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 X – Rays 

 
 

 X-Ray is an electromagnetic waves the same as light, radio waves, microwaves, ultraviolet and 

ɣ-ray. 

 These electromagnetic waves are different by their energy for example ultraviolet has higher 

energy than visible light and infrared, ɣ-ray has higher energy than UV. 

 X-ray is a high electromagnetic wave has higher energy than all electromagnetic waves except 

for ɣ-ray which has energy in the region of X-ray, the higher energy electromagnetic waves 

obviously has higher frequency and short wave length. 

 In quantum physics these electromagnetic waves called photons (bundles or packs of energy) 

each pack of energy in one photon. 

 

 

X – rays:- electromagnetic radiation (EMR) of very short wave length ( λ  0.1 → 1ے A
o
 ) & very 

high penetrating power. It is very useful in diagnosis & radio therapy. 
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The amount of energy carried by each photon depends on the frequency of radiation: 

 

E = h υ = h c / λ 
 
 Where 

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

 (joule. sec)  

              c = velocity of light = 3* 10 
8
 m/sec 

              υ = frequency of radiation 
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X – rays production : 
 

To produce photons of X – rays we need : 

1. A filament (is a concave part of cathode) which is a source of electrons. 

2. Target (anode) which is strike by the electrons which have a negative charged and these 

electrons are repelled by the cathode at attracted to the anode reaching it with very high 

kinetic energy. 

3. High positive voltage applied between the cathode and anode to accelerate the negative 

electrons. In diagnostic radiography, this usually within the range 40 to 120 Kev. 

4. An evacuated space ( with low pressure 10-6 tor ) : which is accelerate the electrons from the 

cathode to the anode. 

5. The space between the tubes insert(the enveloped and electrode )and the shield is filled with 

oil, the oil converts heat from the insert to the tube shield(oil used to cool the target) 

 

 



Kut University College Lec. Rusul Saeed 

Department of Dentistry First Year 

 Lecture: 5 

4 

 

 
 

NOTE: The energy of most electrons striking the target (99.8%) is dissipated in the form of heat. 

The remaining few energy (0.2%) produce useful X- rays. 

 

X-ray Energy Spectra: 
X-rays photons produced by an X-ray machine are heterogeneous in energy 

The spectrum of x-rays produce by a modern x-ray generator is shown in figure, the broad smooth 

curve is due to the bremsstrahlung and the spikes represent the characteristic X-ray. Many of the low 

energy (soft) x-ray photons produced are absorbed in the glass walls of the x-ray tube. 
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* If no filtration inherent or added, of the beam is assumed, the calculated energy will be a straight 

line (shown as doted line in fig). 

* The purpose of added filtration is to enrich the beam with higher energy photon by 

absorbing the lower energy components of the spectrum, and hence improving the 

penetration power of the beam. 

 

 
 

 

Attenuation of X-rays: 
Is the reduction of x-ray beam due to the absorption & scattering of some of photons of the beam. 

* To measure the un attenuated (transmitted) beam intensity I, we use. 
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                 I = Io e 
-µx 

 
Where 
          Io = initial beam intensity. 

          I = un attenuated (transmitted) beam intensity. 

         μ = linear attenuation Coefficient. 

         e = 2.718 

        x = Thickness of the attenuator such as (brain tumor, bone, aluminum) 
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Linear attenuation Coefficient (μ): 
 

 measure the probability that photon interact (absorbed or scattered) per unit length it travel in 

specified material. 

 

It depends on: 
1. energy of x-rays  

2. atomic number (Z)  

3. density (ρ) of material 

 

 

 

Half value thickness HVT (X1/2) : is the thickness of material which reduce the intensity of the 

beam of radiation one – half of its value (50%). 

