
      
 

 

دراست نظريت عن الآلياث فائقت السرعت المصاحبت لانهيار الماء المستحث 
بواسطت نبضاث   قصيرة من أشعت الليزر 

إعداد  

فٜ ٕزا اىثحث أخشٝد دساسح ّظشٝح ػِ ظإشج اّٖٞاس اىَاء اىَسرحث ت٘اسغح   
ىؼَو . ّثضاخ ٍرْإٞح اىقصش ٍِ أشؼح اىيٞضس ٗاٟىٞاخ اىَٞناّٞنٞح اىَصاحثح ىٖا 

َّ٘رج الاّٖٞاس اىنلاسٞنٜ َّٗ٘رج الاّٖٞاس  َّ٘رخِٞ ٝغيق ػيَٖٞا  ذغثٞق أ ذٌرىل 
 اىرغٞش اىضٍْٜ ىشذج اسرضاءج فقظ ٗرج الأٗه فٜ الاػرثاسٝأخز اىٌْٗ .اىَرحشك 

اىرغٞش اىضٍْٜ  اىَْ٘رج اىثاّٜ مو ٍِٝأخز فٜ اىحدٌ اىثؤسٛ ، تَْٞا  أشؼح اىيٞضس
أخشٝد اىحساتاخ ذحد اىششٗط اىَؼَيٞح اىَؼغاج ت٘اسغح ّ٘اك  .  ىٖاٗاىَ٘ضؼٜ 

 ج لاّٖٞاس اىَاء ٗىرحذٝذ شذج الاسرضاءج اىلاصً (Noack and Vogel ,1999)ٗف٘خو
   ،    nm 532 )أع٘اه ٍ٘خٞح ٍخريفح بذنُ٘ اىثلاصٍا ذحد ذأثٞش أشؼح ىٞضس 

800nm   ٗ1064 nm )  ٍِ 10   ٝرشاٗذ ٍا تِّٞثضح اهأصٍْح ػْذ ٍذٙ ٗاسغ fs  
اىحساتاخ ذ٘افقاً ٍْاسثاً تِٞ اىقٌٞ اىَحس٘تح ىشذج  ّرائح ٗأٗضحد . ns 10إىٚ  

ذٌ  تالإضافح إىٚ رىل. ُ اىثلاصٍا ٗذيل اىَقاسح ػَيٞاً الاسرضاءج اىلاصٍح ىرن٘
ذأثٞش  ىذساسح ٕزِٝ اىَْ٘رخِٞ اىرٜ ذٌ اىحص٘ه ػيٖٞا ت٘اسغحٕزٓ اىْرائح  ٍقاسّح

ػَيٞاخ اىفقذ اىذٗس اىزٛ ذيؼثٔ ٗ، اىَرنّ٘ح  ٍؼاٍلاخ أشؼح اىيٞضس ػيٚ شنو اىثلاصٍا
فٜ  خلاه فرشج اىرشؼٞغ ىنثافح الإىنرشّٗاخ اىضٍْٜٗ  اىرغٞش اىَ٘ضؼٜمزىل  ٗ

.  اىحدٌ اىثؤسٛ 
ىذساسح ذأثٞش اّرشاس اىْثضح فٜ اىحدٌ  اىحساتاخ  أخشٝد ٍِ خٖح أخشٙٗ  

ذغثٞق َّ٘رج اّٖٞاس رىل بذٌ  .ىٞضس اىفَٞر٘ ثاّٞح   ٍصذس ػْذ اسرخذاًاىثؤسٛ 
 قٞاساخاهىرفسٞش   (Fan et al,2001) اىزٛ أػغٜ ت٘اسغح فاُ ٍٗدَ٘ػرٔ  اىفَٞر٘ ثاّٞح

شذج  ذحذٝذ ه (Vogel et al ,1999)اىَؼَيٞح اىرٜ أخشٝد ت٘اسغح ف٘خو ٍٗدَ٘ػرٔ 
 ٗ fs 100ّثضح   أصٍْحٗ nm 580   ع٘ه ٍ٘خٜب اىَاء الاسرضاءج اىلاصٍح لاّٖٞاس

