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W 
אאאאאאא

אאKאאאCell membrane،א
semipermeableאאא

אאKאאאא
אאאא

אאאאאאאK 
 

1.1אאBiopotential  

אאאא ions
אsodium (Na+)،אpotassium(K+)،

א.chloride(Cl-) 
 
1.1.1אאResting potential  

אאאאKאאא
אאאא (K+)،א (Cl-)

א(Na+)،אאא
אKאאא

אאאאאKאא
אאאאKאאא

אsodium-potassium pumpאאאא
אK 

אאא
אאNa+ אK + אKאאא

אאאאpolarizationKאא
אאא70 mv–90 mv–Kאאאא
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אאאKאאאאאK
1.1אאאאאאK 

 

 
1.1אאא 

אאNernetאאW 

Ci

C
ln  60 o

)( mVE
 

W 
E(mV)Wאא(mV) 

CiWאאא3(mol/cm3) 
CoWאא3(mol/cm3) 
±אאאאאא

Vab =- VbaK 
 

א (K+)אאאאא
( 20x10-6 mol/cm3)א (K+)אא
(5x10-6 mol/cm3)K؟אאא 

אW 
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mV

E mV

 18.83
4

1
ln   60

moles/cm 20x10

moles/cm  5x10
ln   60

Ci

C
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36-

o
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אאאאאK 

  

 الأيون
Ion 

 داخل الخلية 

Intracellular 

 خارج الخلية  

Extracellular 

Na+ 12 mM 145 mM 

K+ 155 mM 4 mM 

Ca++ 0.001 mM 1.5 mM 

Cl- 4 mM 123 mM 

 
 
 
1.1.2אFאEAction potential  

א   א       א
 א(Na+) ،א   א(Na+)  א א

א(K+)،אאKא1.2א
אK 

א20 mvH40 mv+Kאאאא
אאאKאאאאא

Kאא- 90 mv+ 20 mvא
אDepolarization K 
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א- 90 mvאאRepolarizationK 
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1.2אאPropagation of Action potentials  
 

אאאאKאא
אאאאאאאKאא

אאאאאאאא
אאאאK 

אאאאא
Propagation rateKאאאאא

nerve conduction velocityK 
אא،אK

אאאא 20140(m/sec)K 
אאאאא 0.40.2.(m/sec) 



www.manaraa.com

א אאאא אא 
 148 אא 

  

 

- 7 - 

 
  

1K אאאאא (K+)אא
אאא(30x10-6 mol/cm3)א 

(K+)אא(6x10-6 mol/cm3)؟ 

 
2K ؟אאא 

 
3K ؟א 

 
4K ؟אאא 

 
5K ؟אא 
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אאBiosensor 

 
 

אא،אא
Kאאאאאאא

אאאאאאאאאאא
אK 

אאאא
אאאאאאW 

1K אאBioelectrodes 
2K אTransducers 

 
אאאאא electrodes אאK 

אאאא
אאאאא

אK 
אאאאאאא

אאאאאK 
אאאאא

אאאאאא
אאK 

 
2.1אאBioelectrodes 

אאאאאWאא
Bioelectricity،אאIonic Conduction אאElectric 

ConductionK 
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 אאBioelectricityאא
אא

אאאאK 
 אאIonic Conduction אאאאK 
 אאElectric Conductionא

K 

אאאא electrolyte solution
אK 

 
אאאאIonic 

Conduction Electric Conductionא
אאאK 

אאmetalsאא
metal_electrolyte Kאאא

א (Ag_AgCl)אא
(Cu2++)אK 

אאאאאא
אW 

1K אאMicroelectrodes 

אאאאK
א2 µmאא

K 
 

2K אא  Skin surface electrodes  

אאאאKאא
אאאאECG،אאEEG،

אא.EMG 
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אאאאא 0.3
5K 

אאאאאconductive gelאא
אאאאאאאK 

 
אאאאW 

 J  אDisposable ElectrodeK 
 J  אReusable ElectrodeK 

אאאK
אאאECGאא

אEECאא
אEMG KאF2.1EF2.7Eאא

אאאאאK 

 
F2.1EEMG 

 
 