 



Kut University College Lec. Rusul Saeed 

Department of Dentistry First Year 

 Lecture: 5 

8 

 

 

 

 

Figure. Transmitted intensity of x-ray versus the thickness of aluminum attenuator 

 

At  time         x = x 1/2      then     I = ( 1/2 ) Io  

 

Substitute this condition in the equation 

 

 I = Io e 
-µx 

                   (1/2) Io = Io e 
- µ X ½ 

     (1/2) = e 
- µ X ½  

      2 
-1

 = e 
- µ X ½  

 

By taking Ln of both sides we get: 

                  - Ln (2) = - µ X 1/2 × Ln e 

                     0.693 = µ X 1/2 × 1 

                        X1/2 = 0.693 / μ 
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Biological Effects : 
          

          Mass attenuation – coefficient :a portion of X-ray energy that will be absorbed by the 

biological material & can produce changes at the cellular level. 

The mass attenuation coefficient (μ/ρ) is obtained by dividing the linear coefficient by the density of 

the material. Therefore independent of density and depends only on the atomic number and photon 

energy. 

 

 μ m = μ / ρ 
There for the equation 

 I = Io e 
( – μ / ρ ). ρ x  

  
 
 Figure. Mass attenuation coefficient (μ/ρ) for various tissues 

Interaction of X-rays with matter:  

 
There are three types of interaction between X-ray with matter contribute to attenuation. 
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1. Photoelectric effect (P.E) 

       The photoelectric effect is one way x-ray lose energy in the body. It occur when the incoming x-

ray photon transfers all of its energy to an electron which escapes from the atom (Fig). 

 P.E is more apt to occur in the intense electric field near the nucleus than in the outer levels of atom 

and it is more common elements with high (Z) than in those with low Z. 

 When the energy of the x-ray is just slightly greater the binding energy of electron, the probability 

that P.E effect will occur increase. 

 

In the other word : 

 

        The energy of the photon is completely absorbed by the electron(eˉ ). The (eˉ ) eject out of the 

atom & the atom will be positive ion.  

Probability of photon electric occur at low X-rays energies. 

 It usually occur at a high atomic number (Z) of material. e.g. :- 

 

Muscles ≤ 30 KeV 

 Bone ≤ 50 KeV 
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2-Compton effect (C.E): 
 

            Another important X-ray lose energy in the body is done by C.E. Compton suggested that an 

X-ray photon can collide with loosely bound outer electron much like a billiard ball collides with 

another billiard ball. 

At the collision, the electron receives part of energy and the remainder is given to a Compton 

scattered photon ,which then travels in a direction different from that of the original x-ray(figure) 

 

In the other word : 

  

The energy of the photon is partially absorbed by the electron (eˉ) which is ejected out of the atom, 

the atom will be positive ion  

The energy of a photon is reduce from hυ to hύ ,and they scattered in different direction. 

 C.E. occur greatest at low Z material. e.g. :- 

 * In water or soft tissue C.E. is more probable occur than P.E effect at energy ≥ 30 KeV. 
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 * In bone C.E. is more probable occur than the P.E. effect at energy ≥ 100 KeV. 

 * At 30 kev bone absorbed x-ray about 8 times better than tissue due to P.E effect. 

 

 

  
 

          Figure. X-ray lose energy in the Compton effect 

 

3. Pair Production ( P.P ): 
 

               P.P is the third major way x-ray give up energy. When a very energetic photon enters the 

intense electric field of the nucleus ,it may converted into two particles an electron and positron 

( β )(positive electron). 

Providing the mass of the two particles requires a photon with an energy of at least 1.02 Mev and the 

remainder of the energy over 1.02 Mev is given to the particles as kinetic energy. 
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 After it has spent its kinetic energy in ionization it does a death dance with an electron Both then 

vanish ,and their mass energy usually appear as two photon of 511 kev each called annihilation 

radiation. 

Since a minimum of 1.02 Mev is necessary for P.P,this type of interaction is only impotent at very 

high energies. 

 

  
 
            Figure. X-ray lose energy in the pair production 

 

 

* P.P. is more apt occurs in high Z element than low Z element.  

* P.P. is no use diagnostic radiology because of high energy needed . 

