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چكید

ک ستی آ یازند غژ ز اص ِرکیاكنی و ؛ قاصد   تیا ر .اشی شت تیا   توکو ِیست  اا

کوتو ِکنتر.و وند کاآد سیا ،سا ، پژ  ِکنتر زر ِتقاِالِختُویاپو ِ   توکو ِیستاا  ر

 ِتوکو-کر ر    اا  کنتر  ؤثر  ه افاکتو ِگرفت ظر ا ست؛  مد ِطحاا  کنتر ر ک د .

ِتها  ئتد ِال تخا  تحد ی ،شد رینیم ی  ؛ وظر ِها ِک  ید .د ااما ا ِید ِشد کر

 کنتر ِد  د ز ،ها ا  ید ز پ دپا  تیا  رز ِتقا ِر ،شد شد  یح  د    ک اشد

دگر سقا  ا تا.د
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Abstract 

we often need quantum systems in a particular composition of Eigen-States to work with. To reach this goal, the 
entity of Quantum Control Techniques is so useful. 
In this research, we had solved and investigated a Control Problem of Different State-Transition via Lyapunov 
Method, for a closed & coherent qubit under considering essential and useful elements of control. In presented 
model, there is no limitation on considering any initial & final state. The goal of this model is to reach the desired 
State; aside minimizing the intensity of external field, velocity of state-transition and achieving sustainable 
manner. This was done numerically & analytically; and so the results of each of these, are compared with each 
other. 
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اا  ،بیع ا ر تد  توو 

ی ا   اد.آیختود ت ر

Ψ, >= ∑ 
,  >



1

;  =  

ا   ظر و اا ا   ،اآ جا ر ا

یآ  ا اد تر ر ا ا ر خصو 

.نی اآ  اا ا   رنا یر و اآ

Ψ0 > = ∑ 
 

0 >



1

 
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Ψ0 > = ∑ 



0
>



1

3

 توو اا  رر-ا تخا  مد  ست 

ر   معی تقا ر د  و آ با  ر 

 نتر ِا ِا ید  ستر   رِگر هین ِمر

 تیا   ا ِید ِد وظر ِتراو

ا مک اا خو؛ سیرِ  بو.آ   

سأ ینا

ظر  و ا[1]یاپوُوا 1892، ر

ئ ،نتر  پ ِدپا  تیا  اا ِستقی یر ِنتر

  ط یر اا   طو ود. گیرد ظر  

̇ =  4

نید ر

 =  5 
قطعاقط  گاآ ر:اد.  دپا عا  

∀ >  ∶  = 

 <  ⇒ ∀ ≥  ∶ || <  6

:ضیا شت قطیاپوُور گمسا ،عا 

قط آ گاآ اد؛ نف. دپا ،عا اُویاپو

ژ. خصو ا [1]:نک ثل

اد. ✓ تپیو  اد

✓ قط   نحصر ِسترقا گر  سب ،ر

اد. و ِگمسا  

✓ قط آ ِگمسا  غییر نیرآ  نف ،عا 

اد. ت ز 

ا  ِعیی رُویاپو،ر تفا و عیا . [1] 

 Ψ > ,  >  ≡

 Ψ > −   >  ;  ∈   

ا کطوُویاپوِس ر احظِا ِا ِیا ِ

مین ،آ ر ستر ا  عر د ِها ِا  حو

  ا ید ِد ا.[1] آ 

 ≡



  −  <  >    

اع مو ا   اا حو .یسو

ℏ



Ψ > =  +∑



 Ψ > 

ا ر ستر ا نوُویاپو ،ِر و  نترر ِا

.آ  [1]

 ≡



  −  <  >    

=



 − <  > <  >  

شت اعاا شکی  یر: یو ،ز  

̇ ≡




−

ℏ
∑.





 ≤   

عاا کآ ر رر و ِمل ما   شو؛

م ِند:عن اند. ثب ، 

. ≥  

اد: ر  ِر  اد نترر ا رنا

 =  . ;  >   
ژ ا اF: نس

اد. ✓ مو  کنو  ال

✓   ل ی گذ.ا ختصا  بدء

✓  و ا   .دا   فر ی ،د ظر  

( ور  ط رآ  گا  11ا د وید تو ، )

 ژر  تعاد کدگر ر ،هائ  ی اا

نترر گاآ اند؛ تویا.و ود تفا ل ال

ط  هتر ر؛   ر( 11سینو طب ر   )

حظ  حظ ِحو  یتو و.ا وا ا ِ  [1]

̇ =
−

ℏ
∑[  .  <  >  .