 
 
 
 
 
 
 

F2.2EEEGאא 
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F2.3EFאאEECG 

 

 
F2.4EאECG 

 

 
F2.5EECG 

 
3K אא Needle  electrodes  

אאאאW 
 J  אאא.poor 

skin 
 J  אאEEG،אאאאK 
 J  אאאאEMGא

אאאK 
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F2.6EEEG 

 

 
F2.7EאEMG 

 
2.2אTransducers 

 אא   א אא ، 
א אאאאאאא

אאK 
אא א  אא

אאאאאא
אK 

   א א     א  
אא א  אאאא

א       Kאא א אא  FAmplifierE
אאאאאאאK 

אאאאW 
 אאאאK 
 אאאאאK 
 אאK 
 אאK 
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   א א א   א    
אFEW 
1K אא 
2K אאא 

3. אא 

4. אאא 

 
2.2.1אאMechanical  Transducers     
 

אאאאאאא
،א   א א   א א  א    א

אK 
  א א א אא 

אW J 
1EאאCapacitive Transducer 

 א  Capacitor    א  FdE ،  
FAEאCapacityאW 
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A
KC
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dWאא 
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אF2.8Eאאא??
אאאK 

 
F2.8Eאא 

 
אאאאFRE،

    א א     F A   dEא   
FCapacityEאאFCurrentEאאאK 

 
2EאאLinear Variable Differential  Transducer (LVDT) 

 
    א א  (Transformer)  אF

Primary Transformer E אFSecondary Transformers Eאא  
 Jאאאאאאא

א Kא      א אא א א  
 א  Kא     א א אF2.9E   
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FMagnetic CoreEאאא،אאא،
אאאאאאאאא

אאאK 
אאאאאאאא

אאאאאאאK 

 
F2.9Eאא 

 
 
3Eאא  Strain Gauge Transducer 

 
  א  א א  א א    K

  א  א     א א א  
.(stress)אאאGauge 
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Factor (GF)אאאאאא
אW J 

 
 

) 2 (               
L

 =  GF

L

R
R





 
FREאאFLEאFΔREאאא

FΔLEאאאK 
אאאאאאFWheatstone Bridge 

stressEאאא?F?Active StrainEא
   ?א F ?Gauge E        א 

?  F ?Passive EKא א א 
אאאK 

 a2.10  א אb2.10   
 

 
F2.10E  a  אא  Strain Gauge 
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2.2.2אאאTemperature  Transducers 
 

אאאW 
 אאאThermocouples  
 אאא 

 
 

אאאThermocouples  
אאאא

אאאK 
אאא،אאא

אאאאאK 
אאאאFmvEאא

אKאאאאאא
אאאKאא7.6

5.3, אא76،53אאK 
 

אאאThermal Resistors 
אאאאאאK 
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אאאW 
 אFPositive Temperature Coefficient (PTC K

אאאאK 
 אFNegative Temperature Coefficient (NTCK

אאאK 
 

 
 אאאאאאא אאא
אFResistance ThermometersE

אFPlatinumEא،FSensing ElementEK 
אאאאאאא،

  א FthermistorEאא  א א  K  
  א אא        F K E

אאFΔR/REאאאאא
אאאאאאאK 

 
2.2.3אאLight   Transducers   

1EאאPhotoresistor 

אאאאF SemiconductorsEא
אאאאFelements

PhotoconductiveEאאPhotoconductors) E
אFCadmium SulfideEאא،F ( 

Visible Light،K 
 
2EאאאPhotomultiplier Cell 

  אא א א א   א א א א 
אאK 
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אאFEא
FKEאאאאא25K

 א  א   א   K 
אאאאא

אCollector K Kאאא 
 א א   Kא אאא אKא

אא2.11א 
 

 
F2.11Eאאא 
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2.2.4אאאUltra Sound Transducers  

אאאאאאUltra Sound Transducers
אאאאFאאאאאא

20KHz Kאאאאאאאאא
אאאאאK אאא

אאpiezoelectric effect אא
אאאאPierre and Jacques Curie1880K 

אאאא
FEאאאאאא

אאK אאאא
אאאK אאא

אאאאאאאKאאא
אאאאK אacoustic 

lensאאאאאK 

אאאא،2.12אK 
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 J  אאK 
 J  אאK 