* P.E. is more useful used in diagnostic than Compton effect because it need low energy and primate 

us to see bone & other heavy material such as bullets in the body. 
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                     Figure. Mass absorption coefficient for water. 
 

( P.E. and C.E. are about equally probable at about 30 kev, P.P. occurs only at high energies and is 

of no important in diagnostic radiology.) 

 

Photographic process: 

as follows : 

 
1. Development :Immerse the exposed film in the developer solution to free the silver atoms in 

those grains which have received sufficient exposure & contain latent image center.  

2. Fixing : Fixing to neutralize the developer on the film & stop the developing action.  
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3. Washing : the film washed in running water to remove the fixing chemicals &dissolve silver 

halides.  

4. Drying :The final step in processing is to dry the radiograph, and this is done by blowing warm 

dry air over both surfaces of the film as it is transported through the drying chamber.  

 

* The total sequence the events involved in manual processing requires over 1hr.  

* Most modern automatic processors are identified as 90 sec. 

 

 

Operational Model 

 
First-Generation Scanners 

 

The previous description of a finally collimated X-ray beam-single detector assembly translating 

across the patient and between successive translations is characteristic of early CT designs. These 

are now called First-generation CT scanners 

The original EMI scanner required 180 translations, each separated by a 1 degree rotation 

*Scan time for first generation units was almost 5 minutes. 
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Second-Generation scanner 
 

Were also of the translate-rotate type, but these units are no longer produced. These units 

incorporated the natural extension of the single detector to a multiple detector assembly intercepting 

a fan-shaped rather than a pencil beam.  

* The principal limitation of second-generation CT scanner was examination time, most units were 

designed for scans times of 20 s or more 
. 
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Third-generation scanners  
 

Third-generation scanners evolved in which the X-ray tube and detector array were rotated 

concentrically about the patient. As rotate-only units, third generation scanners accommodate scan 

times as low as 1 s. 

* The third-generation scanner employs a curvilinear detector array containing at least thirty 

elements and a fan beam. The number of detectors and the width of the fan beam, between 30 and 60 

degree 
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Fourth-Generation Scanners  
 

The fourth-generation design for CT scanner is, as for those of the third generation, a rotate-only 

motion 

* With fourth-generation machines, however, the X-ray source rotates but the detector assembly 

does not. Radiation detection is accomplished through a fixed circular array of detectors, which 

contains as many as 1000 individual elements. 

 * These units are capable of 1 s scanning times.  

* The principal disadvantage of fourth-generation machines appears to be patient dose, which is 

somewhat higher than that with other types of scanners. 
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 Pressure 
 

Introduction: 

  

Pressure is defined as the force per unit area in a gas or liquid. For a solid the quantity 

force per unit area is referred to as stress. In the metric system pressure is measured in 

dynes per square centimeter (Dy/cm2) or Newton per square meter (N/m2) or Pascal (Pa). 

 

If the unit is Dy/cm
2 
 

         P = ρ g h         ρ = density of liquid (g/cm
3
) 

                                g=980(cm/sec
2
) acceleration of gravity 

                                 h= in (cm) the height of liquid  

 

Or the unit is N/m
2
 

        P = ρ g h         ρ = (kg/m
3
) 

                               g= 9.8 m/ sec
2
 

                               h= In (m) 
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Example -1- 

      Find the pressure of 10 m of water in Dy/cm
2
 and N/m

2
? 

      10 × 100 = 1000 cm               1m=100cm 

...  P = ρ g h   =1×980×1000=980000=9.8×105 Dy/cm2 

     P = ρ g h   =1000 × 9.8 ×10 =9.8×104 N/m2 

The most comm0n method of indicating pressure in medicine is by the height of a 

column of mercury (Hg). For example, a peak (systolic) blood pressure reading of 120 

mmHg indicates that a column of mercury of this height has a pressure at its base equal to 

the patient's systolic blood pressure. 

 

Example -2- 

    Calculate the systolic pressure in   Dy/cm
2
 and N/m

2
? 

