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SUMMARY 
 

Numerical Calculation of Trapped Magnetic Field for Single Crystal 
Superconductors 

 

 In this study, the trapped magnetic field is calculated numerically by varying the 

sample shape, dimensions and the distance between the sample surface and the 

observation point. The map of the trapped magnetic field is calculated using the sand-pile 

model and the Biot-Savart law. It is observed that this calculation method is useful for the 

determination of the magnetic characteristics of the sample. The trapped magnetic field is 

found to depend on the sample shape and dimensions and on the distance between the 

sample and the observation point. It is also observed that for the square sample the x- and 

y- components of trapped magnetic field are equal in magnitude, but opposite in direction. 

 Another result is that the order of the samples in a cylindrical system affects the 

magnitude of the trapped magnetic field. In addition, it is found that a large single crystal 

cylindrical sample has a higher magnitude of the trapped magnetic field when compared to 

a system of samples with same size. It is also observed that in the system formed by 

identical cylindrical samples the trapped magnetic field decreases with the increasing 

sample number. 

   

Key Words:  Superconductor, Trapped Magnetic Field, Sand-Pile Model, Biot-Savart 
Law, Maglev System 
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 1.1. GiULú 
 

 6�SHULOHWNHQOLN��JHoLú�VÕFDNOÕ÷Õ�DOWÕQGD�GLUHQFL�VÕIÕUD�G�úHQ�YH�NXVXUVX]�GLDPDQ\HWLN�
|]HOOLN�J|VWHUHQ�PDO]HPHOHUOH�LOJLOL�NDWÕKDO�IL]L÷LQLQ�ELU�GDOÕGÕU��%X�GLUHQFLQ�W�P�\OH�\RN�
HGLOHELOGL÷L�LON�NH]������\ÕOÕQGD�+��.DPHUOLQJK�2QQHV�WDUDIÕQGDQ�J|VWHULldi (Rose-Innes ve 

5KRGHULFN���������2QQHV�GHQH\LQGH�KHO\XP�JD]ÕQÕ�VÕYÕODúWÕUDUDN�VÕFDNOÕ÷Õ�–269°C (4 K)’ye 

NDGDU�G�ú�UP�ú��VDI�FLYDQÕQ��+J��EX�VÕFDNOÕNODUGDNL�GLUHQFLQL�|OoP�ú�YH������.¶GH�FLYDQÕQ�
GLUHQFLQLQ� VÕIÕUD� G�úW�÷�Q�� EXOPXúWXU�� :�� 0HLVVQHU� YH� 5�� 2FKVHQIHOG� ����� \ÕOÕQGD�
V�SHULOHWNHQOHULQ� PDQ\HWLN� |]HOOLNOHULQL� LQFHOHGLOHU� YH� PDQ\HWLN� DODQGD� VR÷XWXODQ� ELU�
V�SHULOHWNHQLQ�� NULWLN� VÕFDNOÕN� DOWÕQGD�PDQ\HWLN� DNÕ\Õ� GÕúODGÕ÷ÕQÕ� EXOGXODU� �5RVH-Innes ve 

5KRGHULFN���������%X�ROD\�0HLVVQHU�ROD\Õ�RODUDN�ELOLQLU� 
 6�SHULOHWNHQOL÷LQ� HOHNWURGLQDPLN� |]HOOLNOHULQL� DoÕNOD\DQ� LON� PDNURVNRELN� WHRUL�
/RQGRQ� WHRULVLGLU� ������� �6FKPLGW�� ������� %X� WHRUL� V�SHULOHWNHQOL÷LQ� WHPHO� |]HOOL÷L� RODQ�
GLDPDQ\HWL]PD� YH� VÕIÕU� GLUHQo� GXUXPX� DoÕNODU� YH� 0D[ZHOO� GHQNOHPOHULQH� GD\DOÕ� LNL�
denklHPGHQ� ROXúXU�� 'DKD� VRQUDNL� \ÕOODUGD� PDQ\HWLN� DODQGDNL� GDYUDQÕúODUÕQD� J|UH�
V�SHULOHWNHQOHUL�LNL�D\UÕ�JUXSWD�WRSODPDN�P�PN�Q�ROGX÷X�DQODúÕOGÕ��,��W�U�V�SHULOHWNHQOHULQ�
JHQHOOLNOH� HOHPHQW�ROGX÷X�KDOGH�� ,,�� W�U�V�SHULOHWNHQOHULQ� LVH�ELOHúLN�\D�GD�DODúÕP�ROGX÷X 

DQODúÕOGÕ�� /RQGRQ� WHRULVL� KHU� LNL� W�U� V�SHULOHWNHQ� LoLQ� RUWDN� RODQ� 0HLVVQHU� GXUXPXQX�
DoÕNOD\DELOPLúWLU��6�SHULOHWNHQOL÷LQ�LNLQFL�PDNURVNRELN�WHRULVL�*LQ]EXUJ-Landau teorisidir 

(1950) (Schmidt, 1997). Ginzburg-/DQGDX� WHRULVL� LNLQFL� GHUHFHGHQ� KDO� JHoLúL� \DSan bir 

VLVWHPLQ� WHUPRGLQDPL÷LQL� LQFHOHU��$\QÕ� \ÕOODUGD� )U|KOLFK� �)U|KOLFK�� ������ WHRULN� RODUDN��
0D[ZHOO� �0D[ZHOO�� ������ GHQH\VHO� RODUDN� V�SHULOHWNHQOLN� JHoLú� VÕFDNOÕ÷ÕQÕQ�� DWRPVDO�
N�WOHQLQ� DUWPDVÕ\OD� G�úW�÷�Q�� J|]OHGL�� %X� ROD\OD� GD� V�SHULOHWNHQOHUGH� HOHNWUon-fonon 

PHNDQL]PDVÕQÕQ� YDUOÕ÷Õ� RUWD\D� oÕNWÕ�� $EULNRVRY�� *LQ]EXUJ-/DQGDX� WHRULVLQL� DODúÕPODUD�
uygulayarak II. tür süperiletkenler için bir model önerdi (1957) (Askerzade, 2005). 

