                                Pressure                            Lec 5
The pressure of column of liquid calculated

       P = ρ g h

ρ = density

g = gravity acceleration

h = height of column

a peak systole blood pressure  120 mmHg

pressure is defined force per unit area in gas or liquid for solid the quantity force per unit area is referred to as stress the atmospheric pressure is about  10 N/ m² or 760 mm Hg
since we live in the sea of air with pressure  1 atm. It is easer to measure pressure relative to atmospheric pressure

   Pressure lower than atmospheric or negative

When we breath ( inspire ) the pressure in the lung must be lower than atmospheric or the air would not flow

When person drink through straw

     Pressure inside skull
The brain approximately  150 cm³ of cereprospinal fluid  (CSF) in series of interconnected opening called ventricles , at birth this opening blocked for any reason . CSF is trapped inside skull and increase internal pressure . pressure causes skull to enlarge this called hydrocephalus is common in infant . The crud method for detected hydrocephalus is to measure circumference of the skull just above the ears ., normal value of newborn infant are from ( 32---37 )cm large value indicate hydrocephalus

                               Eye Pressure 
The fluids in the eye ball ( aqueous and vitreous humors ) that transmit light to retina . The dimensions of the eye are critical to good vision , a change of 0. 1 mm in its diameter has effect on clarity of vision 

  Pressure in normal eye 12—33 mmHg . The eye continuously produce aqueous humor and the drain system allows surplus to escape . If partial blockage of this drain system occurs ,the pressure increases and restrict the blood supply to retina , and thus effect vision , this condition called glaucoma produced tunnel vision in moderate cases , and blindness in sever cases

    Pressure In The Digestive System
   The pressure is greater than atmospheric in most GI gastrointestinal system . The pylorus valve prevent the flow of food back into stomach from small intestine , occasionally blockage forms in small or large intestine , and the pressure builds up between blockage and pylorus valve , this pressure become greater  enough to restrict blood flow to critical organs, it can cause death

  Intubations the passing of hollow tube through the nose , stomach, and pylorus is usually used to relieve the pressure. If intubation does not work it is necessary to relive the pressure surgically. The pressure GI system is coupled to that in the lungs through flexible diaphragm
      Pressure In The Skeleton
   Since pressure is the force per unit area , the pressure is reduced as area increased
The surface area of bone at joint  ˃ its area above or below the joint , thus reducing pressure

Finger bones are flat rather than cylindrical on the griping side , and the force spread over large surface this reduces pressure in the tissue over bones
                                                                   Griping side

   Pressure in the urinary bladder 
    There are internal pressure p in the bladder due to accumulation of urine , Fig shows  ( P- volume ) curve for bladder . For given increase in radius R , the volume increase as R³ while pressure increases as R² 

  For adult the maximum volume in bladder before voiding is 500 ml                                 Fig

  In men who suffer prostatic obstruction  of urinary passage , it my be over ( 100 cm H2O )
The bladder pressure increasing during coughing and sitting up , during pregnancy ,the weight of the fetus over bladder increases the bladder pressure , and causes frequent urination . A stressful situation may also produce pressure increase 

         Pressure Effect While Diving 

   The body composed solid and liquid , and liquid incompressible so pressure changes not effect , there are gas cavities where sudden pressure changes can produce effects because Boyles law for fixed quantity of gas at fixed temperature the product ( PV = constant ) 

  The middle ear is one air cavity exist with in the body , when divining many people have difficulty in pressure equalization , and feel pressure in the ears

  A pressure of 120 mmHg across the eardrum can accrue in about ( 1.7 ) m of water can cause the eardrum to rupture . Rupture can be serious ,since cold water in the middle ear can affect the vestibular or balance mechanism and cause nausea and dizziness

  If a diver has cold , the sinus cavities in the skull become closed off and not equalize of pressure causing pain , another pain for small volumes of air trapped beneath filling in the teeth 
  Breathing air in the depth of ( 30 m ) is dangerous because there is excess nitrogen in the blood tissues 
Hinry law ; the amount of gas that will dissolved in a liquid is proportional to the partial pressure of gas in contact with the liquid , thus more nitrogen is dissolved as deeper , when the diver ascends , the extra nitrogen inside tissue must be removed via the blood and lungs ,other problems occur during ascent

  One of the membrane that separate air and blood in the lung can burst allowing air to go directly into the blood stream ( air embolism ) air becomes trapped under the skin around the base of neck or in the middle of the chest ,these problems best treated by a physician 
  Viscosity of blood is decreasing when shear stress increasing , the pure liquids have newtons behavior and the suspension liquids are non Newtons behavior , the blood belongs to the later type 

  Fig. bellow shows the flow rate of water and blood against the pressure gradients

         Fig,      
If a scuba diver at depth  10 m holds his breath and comes to the surface , the air volume will expand by factor two thus causes serious pressure rise in the lungs if the lungs filled to the capacity an ascent of only  1. 2 m can cause lung damage .

   All scuba divers learn during training to avoid breath holding during ascent and to exhale continuously if rapid ascent is necessary
    The pressure in the lungs at any depth is greater than the pressure in the lungs at sea level .The high pressure of oxygen causes more oxygen molecules to be transferred into the blood ., and oxygen poisoning results if the partial pressure of oxygen gets too high . usually oxygen poisoning occurs when the partial pressure of oxygen is about  0. 8 atm. When the absolute  air pressure is about  8 atm. Or at depth  30 m 
    Breathing air at depth  30 m is also dangerous because it may results in excess nitrogen in the blood and tissues this causes 
two problems  nitrogen nacrosis 

Hyper baric oxygen Therapy  ( HOT )

---------------------------------------------

About one fifth oxygen and four fifth nitrogen in atmospheric , to greatly increase the amount of  oxygen medical engineering have constructed special high pressure  ( hyper baric ) oxygen chambers 

   Gas gangrene is a disease that killed more than half of its victims before  ( HOT ). The was developed , since the bacillus that causes gas gangrene cannot survive in the presences of oxygen , almost all gas gangrene patients treated with HOT are cured with out the need fore amputation , the previous best method of treatment 

    In carbon monoxide poisoning  r b c  cannot carry oxygen to the tissue because Co fasting to the hemoglobin at the places normally used by oxygen 
     The presence of few  CO   on  r b c  greatly reduces the ability of the cell to transport O2  . Normally the amount of O2 dissolved in the blood is about  2% of that carried on the r b c  with  HOT the partial pressure of  O2 increased by a factor  15
Many victims of Co poisoning are saved with this technique

    HOT has been used in conjunction with radiation in the treatment of cancer . The theory was the more O2 would make the poorly oxygenated radiation resistant cells in the center of the tumor more susceptible to radiation damage
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                    Physics of the lung and Breathing

We breath  6 liters of air per minute ( this is also about the volume of blood the heart pumps each minute .Men breath 12 times per minute at rest women  20 times and infants 60

The air we inspired about ( 80 % N2 + 20 % O2 ) the air we expired ( 80% N2  + 16 % O2 + 4 % CO2 )
  The large convoluted surface of lung with surface area about 80 m² . it is surprising we do not have more disease of lung

The Air Ways

 The air passes through windpipe ( trachea ) . each broncos divided and redivided  about 15 times there are alveoli like bubbles of  0. 2 mm  diameter and walls 0. 4 μm each alveolus surrounding by blood so O2 can diffuse from alveolus into rbc and CO2 diffuse from blood into air in the alveolus
1- Large chunks removed by cough 

2- Small particles carried upward to the mouth by million of small hairs or cilia of  0. 1 mm long have wave motion
Each cilia vibrates about  1000 times a minute . the mucus moves  1-2  cm / min  ( 1 mil / week ) . cilia as escalator system of trachea . It tacks 30 min for particle of dust to be 

cleared out of the bronchi and trachea into throat where it is expelled or swallowed
How Blood And Lungs Interact
About  ( 1 Liter ) of blood supply in the lungs but only 70 ml is in the capillaries of the lungs getting O2
The transferee of O2 and CO2 into and out of blood is controlled by low of diffusion . Molecules diffuse from region of higher concentration to lower concentration until concentration uniform

A molecule of O2 diffuse faster than CO2 because of its smaller mass . the lungs are not emptied during expiration . during normal breath the lungs retains about 30 % of their volume at the end of each expiration

Measurement Of Lungs Volumes
 During normal breathing we inhale 500 cm³  of air with each breath .if a person cough or sneeze hard the velocity of air in the trachea can reach the velocity of sound in air
 This high velocity can cause partial collapse of air ways because of Bernoulli effect

In coughing to dislodge foreign object this partial collapse increases air velocity and increase the force on foreign object 

Not all air we inspired adds O2 the volume of trachea and bronchi called an atomic dead space , since air in space is not exposed to blood in pulmonary capillaries the space about 150 cm3
Physics Of The Alveoli