In systolic pressure =120 mmHg=12 cmHg 

                                                       = 0.12 m Hg 

.
.
.  P = ρ Hg g h Hg =13.6×980×12=159936=1.6×10

5
 Dy/cm

2
 

    P = ρ Hg g h Hg =13600×9.8×0.12=1.6×10
4
 N/m

2 

 

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. 
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* this type of manometer can measure both (positive) and (negative) pressure. 

 * The fluid used can be: 

 1. Mercury for high pressure measurements. 

 2. Water or other low density fluid for low pressures. 

 

P0= atmospheric pressure 

h= height of liquid 

P=the pressure of container. 

 

 

 

 

 

 

 

 

 

 

 

Fig (1) 

  

Figure. A U tube manometer for measuring pressure P.P can be expressed as the height of the fluid. 

P 

P0 

h 
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 Sphygmomanometer: is the clinical instrument used for measuring the blood pressure.  

It can be provided by one of two types of gauges. 

 

1- Mercury gauge: the pressure is indicated by the height of mercury inside a glass tube. 

 2-Aneroid type: the pressure changes the shape of a sealed flexible container, which 

cause a needle to move on a dial.  
 

Gauge pressure :is defined as the excess pressure over atmospheric pressure.  

Gauge pressure =ρ g h 

                           =1000 x 9.8x10 

                           =10
5
 N/m

2
   = 1 atm 

Absolute pressure=atmospheric pressure+gauge pressure 

                              =1+ 1= 2 atm 

Or    In N/m
2 

                              =10
5
 + 10

5
= 2x 10

5
  N/m

2
 

Atmospheric pressure = ρHg g hHg  =13600x 9.8 x0.76 
                           =10

5
 N/m

2 

 

 

 

 



Kut University College Lec. Rusul Saeed 

Department of Dentistry First Year 

 Lecture: 2 

5 

 

 

 

 

 

 

                                           0 

 

Negative pressure:  

• Any pressure lower than atmospheric pressure. For example: The lung pressure during 

inspiration is a few centimeter of water negative ,a person drink through a straw the 

pressure in his mouth must be negative. 

• There are numbers of places in the body where the pressure is lower than atmospheric 

pressure or negative .For example when we breath inspire the pressure in the lungs must 

be lower than the atmospheric pressure . 

The most common clinical instrument used in the measuring pressure is the 

sphygmomanometer, which measure s blood pressure. 

 

 

 

 

 

 

h=10 m 

P0 
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Typical pressure in the normal body: 

 

Different parts of the body Typical pressure(mmHg) 

Arterial blood pressure Max.(systole) 100 - 140 

Min.(diastole ) 60 - 90 

Venous blood pressure 3 - 7 

Middle ear pressure less than 1 

Eye pressure 20 

CSF inside the brain 5 - 12 

 

Measurement of pressure in the body An instrument that measures pressure is called 

a manometer. 

 The common clinical instrument used in measuring pressure is 

thesphygmomanometer .Two types of pressure gauges are used in 

sphygmomanometer, they are 

 

Pressure inside the skull :  
      The brain contains approximately( 150 cm3) of cerebrospinal fluid (CSF) in a series 

of interconnected opening called ventricles. 
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 CSF is generated inside the brain and flows through the ventricles into the spinal column 

and eventually into the circulatory system. 

 * 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).  

 

* There are two methods to detect hydrocephalus :  

1. By measuring the circumference of the skull just above the ears. 

 2. Transillmination  making use of light-scattering properties of the clear CSF inside the 

skull. 

 

Measurement of hydrocephalus 

1- Crude method: - In this method the circumference of the skull just above the ears 

.Normal values of newborn infants are from (32-37 cm) , and larger than this may 

indicate hydrocephalus. 

2- qualitative method (transillumination):- 

In this method light – scattering properties is used.  
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Spinal Cord 
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Eye pressure 
The clear fluids in the eyeball (the aqueous and vitreous humors ) that transmit light to 

the retina are under pressure  

* This pressure maintain the eyeball in a fixed size & shape. →A change of only 0.1 mm 

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. 