 0LNURVNRELN�DQODPGD�V�SHULOHWNHQOL÷LQ�WHRULVLQL�%DUGHQ��&RRSHU�YH�6FKULHIIHU�1957 

\ÕOÕQGD�JHUoHNOHúWLUGLOHU��%DUGHQ�YG���������YH�EX�WHRUL\H�NÕVDFD�³%&6´�WHRULVL�DGÕ�YHULOGL��
'DKD� VRQUD�%HDQ������\ÕOÕQGD� �%HDQ��������ELU� V�SHULOHWNHQLQ�� V�SHULOHWNHQOLN�|]HOOL÷LQL�
ND\EHWPHGHQ� |QFHNL� NULWLN� DNÕP� \R÷XQOX÷XQXQ�� DOÕQJDQOÕN� H÷ULOHULQGHQ� EXOXQDELOHFH÷LQL�
gösterdi. 
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 <�NVHN�VÕFDNOÕN�V�SHULOHWNHQOHUL� LON�|QFH������\ÕOÕQGD� -��%HUQRUG]�YH�.�$��0�OOHU�
WDUDIÕQGDQ� /D-Ba-Cu-O sisteminde gözlendi (Bernordz ve Müller, 1986). Bu sistemde 

V�SHULOHWNHQOLN� JHoLú� VÕFDNOÕ÷Õ� ��� .� RODUDN� EHOLUOHQGL�� %X� NHúLIWHQ� VRQUD� \DSÕODQ�
oDOÕúPDODUGD�<-Ba-Cu-O, Bi-Sr-Ca-Cu-O, Tl-Ba-Ca-Cu-O, Hg-Ba-Ca-Cu-O sistemlerinin  

(Cu-WHPHOOL� V�SHULOHWNHQOHU�� GH� \�NVHN� VÕFDNOÕN� V�SHULOHWNHQ� |]HOOLN� J|VWHUGL÷L�
J|]OHQPLúWLU�� 6RQ� \ÕOODUGD� \DSÕODQ� oDOÕúPDODUGD� EDVLW� ELU� NULVWDO� \DSÕ\D� VDhip olan 

magnezyum diborürün (MgB2�� ��� .¶GH� V�SHULOHWNHQ� |]HOOLN� J|VWHUGL÷L� EXOXQGX�
�1DJDPDWVX� YG��� ������� %X� NHúLI� V�SHULOHWNHQOLN� DODQÕQGDNL� oDOÕúPDODUD� \HQL� ELU� LYPH�
ND]DQGÕUGÕ��&X-WHPHOOL�V�SHULOHWNHQOHULQ�NHúILQGHQ����\ÕO�JHoPHVLQH�UD÷PHQ�\�NVHN�NULWLk 

VÕFDNOÕ÷ÕQ� PLNURVNRELN� PHNDQL]PDVÕ� KDOD� WDUWÕúPD� NRQXVXGXU�� %X� LVH� V�SHULOHWNHQOL÷LQ�
KÕ]OD�JHOLúHQ�ELU�ELOLP�DODQÕ�ROGX÷XQX�J|VWHUPHNWHGLU� 
 

 �����6�SHULOHWNHQOL÷H�$LW�7HPHO�%LOJLOHU 
 

 �������6�SHULOHWNHQOL÷LQ�.HúIL 
 

6�SHULOHWNHQOLN� ����� \ÕOÕQGD� +ROODQGD¶GD� /HLGHQ� /DERUDWXYDUÕQGD� NHúIHGLOGL�� +��
.DPHUOLQJ�2QQHV�FLYDQÕQ��+J��HOHNWULNVHO�|]GLUHQFLQLQ�VÕFDNOÕ÷D�ED÷ÕPOÕOÕ÷ÕQÕ�LQFHOHUNHQ�
T*� VÕFDNOÕ÷Õ� �� .� FLYDUÕQGD� LNHQ� |UQH÷LQ� GLUHQFL� DQLGHQ� VÕIÕUD� G�úW�� YH� 7*� VÕFDNOÕ÷ÕQÕQ�
DOWÕQGDNL�VÕFDNOÕNODUGD�EX�úHNLOGH�NDOGÕ��6FKPLGW���������(Q�|QHPOLVL��VÕFDNOÕN�D]DOGÕ÷ÕQGD�
GLUHQo� GHUHFHOL� RODUDN� GH÷LO� GH� DQLGHQ� \RN� ROGX�� gUQHN� KHQ�]� ELOLQPH\HQ� ELU� GH÷LúLPH�
X÷UDPÕúWÕU�YH�VDGHFH�G�F��HOHNWULNVHO�GLUHQFL�VÕIÕU�RODUDN�NDUDNWHUL]H�HGLOPHNWHGLU��%X�ROD\�
“süperiletkenlik” olarak�DGODQGÕUÕOPDNWDGÕU�� 
 .�OoH� V�SHULOHWNHQOHUGH� GLUHQFLQ� YDUOÕ÷ÕQÕ� EXOPD�JLULúLPOHUL�ELU� VRQXo�YHUPHPLúWLU��
0RGHUQ�GRQDQÕP�HVDV�DOÕQDUDN�V�SHULOHWNHQOHULQ�|]GLUHQoOHULQLQ�VÕIÕU�ROGX÷X�V|\OHQHELOLU��
|]GLUHQo�HQ�D]ÕQGDQ���-24 Ω.FP�VHYL\HOHULQGHGLU��.DUúÕODúWÕUPD�DPDFÕ\OD��|]GLUHQo�\�NVHN�
VDIOÕNWDNL�EDNÕUGD�����.¶GH���-9 Ω.cm mertebesindedir. 