 
2K אאאא؟ 
 

3K ؟אאא 
 

4K אאא؟א 

 
5K אא؟א 
 

6K אאאאא،אאאא
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7K א؟אאא 
 

8K ؟אאאא 
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אא 
אElectrocardiograph 
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אK 

אאW 
אאW 
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אאאWאאא95K٪ 

אאW3 

אאW 
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W 
אאFאאEDual PumpK

אאאאאאאאאK
אאאאאאא

אאאK 
אאאאאא

אKא Myocardium 
אאאאאאK

אאאאאאא
אKאW 

אAtriaAtriumK 
אVentriclesK 

אאאאא
אKא

אאא
K 

 
3.1אאאElectroconduction System of the 

heart 
 

אאאF3.1אEW 
1EאאאSinoatrial nodeSA nodeK 

אאאKאאPacemaker
אאאאאInternal pacemaker K

אאאSAאאא
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אKאאאאPacemaker potentialK 
2EאאאAtrioventricular nodeAV nodeK 

אאאאאאK 
 
3EBundle of His 

אאאאAVאאאא
Bundle of HisW 

 J  אאאRight ventricle branchK 
 J  אאאLeft ventricle branchK 
 J  אאSuperior branchK 

4EPurkinje fibersK 
אא

אאK 

 
3.1אאא 

3.2אא 
אאאאSA nodeאPacemaker 

אאTrigger Signal Kאא
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אאאאK 
אאאא30LKאאSA

אAV45LK 
אאאאKא

אאK 
 אAV45Lא3050K

אאAV 110KאAV 
אאBundle of HisK 

אאPurkinje 

fibers200400LKא
60Kאאאא

אאK 
אאאSAא Myocardium K

אאאאאKאא
אאאאאאK 

אאאאאאK
אאא،

אאאElectrocardiogram (ECG)K 
 

3.3אElectrocardiogram (ECG)K 
  

3.3.1א 
 

אאאאאא
אKאאא
אאאW 

1K אאאRight Arm (RA) 
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2K אאאLeft Arm (LA) 
3K אאRight Leg (RL)     
4K אאLeft Leg (LL) 
5K אF8EChest (C) 

אאLead SelectorK 
אאאאאא

אW 

RA            WK         
LA            WK 
LL            WK 

 RL            WK       
 V1-V6       WK  

 
אLeads 

אאECGא
אאFLead EאK 

unique information 
אאאאK 

אאRight Leg (RL) אאLead 

SelectorאאאאK 
 

F3.2Eאאאאא
אStandard LeadsWI, II, III, AVF, AVR, AVL,

אWV1,  V2,  V3,  V4,  V5, V6 V
(V_Leads)KאאאF3.3KE 

אאאאאאא
אאאאא
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אK 

 
F3.2EאאאאWI, II, III, AVF, AVR, AVL, 

 
 
 

 
F3.3EאאאאW V1,  V2,  V3,  V4,  V5, V6 
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אאW 
 

1E אאאBiopolar Limb Lead 

I , Lead II , Lead III LeadF3.4אEאאאא
אEinthoven Triangle 

 
אא: (Lead I)אאאLA אאFאE
אאאאRAאFאKE 

 
אא: (Lead II)אאLL אאא

אאאRAאFELA RAK 
 

אא: (Lead III)אאLL אאא
אאאLAאFERL RAK 

 

 
3.4אאאBiopolar Limb Lead 

2E אאאUnipolar Limb Lead 

אאאאאאאאK
אאאאא

אאאאאFא
3.5EK 
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אAVRFLead AVR WEאאאRA אאאא
אLA אאLLאאK 

 
אAVLFLead AVL WEאאאLA אאאא

אRA אאLLאאK 
 

אAVFFLead AVF WEאאLLאאאא
אRA אאאLA אאK 

 

 
3.5אאאUnipolar Limb Lead 

 
3E אאאUnipolar Limb Lead 

 
אאאאאV Leads ( V1 - V6 ) 

