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 Heat & Cold In Medicine                      

   Matter is composed of molecules that are in motion            

 (This means   have KE, it related to Temp : KE    Temp) . 

 

 

 

Heat :  It is the energy transferred from the hot subject to the cold subject  

              causing to rise the temp of cold subject. 

 

Solid heat  Liquid heat  Gas  heat    ions 

 

Temperature Measurement Devices : 

1-Glass Fever Thermometer → It used to know the temp of the body  

* The most common way to measure a temperature is with in the glass 

fever thermometer containing mercury or alcohol. 

  

* Input fever thermometer ,a temperature increase causes the alcohol or 

mercury to expand more than the glass and thus produces an increase in the 

level of the liquid. 
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2-Thermistor             It’s a special resistor that changes it’s resistance 

                                        rapidly with temp ( oC%5 ). 

* The principle behind this thermistor is that a temperature change causes  

   the thermistor resistance to change. 

                

 

Because it is very sensitive and very fast for measuring temp change ,it has 

been used to monitor the breathing rate of the patient → This is called 

“pneumograph” . 

 

3-Thermocouple → measuring the temp from “-190 to 300 C
o
 “.  

* A thermocouple consists of two junctions of two different metals . If the  

  two junctions are at different temperature, a voltage is produce that  

  depend on the temperature difference. 

 

  Because it has a sharp end then it can measure the temp of “individual 

cell” 

 

Thermograph: 

 

1- It has been used to detect other type of cancer not only breast cancer. 

2- It used to study the circulation of the blood in the head. 

3- It used to study the blood in the diabetics leg. 
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Thermogram: 
Is done by measuring the radiation emitted from the body .At the body 

temp emitted radiation is in the far  infrared (IR) reigon at wavelength 

greater than (4000-7000)
Aº

.The total radiative power per surface area (w) is 

given by Stefan – Bultzman   Low : 

           W= 
4Te .(w/cm

2
) 

 :   S-B. constant =5.7 *10
-12

 w/cm
2
 .k

4
. 

e :  emissivity depends upon the emitter material and its temp. 

           (e=1 for  the body). 

k : Kelvin or absolute, scale=273kº. 

     0 kº  = absolute zero= -273 Cº 

normal body temp =(T Cº+273) k º  (this temperature scale is not used in 

medicine). 

    

Example: 

A person of skin temp. of 36C
o
 and body surface area 1.75m

2
 .find : 

1. net total power if he receives radioactive power  from the surrounding 

walls 20C
o
 would be about 735w. (σ = 5.7 * 10

-12
 w/cm

2
 ) 

2. The emissivity of surrounding walls. 

Solution 

1- T=36Cº+273=309 ºK 

T
4
 w=e                              

  =1*(5.7*10
-12

)*(309)
4

 

  =0.052 w / cm
2
    

 Total power (w)={Total radiative  power per surface area}*surface area 

                           = 0.052 ( w/cm
2
 ) * 1.75*10

4
 

2 
) 

                           = 910 w 

net power =910 - 735  = 175w    

2- T= 20 + 273 = 293K 

Heat from the wall = 735= [e* 5.7*10
-12

 *(293)
4
 ] * ( 1.7510

4 
) 

e = 735 / (735.163) = 0.998    
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For the Breast Cancer Detection: 

1- Thermography to detect the elevated temp. area 

2- To detect the area by smooth touching (palpation or feeling). 

3- Use of low voltage X-ray (mammography). 

4- To be sure of the type of Breast tissue of the specific area ,biopsy 

examination for histopathology is done. 

 

Physical Methods of Producing Heat in the Body 
1- Conductive heating. 

2- Infrared radiant heating (IR). 

3- Radio wave heating (Electro magnetic Wave). 

4- Micro wave diathermy . 

5- Ultrasonic wave heating. 

 

1. Conductive Heating : → used to treatment the superficial area. 

* Conductive Heating   is used in treating conditions such as :- 

1- Arthritis. 

2- Neuritis. 

3- Sprains. 

4- Strains. 

5- Contusions. 

6- Sinusitis. 

7- Back Pain. 

2. IR. Heating: 
The heat can be transferred to the body by radiation. It is used for 

surface heating of the body .This is the same heat. We feel from the sun 

and flame. 
 

 The IR wave length used are between (800- 4000nm). 

 These wave penetrate the skin about (3mm)& increase the 

surface temp. 

 This type of heating is used to treat the same conditions of 

conductive heating. 
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3. Electro magnetic Wave (diathermy). 

       They are very useful for internal heating because E.M.R. have energy 

depend on their frequency E=hγ , ( γ : is the frequency ). 

 

A. Short wave diathermy(Wavelength ( λ )  = 10nm & F=30 MHz) : 

Heat from diathermy is useful for internal heating because it penetrates 

deeper than radiant & conductive heat. 

 

 It used in treatment of : 

A. In flammation of the skeleton , bursitis , neuralgia . 

B. Muscle spasm, pain from protruded intervertebral 

discs , degenerative joint disease. 

 

 The treatment is done by two method to get energy to the part of   

           The body :  

1- Capacitance method. 

                   Heat = Constant X (current)
2
 

      2- Magnetic induction. 

B. Long Wave Diathermy : The frequency = 10 kHz . 

Some patients were sensitive to get electricity in this frequency than 

they were under electrical shock hazards. 

