)
 
  
c: Speed of light in vacuum, v: Speed of light in 
material , and 

n; Refractive index 
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2- Light behaves both as a wave and as a particle. As a 
wave, it 

produces interference and diffraction, which are of 
minor importance in medicine. As a particle, it can be 
absorbed by a 

single molecule. When a light photon is absorbed

 its energy is 
used in various ways. It can cause a chemical change in 
the

D r. Saja Esmaeel Khaleel



molecule that in turn cause an electrical change. This 
is basically 

what happens when a light photon is absorbed in one 
of the sensitive cells of the retina (the light-sensitive 
part of the eye).-Lec

3- When light is absorbed, its energy generally appears
as heat. 

This  property is the basis for the use in medicine of 
Infrared (IR) light to 
heat tissue

4- Sometimes when a light photon is absorbed, a lower
energy light 

photon is emitted. This property is known as 

fluorescence; as you  may guess, it is the basis of the 
fluorescent light bulb. 
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Certain materials fluoresce in the presence of 
Ultraviolet (UV) light, 

sometimes called "black light" and give off visible light. 
The 
amount of fluorescence and the color of the emitted 
light 

depend  on the wavelength of the Ultraviolet (UV) light 
and on the  chemical composition of the material that is
fluorescing. 

5- Light is reflected to some extent from all surfaces. 
There are two 

types of reflection. 

* Diffuse reflection occurs when rough surfaces scatter 
the  light in many directions.
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 *Specular reflection is a more useful type of reflection; it
is  obtained from very smooth shiny surfaces such as 
mirrors 

where the light is reflected at an angle that is equal to 
the angle  at which it strikes the surface.

 Measurement of Light and Its Units

The three general categories of light (Ultraviolet (UV)- 
VisibleInfrared (IR)) are defined in terms of their 
wavelengths (λ). Wavele

of light used to be measured in

Dr. Saja Esmaeel Khaleel



Microns                                           1 μ =10-6 m

Angstroms

Nanometer                                      1 nm = 10-9 
m

1 Aᵒ= 10- 10 m

1. Ultraviolet (UV) light: λ= 100 ~ 400 nm 

2. Visible light: λ = 400 ~ 700 nm

3. Infrared (IR) light: λ =700 ~ 10,000 nm.

Units of light

1-Photometric unit for visible light (Table.2).

Illuminance; the quantity of light striking a surface

Luminace; the intensity of a light source
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2. Radiometric unit for all lights (Table.2).

Irradiance: quantity of light striking a surface.

Radiance: intensity of a light source.

Light has wavelengths much shorter than TV and 
radio waves but  much longer than x-rays and gamma 
rays. 
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 Visible light has energies  ranging from 2 ~ 4 eV. For 
comparison, the kinetic energy of a 

molecule in air at room temperature is about 0.025 eV 
and the energy  of a typical x-ray photon used in 
medicine is about 50,000 eV, 50 KeV 
(Fig.2).

Note: 1 eV=1.6×10-19 Joul
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 Application of Visible Light in Medicine:

1. Endoscope: a number of instruments are used for 
viewing internal  body cavities
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2. Gyroscopes: are used to examine the bladder.

3. Bronchoscope: are used for examining the air 
passages into lungs.  Some endoscopes are rigid tubes 
with a light source to illuminate area 

of interest. Flexible endoscopes can be used to obtain 
information from  regions of the body that cannot be 

examined with rigid endoscopes, 
such as the small intestine and much of large intestine
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 Application of Ultraviolet (UV) and Infrared (IR) 
light  in Medicine:

• Ultraviolet photons have energies than visible 
and IR light. Because of their higher energies, 
Ultraviolet photons are more  useful than IR 
photons

- Ultraviolet can kill germs and used to sterilize 
medical  instruments.

- Ultraviolet produces more reaction in the skin 
some of these 

- reactions are beneficial, and some are harmful
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 Beneficial effects of Ultraviolet light from the sun is 
the  conversion of molecular products in the skin into
vitamin D.

- Harmful effects of Ultraviolet light can produce 
sunburn. Solar  Ultraviolet light is also cause of 
skin cancer in humans.

Two types of IR photography are used in medicine:

1. Reflective IR photography, which uses 
wavelength of 700 to 900  nm to show patterns 
of veins just below the skin

2.   Emissive IR photography uses the long IR heat 
waves emitted by  the body that give an indication of 
the body temperature, is usually  called thermograph.
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 Laser
Laser is “Light Amplification Stimulated Emission by 
Radiation”.

A laser is a unique light source that emits a narrow 
beam of light of a  single wavelength (monochromatic 
light) in 

which each wave is in phase  with the others near it 
(coherent light).