  The alveoli like millions of small interconnected bubbles they have tendency to get smaller due to surface tension of unique fluid lining . this lining called surfactant . The absence of surfactant in the lungs of some new born infant is the cause of respiratory distress syndromes  ( RDS ) called hyaline membrane disease causes death
 To understand the physics of alveoli we have to understand physics bubble . the pressure inside bubble is inversely proportional to the radius and directly to the surface tension
P  = 4 γ / R
Where  R radius  ,  γ surface tension

Fig shows P_V curves for human lungs when p needed to then reinflate the lungs see Fig.
Two Forces Keep Lungs From Collapsing

1- surface tension between lungs and chest wall

2- Air pressure inside the lungs
Since each lung is its own sealed compartment it is possible to collapse one lung only . This done by insert a hollow needle between ribs and allowing air to flow into itrathoracic space the air trapped in the space is gradually absorbed by tissue and lung  expand  to normal over few weeks , sometimes lung collapses spontaneously with no known cause .
 The lungs returns to normal as the air is absorbed into surrounding tissues .since both lung and chest are elastic we can represent them with springs 

   Fig ( A) Under normal they coupled together , the lung springs are stretched and chest springs are compressed 

  Fig b During pneumothorax the lungs and chest are independent and springs go to their relaxed positions ( the lung collapse and chest wall enlarges )  

Air Way Resistance 
During inspiration the forces on air ways tend to open them further ,during expiration the forces tend to close the air ways and restrict flow

Voltage replaced by pressure difference ∆ P

Current replaced by rate of air flow or  V

Air way resistance                        Rg  =  ∆ P / V

Most of resistance in the upper airway passage

10% of Rg is in the terminal airways ( bronchioles and alveoli ) do not affect air way resistance until they are far advanced

Physics Of Common Lung Diseases
  Emphysema the division between alveoli break down produces large lung spaces , this destruction of lung tissue reduces the springiness of lungs. The lungs become more complaint , small change in pressure produces larger than normal change in volume

Emphysema Produces two changes

1- The lungs become flabby and expands
2- The tissues do not pull very hard on the air ways permitting the narrowed airways to collapse easily during expiration
In asthma due to increasing airway resistance , some of resistance is due to swelling (edema)and mucus in the smaller air ways but much of it is due to contraction of smooth muscles round the large air ways

Fibroses of lungs the membranes between alveoli thicken

This has two effects 

1- the compliance of the lungs decreases

2- The diffusion of O2into capillary decreases

Fibrosis can occur if the lungs have been irradiated  e. g. in treatment of cancer although this is not the only cause 
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    Physics of Cardiovascular System 

The blood is pumped by contraction of the heart muscle , from left ventricle at pressure of (125 ) mm Hg and finely into very fine meshwork or capillary bed for few seconds the blood supplies O2 to cells and picks up CO2 . adult has about 4. 5 liters of blood , each section of heart pumps ( 80 ) ml on each contraction

The combination of rbc and plasma causes blood to have flow properties different from those of fluid like water 

Starling law ; fluid movement thought capillary wall = the hydrostatic pressure p across the capillary wall + osmotic pressure bringing fluid in

Work Done By The Heart 
Left side of the heart systole pressure  = 120 mmHg

Right side of the heart diastolic pressure = 80 mmHg

Above caused by following;

1- The left side of the heart three times thicker than right side

2- The circular shape of left ventricle producing pressure larger than elliptical shape of right ventricle
   The work done = P ∆V

Blood Pressure And Its Measurement

 The instruments called Sphygmomanometer , the sound heard with stethoscope called kortokoff or K sounds.

The onset of K indicate systolic pressure precision ± 2 mmHg

The fade of k indicates diastolic pressure precision ± 5 mmHg

Pressure Across Blood Vessel Wall

   The pressure drops in the capillaries which have thin walls ( 1 μm ) permit easy diffusion of O2 and CO2 , the capillary do not burst according to laplace law 

Consider a tube of radius  R

    F = 2 R P

                                                                                  Fig
P blood pressure

T , tension in the wall

2T = 2 R P

  T = R P

Bernoulis principle Applied To Cardiovascular System

Bernoulis principle is bas on the law of conservation of energy

Increasing K E obtained by reduction of P E, the pressure in the tube

                                        Fig

Average K E of 1 gm ( 1 cm3 ) of blood as it leaves the heart 

     K E = 1 / 2 m v2                   v = 30 cm / sec

     K E = 1 / 2 x 1 x ( 30 ) = 450 erg / cm³
How Fast Does Your Blood Flow

Capillaries about  20 μm diameter , there total cross-sectional area  30 cm . The blood velocity  V inversely related to the total cross-section area of the vessels carrying blood se Fig
Viscosity of blood  = 3 x10-3 to 4 x10-3 Pas. Depend on r b c in the blood or Hematocrit 
Hematocrit  α Viscosity 

Viscosity α  Temperature  se Fig

Blood Flow Laminar And Turbulent
  Laminar ( silent ) if all blood flow were laminar information could not be obtained from the heart with stethoscope
If increase the velocity of the fluid in the tube by reduction the radius it will reach the critical velocity Vc , when laminar flow change into turbulent flow .The critical velocity will be lower if the are restriction obstruction in the tube

Osborne Rynold studied the property in 1883

Vc  = k η  / ρ R

R ; radius of the tube 

K ; constant  1000 for many fluid

For aorta has radius  =  1 cm  in adults 

Vc  = ( 1000 ) ( 4 x 10 -3pas )  /  ( 10 ³ kg / cm³ ) ( 10̄-2m ) = 0.4 m /s

Se  Fig.

The Physics Of Some Cardiovascular Diseases 

W0rk load of heart increases by ;

1- Hypertension 

2- Tachycardia

Disease

1- Heart attach caused by blockage one or more arteries io the heart muscle . the blockage does not always immediately affect the electrical signal and a person has heart attach may still have normal  E.C. G.

2-  Congestive heart failer characterized by enlargement of the heart and reduction in the ability of the heart to the adequate circulation 

Medical treatment ; reduce the work load

2- The valve either does not open enough ( stenos ) or it does not close well enough ( insufficiency )

The Physics OF Cardiovascular Diseases Involving In The Blood Vessels 

1-A more common vessel problems is the formation scleroses plaques on the wall of the artery, increase the velocity in that region with a decrease in wall pressure because of Bernoulli effect
3- If the valve defective and let the blood run back down it will pool in the vein , and the vein will become varicose

The viscosity of blood depends on temperature change from ( 37    ---  0 ) increases the velocity of blood by a factor  2.5 in addition to viscosity ,

 other factors effect the flow of blood in the vessel ; the pressure difference from one end to the other , the length of the vessel , and its radius 
Poiseulles law stats that the flow of a given tube depends on the pressure difference from one end to the other  P1 ---- P2, the length of the tube  L , the radius R and viscosity of blood

Flow rate =  ( P1- P1 ) (  Π / 8 ) ( 1/ η ) ( R4 / L )

If radius is doubled the flow rate increases by  2 4 or by 16 . This law applies to the rigid tubes of constant radius , since the major arteries have elastic walls and expand slightly at each heart beat , so blood does not obey this law exactly in addition the blood viscosity changes slightly with flow rate , however this effect is negligible.
  A disease clinically causes varicose vein ,these enlarged surface veins in the legs results from a frailer of the one way valves in the veins
  The pressure in the leg vein is about 90 mm Hg ( 115 cm of blood ) due to a column of blood above it

  The slandered treatment for varicose veins is surgical removal of offending vessels . there are usually adequate parallel veins to carry the blood back to the heart. 

Medical Physics
Prof. AbdulkareemJ. Albermany
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Electricity With In the Body

A cross membrane of neuron an electrical potential ( voltage) due to presence of more negative ions in the inside of the membrane than out side 
Neuron is to be polarized; the inside of the cell  60 --- 90 mv more negative than out side

60 ---- 90 mv resting potential 
If stimulation ( heat, cold , light , sound ) causes change in the action potential 

Fif. A    Resting potential of axon  =  - 80 mv

The inside go positive to 50  mv

The action potential last few ms , for most neuron and muscle 

The action potential last  150 ---- 300 msec for cardiac muscle 

The membrane of some axons is covered with fatty insulating layer called mylien ; has small uninsulating gabs calleds nodes of Ranvier

The action potential decreases in the amplitude as it travels through myelinated segment just an electrical signal is attenuated when it passes through a cable . The reduced signal then acts like stimulates at the next node of Ranvier ( gab ) to restore the action so its original size and shape . This process repeat along the axon .the action potential seems to jump from one node to the next , it travels by salutatory conduction

Electrical Signal From Muscle Electromyogram 

  The record of potentials fro muscles during movement is called Electromyogram

The conduction velocity of sensory nerve was measured its typical value are 40 ---60  m / sec
 Fig  is method of measuring the motor nerve conduction velocity. The latency period for the response to stimulus  1  is  4sec longer than that for response to stimulus  2

Fig

    ∆ t  =  4 x 10̄³  sec 

    ∆ x =  0. 25 m

    V   =  ∆ x  /  ∆ t  =  0. 25 m /  4 x 10̄  ³ sec  =  62. 5 m / sec
 This is the nerve conduction velocity

Electrical signal from the heart ( Electrocardiogram )
  The electrical signals from SA nods or pacemaker initiates the depolarization of the nerve and muscles of both atria , causing atria to contract and pump blood into ventricles 

The electrical signals then passes through aterioventricle (AV) node , which initiate depolarization of  right and left ventricles, causing them to contract and force blood to pulmonary and general circulation. The ventricle nerves and muscles then repolarized and the sequence begins again 
The major electrical events of the normal heart cycle as 

1- the atrial depolarization which produce ( P wave )

2- the atrial repolarization which rarely seen and is un labeled

3- the ventricular depolarization which produces ( QRS)

4- the ventricular repolarization which produces ( T wave )

Fig.