אאאאא
אאאFRA, LA, LLEאresistor Wilson 

networkאאF3.6אEK 

 
3.6אאאUnipolar Limb Lead 
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3.7אאא 

 
 

3.3.2אW 
،אאא

אאאKאאאKאא
אECGאאאאאאאאאא

א–אאK 
אאאאF3.8E3

אT. R. P. אQRSאP-R،אS-TאQ-TאU
אW 

1 JאPW،א،אאא
אאKאאאaVR א،

3F0.3E0.11. 
2 JאP-RWאאPאאQRSאא
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אאא–א،א0.12א J0.20K 
3 JאQRSWאאאא0.04 J

0.08K 
 QW0.01–0.02K 
 RWאאאQK 
 SWאאאRK 

4 JאS-TWQRS،SאTאא
T-PKאKאאא

אIschaemiaK 
5 JאTWאW 

 I, II, V3, V4, V5, V6 

 aVRK 
 אaVR, aVF,V1, V2, IIIK 
 אאK 
 א510F0.51Eאא،

אאK 

?אא Myocardial infarction א
אאאKא 

אאאאאא א?K 
6 JQ-TWאאQRS אTאא،

אאאK 
7 JאUWאTאא،

אK 
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3.8אאאECG 

 
3.4אאECG 

  א ECG א  א  אא 
3אmVאאאא0.01

200HzKEאאאאא45HzK 
ECGK 

אאECGW 
1E א     א     אECG

אאאאאK 
2E אWאאאא

אאאא2 
Hz،אאאאאאא

אK 

3E אWאאאא
K 

4E א א  א א   א א א   
אאא.(60 Hz) 
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1K ؟אאאא 
2K אאאא؟א 
3K אאאא؟א 

4K ؟אאא 
5K אא ECG؟ 

6K אECG؟ 
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אאא 
אElectroencephalograph 

 

אאWאאK
אK 

אאW 
אאW 

1K אא 

2K א 

3K אאא 

4K אאא 
5K א 

6K אאא 

 

אאאWאאא90٪ 
אאW3 

אאW 
1 J K 

2 J אא 

3 J  

4 J  

אאW 
אאאK 
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W 
אא אאאא א Kא

אאאאאאאK
א א    א א א א א א 

Skeletal muscle אאאK 
אNerveאאאאNerve fibersK
AxonNeuron KאCell bodyאאא

אCentral Nervous System (CNS) 
 אא א א  א  א   א א FאE

אNerve impulsesKאאאאאאאK 

 
4.1אאProduction of nerve impulse 

אא אpolarizationאאא
אאElectrical potentialאK 

א  א א אא     א א   
Resting potentialK א   א א  א20 J100   

אאאאאK 
אאאאאW 

1E    א F E א א  אא  

א(K+)אא(Na+)אF J
ClKE 

2E אאאאאא
אאK 

3E אאאאא
אאאאK 
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4.1.1אאאResetting and Action Potential 

  א אא א  א א
  א א א א א אא

אאאK 
 אאאאאאא

Threshold potentialK 
 אאא

אאאW J 
 אאאאאא

  א א  אא א א   א 
DepolarizationK 

אא  אאא
אא K אא  א א א

אאאאא،Kאא
אאAction PotentialK 

אאאאאאא
אאאאאאW J 

 אK 
 אK 

א א  א א א  א   
א      אא א     א   

אRepolarization K 
 אא א  א א  אא א אא   

4.1אאאאאK 
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4.1אאא 

Excitatory Postsynaptic Potential  (EPSP)Wאא
אאאאאאאאאK 

Inhibitory postsynaptic potentials (IPSP) Wא אאא
אאאK 

א Action Potential      EPSP   א א
אאאאאא

אאK 

 
4.2אא 

אאW 
1K אאאCentral Nervous System (CNS) 

2K אאאPeripheral Nervous System 
אאאאאאא



www.manaraa.com

א אאאא אאא 
 148 א 

  

 