 Properties of a Laser
1. Monochromaticity – same λ or frequency.
2. Directivity.
3. Highly correlated photons for long distances.
4. High energy- density.

 Principle of Laser Action

Therefore three process of light emission:

1.Absorption
2. Spontaneous Emission
3. Stimulated Emission
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 Laser in Medicine

The laser is routinely used in clinical medicine only in 
ophthalmology.  Its effectiveness in treating certain 

types of cancer and its usefulness as a  "bloodless 
knife" for surgery are under active investigation. 
Lasers are 

used in medical research for special three-dimensional
imaging called  holography.

Dr. Saja Esmaeel Khaleel



In ophthalmology lasers are primarily used for 
photocoagulation of the  retina, that is, heating a 

blood vessel to the point where the blood 
coagulates and blocks the vessel

Dr. Saja  Esmaeel  Khaleel

Dr. Saja Esmaeel Khaleel
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Physics of Ear and Hearing  
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The sense of hearing involves: -  

1. The mechanical system that stimulates the hair cells in the cochlea.  

2. The sensors that produce the action potentials in the auditory nerves.  

3. The auditory cortex, the part of the brain that interprets the signals 

from the auditory nerves.  

Deafness or hearing loss results if any of these parts malfunctions.  

The ear is a cleverly designed converter of very weak mechanical 

waves in air into electrical pulses in the auditory nerve. 

 Structure of the Ear. 

The ear consists of the outer, middle, and inner   ear (Fig.1):  

 

Fig.1 :  Anatomy of human ear 
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1. The outer ear 

The outer ear does not refer, as you might think, to the visible part of the 

ear, which in medical jargon is called the external auricle or pinna. The 

outer ear is the external auditory canal, which terminates at the eardrum. 

The outer structure, or auricle, is the least important part of the hearing 

system; it aids only slightly in funneling sound waves into the canal and 

can be completely removed with no noticeable loss in hearing, although 

its removal will not help anyone's appearance. The external auditory 

canal, besides being a storage place for ear wax, serves to increase the 

ear's sensitivity in the region of 3000 to 4000 Hz. 
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The eardrum, or tympanic membrane, is about 0.1mm thick (paper thin) 

and has an area of about 60 mm
2
. It couples the vibrations in the air to the 

small bones in the middle ear. Because of the off-center attachment of the 

malleus, the eardrum does not vibrate symmetrically like a drumhead. 

 

However, it is clear that the actual movement of the eardrum is 

exceedingly small since it must be less than the movement of the air 

molecules in the sound wave. This movement at the threshold of hearing 

at 3000Hz is about 10-9cm. At the threshold of hearing at the lowest 

frequencies that we can hear (~20Hz), the motion of the eardrum may be 

as large as 10-5cm. It is possible for sound pressures above 160dB to 
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rupture the eardrum. A ruptured eardrum normally heals just as other 

living tissue does.  

Note: (dB Decibel , unit for expressing the ratio between two physical quantities, 

usually amounts of acoustic for measuring the relative loudness of sounds. One 

decibel (0.1 bel) equals 10 times the common logarithm of the power ratio) 

 

2.  The middle ear: 

 It is a small air-filled cavity separated from the outer ear by the eardrum 

and houses the ossicles ,which are full adult size bones before birth (the 

fetus can hear while it is still in the womb). (Fig. 2) 

The ossicles :  

The three bones are  :  

a. The hammer (malleus).  

b. The anvil (incus).  

c. The stirrup (stapes).  
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Fig. 2: Middle ear in detail and visualization of partial and total uncoiling of the 

cochlea. 

They are connected to the walls of the inner ear by muscles that                          

act as a kind of automatic volume control. 

 

They play important role in:  
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 Matching the impedance of the sound waves at the eardrum to the 

liquid-filled chambers of the inner ear.  

  Protection the ear from possible damage by loud sound by rotating 

the stirup and puling it away from the oval window by the muscles 

which stifens the eardrum as well.  

  Amplification of the pressure behind the oval window by 40 to 90 

times and the intensity of sound to the square of  this pressure 

because the oval window is 15 times smaller than the eardrum. 

 Transmission poorly vibrations in the skull and even the large 

vibrations from the vocal cords. 

3 . The inner ear:  

The inner ear, hidden deep within the hard bone of the skull, is man's 

best-protected sense organ. The inner ear consist a small spiral-shaped, 

fluid-filled structure called the cochlea. The ossicles of the middle ear 

communicate with the cochlea via a flexible membrane (the oval 

window); the stapes transmits its pressure variations of incoming sound 

waves across this membrane to the cochlea. The cochlea communicates 

with the brain via the auditory nerve-a bundle of about 8000 conductors 

that inform the brain via coded electrical pulses which parts of the 
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cochlea are being stimulated by incoming sound waves. The auditory 

nerve provides information on both the frequency and the intensity of the 

sounds that we hear. The cochlea is about the size of the tip of the little 

finger. If its spiral were straightened out, the cochlea would be about 3cm 

(~1.25in.) long.It is divided into three small fluid-filled chambers that run 

its full length. The oval window is on the end of the vestibular chamber, 

the middle chamber is the cochlear duct, and the third chamber is the 

tympanic chamber. 