 

 ∠  <    >  ] 
نتر  عیین ا ِماإ نند ذ سیرِ 

γ = ∠ <  > 

=  − Arccos  cos . cos 

+ si . si . cos  −  

ا قیق ط آ یا  ؛اِسیر

نتر  ذعا ر  نو نند. رنگر حو 

.ر هائ  ی ِخو ا

HTt = H0 + t. Hλ 6

= 
h1,1
0 

 h2,2
0

 +  
 h1,2

λ

h2,1
λ 

 

Ψ0 > = cos 


 1

0
> + si 



 .   2

0
>
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Ψt > = cos 



 1


> + si




 .  2


>

ℏ



< 

0Ψ > =  < 
0 Ψ >

نجا، ا د    سأ  ر ا .ر  و

 حی؛ اا نک  و ا  تر م تل ظر

- ظر  بر ا  تل ؛ ر.یر[2] 


 > = |

0 > + 1|
1 > +⋯ 7


1
> = ∑ (

− hm,n
λ

,1 + 1,

hm,
0

− hn,
0

) 
0
>

≠

 

:ر قارِ ژ ر 


 = 

0
+ 1

1
+⋯ 8

±
 = 

hm,
0

+ hn,
0


± 

hm,
0

− hn,
0




√






 +
‖. ℎ,


,1‖

2


hm,
0

− hn,
0




2

وا ِتل ِ ِماإ، گو  د یود و

مین ِا یدر  ، طو ا .آ د  د

،یح  ر   د ا ًMد   

 قد طا  وآ ا ارا یح    نی

یا عا ر ستر،ُوِپوینیم  آر ایاً .آ 

اFژ  وار ا آ  بل  اtanh( )

 ظر ر ا .یرتقا ِد طع ِز ،

 جا ،رندبا کدگر  ستق ا    .ند

 ا  جائآرل مک ِحو ر  ذ و؛ ند

 بر کدگر  ط و اد اِر  ا پ دد.

tanh( )آ ر .تیر ظر  عن:ا

 ≡ Δ.  →  = 1 


Δ
  

Δ = | − | ; Δ = | − | 

 ≡ Δ. 
19
→  ≡ 

Δ

Δ
 .  

 حو جا  نجر ا؛ ِو عیی   اید ت و

 عیی ا  د ود سیرِد  گر، ِبا  !نی

ق و  ک یس؛ ست  وا و  نتر. ا 

 را ،د ِِد ِعیی  ی ِد  ا و

ا ،تا د  ا ِیدد هتر م  طا  وآ

پی یتید ِمزا عنق  با  .سأ ،اا 

!د و طا  وآ گر ،یح ِ  ا .یس هین

شکی ا را یدیت؛ ِمزا ر عا ِد و

مین ید ر ر ط سیرِ ر    دی ِا

 ،هائ عا .آ سأ   هین    ا :ند

 ≡



 −  < ΨΨ > 2  =   

ِا د فر قیق ُویاپو. ا ِر ِتقا شاگرِ  ؛

یح  د باحا ِتا

،حو ر ا ِذ پاترِ ،باحا د ر جا 

وقیاند ا عا ا؛ د ر   د

10E-16 [sec]داا ِتقا نک  موا، ما  .

حظ   نید.را  ؛   

o :د ِ ِتا 

 =  + .



.

 =  ,  =  
 .
→  =




,  =  

 
1 شكا  رند نترر ِا حظ ما  ا  ید فر  یاپووُ

ا می بعا    ال نتر ِیست عن ؛ ر و قد یشتر

تقا  زئ تل ر دشا  وز کدگر  را معی نید

دا    .د

 
 =  ,  =  

 .
→  =




,  =   

 
2 شك د ِی  یز و مو ا قارِ و اایاپووُ نترر، ِا

 ا ظر و ضعی  ا.و
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o :یح ِ ِتا

 =  + .. 

 =  ,  =  
 .
→  =




,  =   

 
ک3 و مو   مچنااو سیا ا د  ر تقا ینید، ر

 یاپووُ ِا . ور یز ا ذ  ا دپا   د جا ا طو

ید فر  ر نترر ِا.د

 =  + .. 

 =  ,  =  
 .
→  =




,  =   

 
ک4ی ِذ  پ رقربا معی  د خت یست ِدپا ،ا دِ

 ز فر ِم  ر د  ِتما ِستگپا ِد ِر ا  ود

یزو ِی  اد .دا  ِا ِد.

 =  + ..

 =  ,  =  
 .
→  =




,  =   

 
ک5تقااو سیا ا د  ر ار دپا   د جا ا طو

ید فر  ر نترر ِا  یاپووُ ِا . ور یز ا ذ .د

 =  + ..

 =  ,  =  
 .
→  =  ,  =   

 
ک6او سیا ا د  ر تقا ر د جا ا طودپا 

ا ذ  اِا  یاپووُ ِا . وریز یدنترر فر .د

 =  + ..

 =  ,  =  
 .
→  =




,  =






 
ک 7ِاِا تل ا π/2 ستند حو ا کدگر،  سب

 ر تقا دِ  اا ر ِا می .و تل  حظا ما

 یحظ   ی ِ فر  ،تا غییر معی رِد؛  ، را 

یا سأ . خود  یچو را دپا  ا ِتقا تیج رد.

تیج:گیر

ج ِا ِر تقا  پ اا کآ ر د؛ ا

ماإ ِا ِید ِد ا   ماد، ا دپا ضعی

و وا ر   ند م ینا صو ،اا ر د

ب ِر  ا یست با اا نک  رِستگ

ید مر  ر  ِر  ،طب  مت ا یا ِط

پر  ر تقا .
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