 &LYDGD� V�SHULOHWNHQOL÷LQ� NHúILQGHQ� KHPHQ� VRQUD� NDOD\� �6Q��� NXUúXQ� �3E��� LQGL\XP�
�,Q���DO�PLQ\XP� �$O���QHRE\XP��1E��JLEL�GL÷HU�PHWDOOHUGH�GH�EHQ]HU�|]HOOLNOHU�EXOXQGX��
BiroRN�DODúÕP�YH�LQWHUPHWDOLN�ELOHúLNOHU�GH�V�SHULOHWNHQ�RODUDN�EXOXQGX�� 
 1RUPDO� GXUXPGDQ� V�SHULOHWNHQ� GXUXPD� JHoLú� VÕFDNOÕ÷Õ� NULWLN� VÕFDNOÕN� 7c olarak 

DGODQGÕUÕOÕU��6�SHULOHWNHQOL÷LQ�NHúILQGHQ�NÕVD�ELU�V�UH�VRQUD�V�SHULOHWNHQOL÷LQ�VDGHFH�|UQH÷L�
ÕVÕWDUDN� GH÷LO�� D\UÕFD� |UQH÷L� PDQ\HWLN� DODQD� \HUOHúWLUHUHN� GH� \RN� HGLOHELOHFH÷L� EXOXQGX�����
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%X�DODQ��N�OoH�PDO]HPHQLQ�NULWLN�PDQ\HWLN�DODQÕ��+cm��RODUDN�DGODQGÕUÕOPDNWDGÕU��+cm’nin 

VÕFDNOÕ÷D�ED÷ÕPOÕOÕ÷Õ�DúD÷ÕGDNL�IRUP�OOH�WDQÕPODQPDNWDGÕU�� 
 

])/(1)[0()( 2
ccmcm TTHTH −=         (1) 

 

Burada Hcm����PXWODN�VÕIÕUGDNL�NULWLN�DODQGÕU�  

Süperiletkenlik durumun iki-boyutlu H-7� KDO� GL\DJUDPÕQÕ� WHPVLO� HGHQ� EX� ED÷ÕQWÕ�
ùHNLO� �¶GH� J|U�OPHNWHGLU�� (÷ULQLQ� DOWÕQGD� NDODQ� DODQ� LoLQGH�+-7� G�]OHPLQLQ� KHU� QRNWDVÕ�
V�SHULOHWNHQ�GXUXPD�NDUúÕOÕN�JHOPHNWHGLU��%X�KDO�GL\DJUDPÕQD�J|UH�VDELW�VÕFDNOÕNWD��7���7c) 

PDQ\HWLN�DODQÕQ�DUWWÕUÕOPDVÕ\OD�YH\D�VDELW�DODQ�DOWÕQGD��+���+cm��VÕFDNOÕ÷ÕQ�DUWWÕUÕOPDVÕ\OD�
QRUPDO� GXUXPD� JHoLOHFH÷L� J|U�O�U��$\UÕFD� KHU� LNLVLQL� GH� D\QÕ� DQGD� DUWWÕUDUDN� GD� QRUPDO�
duruma geçilir. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ùHNLO����6ÕFDNOÕ÷ÕQ�+cm�NULWLN�DODQD�ED÷ÕPOÕOÕ÷Õ��6FKPLGW�������� 
 
 

1.2.2. Meissner-Ochsenfeld Etkisi 

 

6�SHULOHWNHQOL÷LQ� EXOXQXúXQGDQ� VRQUDNL� ��� \ÕOOÕN� V�UHGH�� ELOLP� DGDPODUÕ�
V�SHULOHWNHQLQ�VÕIÕU�GLUHQoOL�ELU�PHWDO�SDUoDVÕ�RODUDN�LGHDO�ELU�LOHWNHQ�ROGX÷XQX�G�ú�QG�OHU��
øGHDO� ELU� LOHWNHQLQ� ]D\ÕI� ELU�PDQ\HWLN� DODQGD� LOHWNHQOL÷L� ER]XOPDGDQ� QDVÕO� GDYUDQDFD÷ÕQÕ��
DoÕNODPDN�LoLQ��EDúODQJÕoWD�LGHDO�ELU�LOHWNHQ�PDQ\HWLN�DODQ�ROPDGDQ�NULWLN�VÕFDNOÕ÷ÕQ�DOWÕQD�
VR÷XWXOXU��'DKD�VRQUD�GD�GÕú�PDQ\HWLN�DODQ�X\JXODQÕU� 

1 

1 

T / Tc 

Hcm (T) / Hcm (0) 

0 

S 

N 
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*HQHO� G�ú�QFHGH� ùHNLO� �¶GH� J|U�OG�÷�� JLEL�� DODQÕQ� |UQH÷LQ� LoLQH� JLUPHGL÷LQL� J|VWHUPHN�
oRN� NROD\GÕU�� *HUoHNWHQ�� LGHDO� LOHWNHQLQ� \�]H\� WDEDNDVÕQD� DODQ� JLUHU� JLUPH]�� /HQ]�
NDQXQXQD�J|UH�ROXúDQ�DNÕP�GÕú�DODQD�]ÕW�\|QGH�ELU�PDQ\HWLN�DODQ�ROXúWXUDFDNWÕr. 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ùHNLO� ��� øGHDO� LOHWNHQLQ� PDQ\HWLN� GDYUDQÕúÕ� �D�-(b) Örnek manyetik alan yokken 
VR÷XWXOGX�� �F�� 'LUHQoVL]� |UQH÷H� PDQ\HWLN� DODQ� X\JXODQGÕ�� �G�� 0DQ\HWLN�
DODQ�NDOGÕUÕOGÕ���H�-�I��gUQHN�PDQ\HWLN�DODQ�DOWÕQGD�VR÷XWXOGX���J��0anyetik 
DODQ�NDOGÕUÕOGÕ��5RVH-Innes ve Rhoderick, 1980). 

