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Cassy Lab  

  

:  

 )Cassy Lab ( 
.  

  

  : Hardware :  

  
1-  Interface : 

Cassy Lab   

 )com  (
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1 - Input (A) :       : 
a -  . 
b -  . 
c - . 

 )a  (
 )c . ( 

2 - Input (B) :  .  

 )Box . (  

  

2- Boxes : 

   )A B  (

:   

1 -  )µV-Box  : ( . 
2 -   )30 A-Box  : (30 . 
3 - ) Current Source-Box  : (. 
4 -  )B-Box  : ( . 
5 -  )Temperature-Box  : ( 
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 : )Software  Cassy Lab : (  

 
  )( 

 

.  

  

Windows : 
 

1(  )Settings : ( 
  

   :  
  
1. CASSY : 

 Input(A) Input(B)  .
   

:  
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a(   Sensor Input Settings : 

   
    :  

 Instantaneous Values   : . 

 Averaged Values  :

. 

 RMS Values  :
. 

  

b(   Measuring Parameters : 

:  
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  Automatic Recording : 
 . 

 Manual Recording :  . 

 Append New Meas. Series : 
. 

 

2. Parameter/Formula/FFT : 
.  

    

3. Display : 
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4. Comment : 
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 Select Value Display  :: 
 Show Values  : . 
 Show Connecting lines  :

 . 
 Show Axes  :. 
 Show Bars  : . 

 Set Marker  : . 

 Fit Function  : : 
 Free Fit  :  :

 )  
 ( ... )r  (. 

 Delete Last Evaluation  :. 

 Delete all Evaluation  :. 

 Copy Diagram  :. 

 

3- : 

  : 

 Delete Last Table Row   :  )( . 
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 . 

 Copy Table  :. 
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 Properties  :
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 25

 )3  : ( )properties . (  
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  ) ,  ,   (
   

  .  

. ) 3  (
.  

) 1 , 2 , 3  (:  

 
 
 = 1   ,    

 
 = 2    ,    

 
 = 3           ( 1 ) 

 )3  : (.  

 
 

 



 31

 )
  

  
  

  
  

  (

:  

 
  

  
  

  
  

      
  

  
  

  
  

 

) h = 6 , k = 3 , l = 2  (
)     ( ) 6 3 2  . (  

  )h k l (  )4 2 1 ( .  

-  :  

 )  
 (.  

 ) T   (:  

  T = n  a +  n  b +  n  c                  ( 2 ) 

  p   )    (

 )    ( )    (

 
 )p = 1 , 2 , 3 , 4 , 6 . (  
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i 
 ) r   (

 )  r  -  ( ) r   ( ) r  - . (  
m 

 )1m  2mm 3m 4mm 6mm  (
mm  m  

 pm pmm  )p = 1 , 2 , 3 , 4 , 6  (
p p .  

  

3-                            :  

 - :  
1  - .  
2  -  ) ... . (  
3  - .  

  
  

 -  :  

 -    .  
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                   )3                                      ( )4 (  

                   )5                                   ( )6 (  
  
  
  

4- :  

1  -  )Packing Fraction ( 
 )SC  ( )BCC  ( )FCC  ( )2  ( 

 )1  (.  
2  -   )Unit cell  (
)Primitive cell   (  

 )FCC  (.  
3  -    
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5 -  :  

 -  - Co-ordinate  Axes 
 -  - Crystallographic  Axes 
 -  - Crystallographic  System 
 -  - Geometric  Lattice 
 -  - Hexagonal 
 -  - Miller  Indices 
 -  - Monoclinic 
 -  - Orthorhombic 
 -  - Packing  Fraction 
 -  - Primitive  cell 
 -  - Tetragonal 
 -  - Triclinic 
 -   - Trigonal 
 -  - Unit cell  
  
6 -  :  
1  - 1- .  
2  - 2  -  .  
3  - 3  - .  
4  - 4  - .  
5  - 6  -  .  
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 2 :  

  
  
1-  :  

1 -   NaCl LiF .  
2 - a0  NaCl LiF . 

  
2-  :  

 
     d .  

 )1  : (.  
  

   Bragg   

   
.  
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 ) (

 .
  

     )1  (
:  

 2d sin = n                           ( 1 ) 
:  

n  :    :   d  :  
 :.  

 )  ( )2  (

 )  ( )  .  (

.  
  

 )NaCl  (  
 )

 ( )3  ( )200  (
   :  

d =  a0 
2                                 ( 2 ) 

( 1 )  a :  
n  = a  sin                           ( 3 ) 
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 )2  : (X-  .  
1 :   2 :    3 :  - .  

  

 a0     ) (
     n .   

  NaCl  
LiF  -  

.  
   )   (    

    )2 .(  

 )3  : (NaCl  
d  :a0  : .  
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( = 0 )   
   

 .  
 )4 ( X-     )Mo ( 

 )K  =  71.08   ,  K  = 63.09   (

.  

 )4  : ( .  
  
3-                            :  

 - :  

 - 554 81 .   - NaCl .  

 - X-Ray .   - LiF .  
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 )5  : (  )X-Ray apparatus . (  

 1 : .  
 2 : ).(  
 3 :        .  
 4 :.  
 5 :  .  
 6 :.                   7 :   .                  
 8 : .    9 :   .               

10 :.   11 :2          .
12 : .  
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 - :  

 - X-   )6 . ( 

 )6  ( X-  .  

  

1 -  ( a ) . 
2 - (  d  ) S1 

 5cm  .
( c ) . 

3 -  )e  (
  GM TUBE . 

4 - (b) S2 
 6cm . 

5 - ) f  (. 
6 - 6 ) 5  ( 

.  
7 - RS-232 ( COM 1 ) .  
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 -  :  

  
1 -        

. 
2 - NaCl LiF 

 
 .  

3 -    S2 
    

      K   K .  
  

 - :  

  :LiF  :  
1 -  

Zero 6  )5  (. 
2 - X-ray    R . 
3 -   35 KV 

1 8  )35.0 KV ( . 
4 - I = 1 mA 2 

8 1.00 mA .  
5 - t  = 6 s 

3 8 6 s . 
6 - =0.1o  4 

8 0.1 . 
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7 - COUPLED  )11  ( 
2 . 

8 - 4o= 5 

8  )40= (

  34o =5 

  8  34o = . 

9 - SCAN 12 . 
10 -    

  )K  , K  (   )7  ( 
 :  

 )7  : (  
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n.  ( pm ) n sin    
71.08 1   

K  142.16 2   
213.24 3   
63.06 1   

K  126.12 2   
189.18 3   

  
11 -      sin 

K K a LiF 
 )3  ( . 

12 -  
 )copy diagram ( . 

  :NaCl :  
1  -   NaCl  LiF  

  .  
2  -  NaCl 

 : 
4o=    26o= 

  

4 - :  
  

1  - K K 

 ) LiF  ( )NaCl . (  
2  -  .  
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 -  :  
                          

 - :  

 - 554 90 .   - NaCl LiF .  

 - .   - .  
  

 )8  : (  554 90   
1 :    2 :    3 : ) - (  

4 :    5 :  
6 :    7 :  

  )8  (21 KV  
8 :21 KV 42 KV 3KV  

9 :0.5 mA 1mA  
10 :    11 :  

12 : )
475 V . ( 13 :

.  
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 - :  

 )8  (  
  . 