ELECRICAL SIGNALS FROM THE BRAIN ( ELECTROENCEPHALOGRAM ) EEG

The recording of signals from the brain is called EEG the frequencies of EEG signals depends on mental activity 

For example : 

Relaxed person has EEG signals of 8-13 Hz or ( α wave )

More alerted person has EEG signals above 13Hz or (ß wave)

        APLICATIONS OF EEG
1- EEG useful in diagnosis of epilepsy

2- EEG in confirming brain tumor , since electrical activity is reduced in the region of tumor

3- EEG used as monitor in surgery when ECG can not use

Also useful in surgery for indicating anesthesia level of the patient

 ELECTRICAL SIGNAL FRIM THE EYE ( ELECTRORETINOGRAM AND ELECTROOCULOGRAM)

 The recording of potential changes producing by the eyes when the retina is exposed to flash of light is called ERG

The recording of potential changes due to movement called EOG 

         FIG  

MAGNETIC SIGNAL FROM HEART AND BRAIN ( MAGNETOCARDIOGRAM AND MAGNETOENCEPHALOGRAM )

  Since a flow of electrical charge produces magnetic field ,a magnetic field produced by the current in the heart during depolarization and repolarization , the recording of heart magnetic field is MCG 
  MCG provide information in diagnosis if injury current  exists in the heart prior to heart attack, the recording of magnetic field surrounding the brain called MEG

CURRENT RESEARCH INVOLVE ELECTRICITY IN THE BODY

    Bone contain collagen which is piezoelectric material , when force is applied to collagen ,small electrical potential is generated collagen behaves like N- type semiconductor its current like negative charge 

    Mineral crystal of bone ( apatite ) close to collagen behave like P- type semiconductor its current by positive charge 
At junction current flows from P   to N type , the forces on the bones produces potential by piezoelectric and P N junction of collagen apatite produce currents that induce and control bone growth 

 Another small direct current arises in injured zone called injury current , the electrical current at side of injury is higher than that in surrounding areas. This high potential associated with limb regeneration in animals like salamander , stimulation of fracture sites with direct current of 1—3 μA has been found to promot healing of bone fractures.
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CARDIOVASCULAR INSTRUMENTATION
People have been dying of heart for years . if you have heart attack in 1960 , you put to bed and your physician hoped for the best , now patient are monitored ECG IS CONTIOUSLY displayed on oscilloscope 

Electrodes

  A major problem of ECG is the metal electrode , assume the body as a bag of salt water current flows by moving ions , in wire and metals from which the electrode are made ,its current flows by moving electrons . at the interface between the body and a metal electrode , the ion flow must be converted to electron flow through a chemical reaction 

  If ordinary metal are used for electrodes , polarization results from chemical reaction , at electrode gas bubbles form du to electrolysis and this become un stable , this instability produces electrical noise ,and this problems may be avoided by using silver – silver chloride electrode
Amplifier
  The amplitude of ECG signal is about 1 mv . the amplifier used to record ECG must be able to eliminate interference from voltages induced in the body from such external sources . if there is problem in amplifier oscilloscope is used to observe ECG , SINCS OSCLLOSCOP requires power about 1 μ A current flow to ground through B
   V = I x R = 10 A 10 Ω = .01 V= 10 mv

Voltage is 10 times ˃ ECG

To avoid this interference voltage we may used differential amplifier on some oscilloscope 

    Fig
Another cause of interference in ECG is illustrated in Fig changing magnetic field produced by alternating current flow through wires and strong near motors and transformers since the induced voltage is proportional to the loop , this interference minimized by keeping the area of the loop small

  The wires can be either twisted or run parallel and close together in a bundle
  Fig

Patient Monitoring  
   ECG pointer such permanent record is impractical for continuous monitoring of heart attack
Amore convenient approach is enough for doctors or nurses to assess the patients condition 

 Modern monitors used microcomputers to store ECG information 

It is very difficult to maintains vigilance while watching ECG tracing on scope automatic alarm devices have been used to measure the time between successive R waves 

 Fig

Defibrillator
 Many heart attack patients under go sudden change in rhythm .death flow with in minutes unless the can be defibrillated , defibrillator shown in the Fig

 The paddles are metal electrodes 7.5 cm in diameter coated with conductive past placed above and below the heart . when switch thrown a current about 20 A flows through heart for about 5 m sec this current contracts every muscle fiber in the heart at the same time , the heart can initiate normal rhythm
Pacemaker
  The atria of heart are separated from ventricles by fatty layer that dose not conduct electricity , at single location the atrioventriculer nod impulses from atria are conducted to the ventricles , if this node is damage . the ventricles receives no signal from the atria however the ventricles does not stop pumping . there are natural pacing centers in the ventricles that provide apulse if none has been received from atria for 2 sec .the resulting heart rate 30 beats /min. ,will sustain life but the patient may have to live semi-invalidism , artificial pacemakers have been developed about 72 pulse / min.
  Lec 10                                      Ch 11

       SOUND IN MEDICINE

    The audible sound range defined as ( 20 Hz--- 20 Kz) older people lose the ability to hear frequencies above 20 Kz called ultrasound
General properties of sound 
  Sound wave is mechanical wave , the vibration causes local icrease and decreas in pressure relative to atmospheric pressure 
The pressure increase called compression , and decreasescalled rarefaction 

Compression and rarefaction can be described by density changes and by the displacement of the atoms and molecules from their equlibirum position 

  I = 1/2 ρ V A² ( 2 Π f )²               ρ= density

  Z = ρ V                                        V = velocity

   I = 1/2 Z ( A w ) ²                w= angular frequency

                                     Z = specific acoustic impedence

    I =  P˳/ 2 Z 

    P˳ = 2 Z I                 P˳= maximum change in pressure
Example 

 The maximum sound intensity that the air can tolerate at 1000 Hz 1 w/ m² what is the maximum displacement in air coresonding to this intensity
b- the faintest sound intensity the ear can hear at 1000Hz is approximately 10 w/ m² what is  A under these condition , by using the ratio between  a and 
· Ab = Aa ( Ib / Ia)½ = 1.1x10 ( 10 / 1 )½ = 3.4 x 10 m

· This desiplacement is smaller than diameter of hydrogyn atom

b) calculate sound pressures for a  and  busing

P˳ = ( 2Z I )½  = 2 x 4.3 x10 ² )½ = 29 Kgm / m² sec²=29  N/ m²

Since  I proportional to  P² can be used to compare any two sound pressures in the same medium , for two sounds with pressures differ by a factor 2 we get

 20 log ( P2 / P1 )= 20 log 2 = 20 ( 0. 301 ) = 6 dB

We have  1 bel = 10 dB

The most natural sound the ear can tolerate without pain is about 120 dB

When sound waves hit the body paret of wave is reflected and part is transmitted in to the body, the ratio of reflected pressure amplitude R to the incident pressure amplitude A˳dpends on acoustic impedence of the media  Z1 and Z2

R / A˳ = Z2- Z1/ Z1 + Z2

For sound wave in air hitting the body , Z1 is specific acoustic impedence of air and Z2 is the S. A. I of tissue

If  Z1 = Z2  no reflected and transmission to sound medium is complete  

If  Z2< Z1 sound wqave passes through tissue , there is some loss of energy due to frictional effects 

A = A˳ e – α x 

dE/ E = - 2 α dx   where dE/ E is the energy loss per unit length 
since I α E

dI / I = - 2 α dx

 I = I˳    when x = 0

 I = I˳ exp ( - 2 α x ) 

 I α A² 

  A = A˳ exp ( - α x )

   α =  ln A/ A˳ / - x
Stethoscope 

A low frequency heart murmur will apper to go away if stethoscope pressed hard agianet the skin , the closed bell stethoscope is primarily used for litining to lung sound which are of higher frequency than the heart sound 

   Fig

In sonar sound wave pulse is sent out and reflected from object , from the time required to receive echo and the known velocity of sound in water the  distance to the object can be determinate . tp obtain the information of the depth of structures in the body , we sent pulses of ultrasound in to the body and measure the time to receive the reflected sound ( echoes ) from various surfaces . this procedures called scan method 
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PHYSICS OF THE EAR AND HEARING