 

 

(a) 

(b) 

(d) 

(c) 

B = 0 

6R÷XWXOGX 

B 

0B →  
 

(e) 

6R÷XWXOGX 

(g) 

0B →  

B 

B 

(f) 

Oda 
VÕFDNOÕ÷Õ 

'�ú�N�
VÕFDNOÕN 
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%X� ROD\�� 0D[ZHOO� 'HQNOHPOHUL� NXOODQÕODUDN� úX� úHNLOGH� DoÕNODQDELOLU�� (÷HU�
B
& LQG�NVL\RQX�GH÷LúLUVH�� 

 

t

B
Ecurl

∂
∂

−=

&&
           (2) 

 

formülü ile örnek içinde bir E
& � LQG�NVL\RQ� HOHNWULN� DODQÕ� ROXúDFDNWÕU�� øGHDO� LOHWNHQGH�

0E =
& ¶GÕU�� o�QN�� JE

&&
ρ=  dir, burada ρ� |]GLUHQo� �V�SHULOHWNHQ� GXUXPGD� VÕIÕU�� YH� J

&
 

LQG�NOHQPLú�DNÕP�\R÷XQOX÷XGXU�� sabitB =
& �YH�GÕú�DODQ�X\JXODQPDGDQ�|QFH� 0B =

&
 olarak 

KHVDED�NDWÕOGÕ÷ÕQGD�DODQ�X\JXODQGÕNWDQ�VRQUD�GD� 0B =
& �ROXU��%X�ROD\�IDUNOÕ�ELU�úHNLOGH�GH�

DoÕNODQDELOLU��ρ� ���ROGX÷X� LoLQ�� LGHDO� LOHWNHQH�PDQ\HWLN�DODQÕQ�Q�IX]�HWPHVL�Lçin gerekli 

zaman sonsuzdur. 

 %|\OHFH��GÕú�PDQ\HWLN�DODQD�\HUOHúWLULOHQ�LGHDO�ELU�LOHWNHQLQ�W�P�QRNWDODUÕQGD� 0B =
&

 

ROGX÷X� NDQÕWODQPÕú� ROPDNWDGÕU�� %XQD� UD÷PHQ�� D\QÕ� GXUXPD� �LGHDO� LOHWNHQ� 7� �� 7c 

VÕFDNOÕ÷ÕQGD�GÕú�PDQ\HWLN�DODQGD��IDUNOÕ�LúOHPOHU�X\JXOD\DUDN�GD�YDUÕODELOLU��gUQH÷LQ��VÕFDN�
|UQH÷H�PDQ\HWLN�DODQ�X\JXODQÕU�GDKD�VRQUD�7���7c�VÕFDNOÕ÷ÕQD�VR÷XWXOXU� 
 %X�GXUXPGD��LGHDO�LOHWNHQ�LoLQ��HOHNWURGLQDPLN�YHULOHU�WDPDPÕ\OD�IDUNOÕ�VRQXo�YHULU��
T > Tc�VÕFDNOÕ÷ÕQGD��|UQH÷LQ�GLUHQFL�VRQVX]GXU�YH�EX�QHGHQOH�PDQ\HWLN�DODQ�|UQH÷LQ�LoLQH�
JLUHU��gUQHN� V�SHULOHWNHQOLN� VÕFDNOÕ÷ÕQÕQ� DOWÕQD� VR÷XWXOGX÷XQGD�ùHNLO� �� �I�¶GHNL� JLEL� DODQ�
LoHULGH�NDOÕU�� 

<XNDUÕGDNL� VHEHSOHUGHQ� GROD\Õ� ρ�  � �� LOH� WDQÕPODQDQ� |UQHN� LGHDO� LOHWNHQGLU� YH�
V�SHULOHWNHQ�GH÷LOGLU� 

1933’ten öQFH�V�SHULOHWNHQOL÷LQ�VDGHFH�LGHDO�ELU�LOHWNHQ�ROGX÷XQD�LQDQÕOÕ\RUGX��)DNDW�
:��0HLVVQHU�YH�5��2FKVHQIHOG��6FKPLGW��������WDUDIÕQGDQ�\DSÕODQ�GHQH\OHUGH�EXQXQ�GR÷UX�
ROPDGÕ÷Õ� J|VWHULOGL��2QODU� 7� �7c� VÕFDNOÕ÷ÕQGD�GÕú� DODQÕQ� ROGX÷X� GXUXPGD� |UQH÷LQ� LoLQGH�

0B =
& � ROGX÷XQX� EXOGXODU� YH� |UQH÷L� 7c� VÕFDNOÕ÷ÕQD� VR÷XWPDN� LoLQ� oHúLWOL� \|QWHPOHU�
X\JXODGÕODU��ùHNLO���� 
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ùHNLO� ��� 6�SHULOHWNHQLQ� PDQ\HWLN� GDYUDQÕúÕ� �D�-(b) Örnek manyetik alan yokken 
VR÷XWXOGX�� �F�� 'LUHQoVL]� |UQH÷H� PDQ\HWLN� DODQ� X\JXODQGÕ�� �G�� 0DQ\HWLN�
DODQ�NDOGÕUÕOGÕ���H�-�I��gUQHN�PDQ\HWLN�DODQ�DOWÕQGD�VR÷XWXOGX���J��0DQ\HWLN�
DODQ�NDOGÕUÕOGÕ��5RVH-Innes ve Rhoderick, 1980). 

 
 

%X�EXOXú�oRN�|QHPOLGLU��*HUoHNWHQ�� 0B =
& � |UQH÷LQ�JHoPLúLQGHQ�ED÷ÕPVÕ]� LVH�� VÕIÕU�

indüksiyon H < Hcm�GXUXPXQGD�V�SHULOHWNHQLQ�WHPHO�|]HOOL÷L\PLú�JLEL�GDYUDQÕOÕU�� 

(a) 

(b) 

(d) 

(c) 

B = 0 

6R÷XWXOGX 

B 

0B →  
 

(e) 

6R÷XWXOGX 

0B →  

B 

B 

(f) 

Oda 
VÕFDNOÕ÷Õ 

'�ú�N�
VÕFDNOÕN 

(g) 
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%X�QHGHQOH��GXUXP�V�SHULOHWNHQOLN�JHoLúLQH�ELU�KDO�G|Q�ú�P��RODUDN�EDNPD\Õ�JHUHNWLULU�YH�
sonuç olarak, süperiletkenlik halini incelemek için bütün termodinamik yaklaúÕPODU�
X\JXODQPDOÕGÕU� 

%|\OHFH�V�SHULOHWNHQ�GXUXP�DúD÷ÕGDNL�GHQNOHPOHUH�X\DU� 
 

ρ = 0             (3) 