300 fs .ٗ ذٌ اىحص٘ه ػيٚ ذ٘افقاً ٍْاسثاً تِٞ اىقٌٞ اىَحس٘تح ٗذيل اىَقاسح ىنو ع٘ه
أٗضحد ّرائح اىحساتاخ ذأثٞش ع٘ه اىْثضح ٗتراىٜ ع٘ه تالإضافح إىٚ رىل . ّثضح 

مو ٍِ شذج اىثؼذٛ هذ٘صٝغ اه مزىلاىرغٞش اىضٍْٜ ىنثافح الإىنرشّٗاخ ٗاّرشاسٕا ػيٚ 
   . فٜ اىحدٌ اىثؤسٛ اىثلاصٍا اىَرنّ٘ح شنوٗ أشؼح اىيٞضس اسرضاءج

اىَد٘فح  جٗاسرنَالًا ىٖزٓ اىذساسح أخشٝد اىحساتاخ ىرؼِٞ دْٝاٍٞنٞح اىفقاع  
تقٌٞ      ت٘اسغح ّثضاخ لأشؼح اىيٞضس  اءفٜ تلاصٍا اىٌ اىَرنّ٘ح اىرصادٍٞح جٗاىَ٘ج

40 fs   ٗ170ps 800ع٘ه ٍ٘خٜ ب nm  ٝد ػظىششٗط اىَؼَيٞح اىرٜ أذحد ا
ذأثٞش ع٘ه  دساسح ذٌ تالإضافح إىٚ رىل.  (El kamhwy ,2006)  اىقَحاٗٛ ت٘اسغح

 اىرٜ ذيؼة دٗساً سئٞسٞاً فٜ اىٖاٍح ػاٍلاخاىٌ مأحذحدة اىثلاصٍا اىْثضح ػيٚ 
.  ىؼِٞ اعة  فٜىدشاحاخ اىَٞنشٗسن٘تٞح ا ٍثو اىرغثٞقاخ اىغثٞح
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ABSTRACT 
 

In the present work a theoretical study is carried out on the phenomenon 

of water breakdown induced by ultra short pulses of laser radiation as 

well as the associated mechanical mechanisms. In doing so, we applied 

two models namely; the classical breakdown model and the moving 

breakdown  model . The first one takes into account only the temporal 

variation of the laser intensity in the focal volume, while the second 

model consider its the influence of both the temporal and spatial  

variations . Computations are performed under the experimental 

conditions given by Noack and Vogel (1999) to  determine the threshold 

intensity of water breakdown plasma formation under the influence of 

different laser wavelengths (532 nm,       800 nm, 1064 nm) with a wide 

range of  pulse duration varies  from 10 fs  to 10 ns .The results of 

calculations showed a reasonable agreement  between  the calculated 

threshold intensities and the experimentally measured ones. Moreover, a 

comparison is under taken for the obtained  results using these Tow 

models to study the effect of the laser parameters on the shape of the 

formed plasma, the role played by the loss processes and the temporal and 

spatial variation of the electron density during laser irradiation in the 

focal volume .  

On the other hand, Calculations are carried out to study the effect of the 

propagation of laser pulse in the focal volume using a femto second laser 

source . This was done by applying a femto second  breakdown model 

given by Fan et al. 2001 to interpret the experimental  measurements 

which carried out by Vogel et al (1999) for the determination of the 

threshold intensity of water breakdown at laser wavelength 580 nm and 

pulse durations 100 fs and      300 fs .A reasonable agreement is obtained 

between the calculated thresholds and the measured ones for each pulse 

duration .  In addition, the result of computations clarified also, the effect 

of pulse length and in turn its propagation length  on the temporal 

variation of the electron density as well as the spatial distribution of both 

laser intensity and shape of the formed plasma in the focal volume. 



      
 

 

 For completeness of this study, computations are carried out to determine 

the dynamics of cavity bubble and shock wave generation  in water 

plasma by 40 fs and 170 ps laser pulses of wavelength 800 nm under  the 

experimental conditions given by El kamhwy (2006).In addition, a study 

is performed on  the effect of pulse length on the plasma shielding since it 

is one of the important parameters which plays a principal role for laser 

medical application (i.e)  microsurgery in ophthalmology.    

 