 The sence of hearing involves:

The mechanical system that stimulate the hear cels in the cochlea

The sensors produce action potential in the auditory nerves 

The auditory cortex , the part of the brain that decodes and interprets the signals frome the nerve
The ear is cleverly dsignd convertor of very week mechanical waves in ear into electrical pulses in the auditory nerves 

Outer ear cosist ear canal

The middle ear cosist three small bons (ossicles ) and opening to the mouth ( Eustachian tube )

Inner ear consist fluid filled , spiral shaped cochlea containing the organ : hear cells of corti convert vibrations into coded nerve pulses

The outer ear

It aids in funuling sound waves into the canal , the external auditory canal bsedes storge place for ear wax serves to increase the sensitivity in the regon of 300—4000 Hz , the canal is about 2.5 cm
Length = ( ʎ/ 4 ) and resonance frequency about ( 3300 Hz )  

  λ = 10 cm , the sensitivity of the ear is best in the regon in Fig

the ear drum or tempanic membren is about  ( 0.1 mm ) thick

the movement of eardrum is less thann the movement of ear molecules in the sound waves 
   Fig

It possiple for sound pressure above  160 dp to rubture the ear drum , a rubtured eardrum normally heals just as other living tissue

The middle ear

Consist three bones called ossicles are full adult size before birth the fetus can hear while it is still in the womb . they transmite vibratio from eardrum to inner ear , the ossicles amplify pressure of sound waves to inner ear
 The lever action amplify the force by a factor about 1.3 a much larger gain in pressure obtained by piston Acton shown in  Fig

The ear drum acts like large piston is mechanically coupled to the stapes which acts like small piston at the entrance of the inner ear the ratio of the area of eardrum to that of stapes about  15  to  1 

This gain combined with the lever gain of 1.3 results gain of about 20 in total 

A loud sound causes the muscles in the middle ear to pull sideways on the ossicles and reduce intensity reaching inner ear 
Another structure is austachian tube it is normaly closed rather than open , it serves to equalize pressure . when for some reason the austacian tube does not open ,the resulting pressure difference deflects the eardrum inward and decreases the sensitivity of ear .commone reasones for the failer of this equalizing system are the blockage of austacian tube by the viscose fluids from head cold and the swelling of tissues arownd the entrence of tube 

THE INNER EAR  

  The inner ear consist of small spiral shaped ,fluid filled structure called cochelea ,the ossicles of the middle ear communicate mwith cochlea via flexible membrain ( the ovel windo ,the stapes transmit its pressure variation of incoming sound to cochlea 
THE STETHOSCOP

 The act of listening to the sound of thr hear and lung with stethscop is called oscultation .the main part of the stethoscope is bell , which is eirher open or closed . the volume of the tube should be small ,and their should be little frictional loss of sound to the walles of the tube. If the diameter of the tube is too small frictional losses ocure ,and if it is too large ,the movihg ear volume is too great : in both causes efeciancy reduced 

At  200 Hz   15 dB is lost in changing frome about 7.5 cm long to a tube  66 cm long ,a compromise is a tube with length of about  25  cm and diameter of  0.3 cm
A SCAN PROCEDURE 

Echoencephalography has been used in the detection of brain tumor pulses of ultrasound are sent into a thin regon of the skull slightly above the ear and echoes from the different structures with in the head are displaced on oscloscop ,the ususlly procedure the echo from the left side of the head to those feom the right side and to look fore a shift in the midline structure . A tumor on one side of the brain tends to
Shift the mid line toward the other side , a shift of more than 3 mm for adult or 2 mm for child is considered abnormal 

Other applications of A scan in ophthalmology can be divided into two areas : 

One is concerned with obtaining informations in diagnosis of eye diseases 

Second involves biometry or measurement of distances in the eye . 

Ultra sound frequency of up to 30 MHz is used these high frequencies can be used in the eye to produce better resolution sic ether is no bone to absorb most of the energy and absorption is not significant because the eye is small

Ultra sound diagnostic techniques  provide informations about the deeper regions of the eye and are specially useful when the cornea of the lens is opaque 

Tumors , foreign bodies and detachments of the retina are some of the problems that can be diagnosed with ultra sound .

With ultra sound it is possible to measure distances in the eye such as lens thickness , depth from the cornea from the lens, the distance to the retina and the thickness of vitreous humor . 
There are B scan which used to obtain two dimensional views the principles are the same as for A scan except that transducer is moved. 

B scan provide informations about internal structure of the body such as eye , liver , breast , heart , and fetus the can detect pregnancy as early as fifth week.

Ultra sound to measure motion 

Two methods are used to obtain information about motion in the body , the M scan (motion) used to study heart and heart valves and Doppler technique used to measure blood flow .

Also used to detect motion of the fetal heart , umbilical cord and placenta in order to establish fetal life during 12-20 weeks 

Physiological effects of ultrasound in therapy

من الكتاب   
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                 Light in medicine
The speed of light when it goes from one material into another given by equation :

n= c / v

c : speed of light in vacuum 

v : speed of light in material 

n : refractive index 

light behaves both wave and particle 

wave : interference + diffraction 

particle : absorbed by single molecule 

when light absorbed its energy appears as heat used in medicine of IR to heat tissues some times when light photon absorbed lower energy light photon is emitted known as fluorescence light is reflected from all surfaces 

figure 

applications of light 

1- used to detect hydrocephalus 

2- used to detect pneumothorax

3- visible used for treating jaundice in premature infant 
4- ophthalmologist used laser to photocoagulate small blood vessels in the eye

   measurement of light 

spectrum → UV → V → IR 

UV (100-400 nm)

V (400-700 nm )

IR (700-104) 

Visible light has energy (2-4 ev )

KE of molecule in air (0.025 ev)

X-Ray energy in medicine (50000 ev)

Applications of visible light in medicine 

1- endoscope used for viewing internal body cavities 

2- cystoscope used for bladder 

3- protoscope used for rectum 

4- bronchoscope used for air passage into the lung 

applications of ultraviolet and IR in medicine 

UV light used to kill germs + sterilize medical instruments

UV light from sun used to convert of molecular products in skin into vitamin D . UV  light can produce sun burn as well as tan the skin of about 3000 nm solar UV light major cause of skin cancer in humans such that fisher men + agricultural workers because UV absorbed very well by DNA 

You can get sun burn even when you are sitting in the shade under small tree even when sky completely covered with clouds 

UV can not be seen by the eye because it is absorbed before it reaches retina.

IR two types of IR photography used in medicine   

IR photography emissive IR photography 

Laser in medicine

Laser is unique light source that emits narrow beam of light 

Of single wave length ( monochromatic) It coherent light

When all of energy of laser is concentrated in small area the power density (power per unit area) becomes very large 

Experiments with monkey eyes indicate that laser wave length of 1064 nm produces damage to retina . 441.6 nm used as bloodless knife for surgery 

Laser in three dimensional imaging is called holography 

In ophthalmology laser used for photocoagulation of retina that is heating blood vessels to the point where the blood coagulates and blocks the vessel . 

Applications of  microscope in medicine 

The magnification of objects up to 1000 allows the study of cells (cystology) and tissue (histology)

Microscopes used different refractive index of different cells parts 

Fluorescent microscope used UV light 

Historadiography used low energy X-Ray

Electron microscopy 

We know the sky is blue because of the short (blue) wavelengths is scattered more easily than light of long wavelength . 

Ultraviolet light has shorter wavelengths than blue light and is scattered even more easily.

About half of the energy from the sun is IR region ; the warmth we feel from the sun is mainly due to IR component. IR rays are not usually hazardous even though they are focused by cornea and lens of the eye into retina . however looking at the sun trough a filter (plastic sun glasses) that removes most of visible light and allows most of IR through can burn retina some people have damaged their eyes in this by looking at sun during solar eclipse . dark glasses absorb varying amount of IR and UV rays from the sun 
Medical infra red photography , since the temperature at the skin depends on the local blood flow , a thermogram with good resolution shows venous pattern much like a near IR photography 

Near IR penetrates about 3 mm below the skin , IR can also be used to photography.  
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              Physics of eyes and vision  
The sence of vision consists of three major components 

1- the eye that focus image from outside world on the retina 

2- the system of millions of nerves that carries information deep into the brain 

3- the visual cortex part of brain . 

blindness results if anyone of parts does not function 

figure

retina the light detector of eye 

retina the light sensitive part of eyes , converts the light images into electrical nerve impulses that are sent to the brain. The photon must be above minimum energy to cause the reaction .

infrared photons have insufficient energy and are not seen 

ultraviolet photons have sufficient energy but the are absorbed before they reach the retina and also are not seen there are 2 types of photo receptors in the retina
the cones 6.5 millions in each eye used for day light 

the rods used for night its about 120 million in each eye 

diffraction effects on the eye 

all light waves undergo diffraction when it passes through small openings thus the iris produces diffraction pattern on the retina 

all lenses have defects aberration 

figure

the effect of such aberration is reduced if the lenses opening is made smaller. A point source of light will not be focused on single cone because of diffraction effects

figure above. The angular spread ( 2ɵ) of the central bright spot at retina for λ = 555 m and pupil 3 mm diameter (a ) is given by 
2ɵ = 2( 1.22) ʎ/a
= 2(1.22) (555 x 10 -9 / 3 x 10 -3) = 4.5 x 10 -4 radians 

The diameter of center bright spot at retina = the effective aperture to retina distance 

17 mm x 2 ɵ = 17 x 4.5 x 10 -4 = 8 μm . this spot will include many cons (diameter ~ 1.1 μm)

Focusing elements of the eye 

The eye has two major focusing components:

· the cornea which is clear transparent bump on the front of the eye . the cornea is fixed focus element. 
· The lens is variable in shape and has ability to focus at various distances . 