 

 0B =
&

            (4) 

 

1.2.3. Süperiletkenlerin Manyetik Özellikleri 

 

 Manyetik özelliklerine göre süperiletkenler I. tür ve II. tür süperiletkenler olmak 

�]HUH� LNL\H� D\UÕOÕUODU�� ,�� W�U� V�SHULOHWNHQOHU� QHRE\XP� KDULo� W�P� V�SHULOHWNHQOLN� |]HOOL÷L�
J|VWHUHQ�HOHPHQWOHUL�LoHULU��1HRE\XP��V�SHULOHWNHQOLN�DODúÕPODUÕ�YH�NLP\DVDO�ELOHúLNOHU�,,��
W�U�V�SHULOHWNHQOHUL�ROXúWXUXU��&X-temelli seramik yüksHN�VÕFDNOÕN�V�SHULOHWNHQOHUL�GH�,,��W�U�
süperiletkenlerdir. 

øNL� JUXS� DUDVÕQGDNL� HQ� E�\�N� IDUN� GÕú� PDQ\HWLN� DODQGDNL� GDYUDQÕúODUÕQGDQ�
ND\QDNODQPDNWDGÕU� 
 

 1.2.3.1. I. Tür Süperiletkenlerin Manyetik Özellikleri 

 

 Uzun bir silindir süperiletken örnek, paralel� ELU� GÕú� PDQ\HWLN� 0H
& � DODQÕ� LoLQH�

\HUOHúWLULOGL÷LQGH�� 0H
& � DODQÕ� DUWWÕUÕOÕUVD�� LON� |QFH� |UQH÷LQ� LoLQGHNL� LQG�NVL\RQ� GH÷LúPH]��

0B =
& �RODUDN�NDOÕU�� 0H

& �GH÷HUL� cmH
& GH÷HULQH�XODúÕU�XODúPD]��V�SHULOHWNHQOLN�\RN�ROXU��DODQ�

süperiletkene girer ve 0HB
&&

= ROXU��%X�VLOLQGLU�V�SHULOHWNHQ�|UQH÷LQ��PÕNQDWÕVODQPD�H÷ULVL��
ùHNLO� ��D�¶GD� J|U�OG�÷�� JLELGLU�� 0DQ\HWLN� LQG�NVL\RQ� B

&
 ve manyetik alDQ� úLGGHWL� 0H

&
 

DúD÷ÕGDNL�HúLWOLNWH�ROGX÷X�JLEL�ELUELUL\OH�ED÷ODQWÕOÕGÕU� 
 

 M4HB 0

&&&
π+=            (5) 
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Hcm 
H0 

B 

0 

S N 

(a) 

Hcm 
H0 0 

S N 

(b) 

-4πM 

Burada M
& � ELULP� KDFLPGHNL� PDQ\HWLN� PRPHQWWLU�� 0ÕNQDWÕVODQPD� H÷ULVL� ùHNLO� ��E�¶GH�

J|U�OG�÷��JLEL�–4πM, H0’a göre çizilir. 

 
 

 

 

 

 

 

 

 

 

 
 
 

ùHNLO���� ,�� W�U� V�SHULOHWNHQLQ�PÕNQDWÕVODQPD�H÷ULOHUL� �D��'Õú�DODQ�+0¶ÕQ� IRQNVL\RQX�
RODUDN� %� PDQ\HWLN� LQG�NVL\RQXQXQ� GH÷LúLPL�� �E�� %LULP� KDFLPGHNL�
manyetik moment M’nin H0¶D�J|UH�GH÷LúLPL��6FKPLGW�������� 

 

 1.2.3.2. II. Tür Süperiletkenlerin Manyetik Özellikleri 

 

 ³,,�� W�U�V�SHULOHWNHQ´�WHULPL�LON�|QFH��$EULNRVRY�WDUDIÕQGDQ������\ÕOÕQGD�WDQÕPODQGÕ�
�6FKPLGW�� ������� $EULNRVRY� oDOÕúPDVÕQGD� *L]EXUJ-Landau teorisine dayanan teorisinin 

GHWD\ODUÕQÕ�YH�EX�PDO]HPHOHULQ�PDQ\HWLN�|]HOOLNOHULQL�DoÕNODGÕ��'DKD�VRQUD��V�SHULOHWNHQOHU�
IL]L÷LQGHNL�JHOLúPHOHUOH��WHRUL�GHQH\VHO�RODUDN�NDQÕWODQGÕ�� 

8]XQ� VLOLQGLU� úHNOLQGH� ,,�� W�U� ELU� V�SHULOHWNHQ� � |UQHN�� SDUDOHO� ELU� PDQ\HWLN� DODQD�
\HUOHúWLULOGL÷LQGH� PÕNQDWÕVODQPD� H÷ULVL� ùHNLO� �¶WHNL� JLELGLU�� 'Õú� DODQ� +0 < Hc1� ROGX÷X�
V�UHFH��|UQHN�LoLQGHNL�RUWDODPD�DODQ�%� ��¶GÕU��<DQL��|UQHN�W�P�\OH�V�SHULOHWNHQGLU�YH�,��
W�U�V�SHULOHWNHQOHUGH�ROGX÷X�JLEL�KLoELU�DNÕ�|UQH÷H�Q�IX]�HGHPH]��%XQD�UD÷PHQ��+c1 < H0 

ROGX÷XQGD�� G�]HQOL� RODUDN� DUWDQ�%�DODQÕ� V�SHULOHWNHQ� LoLQH�JLUHU��%X�DODQ�GDLPD�GÕú� DODQ�
H0¶ÕQ� DOWÕQGD� NDOÕU� YH� |UQH÷LQ� V�SHULOHWNHQOL÷L� ER]XOPD]��+0 = Hc2� ROGX÷XQGD�� LoHULGHNL�
RUWDODPD�%�DODQÕ��+0¶�D�HúLW�ROXU�YH�|UQH÷LQ�V�SHULOHWNHQOL÷L�\RN�ROXU� 
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ùHNLO����,,�W�U�V�SHULOHWNHQLQ�PÕNQDWÕVODQPD�H÷ULOHUL��D��'Õú�DODQ�+0¶ÕQ�IRQNVL\RQX�
RODUDN� %� PDQ\HWLN� LQG�NVL\RQXQXQ� GH÷LúLPL�� �E�� %LULP� KDFLPGHNL�
manyetik moment M’nin H0¶D�J|UH�GH÷LúLPL��6FKPLGW�������� 