 )Zr  (     
 ) = 71 ± 0.5 pm  . ( )2  (

  )6  (.  
  

 - :  

1  - .  
2  -  )8  (

 )5  ( )20 30 . (  
3  -  )7  (  

.  
4  -  )8  (  

 )36 KV .  (  
5  -   )9  () 0.8 mA . (  
6  -  -  )420 V  (

 )13  (
.  

7  -  )  ( )6  ( 
 )  ( )  (

 )6  (.  
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8  -  )4o  ( )30o  (
 )U (   

:  

 ( deg ) 4 5 6 7 ………... 27 28 29 30 
U ( V )     ………...     

  
9  - 

 )7  (.  
10 - 

 )NaCl . (  
11  -    )LiF . (  

  
  

 -----------------------------------------------------------------------------  
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5 - :  

  
 - :  

1  - 1  - .  
2  - 2  -  .  
3  - 4  - .  
4 -  :  )P7.1.2.1  (&  )554 800  (      
 "LEYBOLD DIDACTIC " .  
  
  

 -  - Bragg diffraction 
 -  - Bragg reflection 
 -  - Counting rate 
 -  - Diffraction order 
 -  - Lattice constant 
 -   - Lattice planes 
 -  - Monocrystal 
 -   - Peak 
 -  - Periodicity of  the Crystal 
 -  - Plane waves 
 -  - Selective reflection 
 -  - Spacing of lattice planes 
 -  - Wavelength 
 - . - X-Ray Apparatus 
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 3 :  

    
  
1-  :  

1 -  
. 

2 -  a   . 
  
2-  :  

  

  
:  

 2d   sin = n                       ( 1 ) 
:  
d    :   .  
  :   

      :      n  : .  

 )1  : (.  
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 )n  (
[  222  ] 

[  111  ] [  111  ] 
 )n = 2  .  (  a

 d   :  

 d   = a

 2+ 2+ 2  
                     ( 2 ) 

  )1  (
:  

 sin = 
  

2 + 2 + 2            ( 3 ) 

 
 )  ,  ,  (. 

   
 a 

  :  

 sin =  ( + +  )         ( 4 ) 

                         sin =  ( + +  ) 

  :  =     

  a .  ( + +  ) 
 :  

 ( 1 , 2 , 3 , 4 , 5 , 6 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 16 , 17 , ..... ) 
 )( 7 , 15 , 23   )  ,  , (   
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 sin  
 ( + +  )   

A  a  .  
( + +  ) 

 )SC  (

 )BCC  (
( + +  )   )FCC  (

 
 )1  (.  

FCC BCC SC 
 

 + +[   ]  + +[   ]  + +[   ] 

1 3 [ 111 ] 1 2 [ 110 ] 1 1 [ 100 ] 1  

4
 3 

 4 [ 200 ] 2 4 [ 200 ] 2 2 [ 110 ] 2  

8
 3 

 8 [ 220 ] 3 6 [ 211 ] 3 3 [ 111 ] 3  

11
 3 

 11 [ 311 ] 4 8 [ 220 ] 4 4 [ 200 ] 4  

4 12 [ 222 ] 5 10 [ 310 ] 5 5 [ 210 ] 5  

16
 3 

 16 [ 400 ] 6 12 [ 222 ] 6 6 [ 211 ] 6  

25
 3 

 25 [ 331 ] 7 14 [ 321 ] 8 8 [ 220 ] 7  

 )1 (  
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* 
.   )2  -  A  (

 

 .
 .  

 ) (
.  )

 (.  

  
 )2  (A :   B :.  

  
 

  

                                         
*  : ". "  
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  .  

 )
 (        

 )  ( .  
     

 . 
   

 
  a 

 
  

   ( + + 0 ) 
 :  )1 , 2 , 4 , 5 , …  (

  )2 - B : (  
( 100 , 110 , 200 , 120 , 220 , … ) 

 ( +  )   

 sin   
  
 )1 , 2 , 4 , 5 , … ( )  3  ( . 

  1  2 
 4  ...  .  
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3-                            :  

 - :  
  

 -   = 3.20 ± 0.01 cm .  

 - 12 V .   -   .  

 - .   - 532 00 .  

 -  .   - Cassy lab .  

 )3  : (532 00  :1 :    2 :    
 3 :    4 :     5 :  

6 :    7 :     8 :.  
  

 - :  

 )4  (.  

1  -   
  )100 cm (   
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.  

2  - .  

3  -   12 V .  

4  -   )3  (  
 ) 10-7 (  )6  ( )Input B  (
 .  

 )4  : (.  
1 :        2 :  
3 :        4 :.  

  

 -  :  

1  - .  
2  -   

   
.  

 

 

1 

2 

3 

4 
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 - :  

 ::  

  .  

1  - :  
2  - Input (B)   :  

Quantity: voltage UB1   ,   Meas. Range:  -30 V .. +30 V  
Record Measured Values : Averaged Values : 200 ms 

3  -  a Parameter/FFT 

)New Quantity   ( :  

  

4  - Display  X  a 
 Y UB1 .  

5  - Measuring Parameters    
Manual Recording .  
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6 -  
    .

 .  

7 -    ) (
 (  F9 .    )

8  -   )90o  () 2o  (
.  

9  -         
 )Copy table  (  )Excel ( .  

  

  : ) : (  

1  -   F4 .  

2  -  
   )( .  

3  -  )2o  (
 )1o  (

  .  

4  -    )90o  ( )2o  (
 )1o  (

.  

5  -  )Excel  (
 )Excel  (.  
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6  -    )= 
  

  (

   :  
  
  
  
  
  
  
  
  
7 –   sin    n  

a  )2 a sin  = n   ( 
     .  

  
  :  ) : (  

1  -  
F4   .  

2  -  )a = 2o  (
 )  .

. (  
3  -      )a = 90o   (  )2o (  

  .  
4  -  )Excel  (

 )Excel  (.  

n. sin      
      1  
      2  
      3  
      4  
      5  
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5  -    ) = a/2  (
   :  

  
6  -   ( +  ) 

 )1 , 2 , 4 , 5 , … . (  
7 -   )sin2 ( ( +  ) 

 )a  ( )4  (
    .  

  

4- :  

1  -    

2  -   
.  

  

  

  

   
  

  ( + ) sin2  sin   a  

      1 
      2 
      3 
      4 
      5 
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5 -  :  

 -  - Background effect  
 -  - Centimeter waves  
 - . - Constructive interference   
 -  - Crystal sample 
 - . - Destructive interference   
 -   - Diffracted waves  
 -  - Electromagnetic  waves 
 -  - Emitter  
 -   - Incoming waves  
 -  - Microwaves  
 -  - Receiver 
 -   - Reflected waves  
 -  - Rotating crystal  
 -  - Scattering  
  
6 -  :  
1 - 1 - .  
2- 2 - .  
3  - 4  - .  
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 4 :  

  
  
1-  :  

1 - NaCl .  
2 - . 

  
2- :  

  Max von Laue 1912 
X- 

     
X- 

  
.  

  )1 : ( .  
:a X- b : c :  d  :   X- .  
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- :  
   

  
  X- :   

 = 1 – 2 = a0.cos 1 – a0.cos 2           ( 1 ) 
a0  : 1 : X- 

2 :X-   :
 )2 .(  

  )2 : (  X- 
.  