  

EM Diathermy has limitations when it used on muscle tissue 

surrounded by fatty  layer. In infrared waves most of the energy is 

deposited in the surface of fatty layers. So, we use microwaves 

diathermy for deep area covered with fatty layers. 

 

4. Microwave Diathermy : F= 2460 MHz 
   It is penetrate deep into the tissue → causing temp . rise & deep heating. 

 

* Microwave therapy is used in the treatment of : 

1. Fractures.                  2. Sprains.              

3. Strains .                     4. Bursitis. 

5. Arthritis.                    6. Injuries to tendons.  
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* The absorption for homogeneous tissue can be described by  

    this equation: 

 

               I = Io e - x / D    

I :  radiation intensity at the depth X in the tissue. 

Io : radiation intensity at the surface . 

X : depth in the tissue. 

D : Tissue thickness at which 63% of the beam is absorbed. 

 

Example:- 

  If the radiation intensity of the surface is 10
4
 & tissue for treatment 

half of intensity absorbed at depth 3cm. 

Calculate the intensity under 2cm in tissue. 

At the half value thickness ( X1/ 2 ) The beam absorbed Is  

            I = Io/2                   → ie   I/Io = 1/2        at x = X 1/2 

 

Since   I = Io e
 –   X / D

          → ie  I/Io = e 
– X / D

 

   

   .∙.   1/2 = e
 – 

X1/2/D
 
           → Ln 1/2 = − X1/2/D  

 

        Ln2 = X 1/2 / D           .∙.            D = X 1/2 / 0.693 = 3cm /0.693 = 4.32cm  

 

 

 To calculate the intensity under 2 cm in tissue substitute the value of 

intensity Io and D in equation 

  

               .∙.       I = 10
4
 e

 – 2 cm / 4.32
  = 6.3  10

3              
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                 Absorption of Microwave beam depend on : 

1. The a mount 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 & 

at very high frequency >1000 GHz.  

 

* 2450 MHz for kitchen uses but best frequency for medical treatment     

   uses  is 900 MHz. 

* Tissue for treatment half of beam absorbed at depth = 3cm. 

Cold in Medicine: ofUse     

Cryogenics: is the science and technology of producing and using very low  

temp. in medicine to preserve blood, sperm, bone marrow and soft tissue. 

Cells & Tissues which is sorted for long term should be : 

1. Stored at a very low temp. (-196 C
o
 ) since biochemical &  

    physical processes are temp. dependents → then lowing temp.  

    will reduce the rate of these two processes . 

2. Cooled at the optium cooling rate of the tissue to be stored and  

    the % of survival is more dependent on the cooling rate than on the  

    warming rate. 

3. Stored with adding protective agent (glycerol or dimethyle solfoxide) 

    before cooling. 
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* Survival behavior as a function of colling Rate for blood  

   RBCs and Bone marrow: 
 

Cooling rate = ΔT / time interval   

                      = (T2 -T1) / time interval    ( Cº/min )  

 

cooling rate of Bone marrow = 3 ( Cº/min ) 

colling rate of RBCs = 3000 ( Cº/min )  

 

Blood Storage 

1. Convential Method: It is  non - cryogenics method & it is done by mixing  

    the whole blood with anticoagulant then stored at 4Cº at this method about  

    1% of the RBCs hemolyzed or breaked , then the maximum expired is 21  

    days because at this period 20% of RBCs are break. 

2. Long term storage : It is cryogenics method .It divides into two ways: 

   a. Thin -  walled containers : The container is filled with blood then is   

        quickly inserted into a liquid Nitrogen bath .                                                                                                 

        The frozen blood can be stored at - 196 C
o
  

  b. Blood sand Method : The blood is sprayed into a liquid Nitrogen surface  

    which freezes into small droplets grains of sand .The droplets are collected  

    & stored in special containers at - 196 C
o
 . 
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Cryosurgery: It is the application of using cryogenics methods to  

                              destroy cells. 
* The advantages: 

   1. There is little bleeding in the destroyed area.  

   2. The volume of tissue destroyed can be controlled by the temp. of   

      cryosurgical prob. 

   3. There is little pain sensation because low temp. tend to desensitize the  

       nerves. 

* Uses of Cryosurgery : In treatment of "  Parkinson                                                               

   a. Disease or 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 .                    

  b. Treatment of tumors by cutting it.  

  c. In several of types of eye surgery :  

      1. Repair of detached retina. 

      2. Cataract surgery  removal of a darkened lens. 
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Light in medicine 
Light has some interesting properties, many of which are used in  

 

1. The speed of light change when it goes from one material into another. (The ratio 

of speed of light in a vacuum to its speed in a given material is called the index of 

refraction. 

2.  Light behaves both as a wave and as a particle.  

As a wave it produces interference, diffraction, which are of minor importance in 

medicine 

As particle it can be absorbed by a single molecule .when alight photon is absorbed  

its energy in various ways. 

3. When light is absorbed, its energy generally appears as a heat .this property is the 

basis for the use in medicine of IR light to heat tissues. This property is known as 

fluorescence. 