 

 

Fig.(3):Chambers of the cochlea (the vestibular chamber, the middle 

chamber {cochlear duct}, and the third chamber is the tympanic 

chamber. 
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The vestibular and tympanic chambers are interconnected at the tip of 

the spiral. Pressure produced at the oval window by the stapes is 

transmitted via the vestibular chamber to the end of the spiral and then 

returns via the tympanic chamber. Since fluid is almost incompressible; 

the cochlea needs a "relief valve"; the flexible round window at the end 

of the tympanic chamber serves this purpose. 

A sound wave entering at the oval window produces a wave-like ripple in 

the basilar membrane of the cochlear duct. This duct contains the sensors 

that convert the sound into nerve signals.  

The motions of basilar membrane are about 10 times smaller in 

amplitude than the motions of the eardrum. Stimulation of nerves in the 

cochlear duct near the oval window indicates high-frequency sounds. 

Low-frequency sounds cause "large" motions in the basilar membrane 

and stimulation of nerves in the cochlear duct near the tip of the spiral. 

The transducer that convert the mechanical vibrations into electrical 

signals are located in the bases of the fine hair cells in the organ of 

Corti. Apparently the small shear forces on these hair cells induce nerve 

impulses. When a sound of 10,000 Hz is heard, the nerves located in the 

portion of the organ of Corti that is stimulated donto send a 10,000 Hz 

signal to the brain, but rather send a series of pulses that indicates which 
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portion of the audible spectrum is being received. Below about 1000 Hz 

the frequency of the nerve pulses is synchronized with that of sinusoidal 

sound waves. 

 

 Testing of the Hearing 

The human ear is capable of detecting sound at frequencies between 

about 20 and 20,000 Hz. Within this frequency range, however, the 

response of the ear is not uniform. The ear is most sensitive to 

frequencies between 200 and 4000Hz,and its response decreases toward 

both higher and lower frequencies. There are wide variations in the 

frequency response of individuals. Some people cannot hear sounds 

above 8000Hz, whereas a few people can hear sounds above 20,000Hz. 

Furthermore, the hearing of most people deteriorates with age. 

The tests are normally done in a specially constructed soundproof testing 

room. Each ear is tested separately; test sounds can be sent to either ear 

through a comfortable headset. The subject is asked to give a sign when 

he hears the test sound. Selected frequencies from 250 to 8000 Hz are 

used. At each frequency the operator raises and lowers the volume until a 

consistent hearing threshold is obtained. The hearing thresholds are then 
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plotted on a chart and can be compared to normal hearing thresholds. The 

normal hearing threshold at each frequency is taken to be 0 dB. The chart 

may show a general loss in one or both ears.  

 Deafness and hearing aids. 

There are two common causes of reduced hearing: - 

 

1. Conduction hearing loss, in which the sound vibrations do not 

reach the inner ear.  

2. Nerve hearing loss, in which the sound reaches the inner ear but no 

nerve signals are sent to the brain.  

Conduction hearing loss may be temporary due to a plug of wax 

blocking the eardrum or fluid in the middle ear. It may, however, be due 

to a solidification of the small bones in the middle ear. This condition can 

sometimes be corrected by an operation in which the stapes, which 

pushes on the oval window, is replaced with a piece of plastic. If a 

conduction hearing loss is not curable, a hearing aid can be used to 

transmit the sound through the bones of the skull to the inner ear. Nerve 

hearing loss may affect only a narrow band of frequencies or it may affect 
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all frequencies. At present there is no known cure or aid for nerve hearing 

losses. 
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Sound in Medicine 
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 Nature of Sound. 

Sound : Is a mechanical wave produced by vibrating bodies at 

frequencies between about 20 and 20,000 Hz. While Infrasound: Is 

refers to the sound frequency below the  normal hearing range (<20 Hz), 

and Ultrasound: It ranges above 20,000 Hz. 

Sound is a compressional wave in a gas, liquid, or solid. A wave is a 

periodic disturbance that travels in space, say in the z direction. It is 

periodic in space, which means that at any given time t, the disturbance is 

periodic with z, as in Fig.1 It is periodic in time, which means that at any 

given position z, 

 

Fig.1: Waves at (a) one time, (b) one place, and (c) two different times, showing 

wave propagation 

For example, when an object such as a tuning fork or the human vocal 

cords is set into vibrational motion, the surrounding air molecules are 
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disturbed and are forced to follow the motion of the vibrating body. The 

vibrating molecules in turn transfer their motion to adjacent molecules 

causing the vibrational disturbance to propagate away from the source. 