    
 . 

a0 
 :  

  
  a cos( a cos( ) =
  a cos( a cos( ) =
 a cos( a cos( ) =

            ( 2 ) 
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  :  ,  ,  .  
  ) 1 , 1 , 1  ( ) (

  ) 2 , 2 , 2  (. 
  ,  , 

 
)  ( . 

    :  

)cos,cos,(cosS
)cos,cos,(cosS

2222

1111          ( 3 ) 

X- X- 
. (2)  :  

  S S =  G     ,     G = 1
a0

(  ,  ,  )         ( 4 ) 

G  :  ,  , 
 .  

  )3 :(   S1 S2 g =   . G   
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-    Bragg Condition :  
S1 S2 G   

  )3  (
:  

   |G| = |S1 S2| = 2 sin                 ( 5 ) 

G :  

   a.sin2 0

222 lkh
                  ( 6 ) 

  (6) :  

         ad 0

222 lkh
                  ( 7 ) 

   
d  )  4  ( .S 

G .   

 ( 4 )  : X- 
 S .  

  

 :  
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    m.az.y.x. 0lkh                    ( 8 ) 

m .  
 )h-1 , k-1 , l-1  (( m=1 ) 

  a0  )5  (
  ,  ,  

 )      ( .  

  )5 :( (1 3 0) .  
  
- : 

 
 X-   

X- 
  .X-     )oxy  (

 )6   (Z  
X- K  .

0 . 
K ( 2 )    

X- P ( xp , yp , 0 )  
:  
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  2tan
22

L
yx pp

   
                   ( 9  ) 

  L :X-  .  

  )6 :( X- K   

P .  
  
 6 )  ,  , ( 

    .
OQ   OP Q 

OQ Z P 
OQ ( xQ , yQ , zQ ) : 

  tan
22
QQ

Q

yx

z                       (  10 ) 

OQ   G  xQ = xP    yQ = yP  

(15) :  

  222 LLyxz QQQ                    ( 11 ) 
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(  100  ) 

OQ , G :  
h : k : l  =  xQ : yQ : zQ                  ( 12 ) 

 ,  , 
(12)   . 

d (7)  
(6)     ( 12 , 10 ) :  

      arctan
22 kh

l                 ( 13 ) 

      
 )8  .  (

. 

.  
  
3 - :  

 - :  

 - 554 81 .   - NaCl .  

 -   )7 . (   - .  

 - .   -   .  
  

  
  



 70

  
 )7  :( .1 :
2 :3 :4 :  

5 :6 :7 :  

 )8  : ( .  
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 )9  : (  )X-Ray apparatus . (  

 1 :  .  
 2 : ).(  
 3 :        .  
 4 :.  
 5 :   .  
 6 : .                   7 :   .                  
 8 : .    9 :   .               

10 :.   11 :2          .
12 :.  



 72

 - :  

 10  :  
1. NaCl   )a (  . 
2.   

)   (.  

  )10  (  : a :b : c  :  
  

 -  :  

1  - 
  

 ) )7-7  (  (  
.  

2  - 
.  
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 - :  

1 - X- 
  )7-7  (.  

2 - 
 X- .  

3 -  15 mm 
20 mm   )

 .(  
4 -   U =  35  KV 

1 8 
"35.0KV  "  )9 . ( 

5 -    I = 1.00 mA 2 
8  "1.00 mA . "  

6 - t  =  2400  s 3 
8   "2400 s "   

 * . 
7 -  = 0o 4  

6 "0. " 
8 - 

SCAN 12 . 
9 - . 

10 -   X-  . 
                                         

*  : x 

.  
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- X- :  
1 -    

   
. 

2 - X-  
 . 

3 -  3  )
  ( .

   . 
4 -   

 . 
5 - 10 . 
6 -    X- 

 )11 - C( . 
7 - . 
8 -  xQ ,  yQ  

zQ   (11).  

9 -  ,  , (12) 
 (2) . 

10 -  (10)  
d (7)    

(6) .  
11 - 5 . 
12 - : 
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4 – :  
1  -  

    
2  -   
  

-  :  
  
  
  
  
  
  
  

(11) : NaCl .  
 )U = 35 KV , I = 1 mA , L = 30 mm , t = 4500 s  (  

( A )  :   )
(   ( B )  :.  

 )C  : (.  

For NaCl  :  a0 =   564.02 pm 

xQ(mm) yQ(mm) zQ(mm) h  k  l d (pm)  0  (pm) 
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    h k l   

1 17.2 8.4 9.3 4 2 2 15.0 7.5 

 -7.8 -15.2 7.7 -2 -4 2 -7.5 -15.0 

 7.8 -15.2 7.7 2 -4 2 7.5 -15.0 

 15.8 -8.0 8.2 4 -2 2 15.0 -7.5 
2 12.6 -0.4 4.6 6 0 2 11.2 0.0 

 0.2 14.5 5.9 0 6 2 0.0 11.2 

 -13.2 -0.1 5.0 -6 0 2 -11.2 0.0 

 0.0 -11.2 3.7 0 -6 2 0.0 -11.2 
3 11.5 3.6 4.2 6 2 2 10.0 3.3 

 4.2 12.4 4.9 2 6 2 3.3 10.0 

 -4.3 13.0 5.3 -2 6 2 -3.3 10.0 
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 -7.0 -1.5 1.6 -5 -1 1 -6.0 -1.2 
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10 –   ln ( 
    

 )  

 ( 
    

 )  ) 2  (:  

ln  
    

  = ln(S A )  
  
  

 
  

          ( 13 ) 
  

W .  
  

4- :  

1  - ln(  I  ) U  
   

2  - 
 .  
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5 -  :  

 -  - Alloy  
 -  - Crystal boundaries 
 -  - Electrical conductivity 
 -  - Electrical resistance  
 -  - High Purity  
 -  - Homogeneous  
 -  - Isotropic  
 -  - Linear defects  
 -  - Noble metals 
 -  - Phonons  
 -  - Point defects  
 -  - Specific resistance 
 -  - Temperature coefficient 
 -  ). ( - Tensor  
  
6 -  :  
1 - 1  
2 - 2 .  
3 - " Thermionic emission , Marjan Grilj , 2008 . "  
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 10 :  

  
  
1-  :  

1 -  U0   
  .  

2 -   . 
  
2- :  

 
 )External Photo-electric Effect  (

 
 .

  
.  

 )  (
 )h  ( )  ( )  1905 . (  

 
  

 )W  (
 ) =W . (  
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 )  ( )W  ( 
 )Ek  (:  

  
 = W + Ek                           ( 1 ) 

  
  )  ()Ek   (

) Ek  (
  )U0  ( 

) Ek = eU0  (:  
  

 = W + eU0                          ( 2 ) 
  

  :e :   .  )W  (:  
  

U = 
      

  
      

                      ( 3 ) 

  
 ) (

.   

      
.   

 ) (. 
   )µA  (

    
 )U0  (

 )3  (.  
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3-                             :  

 - :  
  

 - .   - ) 0 - 5 V . (  

 -  532 00  -  )320  . (  

 - .   -  .  
  

  )1 ( :.  
1:  2:  3:  

4:    5:    
6:  7:    

 8.1 :  8.2    
9:     

10:   11:     
12 :  .  
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 )2  : (532 00  :1 :2 :    
 3 :    4 :     5 :  
6 :    7 :    8 :.  