4. Sometimes when a light photon is absorbed, a lower energy light photon is emitted. 

5. Light is reflected to some extent from all surfaces (endoscope). 

 

          Figure: The relationship of light wavelengths to the entire spectrum of E.M.R. 
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d Emission of Radiation (Laser)Light Amplification by Stimulate  

    In (1917) ,Einstein postulated that: The incident photons of energies equal exactly to 

the energy that an excited atom must eject if it falls to its lower energy state. These 

o fall to the lower state and the photon atom t excited incident photons stimulate the

it to make the  stimulatesby the atom is in phase with the incident photon that ejected 

transition. 

 

  The incident photon and the photon of the atom that it stimulated have the same 

frequency direction ,and phase i.e. they are coherent. 
 

Kinds of Laser: 

 1. Pulse Laser: i.e. 

(i) Ruby laser ( =694 nm). 

(ii) Semiconductor ( is dependent on the applied current). 

(iii) Glass laser. 

 

2.  continuous wave laser (cw)e.g. ,gas filled tubes laser  

(i) Neon-helium laser ( =632.8 nm) 

(ii) Argon laser ( =488-514nm)                                                                 
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Ruby Laser: 

    In (1960) T.H. Maiman produced a laser beam from ruby crystal. 

* The rod is aluminum oxide crystal with some chromium atoms throughout it (AL2O3 :  

   Cr2O3).  

* The active material (Medium) in the ruby is the chromium ions Cr
+3

. 

* The color of the ruby crystal depends on the contents of Cr
+3

 on it.  

*  One end  of the rods are  covered completely with silver and the other ends are coated  

    partially with silver to allow light to escape.  

 

 

which , electrons in the chromium atoms of the rod to gain energy causesThe bright flash   

is released inside the rod as red light 

  The red light is reflected back and forth between the mirrored surfaces at the ends of 

the rod. 

more light. release The light causes the chromium atoms to   

coated end  –the end of the half  leavesand  increaseThe intensity of the red light beam   

of the rod as a laser beam. 

 

*A laser beam remains narrow over long distance and can be focused to a spot only a  

  few microns in diameter. 

* When all of the energy of laser is concentrated in such small area , the power density  

  energy (power per unit area) become very large. 
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Laser in Medicine: 

  In medicine laser are used primarily to deliver energy to tissue. 

 The laser wave length used should be strongly absorbed by tissue .The 

short wave (400-600nm) are always absorbed better than the long wave  

     (700nm) 

 Laser energy directed to human tissue cause a rapid rise in temperature 

and can destroy the tissue .The amount of damage to living tissue 

depends on time the tissue is exposed to increased temperature. 

      

   A                                                                            B            

               The absorbance and reflectance of                            Effects of time and       

                skin as a function of wavelength.                               temperature on  

                                                                                                  tissue destruction                                                                                         

                                                                                           

1. It is used by surgeons for the painless removed of eye tumors 

2. It is used as a (bloodless knife) in surgery. 

3. Repairing retinal tears or holes that develop prior to retinal detachment. (Photo    

    coagulation).  

4. Treatment of the diabetic ethnography i.e. the complications of  

    diabetes that affect the retina, (photocoagulation). 

5. In medical research it is used for special three-dimensional imaging called  

    (holography). 
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Application of visible light in Medicine: 
1. Curved surfaces : e.g.: 

Curved lenses : convex, concave and cylindrical. 

 

Curved mirrors : which are used in:  

a. Ophthalmoscope: for looking into the eyes. 

b. Otoscope: for looking into the ear. 

 

2. Endoscopes : are used for viewing internal body     cavities. 

i. Cystoscope: to examine the bladder. 

ii. Proctoscope: to examine the rectum. 

iii. Bronoscope: to examine the lungs. 

iv. Gastroscope: to examine GIT. 

                                                              

* Endoscopes are based on the “Total internal reflection rule”. When the angle of  

   incidence is greater than the critical angle where the critical angle is the angle of  

  incidence. Which the refractive angle = 90. 
 

Glass fiber (rigid endoscope): Plastic fiber (flexible endoscope) 

It gives clear image, because it is 

transparence. 

It is difficult to bent and easily broken. 

It gives low quality images. 

It can be bent easily inside the  body to 

reach the far or narrow location. i.e. (not 

easily broken) 

 

* Endoscopes are supplied with IR absorbing filters to minimize tissue heating i.e Cold  

   light endoscope. 

 

3. Tran illumination: 

 It is the transmission of light through the tissues of the body. It is used  

         clinically in the detection of:- 

i. Hydro cephalous (water-head) in infants. 

ii Pheumothorax (collapsed lung) in infant. 

iii. The sinuses.  

iv. The breasts. 

v. The gums. 

vi. The testes. 

 

4. Phototherapy: 

 Premature infants recover from Jaundice when they exposed to visible light.   

 

5. Microscopy: 

 in diameter since the m μl  is aboutresolved est objects that can be The small 

wavelengths of visible light from 0.4 to 0.7μm. light microscopes: are adequate for 

resolving ceils (diameters 5 to 50 μm). 
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Application of  Ultra violet (UV )& Infra red (IR) light in    

                                    Medicine 
 

UV: photon have energy  than visible photon  

  IR: Photon are energy  than visible photon ( 1nm = 10
-9

m).       