 
 
 Fakat Hc1 ile Hc2� DUDVÕQGDNL�DODQODU� LoLQ�|UQHN�³*LUGDSOÕ�KDO´��9RUWHNV�KDOL��RODUDN�
ELOLQHQ� NDUÕúÕN� KDOGH� EXOXQXU�� *LUGDSOÕ� KDOGH� PDGGH� VÕIÕU� GLUHQFH� VDKLS� RODELOLU� YH� DNÕ�
NÕVPHQ�Q�IX]�HGHELOLU��8\JXODQDQ�DODQ�DOW�NULWLN�DODQÕ�JHoWL÷LQGH��JLUGDSOÕ�E|OJHOHU��QRUPDO�
NÕVÕPODUGDQ�ROXúDQ�ILWLOOHU�úHNOLQGH�ROXU��ùHNLO�����8\JXODQDQ�DODQÕQ�úLGGHWL�DUWWÕUÕOGÕ÷ÕQGD 
ILWLO�VD\ÕODUÕ�DUWDU�YH�DODQ��VW�NULWLN�DODQD�XODúWÕ÷ÕQGD��|UQHN�QRUPDO�KDOH�JHoHU��6�SHULOHWNHQ�
|UQH÷H�EX�NÕVPL�DNÕ�JLUPHVL�VD\HVLQGH��|UQHN��QRUPDO�KDOH�G|QPHNVL]LQ��X\JXODQDQ�J�oO��
manyetik alanlara dayanabilir. 

 

 

  H0 < Hc1           Hc1 < H0 < Hc2      H0 > Hc2 

       Meissner Hali  ��������������������.DUÕúÕN�+DO    Normal Hal 

 
ùHNLO��� .DUÕúÕN� KDOGH� PDQ\HWLN� DODQÕQ� V�SHULOHWNHQH� Q�IX]� HWPHVL� �&\URW� YH�

Pavuna, 1992). 



 

 

10 

*LUGDSOÕ� KDO�� VLOLQGLULN� QRUPDO� ELU� PHWDO� oHNLUGHNOH� VDUÕOPÕú�� V�SHU� DNÕPODUÕQ�
silLQGLULN�DQDIRUX�RODUDN�G�ú�Q�OHELOLU��%X�oHNLUGHNOHU��DNÕQÕQ�,,��W�U�V�SHULOHWNHQOHUH�Q�IX]�
HWPHVLQL�VD÷ODU��0DQ\HWLN�DODQ��JLUGDS�ILWLOOHULQLQ�PHUNH]LQGH�PDNVLPXP�ROXS��oHNLUGH÷LQ�
GÕúÕQD�GR÷UX��EHOLUOL�ELU�Q�IX]�GHULQOL÷L��λ��LOH��VWHO�RODUDN�D]DOÕU��,,�Wür süperiletkenlerde, 

QRUPDO�PHWDO�oHNLUGH÷LQLQ�\DUÕoDSÕ��Q�IX]�GHULQOL÷LQGHQ�GDKD�N�o�NW�U� 
 

 �����6�SHULOHWNHQOL÷LQ�8\JXODPD�$ODQODUÕ 
 

 +�� .DPHUOLQJK� 2QQHV¶LQ� ����� \ÕOÕQGD� V�SHULOHWNHQOL÷L� NHúILQLQ� �5RVH-Innes ve 

5KRGHULF�� ������ KHPHQ� DUGÕQGDQ�� � ELOLP� DGDPODUÕ� WDUDIÕQGDQ� EX� \HQL� YH� LOJLQo� ROJXQXQ�
SUDWLN� X\JXODPD� DODQODUÕ� WDVDUODQPD\D� EDúODQGÕ�� *�oO��� \HQL� V�SHULOHWNHQ� PÕNQDWÕVODU�
QRUPDO�GLUHQoOL�PÕNQDWÕVODUGDQ�oRN�GDKD�N�o�N�RODELOLUOHUGL��6�SHULOHWNHQOHUOH�GRQDWÕOPÕú�
üreteçler, daha küçük ekipman ve daha� D]� HQHUML\OH� D\QÕ� PLNWDUGD� HOHNWULN� HQHUMLVL�
�UHWHELOLUOHUGL��hUHWLOHQ� HOHNWULN� GH� V�SHULOHWNHQ�NDEORODUOD� GD÷ÕWÕODELOLUGL� YH� HQ� |QHPOLVL��
HOHNWULN�� X]XQ� ]DPDQ� SHUL\RWODUÕQGD�� KHUKDQJL� ELU� ND\ED� X÷UDPDNVÕ]ÕQ� V�SHULOHWNHQ�
VDUÕPODUGD�GHSRODQDELOLUGL� 
 Bilim� DGDPODUÕQÕQ� EX� G�úOHULQH� \DNODúPDODUÕQGDNL� HQ� E�\�N� DGÕP�� ����¶OHULQ�
RUWDODUÕQGD� NHúIHGLOHQ� \�NVHN� VÕFDNOÕN� V�SHULOHWNHQOL÷L� ROPXúWXU� �%HGQRU]� YH� 0�OOHU��
������� $NÕP� WHNQRORMLVLQGH� G�ú�N� VÕFDNOÕN� V�SHULOHWNHQOL÷LQLQ� NXOODQÕPÕQD� LOLúNLQ�
DUDúWÕUPDODU� KDOD� V�UG�U�OPHNWHGLU�� '�ú�N� YH� \�NVHN� VÕFDNOÕN� V�SHULOHWNHQOL÷LQLQ�
NXOODQÕOGÕ÷Õ�DNÕP�WHNQRORMLVLQGH�HSH\�LOHUOHPH�ND\GHGLOPLúWLU��PDQ\HWLN�NDONDQOÕ�D\JÕWODU��
WÕEEL�J|U�QW�OHPH�VLVWHPOHUL��648,'¶OHU��6XSHUFRQGXFWLQJ�4XDQWXP�,QWHUIHUHQFH�'HYLFH��
Süperiletken KuanWXP� *LULúLP� $\JÕWÕ� �6.*$���� NÕ]ÕO|WHVL� DOJÕOD\ÕFÕODU� YH� PLNURGDOJD�
D\JÕWODUÕ�EXQODUGDQ�ED]ÕODUÕGÕU� �1RWR��������6DLWR�YG���������,VDZD�YG���������<RVKL]DZD�
YG��� ������ 6HNL\D� YG��� ������� 6�SHULOHWNHQOHULQ� |]HOOLNOHUL� KDNNÕQGD� ELOJL� DUWWÕNoD�� J�o�
iletimi, ürHWHoOHUGH� NXOODQÕODFDN� V�SHULOHWNHQ� PÕNQDWÕVODU�� HQHUML� GHSRODPD� D\JÕWODUÕ��
SDUoDFÕN� KÕ]ODQGÕUÕFÕODUÕ� JLEL� X\JXODPDODU� oRN�GDKD�NROD\ODúDFDNWÕU� ��+XOO� YH�0XUDNDPL��
�������%XQODU�DUDVÕQGD�HQ�|QHPOL�RODQÕ�HOHNWUL÷LQ�ELU�\HUGHQ�ELU�\HUH�WDúÕQPDVÕGÕU��(OHNWULN, 