- 40 - 

א K  א   א א א   ،א
אאאאאCNSK 

א א אא25٪، אאא
 א 20 ٪א  אא א  K א א א אא א

אאאאCranium Kאא
W 

אאFore-brain 

אאMid-brain 

אאHind-brain 

 
4.3אElectroencephalograph (EEG)  

אאEאאFאאא
אאElectroencephalograph (EEG) 

אאאWא( graph) א (electro)
(encephalon)  K 
אאאאא

אKאEEGאאאא
אK 

אאEEG1924
EEGKא4.3א4.2Kאא 

 
4.2אEEG 
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4.3EEGא 

 
אאEEGאאא،א

KאEEGאW 
 אcranial surfaceא 1100µVא

0.5100HzFKE 
 אcerebrum surfaceא  101000µVא

אK 
   א א 0.25µV  

א1003000HzFKE 
אאא10000K 

 
4.3.1EEGא 

  א    א א      
4.4א4.5אאאאK 

EEGאאאא
K 

 אאאאא
 א  (Ag_AgCl) Kא א  א    א 

אKאא)sub-cutaneousE
  א      א  א א א

אא)Intra cerebral electrodesEאאאא
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אאאאאא 

 
4.4אאFאאאE 

 
4.5אאFאאאE 
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אאאאא20K19א
Kאא

10אK 

 

 

 
4.3.2א 

אאEEGאFאE
אW 

1K Delta activity  (δ)0.54HzK 
2K      Theta activity   (θ)48HzK 
3K Alpha activity   (α)813HzK 
4K Beta  activity    (β)1322HzK 
5K Gamma activity (γ)22HzK 
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אאאW 
 

1E FAlpha wavesEאא10µV،
אאאאאא

אאאKאאא
אK 

 

 
4.6א 

2E FBeta wavesEאאא20µV
אאKFא

EאK 

 

 

 
4.7 

 
3E Gamma wavesאא2µV

אK 

 
4.8 
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4E theta )(א،אא100µV
אאK 

  

 
4.9 

5E FDeltaEא،אא100µV
אאK 

 

  
4.10   

 
אאאFאאאE،

א،אאאKאא
FKE 

،אא 

(Beta waves & Delta waves)F30 J60Eא،א
 א   Kא א     א א 

(9 – 12Hz)(150 - 60)אא
אאאK 
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4.3.3אאאאEEG 
אאאאאאא

EEGאW 
1E אK 
2E אאאK 
3E אאאK 
4E אאאאאאאאא

א 
5E אאאאK 
6E אאאאK 
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7K ؟אאא 

8K אאאא؟אא 

9K ؟אא 
10K אא؟א 
11K אאEEG؟ 

12K אEEG؟ 

13K אאEEG؟ 

14K אאאEEG؟ 
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אא 
אElectromyography 

 

אאWאאK
אK 

 
אאW 

אאW 
1K א 

2K א 

3K א 

4K אאא 

5K אא 

6K אאא 

אאאWאא90K٪ 

אאW3K 

אאW 
1 J K 

2 J אאK 

3 J K 

4 J  

אאW 
אאאאK 



www.manaraa.com

א אאאא אא 
 148 א 

  

 

- 49 - 

 
אאאאאאאא

Skeletal muscle אאאKא
אאKאאאא

אאKאאא
،אאאאא  K 

אאאאאK
אאאKאאא

אK 
אElectromyography(EMG)אא

אאאאאKאאאאא
אאKאא(EMG) אא

(Surface Electrodes)אאא
אאאK 

   ،אאאא
אאאאאא

א אאאאאא
אK 

אאאא
K 

 
5.1א  Muscle  

 אאאאאאK
אאאאאאא

אאאW J 
 



www.manaraa.com

א אאאא אא 
 148 א 

  

 

- 50 - 

1E אאSmooth muscle 
 unstriatedvisceralאinvoluntaryK 
 אאא 
 אאאK 
 אאאאאאאאK 
 אleast specializedK 
 K 

2E אאHeart musclesK 
 אאא

SyncytiumK 
 אאאK 
 אאאא 
 אMore highly specialized 
 א 

 
3E אאSkeletal Muscles 

 striatedאVoluntaryK 
 אא 
 Somatic nerve fibersK 
 אאMost highly specialized 
 אאאK 