                         E = h υ  =  h c/λ  
where 

            h = Plan's constant = 6.6*10
-34

     (joule/sec) 

            υ = frequency of radiation  

            c = velocity of light. 

                

 UV: wave length 100 – 400 nm             

 Visible: wave length 400-700 nm,. 

 IR: Wave length 700-10000 nm                                                                                                         

Because of their higher energies: UV photons are most useful than IR photon 

   

* UV with λ = 290 nm it can kill germs and also produce more reactions in the skin  

   than visible light. 

 

* UV. Light from the sun affects the melanin in the skin to cause tanning, solar UV is  

   also the major cause of skin cancer in humans  because it is very well absorbed by  

   the DNA. In the cell’s. 

* UV light can not be seen by the eye  because it is absorbed before it reaches  the   

   retina. 

 
 

About half of energy from the sun is in IR. Region 

   The warmth we feel from the sun is mainly due to the IR.  



 

 7 

 

– 

 

  The IR rays are not usually hazardous even though they are focused by the    

   cornea and lens of the eye onto the retina. 

 IR. Light penetrates 

further into the tissues than visible light and thus is better 
able to heat deep tissues. 
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                               Sound in medicine 

Sound : It is the audible waves of frequency between 20 Hz and 20 kHz. 

Infrasound : refers to the sound of frequency below the 

                     normal hearing range (<20 Hz) and subsonic (0 to   

                     20Hz),which  cannot be heard. 

Ultrasound : It ranges above 20 kHz ,which is also cannot be heard. 

General Properties of Sound 

. Sound waves require a medium for their transmission. . Matter must be present for 

sound to travel. 

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). 

 

 

 

Figure (12.1) Asound wave vibrate at frequency f and produces compression 

                        and rarefaction. 

2.  Sound wave spread outward as a  longitudinal wave i.e. the pressure changes 

occure in the same direction that the wave travels. 

3. Velocity of the sound is given by :  

                             V = f  

  f= frequency of vibration of the sound wave.  

   =wave length of the sound wave. 

 

* The velocity of the sound differs from the medium to medium because of the 

freedom of motion of the molecules in the medium, that is their stuffiness elasticity, or  

 compressibility 

 

* The higher the density, the higher is the velocity of the sound. Table (12-1).  

  shows the velocity of ultrasound in several substances of medical importance. 
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-1. Velocity of ultrasound in several mate  

              Materials                       Velocity (m/s) 

             Air                                          348 

             Aluminum                             2700 

             Beryllium                           12,890 

             Blood                                    1570 

             Bone                                      3360 

             Fat                                         1500 

             Liver                                     1550 

             Muscle                                  1580  

             Oil                                         1500 

             Polyethylene                           920 

             Soft tissue                              1540  

             Water                                    1480     

 

  Note that the velocity of ultrasound in bone is twice that in soft tissue and the velocity 

in soft tissue  is five times that in air. The velocity of ultrasound does not depend on 

frequency, it is  determined by the medium.i.e.. 

 

 Speed in  gas  <   speed in liquid   <     speed in solid 

 

 

The two types of ultrasound employed in diagnostic are: 

1. continuous wave 

2.  pulsed wave. 

    Figure (12-2). shows the difference between these types of emission.  

 

 
 

* During continuous-wave emission, the ultrasound generating device, the transducer,   

vibrates continuously. This type of ultrasound is principally employed in examinations 

of  the fetal heart and of blood flow by the Doppler method.  
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* Pulsed ultrasound is employed in most imaging studies, including A-mode, B-mode, 

M- mode, and real time. These imaging -

which a   pulse of ultrasound is emitted and the reflected ultrasound wave or echo, is 

received by the same transducer after a time delay. 

 

Acoustic Impedance 
  Acoustic impedance (Z) is used to describe the reflection of sound at an interface.  

  It is a function of the density of the medium and its compressibility, which is measured 

by the velocity of sound in the medium. , mathematically, acoustic impedance is 

described by: 

                       Z = ρV 

       Where      ρ : is the density of the medium (Kgm/m
3
) 

                       V : is the velocity of the sound in the medium (m/ s) 

  .∙.  Acoustic impedance therefore has unit (Kgm/m
2
.s)   

 

  In general, the higher the density, the greater is the acoustic impedance. Also , the 

higher the velocity of sound in the medium, the greater is the acoustic impedance.  

 

 

  Table (12-2). reports the acoustic impedance for several materials of diagnostic 

importance since the acoustic impedance is determined by the velocity of sound in the 

medium, it is not dependent on the frequency or wavelength of the ultrasound beam.  

 

Table 12-2. Acoustic impedance for several materials of diagnostic 

impedance 

                                                   Acoustic impedance  

                Materials                            kg/m
2
s (10

-6
) 

              Air                                                                0.0004 
              Aluminum                                  17                            

              Beryllium                                   1.61                           

              Blood                                          7.80                    

              Bone                                           1.58                       

              Fat                                               1.38 

              Kidney                                        1.62 

              Liver                                           1.65 

              Muscle                                        1.70 

              Oil                                               1.43 

              Polyethylene                               1.88 

              Soft tissue                                    1.63 

              Water                                           1.48 

 

*  Acoustic impedance is a most important tissue characteristic. The largest reflections   

  occur between tissues with great differences in acoustic impedance. 
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  - ncy 

and wavelength are inversely proportional. As ultrasound frequency 

increases, the wavelength  decreases. 
 