When the air vibrations reach the ear, they cause the eardrum to vibrate; 

this produces nerve impulses that are interpreted by the brain. The 

properties of sound in terms of simple sinusoidal vibrations such as 

would be set up by a vibrating tuning fork (Fig.2).  

 

Fig.2: Sinusoidal sound wave produced by a vibrating tuning fork 

 General Properties of Sound. 

1. A sound wave is a mechanical disturbance in a gas ,liquid or solid 

cause local pressure increase (i.e. compression ) and pressure decrease 

(rarefaction). 



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics    
Dr. Saja Esmaeel Khaleel 

 

2020-2021  4 
 

 

2. Sound wave spread outward as a  longitudinal wave i.e. the 

pressure changes occur in the same direction that the wave 

travels. The pressure variations due to the propagating sound 

are super imposed on the ambient air pressure. Thus, the total 

pressure in the path of a sinusoidal sound wave is of the form 

 P=Pa+Po sin2πft …………………………………………………….(1) 

where Pa is the ambient air pressure (which at sea level at 0
◦
C is  

1.01×10
5 

Pa =1.01×10
6
dyn/cm

2
), Po is the maximum pressure change due 

to the sound wave, and f is the frequency of the sound. 
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3. The speed of the sound wave v depends on the material that 

propagates the sound.  

Speed in  gas  <   speed in liquid   <  speed in solid                       

(348 m/sec)      (1480-1540) m/sec)        (4080 m/sec) 

 The relationship between frequency (f)  , wavelength (λ) , and the speed 

of propagation (v)  is given by the following equation: 

v=λf   ………………………………………………………..(2) 

4. The amount of energy transmitted by a sinusoidal sound wave 

per unit time through each unit area perpendicular to the 

direction of sound propagation is called the intensity I and is 

given by: 

  
 

 
    (   )  

 

 
 (  )  

  
 

  
…………………………….(3) 

Here ρ is the density of the medium, v is the speed of sound 

propagation,  A is maximum displacement amplitude of the atoms or 

molecules from the equilibriam position, Z= v ρ is the acoustic 

impedance,   w = (2 π f) angular frequency, ρo  = is the maximum 

change in pressure  

5. Reflection: When a wave enters one medium from another, part 

of the wave is reflected at the interface, and part of it enters the 

medium 
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If the wave is incident on the interface at an oblique angle, the direction 

of propagation of the transmitted wave in the new medium is changed 

(Fig.3). This phenomenon is called refraction.  

 Fig. 3: Illustration of reflection and refraction. (θ is the angle of incidence.) 

The ratio of the reflected pressure amplitude (R) to the incident pressure 

amplitude (Ao) depends on the acoustic impedances media, Z1, & Z2 . 

The relationship is: 

 

  
 
     

     
 ……………………………………………………………..(4) 

If Z1=Z2 there is not reflection and the transmission is complete.  The 

ratio of the transitive pressure amplitude to the incident pressure 

amplitude (Ao) is: 
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 ……………………………………………………………..(5) 

6. Absorption: When a sound wave passes through tissue , there 

is some loss of energy the absorption of energy causes a 

reduction in the amplitude of sound wave .The amplitude (A) 

at depth X cm in a medium is given by exponential equation 

       
    ………………………………………………………..(6) 

   α = absorption coefficient.               Ao= initial amplitude. 

Since I   A
2
 

       
     …………………………………………..…………….(7) 

 

Fig. 4: Absorption 
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Fig. 5: Schematic of acoustic wave transmission and reflection 

 

7. Interference :When two (or more) waves travel simultaneously 

in the same medium, the total disturbance in the medium is at each point 

the vectorial sum of the individual disturbances produced by each wave. 

This phenomenon is called interference. -Fig. 6-. 
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Fig. 6: Interference 

 

 Clinical Uses of Sound. 

 

The most familiar clinical use of sound is in the analysis of body sounds 

with a stethoscope. This instrument consists of a small bell-shaped cavity 

attached to a hollow flexible tube. The bell is placed on the skin over the 

source of the body sound (such as the heart or lungs). The sound is then 

conducted by the pipe to the ears of the examiner who evaluates the 

functioning of the organ. A modified version of the stethoscope consists 

of two bells that are placed on different parts of the body. The sound 

picked up by one bell is conducted to one ear, and the sound from the 

other bell is conducted to the other ear. The two sounds are then 

compared. With this device, it is possible, for example, to listen 

simultaneously to the heartbeats of the fetus and of the pregnant mother. 
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 Ultrasonic Waves. 