 

5.2אא 
 אאאאא

אK 
  א    א  Sarcolemma  

אSarcoplasm K 
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 א  א   א   א אא 
אMyofibrilsK 

 אK 
 א  אא א א  א  א   א

אאCentral Nervous System(CNS)  
 אאאאאאאאאא

אK 
 אא א א א  

א JאMyoneural junctionK 
 

אא JאMyoneural junction 
 אאאאא

אK 
    א א  

א   א א   א א    
אאMotor end plate 

 אאאאאאא
אאאK 

 אאאאאאא
אFאEAction Potential אK 

 אאאK 

 
5.3אאMuscle contraction 

אאW 
1EאאIsometric contractionWא

אאא،אאאא،
 א، א 
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אאאא،אK 

2 E אאIsotonic contraction W א
אאאKאאא

אK 

 
5.4אאMechanism of muscle contraction 

אאאאFEKא
אא(I-band)אא
אKא،אאאאא

א(A-band)IאZ
(Z-line)AH(H-Zone)אא

ZאאSarcomere 
אאactinאmyosin K

א  א א    א    א
     אactomyosin   א  א  א

א(ATP)K 
אאאאI،AK 

 
אאאW Mechanical Aspect of Muscular Contraction

א     א א א א  א אא  
אאKא


אאאאK 
אאאאK  

אאK 
אאאאאאא
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אא Jא K  א א א 
 א (Ag_AgCl)א       א

(Cu2++)אK 
 אאFאEאK

אאMechanical Changesאאאא
KymographK 

אאאאאאא
KאאאאK

 א א  א א    א Mechanical 

Transducerא אSilicon Strain Gauge א
     א  א א א  אא K

אאאאאmonitorK 
 

Wאאא 
WאאאSimple Muscle Twitch  

 אאאKאא
W 

אLatent Period  

אא0.410Kאאא
א א  א_   א א   אאא

Kאא 
אContraction Phase  

אאאא40אא
אK 

אRelaxation Phase  

אאאאאKאא50
א،K 
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5.1אאאKא5.2
אאאאאא

K 

 
5.1אאK 

 
 

 
5.2אאא 

 
WאאIsotonicאאIsometricW 

אאאאאא
 א אא    אIsotonic

אאא
אKאא

K 
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אאאאאK
  א  א א  א   א א 

  Postrural Reflexesא א א
אאאאKאאא

אאאK 
WאאStair case 

אאאאאK
א א  א א   א א  ، א א   K

אא  א אא אא א
  אא 200  אא5א א

אאאאאאאא
 אMotor unit K א    א א א  

אא KאאOutput אא
אא א  א  K   א אא  א א 

KאאאאאK 
אאא1 J5א

א  Kא 1030א
אאאאאאא

K 
א  אאא50200א
אTetanusK 

 
5.5א 

 ،אFEK
אאאאאאאא

אאאאאא،אאא
אאKאאא
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אאאאאF5.3KEאא
אא knee capא shin 

boneK 

 
F5.3EEMG 

 

 
5.4אEMG 

 א      5.5   
אא  5 mV א   א    א
א Kא  א  א    א 10 500.Hz

אאאאW 
1K אMovement of electrode (motion artifact)

א א א א  א0 J20Hzא א 
אאא10 J20HzK 

2K  א אElectrical noiseאא א
אאאא200 J500Hzאא

אא  א  200 J500Hz ، 5.6א
אאK 
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 :5.5EMGא 

 

 
5.6אאא
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1K אW 

 J  אא 
 J  אא 

2K ؟אא 
3K ؟אאא 

4K אאאא؟א 

5K ؟אאאא 
6K אאאאאא؟ 
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אא 
אBlood Pressure 

 

אאWאא
K 

אאW 
אאW 

1K אאא 

2K אא 

3K אא 

4K אאאאאK 

 

אאאWאאא95K٪ 

אאW 

אאW 
1 J K 

2 J K 

3 J K 

4 J אאאאK 

אאW 
אאאK 

 
 
 



www.manaraa.com

א אאאא אא 
 148 א 

  

 