  
 -  :  

) 3  (  .  

 )3   (F :A :K :.  
1 :    

2 :  
3 :       4 :  

5 :        6 :.  
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 -  :  

1  - .  
2  - 

    100 oC . 
  

 - :  

1  - .  
2  - 

 )2  V  ( )  (
.  

3  -  )8  ( )10-10 A . (  
4  -  )2  ( )12  (

 )12 . (  
5  -  )9  (

 ). (  
6  -  )2  ( )12  (

 )7 . (  
7  -  )2  (  

.  
8  -      

 )U0  (.  
9  - ) 0 V  (   .  

10  -  )12  (
.  
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11  -  )2  ( )12  (
 )7 . (  

12  -  
.  

13  -   
 .:  

  
U  

( V ) 

U0 ( V ) U0 ( V ) U0 ( V )  
( THz ) 

 
( nm ) 

  
3  2 1 

        476  630    

        519  578    

        549  546    

        617  486    

        688  436    

        741  405    

 :   )1 ( %.  

  
14  -  

  )3  ( h 
 U    W  

    0   .  
  

4- :  

1  -  ) ( 
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2  -  )  (   

5 -  :  

 -  - Amplifier  
 -  - Counter voltage   
 -   - Electrons liberating  
 -  - Kinetic energy  
 -  - Lamp spectrum  
 -  - Light frequency  
 -  - Photo cell  
 -  - Photoelectric current 
 -  - Photoelectric effect 
 -   - Photoelectric emission  
 -  - Prism  
 -  - Spectrometer  
 -  - Spectrum Line 
 -  - Work function  
  
6 -  :  
1 - 1 - .  
2  - 2  - .  
3 -   )P6.1.4.5  (&  )558 77  (                  
 "LEYBOLD DIDACTIC " .  
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 11 :  

    
  
1-  :  

1 -  . 
2 -   )I - U (    

.  
3 -   . 
4 - 

. 
  
2-  :  

 
 .:  

 )1  : (. 
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1  -  . 
2  -  - . 
3  - .  

     )p - n ( 
        
   )1 . (   )n  ( 

   )p - n (   
  

 . 
  .  

 )I1    ( )2  (
  "  "

:  

  I =  I I  
 eU 
kT  1                   ( 1 ) 

:  
I0  :  )dark saturation current  (  
U  :  
k  :    T  :.   
  

    ISC  
) I1  (UOC :  

  U =  kT 
e  ln 1 +  I1

 I0
                    ( 2 ) 
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 )2  : (.  
  

 Pmax 
 ) I - U   (  )3 (  

 FF :  

  FF = Pmax
 Isc Uoc =  Imax Umax 

Isc Uoc
                 ( 3 ) 

 )3  : ( .  
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- : 

      
: 

1  -   . 
2  - . 
3  -   . 
4  -   

.  

 )4  (
 :   

  

 )4  : (   
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:  

= Pmax
    A       ( 4 ) 

   Pmax  :  
              :     

                    )W/m2  (  
             A  :.  

  )  (
90 %: 

1  -     . 
2  -    )1.12 eV  (. 
3  -  . 

     
 

 .  
  

 )10% - 20 % ( .  
  

  )p - n  (
    ) I - U ( 

 

  
 .  
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3-                            :  

 - :  
  

 -  Lexsolar .    

 -   36.0 ± 0.2 cm .  

 - 3      18.0 ± 0.2 cm .  

 - 0 - 1100  .   - 33  .  

 -   0 - 100 0C .   - 3 - 6 - 9 - 12 V .  

 - 12 V , 0.33 A .   - .  

 - .   -  .  
  

 )5  : (Lexsolar  
  

 - :  

.  

  

 -  :  

1  -  .  
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 - :  

  :  :  

1  -   )6  (  .  

 )6  : (.  
1 :2 :3 :4 :33  .  

  
2  - 

 )3 V  ( .  
3  -  )5 mA  (

.  
4  -    )40 mA (  )5 mA  (

:  
  

U ( mV )         
I ( mA ) 5 10 15 20 25 30 35 40 

  

5  - I U .  
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 :  )I - U  ( 
 :  

  
1  -  )1  (  

 )6 V .  (  
2  - 

Uoc .  
3  - 

Isc .  
4  - :  

) 7  : ( .1 :2 :   
3 :4 :.  

  
5  -  )150 mV  (

.  
6  -    )475 mV  ( )25 mV  (

 .  
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7  - 

.  
8  - Uoc Isc 

:  
  

4 Lamps 
 = 140 ± 2 W/m2 

3 Lamps 
 = 110 ± 2 W/m2 

2 Lamps 
 = 75 ± 1 W/m2 

1 Lamp 
 = 40 ± 1 W/m2 

 Uoc =   Uoc =   Uoc =   Uoc =  
  Isc =    Isc =    Isc =    Isc =  

IL 
(mA) 

UL 
( V ) 

PL 
(mW) 

IL 
(mA) 

UL 
( V ) 

PL 
(mW) 

IL 
(mA) 

UL 
( V ) 

PL 
(mW) 

IL 
(mA) 

UL 
( V ) 

PL 
(mW) 

            
            
            
            
            
            
            
            
            
            

 Pmax =  Pmax =  Pmax =  Pmax = 

 FF =  FF =  FF =  FF = 

 =  =  =  = 

 RS =   RS =   RS =   RS =  

9  -  )IL  ( )UL  (
.  
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10 -  )PL  ( )UL  (
 )Pmax  (

RS .  
11  -  )FF  ( )3  (

 )  ( )4  (.  
  

 :     :  

1  - :  

 )8  : (.  
  

2  -  
.  

3  -   )12 V  (.  
4  - R 

   )25 30 . (  
5  - 

 )55 oC  (.  
6  - .  
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 : 
 :  

1  - :  

 )9  : (.  
  

2  -  )1  (
.  

3  -  )1  (
 .  

4  -  
:  
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4- :  
1 - 

 .  
2 -    
  

5 -  :  

 -  - Curves  
 -   -  - Efficiency  
 -  - Fill Factor 
 -  - Forward Connection  
 -  - Irradiance  
 -  - Load 
 -  - Maximum Power 
 -  - Open circuit 
 -   -  - Parallel  
 -  - Photo Energy  
 -  - Reverse Connection 
 -  - Series 
 -  - Short circuit  
 -  - Solar Cell 
  
6 -  :  
1 - 1 - .  
2 - 2 - .  
3  - 7   .  
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 12 :  

 CdS  
  
1-  :  

1 -   Iph *    U 
       .  

2 -      
   . 

  
2- :  

  ) (
 Photo-conductivity 
 

     
    

Internal Photo-electric 
 ). (     

 :  
 = p e p + n e n                       ( 1 ) 

:  
    :                e  :   
   p  :          n  :   

    p  :                       n  : .  
                                         

*  Iph  :.  
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  U   
:  

 I =  
    

  U                         ( 2 ) 

 :  
A  :       d  : .  

  

  
  

 ...     
CdS  .  

 CdS      .
    

  ) ( .  
   a  

 :  

 =   D cos a                         ( 3 ) 

:  

0  :    .  
 D  : )  . (  
  

  Iph   
    ) Iph – U  (

Iph     
  )Iph -  ( .  
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 ) -  (  
 .) +  (

 )  -  ( )1 . (  

)1(  :      
  
  
3-                             :  

 - :  
  

 -    LDR ( Light Dependent Resistor ).  