 If 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. 

 

Ton meters:  

These are instruments used for measuring the amount of indentation produced by a 

certain force 
. 
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 values and sphincters (circular muscles) which open for the passage of 

food, drink, and their by-products, in a unidirectional flow. 
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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. 

 

* Occasionally 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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Pressure in 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. The larger area at the joint distributes the force, thus reducing the pressure 

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

below the joint. 

 

* Healthy bone joints are better lubricated than the best man-made bearings. The human 

joints system is such that; the higher pressure → the better lubrication. 
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Pressure in the urinary bladder : 

The internal pressure in the bladder is due to the accumulation of the urine. The figure 

below shows the typical pressure - volume curve for the bladder, which stretches as the 

volume increase.  

Pressure H2O cm 

 

 

150 

 

 

 

 

 

 

 

30 

 

 

  V       ml 

 

                Fig 2 :Pressure in the Urinary bladder 
 

100 300

00 
500 
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The above relationship accounts for the relatively low slope in the major portion of 

the figure. 

 → For adults, the typical maximum volume of the bladder before voiding is 500 ml and 

at some pressure (~ 30 cm H2O) the micturation reflex occurs  

→ The resulting sizable muscular contraction in the bladder wall produce a momentary 

pressure up to (150cm H2O.) 

 → Normal voiding 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. 

 

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 
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Hyperbaric Oxygen Therapy (HOT):- 

The body normally lives in an atmosphere that is about one fifth O2 and four – fifth N2. 

In some medical situations it is beneficial to increase the proportion of O2 in order to 

provide more O2 to the tissue. 

1- Gas gangrene :- 

The bacillus causes gas gangrene then its treated with (HOT) . That is due to bacillus 

cannot survive in the presence of oxygen (O2). 

2- Carbon Monoxide poisoning :- 

 The red blood cells cannot carry O2 to the tissues because the carbon monoxide 

fasters to the hemoglobin at the places normally used by O2. 

 Normally the amount of O2 dissolved in the blood is about 2% of that carried on 

the red blood cells. 

 By using the (HOT) technique , the partial pressure of O2can be increased by a 

factor of 15, permitting enough O2  to be dissolved to fill the body’s need . 

3- Treatment of cancer :- 

(HOT) with radiation is given to the patient in transparent plastic tank. The theory 

was that more oxygen would make the poorly oxygenated radiation-resistant cell in 

the center of the tumor more susceptible to radiation damage . 
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Q: If the pressure of a man is 8 cm Hg, Does the man have prostate or not? 

A/: PHg= PWater 

 

       PghHg=ρghwater 

The (g) is canceled from both sides 

13.6x8=1xhwater 

HWater=108.8 cm.so the man has prostate 

 

Note: 

▲ If hwater =100…..the man has prostate  

▲ If hwater >100…..the man has prostate  

▲ If hwater <100…..the man is normal 
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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 (20 HZ) which cannot be heard. 

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

 

General Properties of Sound: 
 

A sound wave is a mechanical disturbance in a gas, liquid, or solid that travels outward from the 

source with some definite velocity. We can use a loudspeaker vibrating back and forth in air at a 

frequency f to demonstrate the behavior of sound. The vibrations cause local increases and decreases 

in pressure relative to atmospheric pressure. These pressure increases, called compressions, and 

decreases, called rarefactions, spread outward as a longitudinal wave, that is, a wave in which the 

pressure changes occur in the same direction the wave travels. 

 
The relationship between the frequency of vibration f of the sound wave, the wavelength , and the 

velocity v of the sound wave is (v= f). 

 
Energy is carried by the wave as potential and kinetic energy. The intensity I of a sound wave is the 

energy passing through 1m2 /sec, or watts per square meter. For a plane wave I is given by: - 
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Where is the density of the medium; v is the velocity of sound; f is the frequency; is the angular 

frequency, which equals 2πf. 