- 60 - 

W 

אאא Cardiac CycleK
אאאאKאK

אאאאאK 
אאאאאאאאאא

אאאאאאאאא
K 

6.1אאא 
6.1.1אאאsystole Auricular Diastole 

אאAuricular Diastole0.1אא
אאאאאאKאאאאאא

אאKאאאאאא
אאKאאאאאאW 
 אאאאK 
 אאאאאK 

אאאא10Kאאאא
אKאאsystole AuricularF0.1KE

אאאW 
 4 J6אאK 
 7 J8אאK 

 

6.1.2אאאsystole Ventricular Diastole 
אאVentricular Diastole 0.2K

אאאאאKאא
אאאאא–אאא

אKאאsystole  Ventricular 0.2K
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אאאאאאא
אאאK 

אאא120אא25K 
אאאWאאא–א

אאאKאאSemilunar valves
אW 

 אאאא120אK 
 אאאא22אK 

אאאאאאאK
אאאאאאאאK

אאאאאאא
Cardiac CycleK 

 
6.2אאאHeart's Sounds SignalsW 

אאW 
1K אאFאאEFirt or systolic soundWאא

אאאlubb"?אאאאא
אא–אאאאאאventricular 

systoleאאאאKאאא
אאK 

2K אאאSecond or diastolic soundאאא
אאאאאאVentricular diastole

אDupKאאLubb-DupK 
אאKאאאK

אECGאF6.1KE 
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6.1אECG 

 
6.3אBlood Pressur 

אאאאKאW 
אWאאאאאאאK 

אWאאאאאאאא
אאאK 

אאאאBrachial arteryאא
SphygmomanometerאPressur cuffא

Stethoscopebulb،K 

1K אאאאאאא
אK 

2K אאאאאאא200אK 
3K אאאאאאאK 
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4K אאאאאאאK 
5K אאא

Korotkoff soundאאאא
אKאאאאאSystolic PressurK 

6K אאאאא
אאאPressurDiastolicK 

אאאא120Kאאא
אאאאK 

אאאאא120Kא
אSystolic PressurK 

אאאאא.
אאאאאאאKאא80

אאאאאאK 
אאPressurDiastolicK 

אאאאאK 
אZ120–80Z40אאK 

אZ120–80Z40אאK 
FEאאW 

אFZאא JאאED2 

FZ120H80ED2Z100K 
 
1K אFZאED3HאאZ100 

FZ120 J80ED3H80Z93 
6.2אאאאWאא،א

אK 
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6.2א 

 
6.3אאECGאK

אאאאאאאאKא
אSAאאאpECGK

אאאאאאאKא
אRECGאא

אאאאאKאא
א20אאאאא

א80 אאאא
א120אאא
אאאאאאKאא

אאK 
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6.3אאECGא 
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1K אאא؟א 

2K ؟אא 

3K ؟אאא 
4K ؟אאא 
5K אא؟ 

6K אאא؟ 

7K ؟אאאא 

8K אECG؟ 

9K אא؟אא 
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אא 
אאאאאא 

Two and three Dimensional Medical Signals 
 

אאWאאאאאאK
אאאאאאK 

אאW 
אאW 

1K אאא 
2K אא 
3K אא 
4K אאא 

אאאW 
אאא85K٪ 

אאW4 

אאW 
1 J K 

2 J אאK 

3 J K 

4 J F،،K 

אאW 
אאאK 
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  :مقدمة
אאא

v(t) אi(t)Kאאאאאאאא
אאK 

אאאאאאKא
אArray of PixelsFאאאאKEאאא

אאאאK 

אאאאאאא
אאK 

 

7.1אאX-Ray Imaging 
 

אאX-Rayאא

א0.01100אF
o

AE10
10

 10
12

FmA
o

10
10

1
KE 

אאאאאאא
אאאKאאאא

FאEX-Ray tubeK 
אאאאאאאאא

אKאאאאאK
אאאאK 

אאאאא
אאאא

אKאאאאאא
אאאK 

אאFEאאא
אאאאאK 

אאאאאאאא
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אאאKאאאאאK
אאאאאא

אK 
אאא

אאאאאאאK
אאאאאאא

אאאאKאF7.1E
אאאKChest X-RayK 

 