 -  .   - ) 6V  (.  

 -  .   -   30w / 6V .  

 -  .   -  ) . (  

 -  +150 mm .   -  0-15V .  

 - 1m .   - Cassy Lab .  
  



 156 

 -  :  

) 2  (
. 

1  -   )  (

   .  
2  -  

   .  
3  -    1.2 mm .  
4  - DC Input (A)  

 Input (B) 
.  

)2 : ( )I-U  (  
a :  b :   c , d  : .  
e :   f = +150 mm  f :. 
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 -  :  

1. 
P  =  0.45  W     

U = 15 V    I = 30 mA .  
2.  

  
.  

3. 
  )    (   

  . 
 

 - :  

  :  Iph   U   
  :  

1  -  a    a = 0 
.  

2  - :  
3  - Input (A) :  

Quantity: current IA1  ,  Meas. Range:  -0.1 .. +0.1 A 
4  - INPUT (B)  :  

Quantity: voltage UB1   ,   Meas. Range:  -30 V .. +30 V  
5  - Display  X  UB1 

Y   IA1 .  
6  - Measuring Parameters    
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Manual Recording .  
7  -   ) U  =  0V  (

 (  F9 .    )
8  -    2V ) U = 14 V ( 

.  

  
9  - 

 )Fit Function: Free Fit , A*x+B  (
  )R (  .  

10  - 
 ( )Measuring Parameters  (  )

 )Append new meas. Series  (  
 .  

    
  ( 90o ) 

    
  ( 60o ) 

    
  ( 30o ) 

    
  ( 0o ) 

U
  V   

    0 
    2 
    4 
    6 
    8 
    10 
    12 
    14 

    R = 
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11  -  
  )a = 30°, 60°, 90° (  

.  
12  -    

 r  )Set Marker : Text   () 3 ( 
 ) Copy Diagram : Bitmap (  

)3 : ( )Iph - U  (.  
  

 :   Iph     
U :  

 (F4.  1  -  )
2  -    U = 15V.  
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3  - a    
90o   Iph  .  

4  - )Measuring Parameters (  
 )Append new meas. Series  (  

:  )U = 10 , 5 V  ( .  
5  -   cos2(a) :  

(  Parameter/FFT.  a  -  )
b  - )New Quantity   ( )4 .(  
c  -  Display  X  cos (a) 

Y   I .  
d  - cos (a) 

   
 X  )x2 . (  

 )4  : (cos (a) . 



 161 

6  -   
)Set Marker : Text   (  

 )Copy Diagram : Bitmap . (  

  

4-  :  

1  -    : 
 a  =  900  

    
2  -    :  Iph   

  r   
3  -   .  
  

    
  (15V) 

    
  (10V) 

    
  (5V) cos2 ( a ) cos ( a ) a 

    1 0 
    0.9848 10 
    0.9397 20 
    0.866 30 
    0.766 40 
    0.6428 50 
    0.5 60 
    0.342 70 
    0.1737 80 
    0 90 
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5 -  :  
  
 -  - Charge Carriers 
 -   - Conduction Band 
 -  - Electrical Conductivity 
 -  - Holes 
 -  - Irradiance  
 -  - Mobility 
 -  - Photo-conductivity 
 -  - Photo-current 
 -   - Photo-electric Effect 
 -  - Photo-excitation 
 -  - Photo-resistor 
 -  - Polarizer 
 -  - Transparency 
 -  - Valence Band 
  
  
6 -  :  
1 -  1 - .  
2 -  2 - .  
3 -  )P7.2.3.1   (  "Leybold Didactic " .  
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 13 :  

p - n  
 

1-  :  
1 -  ) p - n (   

 .  
2 -   N*  . 
3 -  U0 . 

  
2-  :  

 )p - n  (
 )p  ( )n  (

 .  

 )1  : (.  
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 )n  ( )p  ( )p  ( )n  (

 )1 . (  

 
 )p  (

 )n  (
 .

 )n  (
 )p  (

 )n  ( 
 ) (

 .
 .  

   ... 
x . 

 abrupt junction  
  )2  (. 

 n p . 
  n 

 n     
 p .  
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 )2  : (.  
  

 ) n p  (
  n 

 p  p 
 n    n  )

 (  p  )
 (   )2 . (  

  

  

  

  

  

  

  

 
 

  
  

  



 166 

 n  p  )
 (  depletion region  .

.  

.  
 q  U  x  :  

    
( )                          ( 1 ) 

  :  

    
  

 ( N  N +   )           ( 2 ) 

 :   :   
Nd :  )(  
Na  : )(  

p  :       n  :.  

 ) (  )p = n = 0  (
  :  

  N 0  , N = 0  x > 0                   ( 3 ) 
                            N 0  , N = 0  x < 0 
 I 

 II   )3  ( . I  :  

     =   
  

 N          0           ( 4 ) 

 II  :  
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     =  + 
 
 N                     ( 5 ) 

 ) :x = wn  ( )x = -wp  (.  

 )3  : (.  
  

 x = 0 UI( 0) = UII(0) = 0 

 w :  

w =                             ( 6 ) 

 : N = 
 

  :.  

  )A  ( )w ( 

  )C = 
 
 A (   U 

:  
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C = 
 

       
     

                      ( 7 ) 

 C  U .   Ua 
 

.  

 )4  : (.  
  

     
  .  p - n 

 )  ( 
 :  

U = Ui - Ua                            ( 8 ) 
 :  

  U  :   
 Ui  :  )(    

Ua  :  
 )  :p  ( 

 )  : n   (. 
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 )4  (  .
  U  )Ui - Ua ( 
   )Ui + |  Ua |  (. 

  )Ua   (:  

w =     (    ) 
   

                   ( 9 ) 

  :  

C =       
  (    ) 

                  ( 10 ) 

:  

  
 = 

 
     

 +  
     

          ( 11 ) 
  

  )Na , Nd  (  
N*    Nd << Na  :  

  N = 
   

  
     N   1 +  Na  

Nd
    N     ( 12 ) 

  )p - n  ( Nd << Na .  
  

3 -                            :  

 - :  
  

 -  )RCL  (:Philips PM 6302 RCL Bridge  .  

 - 0 - 7.5 V .   -  .  

 - .    
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 )5  : (.  
1 :2 :3 :    

4 :5 :6 :  7 :
8 :9 :.  

  
 - :  

1  - .  
2  -  )3  (.  
  

 -  :  

1  - 

 )8  ( )9  (* .  

                                         
*   : " "- 2 .  
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 - :  

1  -  )2.5 V . (  
2  -  )5  ( )7  (

 )2  (.  
3  -   )8  (

 )9  (
 )8 9 . (  

4  -  )1  (
 )7 . (  

5  -    )7 V  ( )0.5 V  (
:  

  

6  -  )C  ( )U . (  

7  -  )
  

  ( )U  ( 

  )Ui  ( )N*  (  )11 ( 
 ) = r 0  (  )r = 11.7 ± 0.1  ( 

 )A  ( 
 )A = 1.00 ± 0.05 mm2 . (  

Ua( V ) 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 

C ( F )           

 
  

 ( F-1 )           

 
  

 (  F-2 )           
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4 -   :  
1  - ) p - n (   
2  -    
  
5 -  :  
 -  - Abrupt Junction  
 -  - Boundary Region 
 -  - Capacitance  
 -  - Capacitor  
 -  - Concentration 
 -  - Contact Potential  
 -  - Depletion Region  
 -  - Diffusion  
 -  - Dopants  
 -  - Gradient Junction  
 -  - Ions 
 -  - Junction 
 -  - Neutral  
 -  - Reduced Concentration  
  
6 -  :  
1 - 1 - .  
2 - 2   - .  
3  - 5 .  
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 14 :  

     p - n 
  
1-  :  

1 -    ) 
 (. 