A is the maximum displacement amplitude of the atoms or molecules from the equilibrium position; 

and Z, which equals (ƿ × v ) is the acoustic impedance. The intensity can also be expresses as: - 

 

 
Where Po is the maximum change in pressure 

 

 
  

Figure: sound wave compression and rarefaction 
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Example1:- 

 a. The maximum sound intensity that the ear can tolerate at 1000Hz is approximately 1W/m2 . What 

is the maximum displacement in air corresponding to this intensity? 

(ƿ air=1.29kg/m3 ), (v =3.31x102m/sec). 

   
b. The faintest sound intensity the ear can hear at 1000Hz is approximately10-12W/m

2
 . What is A 

under these conditions? 
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c. Calculate the sound pressures for cases a and b. 

 

  
A special unit, the bel , has been developed for comparing the intensities of two sound waves (I2/I1). 

This unit was named after Alexander Graham Bell, who invented the telephone . The intensity ratio 

in bels is equal to log10 (I2/I1). Thus of one sound is ten times more intense than another, (I2/I1)=10, 

since log10 10 = 1, the two sound intensities differ by 1 bel. Because the bel is a rather large unit, it 

is common to use the decibel (dB) in comparing two sound intensities (1bel = 10dB). 

 Sound intensity level (db) =10 log ( I2/I1 ) 
Since I is proportional to P

2
, the pressure ratio between two sound levels can be expressed as 10 

log10 (P1
2
/P2

2
 ), or 20 log10 (P2/P1). For hearing tests, it is convenient to use a reference sound 

intensity (or sound pressure) to which other sound intensities can be compared .The reference sound 

intensities Iº or( I1) is 10-16 W/cm
2
 (10-12W/m

2
 );P º=2 ×10-4 dyne/cm

2
 . 
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Table : Approximate intensities of various sounds 

 

 
 

Table  : gives the intensities of some typical sound in terms of this reference value. The most intense 

sound that the ear can tolerate without pain is about 120dB. 

 

When a sound wave hits the body, part of the wave is reflected and part is transmitted into the body. 

The ratio of the reflected pressure amplitude R to the incident pressure amplitude Ao depends on the 

acoustic impedances of the two media, Z1 and Z2 

. The relation is: - 
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For a sound wave in air hitting the body, Z1 is the acoustic impedance of air and Z2 is the acoustic 

impedance of tissue. The ratio of the transmitted pressure amplitude T to the incident wave 

amplitude Ao is: - 
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Example2:- Calculate the ratios of the pressure amplitudes of the reflected and 

transmitted sound waves from air to muscle (Z1=430kg/m2 .sec), and (Z2=1.64x106 kg/m2 

.sec). 

 

Choosing materials with similar acoustic impedances is called impedance matching. Getting sound 

energy into the body requires impedance matching. The geometric laws involving the reflection and 

refraction (bending) are the same as for light. This means that ɵ incident =ɵ reflected, or ( ɵ i = ɵr). 

The angle of the refracted sound wave ɵ2 is determined by the velocities of sound in the two media 

v1 and v2 from the equation: - 

 
 
When a sound wave passes through tissue, there is some loss of energy due to frictional effects. The 

absorption of energy in the tissue causes a reduction in the amplitude of the sound wave. The 

amplitude A at a depth x cm in a medium is related to the initial amplitude Ao (x=0) by the 

exponential equation (A=A 0  e
-αx

) where α, in cm
-1

 , is the absorption coefficient for the medium at a 

particular frequency. 



Kut University College Lec. Rusul Saeed 

Department of Dentistry First Year 

 Lecture: 3 

8 

 

Since the intensity is proportional to the square of the amplitude, its dependence with depth is (I=I 0 

e
-αx

) where Io is the incident intensity at x=0 and I is the intensity at a depth x in the absorber. 