· the cornea focus by bending (refraction) the light rays , the amount of bending depends on the curvature and speed of the light in lens .

· When cornea under ware it losses most of its focusing power because the index of refraction of water (1.33) close to that of cornea (1.37). fish have similar problem out of water 

· Divers keep air round cornea by wearing face mask.

Some other elements of the eye 

The pupils is the openings in the centre of the iris where light enters the lens it appears black because essentially all of light that enters its absorbed inside the eye under average light condition the opening is about 4 mm in diameter . it can change from about 3 mm in diameter in bright light to about 8 mm in diameter in dim light about 300 sec are needed for it to fully open and about 5 sec required for it to close as much as possible 
It is believed that the iris aids the eye by increasing or decreasing incident light on the retina until the retina has adapted to the new lighting conditions .

Fig

The aqueous humor fills the space between lens and cornea this fluid mostly water is continuously being produces and surplus escapes through a drain tube when you rub your eyes you greatly increase the internal pressure.
The vitreous humor is a clear jelly like substance that fills the large space between lens and retina , it helps the shape of the eye fixed and it is essentially permanent it is some times called vitreous body .

              Focusing              common         usual                  corrected

      Problem                name             cause                          with

1- Myopia              near sighted                long eye ball                      negative lens
                                        Vision                     or cornea too curved 

2- Hyperopia            far sighted                 short eye ball                   positive lens 
                                         Vision                     or cornea not curved 

                                                                                Enough
3- Astigmatism        -----------                   unequal curvature           cylindrical lens
                                                                              Of cornea
4- Presbyopia             old age                   lack of accommodation    biofocals
                                       Vision
Defective vision and its correction 

1/F = 1/P + 1/Q basic equation of simple lenses  
F = focal length         P = object distance       Q = image distance (F) it is measured in meter    1/F is the lens strength in diopter D
The focal length of combination of two lenses :   

1/F = 1/F1 + 1/F2        for 3 1/F = 1/F1 + 1/F2 + 1/F3
The combination in diopters = Σ of diopters of various lenses 

Example : if FA = 0.33 m combined with FB = 0.25 m what is the focal length of combination and diopteric strength ?

1/F = 1/FA + 1/FB 

    = 1/0.33 + 1/0.25 = 1/0.143

Or F = 0.143 m 

D for A = 3D                  D for B = 4D 

The combination = 7D 

Consider the image distance Q of cornea and lens of the eye to be 2 cm or 0.02 m when normal eye focused at distance ( infinity) 

1/F = 1/Q = 1/0.02 m         then eye has strength of 50 D 

If eye focus an object at P = 0.25 then 

1/F = 1/P + 1/Q  = 1/0.25 + 1/0.02 = 4 + 50 = 54 D 
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                   Physics of diagnostic X-Rays 

The main components of X-Ray unit are :

1- a source of electron filament or cathode 

2- evacuated space to speed electrons 

3- high positive potential to accelerate electrons 

4- target or anode which the electrons strike to produce X-Ray

the intensity of X-Ray beam depends on the atomic number og the target . for higher atomic number the more efficiently X-Ray produced the target material should have high melting point since the heat produced when the electrons are stopped in the surface of the target 

all x-ray tubes use tungsten Z = 74 its melting point 3400 Cº
The power P = IV        I = amperes     V = volt       P = watt 

The power at the target of x-ray tube of current 1A operating at 100 KV  is 1x105 W or 100 KW over of 99% of this power appears as heat and this power will bring a cup of water to boiling point in less than 1 second 
To avoid overheating by using 

Line focus because of the angle of the target about 10-20º

So projected focal spot is smaller than the area struck by electrons as shown in figure

Fig

Designing anode to avoid over heating by rotating anode x-ray of rate 3600 rpm 

Fast electron strikes K electron in target atom and knocks it out of its orbit and free of the atom the vacancy in the K shell is filled immediately when electron from an outer shell of the atom falls into it as shown in figure called K x-ray photon

Fig

Also may an electron falls from L level to the  K level is called Kα and from M shell called Kβ x-ray 

How X-Rays are absorbed 

x- rays are not absorbed equally well by all materials if they were , they would not be very useful in diagnosis 

heavy elements such as calcium are much better absorbers of x-ray than light elements such as carbon 

the soft tissue, fat , muscle and tumors all absorb equally and difficult to distinguish the attenuation of x-ray beam due to absorbtion and scattering of some photons out of the beam according to the law :

I = I˳ e –μx 
Where e = 2.718    x = thickness of attenuater   

μ= linear attenuation coefficient 

the half value layer (HVL) for x-ray beam is the thickness of a given material that reduce the beam intensity by one half HVL is related to attenuation coefficient by 

HVL = 0.693/μ

Fig. show the mass attenuation coefficient for fat, muscle, and bone are identical at (150 Kev ) the Compton effect : is dominate however since the photoelectric effect is more occur in high Z than low Z for example in water or soft tissue the Compton effect is more probable than photoelectric effect at energies above 30Kev even in bone the comton effect is more probable than photoelectric effect at energies above 100Kev 

Fig.

The photoelectric effect is oneway x-rays lose energy in the body it occurs when the incoming x-ray photon transfers all of its energy to an electron which then escape from the atom 

Compton effect suggest that an x-ray photon can collide with a loosely bound outer electron much like a billiard ball collides with outer ball , at the collesion 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 

The energy transferred to the electron can be calculated in the same way as the energy transferred during billiard ball collesion by using the law of conservation of energy and momentum from Einstein 

E = m c 2

p = E/C       momentum (p)

pair production is the third major way x-ray gives up energy when very energetic photon enters the intense electric field of the nucleus , it may be converted into 2 particles an electron and postron (β+) or positive electron providing the mass of two particles requires a photon with energy at least 1.02 Mev 

is given to the particles as kinetic energy after it has spent it K E in ionization it does a death dance with an electron .

both then vanish and their mass energy usually appears as 2 photons of 511 Kev each called annihilator radiation 

fig.

 Fig. x-ray loses energy in three ways 
a- in photoelectric effect , all of photon energy is given to photoelectron 

b- in Compton effect some energy is given to an electron and some goes into scattered photon 

c- in pair production a high energy phton is converted into an electron and positron (β+) the positron annihilates to form 2 photons of 511 Kev each that go in opposite direction .
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Physics of nuclear medicine
Each element has specific number of protons in the nucleous carbon has 6 proton nitrogen has 7 proton  O2 has 8 proton nuclei of a given element with different number of neutrons are called isotope of the element

If they are not radioactive they are called stable isotopes and if they are radioactive they are called radioisotopes for example 

Carbone has two stable isotopes  C 12 and C 13 and several radioisotopes e.g. C11 C14 and C15 

Most elements does not have naturally radioisotopes , but radioisotopes of all elements can now be produced artificially 

The use of radioactivity in medicine was development of nuclear reactor during 2 world war in the connection with the atomic bomb project the most useful of radionuclides for nuclear medicine those that emit gamma rays since gamma rays are very penetrating 

 The most common emission from radioactive elements are beta particles and gamma rays .since beta particles are not very penetrating , they are usually absorbed in the body and are generally of the little use for diagnoses . however some beta emitting radionuclides such as  H3  C14 play an important role in medicine research 

 P32 is used for diagnoses of tumors in the eye because some of its beta particles have enough to emerged from the eye 

All of gamma emitting radionuclide of the common organic elements carbon nitrogen oxygen are short lived , which makes their use in clinical medicine difficult without accelerator. A few medical centers for producing short lived radionuclide 
 Each radionuclide decays at fixed rate commonly indicated by half life T1/2 ,the time needed  for half of radioactive nuclei to decay 

Its usually convenient to plot the activity on a semiloge graph if the graph shows straight line you can be reasonably sure only one radionuclide is present , a curved line indicate the presence of more than one 
The basic equation for describing radioactive decay is

A  =  A˳ e – λt -------------( 1)

A is the activity A˳ is the initial activity

λ decay constant   t is the time since tha activity was if t measured in  hr.   λ in hr-1 