  
2-  :  

 n  
  :  

  :   
  - 

  .  
  :   .  

  -  
  .  

  )n  (

 )  ( )  () p  (

 )  ( )  (.  

 ) p - n  (
    

 ) p - n  (   ....  
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  ) x = 0  (
   n 

 X  :  

 ( ) =  =  ( = 0) 
 

    ( 1 ) 

 ;  L =  D       ,     D  
    

          ( 2 ) 

  

:  
 ( )  : )x . (  

           :n .  

          : )n . (  

         L  :      D  :  

           :                 k   :  

          T  :        e  :   
             : ). (  

  

 ) p - n  (
   )  

 n  p  (
 n  :  

 ( = 0) =   
  

                  ( 3 ) 
  

  n    
n  
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     )  (

    
    

   .  
  )1  ( 

   )p - n (  ) a : U = 0  (
) b  () c . (  

 )1 (  
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    )p - n ( 
     .

   
  ) 1 - b (  )  (

      )1 (  . 
 :  

 
  

 =   
   

                        ( 4 ) 

  :  

=        
                       ( 5 ) 

  =  (t)   ,  =  (t = 0)    ( 6 ) 
  

 :  

  : )t (       : .  
  

  
   

  :  
     ,                        ( 7 ) 

  

:  
    )

 n  (        
  :  
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  ( ) =        
 , ( = 0) =        

     ( 8 ) 
  

 )6  ( )5  (:  

      
  1 =      0  

 1       
          ( 9 ) 

  

  )
  

 (  25 mV 

   U U0   )-1 (   

   :  

      
 =      

      
                 ( 10 ) 

  

:  

 U =  U  
       

                    ( 11 ) 

 U 
:  

   =         ,     =   
   

  
       ( 12 ) 

:  

 = 
  

 
                         ( 13 ) 

 
   )   ( U .  

  )13  (   
U  ) t  = 0 ( 
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 )2  ( . U     
   .

 ) ( U 
 . 

 )2 (    .  

  

2  

  
3 -                            :  

 - :  
  

 -  .  

 -   .    

 - .   - .  
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 )3  : ( ) (  
1 - 2 -     3 -   
4 -       5 - 12 V   

6 - 5 V      7 - 5 V   
 8 -     9 -      10 -    

 11 -     12 - .  
  

  )2 . (   )5 V  ( )12 V  (
 )6 -8  ( )5 -8  (.  

   )10  (   )3  (
 )12  ( )11 . (   )4  (
 DC .  
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 - :  

1  -  .  

  

 -  :  

1  - .  
  

 - :  

1  -  
 . 

2  -    )500 Hz ( 
  )2 ( .  

3  - 
 )U  ( )t . ( 

4  -  U 
U , t . 

  )t/ U  (
. 

5  -       )12  (
.  

6  -    .   
7  -     . 

4- :  

1  -    
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2  - 
  

  
5 -  :  

 -  - Balance State  
 -  - Charge Carriers Lifetime  
 -  - Concentration  
 -  - Effective Lifetime  
 -  - Excitation  
 -  - Generation  
 -  - Injection  
 -  - Ionization  
 -  - Majority  
 -  - Minority  
 -  - Pair  
 -  - Potential Barrier  
 -  - Pulse   
 -  - Recombination  
  

6 -  :  
1 - 1 - .  
2 - 2   - .  
3  - 5 .  
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15 :  

  )p - n (  

  
1- :  

1 - ) p - n  ( 
. 

2 -  . 
3 - ) p - n . (  

  
2- :  

n p ) p - n  (
  .  

 )1  : (p - n .  
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n p .  

 :  
1  -  )n  ( )p  ( )n  (

 )p  (
) Jr . (  

2  -  )Jg  ( )p  ( )n  (
.  

 )Jr =  Jg  .  (
  

  .  

 )2  : () p - n . (  

 
 )2  ( 
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 )p  (
 )n  (

 ) ( )Ui (  )eUi . (  

 )n  () Ui  (
 )n  ( )p  . (  
  ) Ua < Ui  (  )p - n ( 

  )p  ( )3  (
.  )n  ( )eUi  (

 . .  

 )3  : (.  
  

 )Ua  ( 
 )p . (  )Jr  (

  )n  (  )eUa  (
 )Ua  (

 )e   
  (:  
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 =     
 eUa 

kT  1                     ( 1 ) 

:  
  I0  : Ua   

Ua  :                                    T  :.  
  

I0  )  
 (  - 

   .   

 )I0  (  )  ( )  : (
 :  

 n = 2 
  

 (m m )   
 

       ( 2 ) 

:   me  :            mh  :.  

:  

   I  
   

                            ( 3 ) 

   )U   kT 
e  (

 )kT 0.025 eV  (
 :  

  
   

                          ( 4 ) 

 ln(I ) = 
     

  
 + C                 ( 5 ) 
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 ln(I ) = 
  

  
 U +  C                     ( 6 ) 

  

 )p  (
 )4  . (  )n  (

 )eUa  ( .  

 )Ua ( .   

   )
 

  (

:  

 =    1  
 eUa 
kT                     ( 7 ) 

  )| |  
  

  (

  :  

  I   
 

     
     

     ln(I ) = 
    

  
 + C      ( 8 ) 

 )4  : (.  
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 ) I - U (  p - n  
 

 ) (
Io .  

 
   k  ). (  

  
3-                            :  

 - :  
  

 -  .   -  )p - n (  
 - 320  .   .  
 - .   - .  
 -  .    
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 )5  : (.  
1  -                                .  
2  -  )( .  
3  - .  
4  -       .5  - .  
6  -            .7  -              .8 - .  
9  -       .10  - .  
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 - :  

 )6  (:  

 )6 (  :.  
  

1  -   .  
2  -  

  .  
3  - 

.  
  

 - :  

1  - .  
2  -  )I = 200 mA  (

.  
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 - :  

1 - 
  )20 30  (.  

1  -  ) (
 )6V . (  

2  -  )  p - n  (
 )0.1 V (    )If  (.  

3  -    )0.7 V  ( )0.1 V  (
 )If . (  

4  - .  
5  -  )1 V  ( )Ir (  
6  -    )5V  ( )1 V  (

 )Ir . (  
7  -  )9  ( )H-3  (

 )1  (
 )2  (  40 oC .  

8  -  )10  ( 
 )3  (.  

9 - ) I - U  (
 )1  - 6 . (  

10  -  )50 60  (
  ) I - U  ( .  