 

Sound intensity 

  
 

 

The two types of ultrasound employed in diagnostic are: 

 
 1. continuous wave 

 2. pulsed wave. 
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Figure : shows the difference between these types of emission. 
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Ultrasound pictures of the body : 

 
Human ears respond to sound in the frequency range of about 20-20000 Hz, although many animals 

can produce and hear sounds of considerably higher frequencies. For example, bats emit blips of 

ultrasonic frequencies (30 to 100 kHz) and navigate by listening to the echoes. It was discovered 

during World War II that man can use ultrasound in much the same way bats can, The navy 

developed sonar (SOund , NAvigation and Ranging), a method of locating under water objects, such 

as submarines, with ultrasound echoes. 

 

 After World War II medical engineers developed techniques for using ultrasound in diagnosis. 

Basically, an ultrasound source sends a beam of pulses of 1 to 5 MHz sound into the body. The time 

required for the sound pulses to be reflected gives information on the distance to the various 

structures or organs in the path of the ultrasound beam. While there are several methods of 

generating ultrasound, the most important for medical applications involves the piezoelectric effect. 

This effect was discovered by Jacques and Pierre Curie in about 1880.  

 

A device that converts electrical energy to mechanical energy or vice versa is called a transducer. 

Ultrasound generators are often simply referred to as transducers. Each transducer has a natural 

resonant frequency of vibration. The thinner crystal, the higher the frequency at which it will 

oscillate. Pulses of ultrasound are transmitted into the body by placing the vibrating crystal in close 

contact with the skin, using water or a jelly paste to eliminate the air. This gives a good coupling at 

the skin and greatly increases the transmission of the ultrasound into the body and of the echoes back 

to the detector. 
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 The same transducer that produced the pulse serves as the detector. The weak signals are then 

amplified and displayed on an oscilloscope. Many of the applications of ultrasound in medicine are 

based on the principles of sonar. In sonar a sound wave pulse is sent out and is reflected from an 

object; from the time required to receive the echo and the known velocity of sound in water, the 

distance to the object can be determined.  

 

To obtain diagnostic information about the depth of structures in the body, we send pulses of 

ultrasound into the body and measure the time required to receive the reflected sound (echoes) from 

the various surfaces in it. This procedure is called the A Scan method of ultrasound diagnosis. 

 

It must be remembered that the basis for the use of ultrasound in medicine is the partial reflection of 

sound at the surface between two media that have different acoustical properties. The amount of the 

reflection depends primarily upon the difference in the acoustical impedances of the two materials 

and the orientation of the surface with respect to the beam. In many diagnostic uses of ultrasound the 

echoes are very small signals due to weak reflection and the absorption of the sound by tissue.  

 

 

The Medical Applications of Sound 

 
1. The intensity of ultrasound used for medical diagnostic(التشخيص الطبي) is kept low to avoid 

tissue damage. Intensities of about 10 -2 w/m2 are used and seem to cause no ill effects. 

2. . Ultrasound of considerably higher intensity is used for therapeutic purposes. Ultrasound 

diathermy is deep heating using(التسخين العميق ) ultrasound of intensities 1- 10W/m2
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3. Ultrasonic sound waves sent into the body are Doppler shifted by any motion in the objects 

that reflect them. It is possible, for example, to measure blood velocity(سرعة الدم ( by observing 

the Doppler shift of ultrasound reflected from the blood cells. More commonly, the Doppler 

shift of ultrasound is used to monitor the fatal heart motion. 

4. The ultrasound used for sterilization (  تستخدم الموجات الفوق الصوتيه في التعقيم)  because it kills the 

virus and bacteria. 

5.  It is also used as massage tool for muscles (تدليك العضالت) , cure the cancer (عالج السرطان) 

destruction the kidney stone (تدمير الحصى في الكلى ( 

6. Many devices use ultra-sonic sound, like toothbrushes ( ) فرشات االسنان الفائقة الصوتية   Sonic 

denture cleaner ( نظافه االسنان )   or sonic cleaning device eliminates lime scale deposits. 