  The ability to resolve small objects is directly related to the wavelength of the 

radiation involved.  

*  High –frequency  ultrasound (short-wavelength) results in better resolution  than 

the low frequency. 

 

* High-frequency ultrasound results in shallow penetration. For this reason, high-

frequency transducers, up to 15 MHz, are employed for ultrasonic examination of small 

superficial structures such as eyes.  

* Lower frequency transducers, around 2.5 MHz , are used for abdominal ultrasound  

  examinations. 

 

  Diagnostic ultrasound is usually identified by its frequency of operation. In that 

regard, some summary statements are possible. As the frequency of ultrasound 

increases, the  following occurs: 

1. The ability to resolve small objects improves. 

2. The penetrability of the beam decreases. 

3. The beam becomes more collimated and directional. 

 
Reflectivity 
When an ultrasound wave incident on a tissue interface, some of the sound will be 

reflected and some will be transmitted figure (12-3). The transmitted beam will leave 

the interface at an angle different from that of the incident beam. The deviation of the 

beam is called refraction. 

 

 
 

 * In diagnostic ultrasound the transmitted beam is necessary to image deeper tissues.  
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*  Principal interest lies in the reflected beam or actually its intensity relative to the 

incident  beam.This quantity of intensity ratio is known as the  (R) 

is defined as: 

                                         
 The percentage of ultrasound reflected at such an interface is  

    

As the angle of incident increases figure (12-4), the reflected beam is directed farther 

from detecting transducer. As the angle increases still farther, total reflection will occur 

at the interface, but this reflected beam will note be detected. 

 

 
  

 

  The angle for total reflection is called the critical angle, and it depends on the 

velocity of sound in each medium. 

  

Scattering  
  Regardless of the angle of incidence, a large fraction of the transmitted ultrasound 

beam will be reflected if the  roughness of the tissue interface is large compared to the 

wavelength of the ultrasound. Such a situation is normal in diagnostic ultrasound and is 

termed specular reflection. 

 

* if the roughness of the tissue interface is small compared to the  wavelength of the 

transmitted ultrasound, the specular reflection will not occur,  in such a case, the 

ultrasound beam becomes diffuse  and intense because of multiple scattering.  
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* Highly irregular interfaces and heterogeneous tissues result in scattering, as seen in 

figure (12-5). Some of the ultrasound is scattered back to t

to image formation. This is call backscattered ultrasound.  

 

 

 
 

Absorption 
 

  Attenuation refers to the reduction in the beam intensity with depth in tissue caused by 

absorption, scattering, and beam divergence. US attenuation occurs exponentially in 

much the same manner as that for X-radiation. 

                  

 

  The equation describing US attenuation is also similar to: 

 

              I=Ioe
-2 X

 ……………… (1) 

where  

          Io = is the initial intensity. 

          Ix = is the intensity at depth X. 

           X = is the depth in tissue. 

          = is the US attenuation coefficient 

.   

  

 

US attenuation coefficient  varies with a physical properties of conducting medium and 

the US frequency. 

 

* The higher frequency, the higher is the attenuation coefficient and therefore the 

greater attenuation. 
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The half – value layer(HVL)=X1/2 : is the thickness  of absorbing tissue will reduce 

the beam intensity to half it's original value (Io/2) , i.e 

   at    X= X1/2 then    I= Io /2: 

substitute this condition in equation (1) : 

     Io /2  =  Io e
-2αX1/2  

.
.
.   1/2   = e

-2αX1/2 

      2
-1

    =  e
-2αX

1/2
 

     -ln 2 =  -2α X1/2  ln e               since ln e = ln 2.718 ≈ 1  

       ln 2 =   2α X 1/2                     and   ln 2 = 0.693  

        

             X1/2  = 0.693 / (2α) 

 
 

 

 

 

Note :  
Pulses of US  are transmitted into the body by placing the vibrating crystal in 

close contact with the skin by using a jelly paste or water to : 
 

1- Eliminate the air. 

2- Give good coupling at skin. 

3- Greatly increase the transmission of US. into the body and of the echoes to the 

detector (Transducer) 
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Diagnostic  

  low cost of 

the instrumentation, and the lack of ionizing radiation. 

* The heart of diagnostic ultrasound is the transducer. 

 

Ultrasound transducer 
  A transducer is any device that converts energy from one form to another. An 

ultrasound transducer converts electric energy into ultrasound energy and ultrasound 

energy back into electric energy. 

 

* Operation of an ultrasound transducer is based on the piezoelectric effect. 

  The piezoelectric effec : is demonstrated graphically in figure (12-6). when a 

suitable crystalline material is stimulated electrically, the crystal will expand along its 

short axis. If the polarity of the electric signal is reversed, the crystal will contract.  

 

 
   

 If the electric signal oscillates at a high frequency, then the crystal will alternately 

expand and contract at the same frequency.  

 

* An ultrasound transducer converts an electric signal into mechanical motion and 

the mechanical motion into ultrasound. 

 

The reverse is also possible. Ultrasound incident on a suitable crystalline material 

will transfer the energy of compression and rarefaction into contraction and 

expansion of the crystal.This in turn will cause an oscillating electric signal. This 

process is also the piezoelectric effect. 
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  Several components comprise the transducer. Figure(12--7). 
 