11  - :  
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T = ...... K T = ...... K T = ...... K T = ...... K 

Vf If Vr Ir Vf If Vr Ir Vf If Vr Ir Vf If Vr Ir 

0.1  1   0.1  1   0.1  1   0.1  1   
0.2  2   0.2  2   0.2  2   0.2  2   
0.3  3   0.3  3   0.3  3   0.3  3   
0.4  4   0.4  4   0.4  4   0.4  4   
0.5  5   0.5  5   0.5  5   0.5  5   
0.6    0.6    0.6    0.6    
0.7    0.7    0.7    0.7    

 

12  -  ) I - U  () p - n  (

 )7 . (  

 )7 . (  
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13 –   ln(  If )  
  

 

) Eg  ( )5  (
.  

14 –   ln( If )  )U0  (
 )k  (  )6  ( 

.  

15 –   ln(  Ir )  
  

 

) Eg  ( )8  ( 
.  

  

  

4- :  

1  -   
  

2  -   
  
  

 -----------------------------------------------------------------------------  
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5 -  :  

 -  -  - Breakdown  
 -  - Diode Characteristics   
 -  - Dynamic Equilibrium   
 -  - Energy Gap 
 -  - Fermi Level 
 -   - Forward bias  
 -  - Generation Current   
 -  - Intrinsic Concentration  
 -  - Junction  
 -  - Local Field  
 -  - Recombination Current   
 -   - Reverse bias 
 -  - Saturation Current 
 -  - Space Charge  
  
  
6 -  :  
1 - 1 - .  
2 - 2   - .  
3  - 5 .  
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 16 :  

   
  
1- :  

1  -            
 )Paramagnetic  ( ) Diamagnetic  (

. 
  
2- :  

H  )Magnetic Field Intensity  (

B  )Magnetic Induction , Magnetic Flux Density ( 
 :  

B =  H                              ( 1 ) 

 :  . H  

 : 

B =  H +  M                        ( 2 ) 

 M 
 )  ( 

  )Magnetization ( :  

M = N                                ( 3 ) 

N  :.  
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H   :  

M =  H                               ( 4 ) 

   
      

 .
 ) 2 ( :  

B =  ( 1 +  )H  =  H  =  H        ( 5 ) 

  = ( 1 +  ) =     ,     =
0
        ( 6 ) 

:  
µ :          :.  

 M   H 

B 

 M H 

B . 
  

 - :  

  
 .  :  

1 .   .  
2 . .  
3 ..  
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 )6  (
.  

:  
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                             ( 8 ) 

 :  
k:               T: .  

   :  

= 
 ( )  

                         ( 9 ) 

 :  

g:                               = 
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 )M =   
   

 L   ( )8 ( . 

L S  

) J =  L +  S  ( :  

=    =  (   ) =  
    

            ( 10 ) 

                        = p     ,    p = g[ j( j + 1 ) ]  
 :  

C:  p : 

j  .  
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 .
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  V :  

=  
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dF dV   
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A L 
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dF =  
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 2  H

z  A dz              ( 13 ) 
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3-                            :  

 - :  
  

 -  .   -  0.1 mg  .  

 - .   - .  

 - .   -   .  
  

  
 )2  : (  

1 -     2 -     3 -   
4 -     5 -     6 -     7 -   

8 -       9 :    
10 - .  
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 - :  

 )3  (.  
1  - .  

 )3  : (.  
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 - :  

1  -  
.  

  

 - :  

  ::  
1  - 

) m2 . (  
 2  -   )( 

) m1 ( .  
3  - ) m = m1 - m2 . (  
4  -  

    )3  ( 
   )Tare ( .  

5  -   
   )m  (

.  
6  -   ) I = 3 A  (

 )m  ( )( .  
7  -    ) 7 A  () 0.5 A ( 

.  
8  - ) 0 A  ( .  
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9  - ) B  (  )I  (
  )16 mm ( 

 )  4  (.  
  

B2 ( T2 ) B ( T ) m ( Kg ) I ( A ) 
   3.0 
   3.5 
   4.0 
   4.5 
   5.0 
   5.5 
   6.0 
   6.5 
   7.0 

 )1 (  
  

10  -   )m  ( )B2  ( 
  ) 14  (

.  
11  -      

       )15  16  ( .  

12  -   )2 ( .  
  
  



 206 

  ::  
1  -           
 ) (

.  
2  - .  
  

  

4- :  

1 - 
 .  

2  -   

  

      
M ( g.mol-1 )   

  CuO 79.5    

  CuSO4.5H2O 250    

  Cr 52    

  

      
M ( g.mol-1 )   

  Bi 209    

  Sb 122    

  I2  254    

 )2  : (.  
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5 -  :  

 -  - Balance  
 -  - Diamagnetic  
 -  - Ferromagnetic  
 -  - Gyro-Magnetic ratio 
 -  - Macroscopic properties 
 -  - Magnetic field 
 -   - Magnetic flux density 
 -  - Magnetic induction  
 -   - Magnetic moment    
 -  - Magnetic susceptibility 
 -  - Magnetization  
 -  - Microscopic properties 
 -  - Paramagnetic  
 -  - Permeability  
  
  
6 -  :  
1 - 1 - .  
2 - 2 - .  
3  - 8 .  
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 17 :  

NMR  
  
1-  :  

1 -  
.  

2 - g  .  
  
2- :  

Bloch Purcell 
) NMR: Nuclear Magnetic Resonance  (1945   
)NMR   (

) MRI: Magnetic Resonance Imaging  (
  .

.  
    

L  µ   :  
= g L                            ( 1 ) 

 :  

  = 
  

  :   g  : .  

 )E  (
 )B0 (  
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 µ   B0 
 EK :  

= g B K    ,   K = -l , -l+1 , … , +l -1 , +l      ( 2 ) 

  :  

  
 =     

                 ( 3 ) 

:  
k  :                       NK :  K .  

  
  )K = 2l + 1  (l  .

   
 precession  

:  

=   
     

                             ( 4 ) 

   
 ) 2 (  
.    B1   

 B0   EK 
  ) ( h 
      )K = 1 ( :  

 |   | = h                        ( 5 ) 

 h = g  B                           ( 6 ) 
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 :

 )B0  ( E1   E2  
 )1  ( .  )B0  (  )B1 ( 

    
.  

  
  B0  oz   B1 

 ox         :  

Etot = - g  lz B0 - g  lx B1 cos t             ( 7 ) 

   

  
 )1  : (.  
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B1 
  

  T1 .

T2 
 )  -  ( 

 
 .   

  
 rf   B0 

B1    .     
B0   

  )  ( 
  )2 (

 .  

 )2  : ( .  
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B0   

  
Beff ) 2  (B0 

   
NMR   

  
 . 

  ) - ( T2 .  

 B    
  

                        ( 8 ) 

 
  

3-                            :  

 - :  
  

 -  )0 - 5 A . (   - U .  

 - NMR .   -   .  

 - NMR .   -  .  

 - ) 480 t , 10 A . (   - .  
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 )3  : ( )NMR . (  

       1 :                          .2 :.  
       3 : )rf              . (4 :.  
       5 :     .6 :.  
      7 :              .8 : .  
      9 : )B                  . (10 :.  

  

 - :  

 )4  (:  
1  - .  
2  - 8   NMR .  
3  - NMR  3 .  
4  - 5  )( Y  .  
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5  - 9   )( X  .  
6  - 7 fast sweep   .  
7  - 6 .  

  
 )4  : (.  

1 :    2 :NMR    3 :  
4 :B1    5 :B0 .  