A = λ N  ---------------------( 2)

N is the number of radioactive atoms 

T1/2   = 0.693 / λ

The value of 1 / λ is the average or mean life of the radionuclide 
If  λ = 0.01 hr -1 for Au 198 the average life of Au198 is 100hr

The unite of radioactivity the curie ci

 Ci = 3.7 x 10 10  disintegration per second 

Mci   ,     μ ci          ,   nci         , picocuri  pci

X10 -3      x 10 -6         x 10 -9         x 10 -12 
Si unite for radioactivity is Becquerel Bq because it is so small

Kbq ,       Mbq           Gbq  

X103         x10 6           x 10 9 disintegration per second

Sources of radioactivity for nuclear medicine

One such drug that has along and productive career in nuclear medicine is  I131 its half life time  8 days however it is no longer used extensively because its beta rays give relatively large radiation does to the patient 
For both beta and gamma ray emitters a radionuclide with a longer half-life gives larger radiation exposure than radionuclide while shorter half-life and emission of smaller energy

One common used radionuclide is Tc99m which has 6 hr. half-life and decreases by four half-life or by a factor  16 each day

 I123 which has 13 hr. half-life and no beta emission is suitable for nuclear medicine studies , while it can not be produced from generator like  Tc99m it can easily produced in cyclotron such as C11 , N13 , O15 , O19 , F18  , Fe23 , Ga68 , Rb81 the same cyclotrons may be used to produced fast neutrons fpr treatment of cancer 
It might be seen that O15 , would be impractical for nuclear medicine studies because of its 2-min half-life ,this radioactive gas can be rapidly and delivered to the patient and since oxygen is much an active element ,it is used by the body within seconds after it enters the lungs
A statistical aspects of nuclear medicine

The reading obtained when source is counted is the gross count Ng if you repeated the measurement with the radioactive source absent you normally would not get a reading of zero the natural radioactivity in all materials ,cosmic ray , and some times electrical noise ,in the electronic circuits contributes to the background count Nb

Nnet = Ng – Nb    ---------- (1 )

Ϭ net = √ Ng – Nb    --------( 2 )
If Ng is counted for tg minute 
If Nb is counted for tb minute

Ng / tg gross count rate , Nb / tb background count rate

Ϭg  = √Ng / tg  it is the standard deviation of gross count rate 

Ϭb = √ Nb/ tb  =   =             =              =   background   =    =

The net count rate is Nnet/ min. = Ng / tg – Nb / tb

The standard deviation for net count rate is

Ϭ net = √ Ϭ2g  + Ϭ2b
Basic instrumentation and its clinical applications

 Early workers in nuclear physics  ( 1900 ---1910 )used scintillation screens to detect elpha particles ,when it strikes a crystal of zinc sulfide it gives off a week flash of light ,or a scintillation and researchers views and counted the flashes . in 1906 was the invention of gieger- muller counter GM counter 

In 1950 several new developments in nuclear physics detectors such as photomultiplier tube ( PMT) which can both detect a week flash of light and estimate the amount of light 
 PMT is shown in fig , a light photon releases electron at the photocathode that is accelerated to the first dynode where it causes several more electrons to be emitted : these electrons are accelerated to the second dynode which is more positive than the first and where further multiplication takes place . most PMTs have 10 dynodes ,so that an electron multiplication of  105 to 106 times occurs from the photocathode to the anode .to be more positive a high voltage supply  ( ~ 1000v ) is necessary
 Fig.

A related development was crystals of sodium iodine  NaI were attached directly to the PMT they improved to the detect the week flashes of light by the addition of a trace amount of thallium  Ti and ofen referred as NaI( TI ) crystals Fig above ,since these crystals detectors are about 2000 times more dense than the gas used in GM detector they are more efficient foe detecting gamma rays
 Since NaI (TI) detector is very sensitive it has to be well shelded from background radiation . it is often surrounded by 5 or more cm of lead except at the collimator opening . the electrons emitted at the photocathode of PMT produce an electrical pulse at the output and these electronically amplified in the amplifier . the pulse pass to singe channel pulse height analyzer ( PHA) to determine the energy of gamma ray that caused it . the upper discriminator of PHA rejects pulses larger than a chosen size . the energy difference between upper and lower limit is called the window of PHA all pulses in the window are passed on to the scalar to be counted 

The 24 hrs uptake of radioactive iodine by the thyroid to evaluate thyroid function is one of the oldest nuclear medicine tests using scintillation detector the thyroid using iodine in the production of hormones that control the metabolic rate  of the body : a person with an under active thyroid (hypothyroid) will take up less iodine than a person with normal thyroid function (euthyroid) an a person with an over active thyroid ( hyperthyroid) will take up more iodine .

For 24hrs uptake test , a small amount of I131 about 300 KBq (~ 8 μci ) in a liquid or capsule is given by mouth and 24 hrs later the amount of I131 in the thyroid is counted for 1 minute and same done for standard. 
The ratio of the thyroid counts to the standard counts times 100 gives the percentage 24 hr. up tack . values of euthyroid  range from  ( 10---40 % ) with an average of round 20 % . if the up tack over 40 % the patient may be hyper thyroid and if less than 10 % may be hypothyroid 

Physical principle of nuclear medicine imaging procedure

Scans of normal thyroid and thyroid with cold nodule .when I131 is used for thyroid scan ,about 4 MBq  ( ~ 100 μ Ci ) is given orally the day before scan 

 Tc99m is also used for thyroid image atypical does of 150 MBq ( ~ 4 m Ci ) ,and it is preferred radionuclide ,since it gives much smaller radiation does to the patient 

 I123 with its lack of beta emission and 13 hr half-life is also an excellent radionuclide for thyroid imaging a does of 20 MBq is used 
 Cancer often sepread or metastasis to the liver , and this condition can often be detected on a liver scan .normal liver tissue will filter radioactive submicroscopic particles from the blood , while a tumor in the liver will not and appears on the scan as an area of reduced radioactivity

 For typical liver scan 200 MBq ( ~ 5 mci ) of Tc99m sulfured colloid with particles about 0.5 μm in diameter is injected into a vein , and image is obtained after 10 min. 
 For brain tumors injected into blood different radioactive materials are taken up better by brain tumors than by the surrounding normal brain tissue . about 500 MBq ( ~ 15 mci ) of  Tc 99m is given and after about 2 hr four gamma camera images ( the front , back, left , and right sides of the head )

Cancer often metastasize to the bones .A portion of the skeleton being destroyed by cancer will be trying to rebuild itself ,and will tack up more of many elements than normal bones , a common technique is to inject into the blood 500MBq( ~ 15 mci ) of phosphate compound with Tc99m and make a scan about 3 hr later. This scan will show increased radioactivity in the areas of the bone tumor or bone growth

 Number medical centers use radioactive fluorine atoms  F18 .which fit into the bone crystal in place of OH ions for bone scans . F18 has a half life of only 110 min.and must be produced close to its point of use

 Nuclear imaging kidney-function often after kidney transplant small amount of radioactive hippuric acid ,which is cleared rapidly by kidneys is injected into the blood ,the kidneys are viewed by gamma camera and image are made every few min.

 A blood clot blocking a major artery in the lung or pulmonary embolism is serious medical problem . a bout 100 MBq ( ~ 3 mci ) of lumpy ( macro aggregated ) 

 Tc99m labeled albumin is injected into a vein .this material travels to the heart and then to the lungs : the lumps are too large to pass through the capillaries of the lungs and are temporary trapped at the entrances to some of functioning capillaries .the lumps block less than 1% of the capillaries and break up after an hour or two. Gamma camera image taken immediately after the injection 

 The ear circulation systems of the lungs can be studied with radioactive gas such as xenon  Xc133 which has 5.3 day half-life

Radiation doses in nuclear medicine

 The dose to the particular organ of the body depends on the physical characteristic of the radionuclide ,what particles it emits , and their energies , and the length of the time the radionuclide is in the organ 

 Two factors determine the length of of the time the radionuclide in the organ ,or the effective half-life  T1/2 eff , the physical half-life  T1/2 phy and the biological half-life  Tbio .the biological half –life of an element is the time needed for one half of the original atoms present in organ to be removed from the organ 

  T 1/2 eff =  T1/2 bio  T1/2 phy  /  T1/2 bio  +  T1/2 phy

Example
a- What is the effective half-life of  I131 in the thyroid if the 

T1/2 bio = 15 days and  T1/2 phy = 8 days

T 1/2 eff = ( 15 days ) ( 8 days ) /  15 days + 8 days = 5.2 days

b- what is the effective hale-life of  I131 in the hippuric acid if half of it excreted in the urine in one hr ( i.e. T1/2 bio = 1 hr )

 T 1/2 eff = (  1 hr ) ( 192 ) / 1 hr + 192 hr = 0.99 hr

c- what is the effective half-life of  F18 in bone if  T1/2 bio= 7 days   T1/2 phy = 110 min  ( 7 days = 104 min )

 T1/2 eff =  ( 110 min ) ( 10 4 min )  /  110 min + 104 min = 109 min   
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Energy , work, and power of Body

  For basal conditions there are about :

25% of the body's energy used by the skeletal muscle and heart

19% used by the brain

10% used by kidneys

27% used by the liver ,spleen

The body uses food energy to operate its various organs ,maintain constant body temperature ,and do external work ,small percentage 5% of the body energy excreted in the feces and urine any energy left over is stored as a body fat

Conservation of Energy in the body

∆u = ∆ Q- ∆W
∆u= change in stored energy

∆ Q= heat lost or gain

∆ W= work done by the body

  BMR : is the amount of energy needed to perform minimal body function ( such as breathing , and pumping blood through arteries under resting condition ) . BMR depends primary upon thyroid functions . A person of an over active thyroid has a higher BMR than a person with normal thyroid function 

Since the energy used for basal metabolism becomes heat and dissipated from the skin , so basal rate is related to the surface area, or the mass of the body

  The metabolic rate depends on temperature of the body ,if temperature changes by  1Cº there is a change about  10 % in the metabolic rate. Foe example if a patient has temp. of 40 Cº or 3 above normal ,the BMR is about 30% greater than normal ,you can see why patients temp. some times lowered during heart surgery
Fig .