E�\�N� VDQWUDOOHUGH� �UHWLOLS� \�]OHUFH� NLORPHWUH� X]DNOÕNWDNL� W�NHWLFLOHUH� LOHWLOPHNWHGLU��
(OHNWULN� HQHUMLVL� LOHWLPLQGH� UHVPL� UDNDPODUD� J|UH� ���� ND\ÕS� V|]� NRQXVXGXU�� %X� ND\EÕ�
JLGHUHFHN�KHUKDQJL�ELU�\HQL� WHNQRORML�NXúNXVX]�E�\�N�ELU�\DWÕUÕP�ROXUGX��6�SHULOHWkenler 

HOHNWULN� LOHWLUOHUNHQ� KLoELU� HQHUML� ND\EÕ� ROPD\DFD÷ÕQGDQ�� V�SHULOHWNHQ� PDO]HPHOHUGHQ�
\DSÕOPÕú�WHOOHUOH�E�\�N�DNÕPODU�LOHWLOHELOHFH÷L�G�ú�Q�OHELOLU� 
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$QFDN��V�SHULOHWNHQ�WHOOHU�EX�DPDo�LoLQ�SHN�X\JXQ�GH÷LOGLU��6�SHULOHWNHQ�ELU�WHO�NHVLWLQGH�
her an oluúDELOHFHN�RODQ�ELU�VRUXQ�QHGHQL\OH�WHO�V�SHULOHWNHQOL÷LQL�ND\EHGHELOLU��%X�GD�WHOLQ�
GLUHQFLQLQ� QRUPDO� ELU� EDNÕU� WHOLQNLQGHQ� oRN� GDKD� ID]OD� ROPDVÕQD� QHGHQ� ROXU� YH� E|\OHFH�
iletim sistemi çökebilir. 

 %LU�V�SHULOHWNHQGHQ�oRN�ID]OD�PLNWDUGD�DNÕP�JHoLULOLUVH��NULWLN�VÕFDNOÕ÷ÕQ�DOWÕQGD�ELU�
VÕFDNOÕNWD�ROVD�ELOH��V�SHULOHWNHQOL÷LQL�ND\EHGLS�QRUPDO�LOHWNHQ�KDOH�JHoHFHNWLU�<DQL��DNÕP�
LoLQ� GH� EHOOL� ELU� NULWLN� GH÷HU� YDUGÕU�� ³.ULWLN� DNÕP� \R÷XQOX÷X´� DGÕ� YHULOHQ� EX� GH÷HU� GH�
VÕFDNOÕNOD� RUDQWÕOÕGÕU��<DQL� V�SHULOHWNHQ� QH� NDGDU� VR÷XWXOXUVD� R� NDGDU� oRN� DNÕP� JHoPHVL�
VD÷ODQPÕú�ROXU��.ULWLN�DNÕP�\R÷XQOX÷XQXQ�\DQÕ�VÕUD�ELU�GL÷HU�VRUXQ�GDKD�YDUGÕU��EX�GD�DNÕP�
WDúÕ\DQ�WHOLQ�HWUDIÕQGD�ELU�PDQ\HWLN�DODQ�\DUDWPDVÕGÕU��$NÕP�QH�NDGDU�ID]OD\VD��ROXúWXUGX÷X�
PDQ\HWLN� DODQ� úLGGHWL� GH� R� NDGDU� ID]OD� RODFDNWÕU�� 2OXúDQ� PDQ\HWLN� DODQ� GH÷HUL�� NULWLN�
PDQ\HWLN� DODQ� GH÷HULQH� XODúÕQFD�� V�SHULOHWNHQOLN� RUWDGDQ� NDONDFDN� YH� GLUHQo� RUWD\D�
oÕNDFDNWÕU� 
 6RQXo�RODUDN��V�SHULOHWNHQOHUL�E�\�N�LOHWLP�KDWODUÕQGD�NXOODQPDN�úLPGLOLN�SHN�SUDWLN�
görünmemektedir. ÜsteliN� EX� WHOOHUL� VÕYÕ� KHO\XP� NXOODQDUDN� NULWLN� VÕFDNOÕ÷ÕQ� DOWÕQD�
VR÷XWPDN�LoLQ�oRN�SDKDOÕ�ELU� WHNQRORML�YH�HSH\�NDUPDúÕN�ELU�V�UHo�JHUHNPHNWHGLU��%XQXQ�
LoLQ� QRUPDOGH� ���� .¶OLN� VÕYÕ� KHO\XPX� ��� .¶GH� WXWXODQ� VÕYÕ� D]RWOD� oHYULOL� YDNXPOX� ELU�
ortamda depolamak gerekPHNWHGLU�� $QFDN�� VÕYÕ� D]RWXQ� GD� EDúND� ELU� YDNXPOX� RUWDPGD�
GXUPDVÕ�JHUHNPHNWHGLU�NL��EX�KHP�ROGXNoD�]RU�KHP�GH�oRN�SDKDOÕ�ELU�LúWLU� 
 7�P� EX� VRUXQODUD� NDUúÕQ�� V�SHULOHWNHQOHULQ� \HWHULQFH� SUDWLN� NXOODQÕP� DODQÕ� YDUGÕU��
hVWHOLN� ED]Õ� X\JXODPD� DODQODUÕQGDNL� PDOL\HWL� GH� G�ú�NW�U�� %XQODU� DUDVÕQGD� HQ� ELOLQHQL�
V�SHULOHWNHQ�PÕNQDWÕVODUGÕU��:DWVRQ�YH�<RXQDV�������)XMLPRWR��������+XOO�YH�0XUDNDPL��
������� 6�SHULOHWNHQOHU�� KLoELU� HQHUML� ND\EÕ� ROPDNVÕ]ÕQ�� E�\�N� PLNWDUODUGD� DNÕP�
WDúÕ\DELOGLNOHULQGHQ�� HOHNWURPÕNQDWÕV� RODUDN� kullanmak için çok uygun malzemelerdir. 