7.  
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The production of speech (Phonation): 

 
 

Normal speech sounds are produced by modulating an outward flow of air. For most sounds the 

lungs furnish the stream of air, which flows through the vocal folds (cords), sometimes called the 

glottis, and several vocal cavities and exits from the body through the mouth and to a slight degree 

through the nostrils. The speech sounds produced in this way are called voiced sounds. Some sounds 

are produced in the oral portion of the vocal tract without the use of the vocal folds-these are called 

unvoiced sounds 
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                                       Heat and Cold in Medicine 
 
Heat and low temperature: 

 

As molecules of all materials are moving so they have kinetic energy. 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 still more heat converts gas to ions. 

 

Solid (heat)~ Liquid )heat( ~Gas )heat( ~ions 
  

While adding heat to substance increase its molecular kinetic energy, which increase its temp., the 

reverse is also true, heat can be removed from a substance to lower the temp., Low temp. referred to 

as the cryogenic region (absolute zero,-273.15°c). 
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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. . 

 

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). 
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To change °C to °F 

 

[°C= (°F-32) 5/9]  

Or 

 [°F=°C (9/5)+32]  

 

Also 

 °C=°K-273 

Or 

 °K=°C+273 
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Thermometry )temperature scales and thermometers( : 

 
Temperature: Temperature is a quantitative description of hotness and coldness of an object. It is the 

intensity of heat of the object.  

Heat: Heat is the quantity of kinetic energy transferred as “heat flow” from a hotter body to a colder 

one due to the temperature difference existing between them 

 

The human body temperature depends on:  

1- The amount of recent physical activity. 

2-  The temperature of the environment.  

3- The health of the individual. 

4-  The extent of insulation of body heat by clothes 

 

 

*Temperature scales:  

Reference points on the three common scales: 

 

Water boiling point     373 
0
K       100 

0
C      212 

0
 

Body temperature       310 
0
K         37 

0
C       98.6 

0
F 

Ice melting point         273 
0
K         0 

0
C        32 

0
F 

 

The three equations above are for conversion from one scale to another 
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Example:  
The temperature of the human body is normally about 98.6 

0
F, 

Calculate the temperature of the body in 
0
C and 

0
K ? 

 

Solution: 

 

                  
0
C=5/9(

0
F – 32) 

                      =5/9(98.6 – 32) =37
0
C 

                 
0
K=

0
C + 273 

                     =37 + 273 =310
0
K 

 

 

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. 

2-Thermistor → It’s a special resistor that changes it’s resistance rapidly with temp(   5%  
0
C).  

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

to change 
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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 Co “.  

* 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: 
 It is a simple method for obtaining a surface temp “mapping”.  

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)A0 .The total radiative power per 

surface area (w) is given by Stefan – Bultzman Low : 

 

W= e  T4  unit (w/cm2) 

 

 : S-B. constant =5.7 *10-12 w/cm2 .k4 

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

 (e=1 for the body). 

k : Kelvin or absolute, scale=273k0  

 0 k0 = absolute zero= -273 C0 

normal body temp =(T C0+273) k 0 (this temperature scale is not used in medicine). 

 

Example: 
A person of skin temp. of 36

0
C and body surface area 1.75m

2
 . 

find :  

1. net total power if he receives radioactive power from the surrounding walls 20
0
C would be about 

735w. (σ = 5.7 * 10
-12

 w/cm
2
 )  

2. The emissivity of surrounding walls. 
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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
 ( cm

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
 ] * ( 1.75*10

4
 )  

 e = 735 / (735.163)  

       = 0.998 

 

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. 
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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. 



Kut University College Lec. Rusul Saeed 

Department of Dentistry First Year 

 Lecture: 4 

10 

 

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 : 

        In flammation of the skeleton , bursitis , neuralgia . 

         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. 
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 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. 

* 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.  
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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. 
 

Solution 

 

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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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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Use of Cold in Medicine: 

 
                   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 Co ) 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. 