These waves, which are simply the extension of sound to high 

frequencies, are called ultrasonic waves. Because of their short 

wavelength, ultrasonic waves can be focused onto small areas and can be 

imaged much as visible light Ultrasonic waves penetrate tissue and are 

scattered and absorbed within it. Using specialized techniques called 

ultrasound imaging, it is possible to form visible images of ultrasonic 

reflections and absorptions. Therefore, structures within living organisms 

can be examined with ultrasound, as with X-rays. 

Ultrasonic examinations are safer than X-rays and often can provide as 

much information. In some cases, such as in the examination of a fetus 

and the heart, ultrasonic methods can show motion, which is very useful 

in such displays. The frequency of sound detected by an observer depends 

on the relative motion between the source and the observer. This 

phenomenon is called the Doppler effect. 

Within the tissue, the mechanical energy in the ultrasonic wave is 

converted to heat. With a sufficient amount of ultrasonic energy, it is 
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possible to heat selected parts of a patient’s body more efficiently and 

evenly than can be done with conventional heat lamps. This type of 

treatment, called diathermy, is used to relieve pain and promote the 

healing of injuries. It is actually possible to destroy tissue with very high-

intensity ultrasound. Ultrasound is now routinely used to destroy kidney 

and gall stones (lithotripsy). 

 

 Doppler effect. 

The Doppler effect describes a change in the frequency of a wave , 

resulting from motion of the wave source or receiver, or in the case of a 

reflected wave, motion of the reflector.  

If a wave reflects off a moving object the reflected frequency is changed 

This is called the Doppler effect  given by:  

    
 

    
 ………………………………..……………………………(8) 

where f
/
 the frequency of the sound detected by the observer , f is the 

frequency in the absence of motion, v is the speed of sound, 

and vs is the speed of the source. 

Medical Doppler ultrasound. 

1- Doppler ultrasound is used to detect and measure blood flow, and 

the major reflector is the red blood cell. 

2-  The Doppler shift is dependent on the insonating frequency, the 

velocity of moving blood , and the angle between the sound beam 

and direction of moving blood. 
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When and why is it used ultrasound.  

1-There are many occasions when ultrasound is a favourable method of 

viewing inside the body.  

2-An obstetrician can use ultrasound to check the development of an 

unborn baby.  

3-Doppler ultrasound can be use to view blood flow through the heart and 

diagnose circulation problems.  

4-Ultrasound is a imaging method with instant results, relatively 

inexpensive, with little or no health risks.  

5-Recent advances, including 4D with surface rendering have increased 

the resolution and detail of ultrasound scans. 
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Physics of nuclear medicine , Radiation Therapy 

& Radiation protection 
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 Radioactivity. 

A certain natural elements, heavy have unstable that disintegrate to emit 

various rays. Alpha(α ), Beta(β), and Gamma(𝛄 )rays.  

- Alpha ray (α ) 

1. Nuclei of helium atoms. 

 2. A few centimeters in air. 

 3. Positively charges. 

4. Fixed energy  

- Beta ray (β-)  

1. High-speed electrons. 

 2. A few meters in air. 

 3. Negatively charged. 

 4. Spread of energies  

- Gamma ray(𝛄 )  

1. Very penetrating.  

2. Physically identical to x-ray but much higher energy. 

 3. Fixed energy. 
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 Isotopes.  

Nuclei of a given element with different numbers of neutrons.  

There are two types:  

1-Stable isotopes if they are not radioactive…Ex:(
12

C,
13

C).  

2-Radioisotopes if they are radioactive. ..Ex: (
11

C,
14

C,
15

C). 

 Radio-nuclides.  

Is used when several radioactive elements are involved.(Radioisotopes 

are used when referring to single element).  

Neutrino.  

A mass less, charge less, particle, Takes up the difference in energy 

between the actual beta energy and the maximum beta energy. 

Alpha (α): Is helium atom(
4
 2He) with mass number (A) = 4 and atomic 

number (Z) = 2. The result of alpha emission is a daughter whose atomic 

number is two less than of the parent, and whose atomic mass number is 

four less than that of the parent.  

 Activity of Radioactive materials.  

half-life , mean life ,decay constant. 

Half  life (T1/2).  

The time needed for half of the radioactive nuclei to decay. 
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A = A0 e
-λt

 …………………………………………………………….. (1) 

Where:  

A : activity in disintegration per second after time(t)  

Ao: initial activity  

λ : decay constant(sec-1,hour-1,year-1)  

t : time since activity (sec, hour, year)  

T1/2 = 0.693 / λ ………………………………………...………….…. (2)  

A = λN = (0.693/ T1/2(mass/atomic weight)×Avogadro number  

(NA =6.022×10
23

 mol
-1

 ). 