 The face of the transducer assembly is a protective acoustic window designed to 

match the active crystal 

the patient. 

 

  A matching layer with acoustic impedance between that of the face and tissue may 

be attached to improve ultrasound transmission into tissue by reducing surface 

reflectivity 

 
 

* The active element of the transducer is the piezoelectric crystal. The material most  

  frequently used is lead zirconate titanate (PZT).  

 

    * To optimize the efficiency of US transmission and reception, the thickness of the  

    crystal  must be a half or a quarter wavelength.  

  For 2.3 MHz transducer, crystal thickness is 0.31mm or 0.15mm.  

  At   10 MHz the crystal thickness is only 70µm or 35µm.  

 

 * The piezoelectric crystal is backed by material designed to damp the movement of 

the crystal so that, when the electric stimulus is removed, the crystal will cease motion 

immediately. 

 

* The piezoelectric crystal and backing material are surrounded by acoustic   

  insulation to further confine the ultrasound beam. Electric signals are transmitted 

through a connecter on the back of the trasducer to each of the piezoelectric crystal. The 

crystal faces are coated with electrically conducting material. 
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Operational modes                                                        

   Two are static imaging modes, A-mode and B-mode; 

 two are dynamic imaging modes, M-mode and real time;  

 one, Doppler mode, is a  ranging mode.  

 

All find application in diagnostic ultrasound, and each has its own area for  

  special application. 

*  A-mode is particularly useful for measuring midline shifts of the brain.  

*  B-mode is perhaps the one most widely employed, and it is used primarily for 

                  abdominal   imaging.  

*  M-mode finds its principal application in dynamic imaging of internal structures. 

*  Real-time ultrasound allows for observation of structures in motion.  

*  Doppler ultrasound is used for depth and flow measurements and investigations of  

                   moving surfaces. It finds principal application in fetal heart monitoring and 

                   peripheral blood flow measurement. 

 

A-Mode Display 

 A-mode (amplitude mode), In this mode, ultrasound is emitted in pulses by the 

transducer, which then also receives echoes or reflections from tissue interfaces. This 

type of ultrasound emission is called pulse-echo technique.  

 
  A-mode ultrasound employs one or tow transdure. 
*    In a two transducer application, one transducer is used to transmit and the other to  

   receive. For observation in the brain, the transmitting transducer is placed on one side  

   of the head and the receiving transducer on the other.  

*   In the one-device mode, the same transducer is used to transmit and device. 

 

* The main purpose for employing A-mode is to measure the depth of interfaces and to  

  detect their separation accurately.  

 

 

 B-Mode Display  

B-mode  (brightness mode)  : has little application in diagnostic ultrasound.  
 

  B-mode transducer is manipulated, this transducer can be moved linearly over the 

patient to provide a rectangular field of view, it can be angulated to provide a sector 

field of view, or a combination of both can be employed 

 

 

 M-Modest Display 

  This type of ultrasound display is called M-mode (motion mode). It is also sometimes 

referred to as TM-mode (time-motion mode),  PM-mode (position-motion mode), and 

UCH (ultrasonic cardiograph), since its principal application is to monitor the heart.  
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Doppler Ultrasound 
  

on the Doppler effect. The wavelength of light varied according to the relative motion 

of the source of light and the observer.  

 

* If the source or observer or both are moving toward each other, the light received will    

have a shorter wavelength (higher frequency) than the emitted. On the other hand, if the 

source and observer are moving apart, the received light will have a lowerfrequency 

than that emitted. 

 

  A continuous ultrasound beam is emitted in Doppler applications. When the 

reflected beam is received by the transducer, the change in frequency caused by the 

Doppler effect is electronically determined. 

 

  The mathematics associated with Doppler ultrasound to measure this frequency 

shift are rather simple. 

  The frequency shift, FD is called the Doppler shift frequency.  

  If FT is the transmitted frequency and FR the frequency of sound reflected from the 

moving tissue interface, then 

              FD = FT – FR 

 

  If however, one knows the velocity of sound in the medium (V) and the velocity in the 

interface (u), then the Doppler shift frequency becomes: 

              
 

  The transducer used in Doppler US incorporates two crystals, one to transmit and 

one to receive. Because of this simplicity, the cost of a Doppler ultrasound unit can be 

much less than that of a compound B-scanner.  

 

Real-Time Imaging  
 Real-time ultrasound is dynamic imaging. It is to compound B-mode what 

fluoroscopy is to radiography. Real-time ultrasound is finding increasing application in 

many areas of medical imaging. 

 

 

It has several distinct advantages over B-mode imaging: 
1. The cost of equipment can be considerably less. 

2. The image obtained is not nearly so dependent on operator skill. 

3. The time required for real-time examination is generally less because of the ease 

with which the equipment can be handled. 

4. Several commercial versions are available, including mobile system. 

 

  The real-time transducer assembly is larger than a B-mode transducer. 
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  The transducer probe is then moved over the surface of the patient in any direction  

and angle until the anatomic region of interest is found 

  

 The dynamic (moving) image may then be stored on videotape for subsequent 

viewing, or stop-action frame photographs may be obtained. 

 

Real – time ultrasound does have disadvantages. 