Example suppose you wish to loss 4.45 Kg either through physical activity or by dieting 

Solution page  92 in your book

Work And Power

∆W = F ∆ X                     F= force  ,     ∆ X= distance
P = ∆ W / ∆ t = F∆ X / ∆ t = F v      ,        P= power
ϵ = work done / energy consumed     ,      ϵ= efficiency

 the convenient unite for expressing the rate of energy consumption of the body is the met , the met is defined as  50 Kcal / m2 of body surface area per hour 

 for normal person 1 met is about equal tothe energy consumption under resting conditions . A typical man has about 1.85 m2 of surface area women has 1.4 m2  and for typical man 1 met is about 92 Kcal / hr or 107 w oxidation occur in the cells of the body
in oxidation by consumption heat is released with in the body heat is released as energy of metabolism . the rate of oxidation is called metabolic rate 

 the oxidation of glucose a common form of sugar used for intravenous feeding . the oxidation equation for one mole of glucose  C6 H12 O6  is

C6 H12O6  + 6 O2   → 6 H2 O + 6 CO2  + 686 Kcal
That is  1 mole of glucose ( 180 ) gm combines with 6 moles of O2 ( 129 ) gm to produce 6 moles each of H2O  ( 108 ) gm and CO2 ( 264 ) gm releasing 686 Kcal of heat energy in the reaction 

  When completely at rest , the typical person consumption energy at rate of about 92 Kcal / hr or 107 w or about  1 met this lowest rate of energy consumption called basal metabolic rate
 When a man climping a hil or walking up stairs ,we calculate the work done by multibling person weight ( mg ) by vertical distance ( h )
  When a man walking or running at constant speed on level surface , the force act in the direction perpendicular to his motion ,thus external work done by him appears to be zero, hqwever his muscles are doing internel workwhich appears as heat in the muscle and causes aris in its temperature

Heat Losses From The Body
 The main heat loss mechanisms are : 

1- Radiation 

2- Cgnvection
3- Evaporation ( perispiration )
4- Some cooling of the body in lungs
 The hypothalamus of brian contains body thermostate to keep temperature close to normal value

If the core temperature rises ,the hypothalamus initiate sweeting and vasodialation which increases skin temperature

 If the skin temperature drops , the thermoreceptors on the skin inform hypothalamus and it intiate shivering , which causes increase in the core temperature

 The difference between energy radiatedby the body and the energy absorbed from surrounding can be calculated by:

Hr = Kr Ar e ( Ts -  Tw  )
Hr = energy loss or gain

Ar  = surface area emtting radiation 

E  = emisivity of body

Ts = skin temperature

 Tw =surrounding temp.

 Kr = constant = 5 Kcal / m2 hr Cº

The heat loss due to convection Hc is given by

Hc = Kc Ac ( Ts – Ta )

Kc = constant dpende upon the movement of air

Ac = surface area 

Ta = air temp.
When the wind constant  Kc = 2.3 Kcal / m3 hr Cº

 When Ta = 25 Cº        Ts =  34 Cº         Ac  = 1.2 m2
 The nude body losses about 25 Kcal / hr by convection or about 25% of body heat loss

 When the air is moving ,the constant Kc increases according to the equation

  Kc = 10.45 – v + 10 √ v

Where v is the wind speed

  Fig.
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Heat and Cold In Medicine

 The most common way to measure temperature is with glass fever thermometer, containing mercury or alcohol fever thermometer need to show fractions of degree requires capillary so small  <  0.1 mm it has restriction just above the bulb
2-Thermistor : special resistor changes its resistance rapidly with temperature ~ ( 5% ) Cº

 Resistance are equal = the bridge is balance

This used in medical because of its sensitivity ( 0, 01 Cº ) thermistor placed in the nose to monitor breathing rate by showing temperature change between inspire and expiration this type called pnumograph 

3- Thermocouple : consist of two junction different metals , if the two junctions are different temp. voltage is produced .this can be made small enough to measure the temp, of individual cells 
4- Thermograph – mapping the body temp, 

Measurements of body surface temp. indicate that it varies from point to point depending upon metabolic and circulatory process near the skin , 1950 the found that most of breast cancers characterized by an elevated skin temp, in the region of cancer . the surface temp. above tumor ~  1 Cº higher than normal tissue 
 If the temp. is sufficiently high ( red hot ) , the radiation is visible . at body temp. the emitted radiation is in the infrared ( IR ) region 

Boltzman law : for the total radiated power per surface area ( W )

W= e Ϭ T4             
  T = temperature                Ϭ =Steven boltzman constant = 5.7 X 10- 12  w / cm2 K4    , e = 1 for radiation body

Example : what is power radiated per square centimeter from the skin temp. of 300 Kº ~ 33 Cº

W = 5.7 X 10-12 ( 300 ) 4
What power radiated from a nod body 1.75 m2 

( 1.75 X 104 cm2 in area 

W = 0.05 X 1.75 X104 cm2 = 875 w

Heat therapy

1-  two primary therapeutic effect take placed in a heated area 

2- increase in metabolism  → relaxation of capillary  → vasodilatation 

3- increase blood flow as blood moves into cool the heated area 

there are many method of producing heat in the body

1- conductive heating

2- infrared heating

3- radio wave heating ( diathermy )

4- ultrasonic wave heating

 heat from diathermy used in treatment of inflammation of skeleton , bursitis , neuralgia, 

short wave diathermy used in treatment of reliving muscle spasm ,bursitis 

microwave diathermy used of fracture, sprains ,strain bursitis .injuries to tendon

ultrasound used to relieving , tightness , scarring occurs in joint diseases 

Use Of In Medicine
Cryogenic methods used to destroy cells this applications called cryosurgery 

Cryosurgery has several advantages :

1- There are little bleeding

2- The volume of tissue destroyed can be controlled
3- There is little pain sensation 

 One of first use of cryosurgery was in treatment of Parkinson disease  ( shaking palsy)

 Parkinson disease causes un control tremors in the arms and legs ,it is possible to stop tremors by destroying the parts of thalamus in the brain that control the transmission of nerve impulses to other parts of nervous system
Cryogenic method also used in several types of eye surgery we discuss two 

1- The repair of detached retina and cataract surgery ( the removal of darkened lens )

2- In surgical extraction of the lens , a cooled  probe is touched to the front surface of the lens , the probe sticks to the lens making lens easy to remove 
Caution should be taken ,when cryogenic liquid or cooled gasses are used ,because any contact between this materials and the eyes or skin results in freeze burns . the most care is required when oxygen is used because many materials do not burn in air will burn in pure oxygen

 Much interested has been a roused by the idea of using cryogenic methods to cool the body into state of suspended animation so that it can pass time with out aging . This science is called Cryonics

 One goal of cryonics is to preserve at law temp .people with fatal disease with hope that in future by could be revived and their disease cured 
 Some simpler human biological system such as blood , semen and tissue have successfully been cooled , stored and revived 

The resulting of using thermography as a screening technique for breast cancer have been disappointing .if 1000 random women of age 45 are studied .about one third will have abnormal thermograms of the breast although far fewer than 1% have cancer 

 Most of the false positive findings are due to different blood flow patterns in the two breasts. As general rule x-ray studies are much more reliable than thermography for detection of breast cancer they detect of  80% of known cancers
 Thermography has been used to detect other types of cancers and iy also used to study circulation of blood in the head ,differences in temp. between left and right sides can indicate circulatory problem 