1 year = 3.15 × 10
7
sec  

T1/2 = should be in second  

The average or mean time T = 1/ λ  

1/ λ from the equation (2) = 1.44 T1/2  

So τ = 1.44 T1/2  

τ mean life time (tau) is the average lifetime of a radioactive particle 

before decay. 

 



Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics    
Dr. Saja Esmaeel Khaleel 

 
 

2020-2021  5 

Units of activity.  

The unit of activity of radioactive is Ci (Curie)  

1 Ci = 3.7 x 10
10

 dis/s of Bq (Becquerel)  

(micro)μ Ci = 10
-6

Ci , (nano)η Ci = 10
-9

Ci , (pico)ρ Ci = 10
-12

 Ci. 

Example.  

If you have 1g of pure potassium 40 (
40

 K) that is experimentally 

determined to emit about 10 
5

 beta rays per second.  

a- What is the decay constant λ? 

b- Estimate the half-life of 
40

K from .  

  

Solution:  

a- A = λN =λ (mass/atomic weight)× Avogadro number)  

10
5

 = λ × (1/40) x 6.02 x 10
23

  

So λ = 6.7 × 10
-18

 s
-1

  

b- Estimate the half-life of 
40

K from .  

T1/2 =0.693/ λ = 10
17

  

T1/2 = 10
17

/(3.15 x 10
7
) = 3 x 10

9 
years. 
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 Clinical Applications.  

 

 

The clinical uses of radioactivity for the diagnosis of disease.  

- The most useful radio-nuclides for nuclear medicine are those that emit 

gamma rays.  

- Since 𝛄 – rays is very penetrating 𝛄 emitting radioactive element inside 

the body can be detected outside the body.  

In nuclear physics used Geiger counter to detect radiations.  

Magnetic Resonance Imaging (MRI).  

• A way of obtaining diagnostic images of the body  

• Uses electromagnetic radiation  

• Does not use ionising radiation  

• Very versatile  
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• Excellent tissue contrast and resolution –anatomy and pathology  

• A typical image   

• Shows Lumbar spine and cord  

• MRI allows for different types of tissue contrast  

• Provides lots of information  

Anatomy Pathology , Blood flow ..etc. 

 

The MRI Scanner consists of:  

• Powerful magnet  

• Patient table  

• Magnetic gradients (for localising the signal)  

• Radio-frequency (RF) coils that transmit RF into the patient and receive 

the signal  

• Computer  

 Radiation Doses in Nuclear medicine. 
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In general, the radiation dose to the body from a nuclear medicine 

procedure is:  

1- Non uniform since radioisotopes tend to concentrate in certain organs, 

while it is impossible to measure the radiation received by a particular 

patient ,it is possible to calculate the dose to various organs of a standard 

man .The organ receiving the largest dose during a procedure is 

sometimes referred to as the critical organ.  

2- The dose can vary considerably from one individual to another.  

3- The dose to a particular organ of the body depends on the physical 

characteristics of the radio-nuclides what particles it emits , their energies 

and on the length of the radio-nuclides is in the organ. Two factors 

determine the length of time the radio-nuclides is in the organ, or the 

effective half-life (T1/2 Bio) .The biological half-life of an element is the 

time needed for one half of the original atoms present in an organ to be 

removed from the organ ,and it is independent of whether the element is 

radioactive.  

 Physics of Radiation Therapy.  

Early attempts were not a great success; however, today radiation therapy 

is recognized as an important tool in the treatment of many types of 

cancer.  

Currently three major methods are used alone or in combination to treat 

cancer: surgery, radiation therapy and drugs (chemotherapy).  

About half of all cancer patients receive radiation as part or all of their 

treatment.  

The success of radiation therapy depends on:  
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1. The type and extent of the cancer  

2. The skill of the radiotherapist, the physician who specializes in the 

treatment of cancer with radiation  

3. The kind of radiation used in the treatment.  

4. The accuracy with which the radiation is administered to the tumor.  

5. The responsibility of the radiological physicist (last factor). 

The basic principle of radiation therapy is to maximize damage to the 

tumor while minimizing damage to normal tissue. This is generally 

accomplished by directing a beam of radiation at the tumor from several 

directions, so that the maximum dose occurs at the tumor.  

 Radiation protection. 

The since of protecting workers and the public from 

unnecessary radiation. It involves. 

1. Accurate measurement of radiation to radiation workers. 

2. Design and use of methods to reduce radiation. 

Medical radiation exposures come from therapeutic uses of x-rays and 

radioactivity, diagnostic uses of radioactivity (nuclear medicine) and 

diagnostic uses of x-rays.  

The biological effects of ionizing radiation are of two general types 

somatic and genetic.  