    The real-time image results from the  ultrasound beam interacting with the tissue 

interface from only one direction, whereas  with B-mode, one can move the transducer 

while storing the image from many  directions for ultimate composition. 

 

Consequently, the resolution is better with B-mode than with real time. 

                           

BIOLOGIC EFECT 

Mechanisms of Action 
  An expression used by radiologists to describe the manner in which radiation produces 

a biologic effect is the mechanism of action.  

* For ionizing radiation, the mechanism of action is ionization and excitation.  

* For ultrasound, the mechanism of action is temperature elevation, cavitations and  

   various viscous stresses. 

 

Thermal effect 
  Ultrasound irradiation can elevate the temperature of tissue through molecular 

agitation and the relaxation processes. Extremely intense levels are required to produce 

a measurable temperature elevation in tissue.  

 

* The hazard from temperature elevation is, of course, not specific to ultrasound. At 

the local tissue level, temperature elevation can result in structural changes in 

macromolecules and membranes and changes in the rates of biochemical reactions.   

 

 

Effects on Living Tissue 
  if the ultrasound intensity is sufficiently high, many of the effects described earlier as 

resulting from ionizing radiation exposure can be produced. Chemical bonds can be 

disrupted, macromolecules are degraded, chromosomes aberration can be produced, 

and cells can be killed.  

     
 

 



Department of Anaesthesia

Medical Physics

Ikram Ahmad Mahmmod

lung And Beathing

f class

lec 12,13

2018-2019



 

 1 

 

– 

 

 

 

                  The Physics of Lungs and Breathing 

 

 Function of Lungs & Breathing: 

1- Exchange of O2 & Co2 between the blood and air. 

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

“When we do work PH increase “CO2 + H2O          H2CO3” 

3- Heat exchange between the body and atmosphere. 

4- Fluid balance of the body by warming and moistening the air we 

breath. 

5- Voice production. 

6- Removing the dust particles stuck to the moist lining of various air 

ways. 

 

 Breathing Rate: 

1- We breathe    6 liters of air per min. 

2- Men breath 12 times / min at rest. 

3- Women breath 20 times / min at rest. 

4- Infants breath  60 times / min at rest. 

* The air we inspired is     80 % N2, 20 % O2  

Expired air is         80 % N2, 16 % O2 & 9 % Co2 
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 The air ways: 

1- The noise: Air is warmed, 

surface and hairs, which trap particles and dirt. 

2- The trachea: A wind pipe that the air passes through goes to a 

lung. 

3- The bronchi: Two divisions from the trachea .Each bronchus 

go to a lung. 

4- Bronchioles: Each bronchus divides and red vides 15 times 

into smaller branches call bronchioles. 

5- Alveoli: Air sacs 30 million at birth, 300 million at age 8 years 

and more, beyond this age the number of stays relatively 

constant but the alveoli increase in diameter.   

Alveoli which are like small interconnected bubbles are about 

0.2mm in diameter and half a wall's only 0.4 micrometer thick in, 

the expand and control during breathing. 

They 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 alveoli. 

 

 There are two processes involved O2 and Co2 exchange in 

the lung: 

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

2- Ventilation (V): getting the air to the alveolar surface. 
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 There are three P- V. areas in the lung: 

1- Areas with good. P. good 

volume of normal lung. 

2- Areas with poor P. good V. where a blood flow to part of a lung is 

blood by a clot. 

3- Areas with good P. poor V. where air passages in the lungs are 

obstructed as in pneumonia. 

 

Partial Pressures of O2 and Co2: 

The behavior of the gases (Air exchange by diffusion) obeys to the 

Dalton’s Law of partial pressures: 

(The total pressure of different gases is the sum of the pressures of 

each would exert when it alone occupied the contained) 

Partial Pressure = % (gas)* (atmospheric – partial pressure of water vapor) 

In the lung         at 37C
o
 & 100 % relative humidity, the partial 

pressure of water vapor = 47mm Hg,  

          atmospheric pressure.= 760mm Hg 

 

The alveolar airs contain          14 % O2 & 5.6 % Co2. 

PO2 = 14/ 100 *(760mmhg – 47 mm hg)  100 mm hg. 

PCo2 = 5.6/ 100* (760mm hg – 47 mm hg)  40mm hg. 
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Henry Law: It’s state the solubility of gases in liquids “The amount 

of gas which a liquid will dissolve directly proportional to the partial 

pressure of the gas”. 

O2          is not very soluble in blood or water. 

              Its diffuses faster than a molecule of Co2 because of its  

              Smaller mass & higher Po2. 

 

Co2         Is larger than that O2 – molecule, which actually slow the  

               rate of diffusion, because of low PCo2 & larger mass. 

 On other hand, the Co2 is   25 times more soluble in liquids than 

the O2, so that the net effect is that the Co2 diffuses about 20 times 

more rapidly in aqueous liquids than does O2 . 

1 lit of blood can hold   2.5cm
3
 of O2 (100Hg) and 

                                      15 cm
3
 of Co2  (40mmHg). 

 

Combination of O2 with Hb: 
Because of the low solubility of O2 in the blood most of the O2  combine 

with Hb in the blood red cells to be carried to the body cells. 
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 The Hb leaving the lungs 97% saturate with O2  at PO  = 100 mm Hg. 