  
 -  :  

1  -  .  
2  -  )5 A . (  
  
  
  



 216 

 - :  

1 -  
.  

2  -   )18.4 MHz  (
 )2  (NMR  

 )2  (.  

3  -  )3.60 A . (  

4  -  
.  

5  -  )18.5 MHz  (
.  

6  - 5 .  

7  -  )B0  (
 )5 . (  

8  - :  

Experiment 1  Experiment 2  Experiment 3 
I  

( A ) 
B  

( T ) 
  

( Mhz ) 
 I  

( A ) 
B  

( T ) 
  

( Mhz ) 
 I  

( A ) 
B  

( T ) 
  

( Mhz )   
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9  -  )   ( )B0  (
     g 

 )6  (   
.   

  

4- :  

1 –  )
 ( 

  
2  - .  
3  -   

  
  
  

 -----------------------------------------------------------------------------  
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5 -  :  

 -  -  - Demonstration  
 -  - Gyroscope  
 -   - HF : High Frequency 
 -  - Larmor Frequency  
 -  - Magnetic Momentum   
 -  - Phenomena  
 -  - Precession  
 -  - Relaxation Time  
 -  - Resonance   
 -  - Resonance Frequency  
 -  - Resonance Sign  
 -  - Sensor  
 -  - Spectroscopy  
 -  - Spin  
  
  
6 -  :  
1 - 2 - .  
2 -  )P6.5.3.1  ( "Leybold didactic " .  
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18 :  

 
  
1- :  

1 -  )TC  (.  
2 -  . 

  
2- :  

  .   
1911 

 )4.19 K  (

TC .  

 )1  : ( .  
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 )(Cryogenics  .  
1933    Meisner 

 )TC (    
 )TC  (

 )2  . (  

 )2  : (.  
  

TC 

 )HC  (HC ( T ) 
  

  
)HC1   (  
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 )HC2  ( )3 ( 
.  

 )3  : (.  
  

   

:  
=   × (   )                  ( 1 ) 

:  
 H  :    :  

H  :          n  : .  
  

 :   

J =  n  × H                            ( 2 ) 

.  
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30 K 
 1986    Bednerz 

 Muller      
LaBaCuO  )35 K  (

YBaCaO  )92 K  (
  

TC  )  (
 .

 ). (  
 )133 K  (

)HgBa2Ca2Cu3O8  . (  
  

 :  

 -  -  )BCS  (
:  

  .

 .
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 .

 )TC  (
  

.  

) 4  : (.  
  

YBa2Cu3O7-x 
       

.  
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3-                            :  
 - :  

  

 - DIN .  

 -  )666 205 . (   -  .  

 - .   - Cassy Lab .  

 -  - .   - .  
   

  

 )3  : () 666 205 . (   
1 :2 : )   (

3 : )  (  
4 :5 :    

6 :7 :8 :) DIN . (  
9 :10 : 11  :  
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 )4  : ( :
 )1 4  ( )2 3 . (  

  
 - :  

1  -  
   

 .  
2  - 

 .  
3  -  

 .  
4  -  

.  
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 - :  

1  -  )11  ( )3  ( )8 . (  
2  -  )4  (Input (A)  .  
3  -  )5  (Input (B)   .  
  

 - :  

1  - .  
2  - :  
3  - Input (A) :  

Quantity: current UA1  ,  Meas. Range:  -0.3 .. +0.3 V 
4  - Input (B)  :  

Quantity: voltage UB1   ,   Meas. Range:  -0.3 V .. +0.3 V  
5  -  Parameter/FFT 

)New Quantity   ( :  
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6  - Display  X  
T Y   UB1 .  

7  - Measuring Parameters 
 Automatic Recording 

.  

  

8  -    )250 
mL  (.  

9  - 
 (  F9  )

10  - .  
11  - 

 )85 K  ( .10 .  

12  - 
.  

13  -  -
.  

14  - 
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 ::  
1  - YBa2Cu3O7-x   - .  
2  -    .  
3  -   )

133 K  (.  
4  -  .  
5  -  

  

4- :  

1  -  
2  -  .  
  

 -----------------------------------------------------------------------------  
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5 -  :  

 -  - Bosons 
 -  - Critical Field 
 -  - Critical Temperature  
 -  - Coupling  
 -  - Dewar 
 -  - Fermions  
 -  - Liquefying  
 -  - Meisner Effect  
 -  - Pairs of electrons  
 -  - Repulsion 
 -  - Superconductivity  
 -  - Superconductor  
 -  - Transition Temperature   
 -  - Voltage Drop  
  
6 -  :  
1  - 2  - .  
2  - 9 .  
3  -  :Faten Alfeel,Fakhri katot,2003, master thesis 

"Preparing of superconductor sample and measuring It's TC IC 

HC", Damascus university-physics department. 
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1 - :  
  

         

  c , c0  299 792 458 m.s-1 

 µ0    10-7 N.A-2 

  0  8.854 19  10-12 F.m-1  

  G  6.674 29  10-11 m3.kg-1.s-2   

  h  6.626 07  10-34 J.s  

  1.05457  10-34 J.s  

  e  1.602 18  10-19 C 

  me  9.109 38  10-31 kg  

   mp  1.672 62  10-27 kg  

   mn 1.674 93  10-27 kg  

  amu 1.660 54  10 27 kg  

    7.297 35  10-3 -  

  R  10 973 731.568 5 m-1  

  NA  6.022 14  1023 mol-1  

  R  8.314 47 J.mol-1.K-1  

  k  1.380 65  10-23 J.K-1  

  µB  9.274 01  10-24 J.T-1  

  µN  5.050 78  10-27 J.T-1  

   5.670 40  10-8 W.m-2.K-4  

  a0  0.529 18  10-10 m  
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s-1 Hz  f    

m.kg.s-2 N F  

m-1.kg.s-2 Pa , N.m-2 p  

m2.kg.s-2 J , N.m  E    

m2.kg.s-3 W , J.s-1 P   

s.A C q    

m2.kg.s-3.A-1 V , W.A-1  U  

m-2.kg-1.s4.A2 F , C.V-1 C    

m2.kg.s-3.A-2  , V.A-1 R  

m-2.kg-1.s3.A2 S , A.V-1     

m2.kg.s-2.A-1 Wb , V.s   

kg.s-2.A-1 T , Wb.m-2 B  

m2.kg.s-2.A-2 H , Wb.A-1 L  

cd lm , cd.sr P    

m-2.cd lx , lm.m-2  J  

s-1 Bq A  

m2 m2 s  

m3 m3 V  
  
  



 239 

       

m.s-1 m.s-1   
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s-1 rad.s-1   

m.kg.s-1 N.s P   

m2.kg.s-1 N.m.s L  

m2.kg.s-2 N.m    

m-1  m-1  K  

kg.m-3 kg.m-3    

m2.kg.s 1 J.s S  

m2.kg.s 2.K 1 J.k-1 Q  

m 1.kg.s 2 J.m-3 U  

kg.s 2 N.m-1   

kg.s 3 W.m-2    

m.kg.s 3.K 1 W.m-1.k-1   

A.m-2  A.m-2  J   

m 3.kg 1.s4.A2 F.m-1   

m.kg.s 2.A 2 H.m-1   

m.kg.s 3.A 1 V.m-1 E  

A.m-1 A.m-1 H  

m3.kg.s 3.A 2 .m   
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