  
אF7.1EאKChest X-RayK 
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7.2אאאComputed Tomography Scan (CT-scan) 
אאאאאא

،אאא
אאאאאאאאא

K 
אאאאאאא

אK 
אאW 

1 Jא،אא
אאאאאאאא

(Scanners)K 
2 Jאאאאאא

(Camera)،אאאאא،
אאא(Scanners)א

(Dashes)א،אא
א،אאאאאא

(Camera)אא(Polaroid Camera)
א(Cathode XRay–Tube)אאK 

אאאאאאאK
؛אאאאאא

אאאאאא
אK 

אאPhotomultiplierאא
אאא،אאאא

אאאK 
אאאאאא
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אא،אאא
אאא،א

(Ashes)אאאא
אאאW 

א(Cold Area)K 
א(Hot Area)K 

אאאאאא
א،אאא

אאאאאאאK 
7.2אאCT-scanאא

אאאK 
 
  

  
 

7.2אCT-scanאא 
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7.3אאMagnetic Resonance Imaging(MRI)  

אאMRIא
Magnetic Resonance Imagingאאאאא
אאאאאאאאא

NMRIאאאאאאאאא
MRIK  

אא1946אאא
1976אKאא

אאאאאא
אאאK 

אאאאאאאא
אאאKאאאאאאאא

אאאא
אKאאאא2א،

אאא10000א
0.5אאאאאMRIK

אאאאאא
אאK 

אאא
אאאאאK    

  אאMRI 

 אאאא،אאא
אאF7.3Eאא

אאאK 
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7.3אאא 

אאאא
אאאא،אאא
אאMRIאאא

אאאאא
אאאא

אאאאK א
אאאא

אאאK 

אאאאא
אF7.4EK אאא

אאאאאא
אא. 



www.manaraa.com

א אאאא אא 
 148 אאאאאא 

  

 

- 74 - 

 

7.5אאאא 

אאאאאא
אאאאא

Resonance אאאאא
Larmour frequency אאאאאא

אK 

אאאאאאאאא
אאאאאאאאא

אאאאאא
Fourier TransformK 

אאאאא
אאאאאאא

א،אאאאאא
אאאאאא

אאאא
אאאK אאאא

K،אאאא
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אאא،אאאא
אאK 

אאאK
אאאאאא

K7.6א7.7אK7.6א
MRIאאאKא7.7 MRIKאא

אאCTK 

 

7.6MRIאאא 
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7.7אMRI 

 

7.4אאאFUltrasoundE 

אאאאא
אאאFB-ModeEאאא

א،،،א،אאKא
1985א،אאאא

אאאK 

אאאאאאאא
אאא20אאאא

אאאאאא
אאאאאא

אאא
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אאאK אאאאאאאאW 

1E אאאאאא15
אK 

2E אאאאאאא
Kאאאאאאאאא 

3E אאאאאא
אאאאא

א 
4E אאאאאאאא

אאא 
5E אאאאאאאאא

אאאאאא1540m/s
אאאאא

א10-6sec 
6E אאאאאאאא

אאאאא
אאאאאF7.8Eאא

אאאאאאאK 
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7.8אאא 

אאאאאאא
אאאא،אאא

אאK 

 

 אאא3D Ultrasound Imaging  

אאאאאאאא
א Jאא Jאאא

אK א
אאFא،א،אאE1984א

אאא1986K 

אאאאאאא
אאאאאא

אKאאאאאא
אא1989א א 
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אאאאאא
אאאאא

אאאא7.9K 

  

 

3.9אאאאאאK 
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1K ؟אאאאאאא 
2K א؟אא 
3K אאאאCT-Scan؟ 
4K אאאאאאCT-Scan؟ 
5K ؟אא 
6K ؟אאא 

7K אאאאאאא؟ 

8K אאאאאאאאא؟ 
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1Kא      Kא 
2Kאא      Kא 
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1. Introduction to Biomedical Engineering Technology       Carr Brown  
2. Medical Instrumentation Application and Design             John Webster  
3. Medical Instrumentation and Measurements 
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