Somatic effects affect an individual directly (loss of hair, reddening of the 

skin, etc), while genetic effects consist of mutations in the reproductive 

cells that affect later generations.  

Since genetic effects occur only when reproductive cells are irradiated, 

the gonads should be shielded during x-ray studies when possible. 
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 Types of Radiation that we must protect our selves from it : 

1. Natural radiation. 

2. Artificial radiation. 

1.Natural Radiation: It called also background radiation and it divides 

into:- 

A. External : It include: 

1. Cosmic rays: Including neutrons, it constitute 30-40% of 

the natural radiation. Research have been indicate that the 

background at 3000m elevation is about 20% higher than that 

at sea level. 

2. Terrestrial radiation: Including air, it constitutes also 30-40% of the 

natural radiation and depend on the geographical factor. 

B. Internal : It includes: 

1. 
40

 K :.Constitute 16% of the natural radiation 

2. Other radionudides :. Constitute 4%of the natural radiation and include 

Fe, S, ..... 

2. Artificial Radiation : 

The sources of these radiation is: 

1. Diagnostic uses of radioactivity (nuclear medicine) and X  rays. 

2. Therapeutic uses of X-rays and radio activity. 
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Physics of Lung and Breathing 

(Part Two) 

Measurement of Lung Volume 

The volume of the lungs during different stages of normal and deep 

breathing is a good diagnostic of lung functionality. It is easily measured 

using a Spirometer :It is a device used to measure air flow into and out 

of the lungs and record it on a graph of volume versus time (which is 

shown by the Fig.1). 

 

Fig.1: (a) Lung volume changes during breathing cycles, (b) along with a 

schematic of a spirometer 
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Respiratory Volumes and Capacities 

Tidal Volume (TV) : It is the volume of air inhaled with each breath 

during normal breathing at rest (~ 500 cm
3
). During heavy exercise the 

tidal volume is considerably large. 

Inspiratroy Reserve Volume (IRV): It is the additional air taken at the 

end of inspiration, which is possible with some effort to further fill the 

lungs with air. 

Expiratory Reserve Volume (ERV) : It is the additional expired air, 

which can be forced out of the lungs at the end of normal expiration. 

Inspiratory Capacity (IC) :Is the maximum amount of air that can be 

inspired after a normal expiration. IC is the sum of TV and IRV. (TV + 

IRV = IC)  

Functional Residual Capacity (FRC): It is the air remaining in the 

lungs after a normal respiration where the stale air mixes with the fresh 

air of the next breath .-It's been mentioned in the past lecture (Lec. 

seven)-  

Vital Capacity (VC): Is the maximum amount of air that can be 

forcefully expelled from the lungs after an extended or complete 
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inspiration. VC is the sum of IRV, TV, and ERV. (IRV + TV + ERV = 

VC). 

Residual Volume (RV): It is the amount of air stale in lungs after vital 

capacity, which is ~1lit for adult. 

Total Lung Capacity(TLC) : Total volume of air accommodated in the 

lungs at the end of a forced inspiration. This includes (RV + IRV + TV + 

ERV = TLC). 

Anatomical and physiological Dead Spaces 

They are spaces in the respiratory system at which air does not provide 

O2 to the body:  

 Anatomical dead space (A.D.S) 

 In the conducting airways (nose, mouth, pharynx, larynx, trachea, 

bronchi and bronchioles) there is no significant exchange of O2 & CO2 

between gas and blood, the internal volume of the airways is called the 

anatomic dead space. The volume of air in the anatomical dead space= 

150 cm
3
. 

 Physiological Dead Space (P.D.S) 

 In some diseases, some air reach the alveoli are poorly perfused by the 

blood capillary, result in poor ventilation-perfusion relationship 

increasing the physiological dead space. The volume of air in the 

physiological dead space= 350 cm
3
. 

500 cm
3

 = 150 cm
3 

 (A.D.S) + 350 cm
3
 (P.D.S) 
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Pressure – airflow – Volume relationships in the Lung 

The lungs of a healthy individual need small P to cause air to flow into or 

out of them ,which is few cm of H2O as in Fig (2). 

 

 

Fig (2): Pressure  in the  Lung 

The increase pressure and decreased air flow for a patient with narrowed 

airway during expiration and increased airflow into or out of the normal 

lungs as in fig 2 and 3. 

 

Fig (3): Air flow rate air in the Lung 

The pressure-airflow-volume 

relationship

+5

-5
inspiration expiration

patient

normal

Pressure 

(cmH20)

Time (sec)

Flow rate (liter/ min)

Time (sec)

inspiration expiration

patient

normal
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The lung volume during breathing cycle for a normal and for a patient 

with narrowed airways as in Fig. 4 

 

Fig (4): The lung volume  

 

The Pressure – Volume (P.V.) Curve 

The esophagus reflects the pressure between the lungs and chest wall the 

pressure in the esophagus “can be measured with a pressure gauge which 

in normally (-10 mm Hg) due to the elasticity of the lungs. 