O2 2 

environment. 

 

 The dissociation of O2 from Hb is dependent on:  

1- PCo2 in the cells; 

2- The pH ; 

3- The temperature ; 

4- PO2 of the tissue (cells). 

* Under resting condition the venous blood return to the heart with         

75% of its load of O2 because it is not needed by the tissues: 

* During exercise, PCo2, pH, and temperature are all increased 

which permit Hb to give most of its O2 . 

 

* In addition, the body can increase the blood flow three times, working 

muscles, which results in O2 supply of 10 times more than they consume 

at rest. 
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CO2 Transporting  

   Most of Co2 remains in the blood after it have left the lungs (PCO2 = 40 

mmHg). The Co2 levels in the blood are maintained fairly constant by the 

breathing rate. 

 The ratio of Co2 out put to O2 in take is called Respiratory 

exchange ratio (Respiratory quotient) R<1. 

 At each normal breath             500cm
3
 of fresh air (Po2             

150mm Hg) mixed with           2000cm
3
 of stale air in the lung to 

result in alveolar air with Po2 100mm Hg. 

 

CO Poisoning (Carbon monoxide): 
1- CO molecules attach with Hb nearly 250 times more tightly than O2. 

2- Do not easily dissociate in the tissue. 

3- Occupy places in Hb normally used to transport O2. 

4- CO inhibits the release of O2 from Hb 

So even a small amount CO can seriously reduce the O2 to the tissue. 

 

Measurement of lung volume  

         The lung has various volumes and capacities. The volume of the lung 

versus time (i.e. the air flow) can be measured by the spirometer which 

record it on a graph. These volumes and capacities can be summarized as 

follows (which is shown by the graph): 
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Fig: shows the various volume and capacities of the lungs 

 

1. Tidal volume at rest: 

         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. 

 

2. Inspiratroy reserve volume: 

        It is the additional air taken at the end of inspiration, which is possible 

with some effort to further fill the lungs with air. 
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3. Expiratory reserve volume:        

        It is the additional expired air, which can be forced out of the lungs at 

the end of normal expiration. 

4. 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. 

 

5. Vital capacity: 

        The volume of air exhaled when the breath is as deeply as possible and 

then exhaled as much as possible. 

 

6. Residual volume: 

       It is the amount of air stale in lungs after vital capacity, which is ~1lit 

for adult.   

 

Dead Spaces: 

There are spaces in respiratory system at which air does not provide O2 

to the body. They are: 

500 cm
3   

= 150 cm
3  

    +        350 cm
3
 

                  A.D. spaces             alveolar air 

 

Anatomic dead spaces:  

     Fresh air does not go directly to alveoli .It goes first through the 

conducting airway .Because there is no significant exchange of O2  & 

Co2 between gas & blood in the conducting air way ,the internal volume 

of airway is called anatomic dead space.
 
 



 

 9 

 

– 

 

Physiological (alveolar) dead spaces:   It is the un used alveolar 

volumes, in which alveolar capillaries are not perfuse 

O2 is not absorbed in the alveoli. 

Airway diseases test: 

 The maximum rate of expiration after a maximum inspiration is a 

useful test for obstructive airway diseases where the flow rate 

sometimes decreases with excessive expiratory effect. During the 

maximum expiration the out flow is rapid at first; the last 5% takes 

longer than the first 95%. 

 

 

 A normal person can expire nearly 70% of his vital capacity in 0.5 

sec., 85% at 1 sec., 94% in 2 sec., 97% in 3 sec. 

 

 

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 cms of H2o as in fig(1) 

 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 1 and 2.  
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The lung volume during breathing cycle for a normal and for a patient with 

narrowed airways as in fig 3 

 

 

The Pressure – Volume Curve: 

The esophagus reflects the pressure between the lungs and chest wall 

( intrapleural or intrathoracic ) the pressure in the esophagus “can be 

measured with a pressure gauge which in normally (-10mm Hg) due to 

the elasticity of the lungs. 
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Fig: 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: It is an important physical characteristic of the lungs: 

                      (Is the change in the volume produced by a small   

                       change in pressure). 

OHcm

Liter

pressureinchange

volumeinchange

P

V
C

2.







 

*In normal adult, the range of compliance= 0.18 – 0.27 (lit / cm. H2O) 

*A Stiff lung (fibro tic) has a small ∆ V for large ∆ P. 
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a. Infants with respiratory distress syndrome have lungs 

with low compliance.  

b. B. In some disease such as emphysema, the compliance 

increase. 

Physics of the alveoli: 
 The alveoli are physically like millions of small interconnected sacs 

(like bubbles).The alveoli lining is an unique fluid called surfactants 

which is necessary for a lung to work properly, due to the surface 

tension (γ) of this fluid . 

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

(which is applied on bubble) p= 4 γ/r where r is the radius of alveolus. 

 The surface tension of the surfactant is not constant because the 

surface area of the alveolus is variable during breathing. 

Airway Resistance (Ra):  

   Depend on 1- The dimension of airway  

                    2- The viscosity of gas  

 t

V
rateflowtheisfrWhere

rf

P
Ra









 
 for typical adult Ra= 3.3 cm.H2O / (lit/sec) 

Time Constant (Tc) 

Tc =RaC =   P
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