 Thermograpgy has increases in reducing lung imputations in diabetic , the blood supply in diabetic leg is usually a adequate ,but if the tissue break down and an ulcer is formed , the need of blood in the leg may double , the circulatory problems of diabetic then become evident , the ulcer does not heal and often becomes infected . the presence of hot spots of the foot can be determined before an ulcer forms
 The physician can then use preventive measures such as having the patient wear special to try to eliminate the hot spot and avoid formation of ulcer . preliminary studies resulted in a reduction of about 20% in limp imputations of diabetic in 1975

Lec 2                                                Ch 3
 Physics of The Skeleton

 Bone has at least six function in the body

1-  support          2- Locomotion            3- Protection

4- Storage of chemicals          5- Nourishment

6- Sound transmission ( in the middle ear )

1- The bodys muscles attached to the bone through tendons and ligaments ,and the system of bones plus muscles support the body

2- Bone joints permit movement of one bone with respect to another .the destruction of bones with arthritis can seriously limit locomotion 
3- The skull protect the brain and several of most important sensory organs ( eye and ears ) .the ribs form protective cage for heart and lungs

4- The bones acts as chemical bank for storing elements for future used by the body

For example : minimum calcium is needed in the blood if the level falls too low calcium causes parathyroid glands to release more parathrmon into the blood , and this causes bones to release the needed calcium 

4- The teeth are specialized bones can cut food and serve nourishment

5- The smallest bones of the body osicles in the middle ear .these three bones acts as levers ,and providing matching system for convering sound vibration in ear to sound vibration in fluid in cochlea. They are the only bones that attain full adult size before birth

What Is Bone Made Of

 There are large percentage of calcium ( Ca ) in the body Ca has much heavier nucleus than most elements of the body ,it absorbs x-ray much better than surrounding soft tissue. This is the reason that x-rays show bones so well
 Using X-rays scattering  indicates that bone that bone mineral crystals are rod shaped of diameter  20 – 70 Aº and length 50 – 100 Aº 

How Strong Are Your Bones

 The strain ( ∆ L / L )

 F / A  α  ∆ L / L

 F / A = Y ∆ L / L

  Y   =  F L / A ∆ L         Y = young modulus

When the force increase the bone breaks at stress of about  120 N / mm2 

∆ L = L F / A Y             ( élongation )

    Fig

 The viscosity of synovial fluid decreases under large sheer stress found in the joint 

 The god lubricating properties of synovial fluid are thought to be due to the presence hyaloronic acid and mucopolysccaried of molecular weight 500000 which deform under load 

Example: A sum  a leg has ( 1.2 ) m shaft of bone with cross-sectional area of 3 cm2  ( 3 x 10 -4 m2 ) what is the amount of shortening , when all of the body weight of 700 N is supported on his leg

  ∆ L = ( 1.2 m ) ( 7 x 10 2 N ) / 3x 10-4 m2 ( 1.8 x 1010 N/m2 

         = 1.5x 10-4 m = 0. 15 mm

 In running the force on the hip bone when the heel strikes the ground may be four times the bodys weight

 In normal walking the force on the hip are about twice the bodys weight . exceeding maximum compressive strength of bone is not as dangerous as the same force applied over a long period of time . this property called viscoelasticity

 The local electrical fields may play a rule

When bone is bents it generates an electrical charges on its surfaces called ( piezoelectricity ) may be physical stimulus for bone growth and reaper  

Experiments with animal bone fractures have shown that bone heals faster if an electrical potential is applied across the bone ( break bone ) 

The synovial membrane encase the joints and retains the lubricating synovial fluid . the surfaces of joint are articular cartilage . smooth some what rubbery material that is attached to the solid bone 

The lubricating properties of fluid depends on its viscosity , the viscosity of synovial fluid decreases under large shear stress found in the joint   
Measurement Of Bone Minerals in The Body

 There are many physical technique foe studying bone in the body . A few years ago ,osteoporosis was difficult to detect ,until a patient appeared with broken hip or crushed vertebra , at that time it was too late to use preventive therapy

The strength of bone depends of the mass of bone mineral present .The techniques are:

1- X-ray image to measure bone mineral was an old one ,there are problems of using x-ray these are:

A- x-ray beam has many different energies ,and the absorption of x-ray by calcium varies rapidly with energy

B- There are scattered radiation when it reaches the film

C- The film is a poor detector for making quantitative measurements 

2- Photon absorbiometric technique by (JRC ) author ,1960

The three problems are eliminated by using 

A- mono energetic x –ray or gamma ray source 

B- A narrow beam to minimize scatter
C- A scintillation detector that detects all photons

      The determination of bone mineral mass by using

       MB  α log ( I˳/ I ) 

Where  I˳ is the initial intensity   , MB bone mineral mass

        MB = K log ( I˳ / I ) 

   This instrument as modern clinical bone scanner that uses photon absorption technique
 Since bone is living tissue ,it undergoes change through life . A continuous process destroying old bone and building new bon ,called bone remodeling is slow work

It is performed by specialized bone cells , osteoclaste destroy the bone ,and osteoblast build it ,we have the equivalent of a knew skeleton about every  7 years .each day osteoclast destroy bone containing about 0.5 gm of calcium ( the bone have about 1000gm of calcium ,and osteoblast build new bone using about the same amount of calcium 

 While the body is young and growing the osteoblaste do more than osteoclasts , but after the body is 35 to 40 years old the activity of osteoclasts is gratere than of the osteoblasts ,resulting in a gradual decrease in bone mass that continuous until death

Thus a decrease apparently faster in woman than in men and leads to a serious problem of week bones in older women , this condition called osteoporoses results in spontaneous fractures , especially in the spine and hips

One osteoclast can destroy bone 100 times faster than one osteoblast can build new bone , as in other aspects of life

Forces On And In The Body

Gravitational force : Newtons law : this law state that there is a force of attraction between any two objects , our weight is due to attraction between the earth and our body 

One important medical effect of gravitational force is the formation of varicose veins in the legs ,as the venous blood travels against force of gravity on its way to the heart 

Another medical effect of gravity is on the bones  .Gravitational force on the skeleton in some way contributes to health bones ,if person becomes weight less such as in orbiting satellite ,he may loss bone mineral and may be serious problem on very long journey 

Static
Many of muscle and bone systems of the body acts as levers, livers are classified as , first , second ,and third .the last are most common in the body ,second are next
 Fig

We can find the force supplied by the bisebs ,if we sum the torques about pivot point at the joint

 Fig 

4 M – 30 W = 0

M = 7.5 W             we neglect the weight of forearm 

M = 3.5 H + 7.5 W        include forearm

 The arm can be raised and held out horizontally from shoulder by deltoid muscle ,by taking sum of torques about shoulder joint 

T = 2 W1 + 4 W2 / sin α     

                                                    Fig

W1= weight of the arm = 68 N

W2 = weight in the hand = 45 N
T = 1145 N

The force need to hold up the arm is large

To calculate force at the fifth lumber vertebra  L5 with body tipped forward at 60º to the vertical and with weight of 225 in the hands can approach ?

 Frictional Forces
 When person walking as the hell of the foot touch the ground a force is transmitted from the foot to the ground 

Can resolve this force into horizontal and vertical components

Maximum force of friction  f is 

     F= μ N

Where N is the normal force , μ is the coefficient of friction , horizontal force = 0. 15 w 

W is the person weight ( this is large frictional force must be in order to prevent heel from slipping 
The coefficient of friction in bone joint lower than in engineering materials . the lungs move inside the chest , the intestine have slow rhythmic motion ( peristalsis ) as the move the food toward its final destination . all of these organs are lubricated by slippery mucus covering to minimize friction
Dynamics
Newtons second law is

F = m a               a = acceleration= dv/dt

F = ∆( mv) / ∆t

 Example of dynamic force in the body is the apparent increase in weight . when the heart beats ( systole ) .about  60 gm of blood is given velocity about  1m/ sec up ward in about  0.1 sec

The momentum P = m v = 0.6 Kg x 1 m/sec = 0.06 Kg m /sec

The downward reaction force ( Newtons third law ) produced is
 0.06 Kgm/sec / 0.1 sec = 0.6 N (this is enough to produce noticeable jiggle)

Stokes has show that for spherical object of radius ( a ) , retarding force ( Fd ) and terminal velocity ( v ) are related by 

Fd = 6Π a ƞ v            ƞ = viscosity 
When the particle is moving at constant speed the retarding force is equilibrium with the difference between gravitational force and upward buoyant force thus we have 
Force of gravity Fg = 4/3 Π a3 ρ g
Buoyant force    Fb = 4/3 Π a3 ρ˳ g

Retarding force  Fd = 6Π a ƞ v

                            Fg - Fb =  Fd

 V = 2 a2 / 9 ƞ [ g ( ρ -  ρ˳ ) ]          sedimentation velocity 

This equation is valid for spherical objects
In some forms of diseases such as rheumatic fever , rheumatic heart , and gout RBC clumps together ,and the effective radius increase thus increased sedimentation velocity occur

In other diseases such as hemolytic jaundice and sickle cell anemia RBC change shape or break ,the radius decreases , thus the rate of sedimentation velocity decreases