 

inspiration expiration

Time (sec) 

Volume 

(liters) patient

normal
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Fig. 5: The P.V. Curves for chest alone. The lungs alone, and the 

chest combined 

From P.V. Curve: 

1- If the chest wall (alone) ;i.e. without interaction with lung the 

volume =2/3 of total vital capacity at P= o 

The lung would collapse & have no air volume. 

2- If the chest wall & lung together; 

The volume = 30 % of vital capacity (come to Relaxation volume 

FRC) at P=o. 

The volume = 60 % of vital capacity, the pressure = +10 cm .H2O, 

This pressure is called Relaxation pressure & is produced by elastic 

properties of the lung. 

Compliance (C) 

 It is an important physical characteristic of the lungs: 

(Is the change in the Volume produced by a small change in Pressure). 
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Where        in the unit of the (Liter) and           in the unit of the 

(cm.H2O). 

In Normal adult, the range of compliance = 0.18 – 0.27 (lit / cm.H2O) 

 A Stiff lung (Fibrosis) has a small ΔV for large Δ P. 

   
        

         
                

 A Flabby lung has large ΔV and a small ΔP 

   
        

        
                              

 

Example (1) 

Determine the compliance of the lungs for each condition (within the 

lowest 5 cm.H2O pressure range & volume 1 Lit)? 

Solution: 

  
  

  
 

  
 

 
 

      lit / cm.H2O 

 

Airways Resistance (Ra) 

Airway resistance is a concept used in respiratory physiology to describe 

mechanical factors which limit the access of inspired air to the pulmonary 

alveoli, and thus determine airflow. It is the amount of pressure required 

to deliver a given flow of gas and is expressed in terms of a change in 

pressure (P) divided by flow (fr). During inspiration the forces on the 

airways tend to open them further, during expiration the forces tend to 

http://en.wikipedia.org/wiki/Respiratory_physiology
http://en.wikipedia.org/wiki/Pulmonary_alveoli
http://en.wikipedia.org/wiki/Pulmonary_alveoli


Alnoor University Collage 

Anesthesia Technology Department 
Medical Physics/Lecture Eight 
Dr. Saja Esmaeel Khaleel 

 

2020-2021  8 
 

close the airways and thus restrict airflow. For a given lung volume, the 

expiratory flow rate reaches a maximum and remains constant; it might 

even decrease slightly with increased respiratory force.  

Air way resistance can be calculated by the law:  

Ra=
                  

                 
=
               

  
 

           

              
 …………………(2) 

(Ra) depends on the dimensions of the airway and the viscosity of the 

gas. for typical adult Ra= 3.3 cm.H2O / (Lit/sec). 

Example (2) 

 In both inspiration and expiration, a pressure difference of (0.4 

cm.H2O) causes a flow of (0.15 L/s) in the nose. Determine the flow 

resistance in it? 

Solution: 

Ra 
     

     
    

      

    
       cm.H2O/ (Lit/sec). 

Example (3) 

 If Ra = (3) cm H2O/(liter/sec) , what air flow rate would occur at an 

expiratory pressure difference of (100 mm H20) ? 

Solution: 

         10
-1 

cm 

Ra 
               

  
 

     
  

  

    fr=  
     

  
  

             

 
  → fr = 3.33 liter/sec 
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The Time Constant 

When the respiratory system is subjected to P, time is needed
 
until V 

occurs, and the time necessary to inflate 63% of its
 
volume is called the 

Time Constant (TC). The time constant of the lung is related to the 

airway resistance (Ra) & the Compliance.(C)  

TC (sec) = Ra C ……………………………………………………….(3) 

From equations (1)&(2) we get 

TC= 
  

  
   

  

     
 …………………………………………………………(4) 

The time constant (T) of the lung is complicated, since many parts of the 

lungs are interconnected. If one part has large (T) than others parts, it will 

not get its share of the air and that part of the lung will be poor ventilated.  

Disorders of  Respiratory System  

Asthma Is a difficulty in breathing causing wheezing due to 

inflammation of bronchi and bronchioles. 

Emphysema Is a chronic disorder in which alveolar walls are damaged 

due to which respiratory surface is decreased. One of the major causes of 

this is cigarette smoking. 

Occupational Respiratory Disorders: In certain industries, especially 

those involving grinding or stone-breaking, so much dust is produced 

that the defense mechanism of the body cannot fully cope with the 

situation. Long exposure can give rise to inflammation leading to fibrosis 

(proliferation of fibrous tissues) and thus causing serious lung damage. 

Workers in such industries should wear protective masks. 
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