$NÕP� JLEL�� PDQ\HWLN� DODQÕQ� GD� EHOOL� ELU� NULWLN� GH÷HUL� YDUGÕU� YH� EX� GH÷HU� DúÕOGÕ÷ÕQGD�
V�SHULOHWNHQ� |]HOOLN� \LQH� ND\EROPDNWDGÕU�� %X� GH÷HU� GH� ³NULWLN� PDQ\HWLN� DODQ´� RODUDN�
DGODQGÕUÕOPDNWDGÕU��6�SHULOHWNHQ�PÕNQDWÕVODUGD��ELU�V�SHULOHWNHQ�WHO�NXOODQÕODUDN�ELU�PDNDUD�
ROXúWXUXOXU� YH� \�NVHN� DNÕPODUGD� EX� PDNDUDQÕQ� LoLQGH� ��� 7¶\D� NDGDU� DNÕ� \R÷XQOX÷XQD�
XODúDELOHQ�PDQ\HWLN�DODQ�ROXúWXUXODELOPHNWHGLU��%X�GD�\DNODúÕN�RODUDN�G�Q\DQÕQ�PDQ\HWLN�
DODQÕQÕQ� ������� NDWÕQD� NDUúÕOÕN�JHOPHNWHdir. Bu kadar büyük bir manyetik alan yaratma 

QRUPDO�LOHWNHQOHUOH�P�PN�Q�ROPDPDNWDGÕU� 
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 6�SHULOHWNHQ� PÕNQDWÕVODU�� KHUKDQJL� ELU� FHUUDKL� P�GDKDOH�� \D� GD� [-ÕúÕQODUÕ�� JDPD-
ÕúÕQODUÕ� JLEL� ]DUDUOÕ� ÕúÕQODUD� JHUHN� GX\PDGDQ�� LQVDQ� Y�FXGXQX� D\UÕQWÕOÕ� ELU� úHNLOGH�
gör�QW�OHPH\H� \DUD\DQ� PDQ\HWLN� UH]RQDQV� J|U�QW�OHPH� �05,�� D\JÕWODUÕQGD�
NXOODQÕOPDNWDGÕU� �6DLWR� YG��� ������� 0DQ\HWLN� UH]RQDQV� J|U�QW�OHPHGH� ELU� \DWD÷D� \DWDQ�
KDVWDQÕQ�Y�FXW�YH�GRNXODUÕQÕQ�D\UÕQWÕOÕ�KDULWDVÕ�oÕNDUÕOÕU��6�SHULOHWNHQ�PÕNQDWÕV�EX�D\JÕWÕQ�HQ�
önemli SDUoDVÕGÕU�� %X� PÕNQDWÕVODU�� oRN� NDUDUOÕ� YH� \�NVHN� PDQ\HWLN� DODQODU�
üretebildiklerinden, yüksek çözünürlüklü ve kaliteli görüntüler elde edilebilmektedir. 

 6�SHULOHWNHQ� PÕNQDWÕVODUÕQ� GL÷HU� |QHPOL� ELU� X\JXODPD� DODQÕ� GD� G�Q\DQÕQ� HQ� KÕ]OÕ�
trenlerinde, trenin hDYD\D�\�NVHOWLOPHVLQGH�NXOODQÕOPDNWDGÕU� �)XMLPRWR��������:DQJ�YG���
������:DQJ�YG���������=KDR�YG����������gUQH÷LQ�³0DJOHY´��0DJQHWLJ�/HYLWDWLRQ��WUHQOHUL��
UD\ODUD� \HUOHúWLULOPLú� V�SHULOHWNHQ� VDUÕPODU� YH� V�SHULOHWNHQ� ROPD\DQ� VDUÕPODUÕQ� NDUúÕW�
NXWXSODUÕ� DUDVÕQGD�ROXúDQ� LWPH\L�NXOODQDUDN�KDYDODQPDNWDGÕUODU��7UHQ�KDYD\D�NDONWÕ÷ÕQGD�
UD\ODUOD� RODQ� V�UW�QPHVL� GH� \RN� ROPDNWD� YH� E|\OHFH� GDKD� KÕ]OÕ� KDUHNHW� HWPHNWHGLUOHU��
.DUPDúÕN� ELU� HOHNWURQLN� GHYUH� VLVWHPL\OH� DNÕPÕQ� G�]HQOL� ELU� úHNLOGH� DNPDVÕ� YH� WUHQLQ�
havadaki yükVHNOL÷LQLQ� VDELW�NDOPDVÕ�VD÷ODQPDNWDGÕU��%|\OH�ELU� WUHQLQ�KÕ]Õ�GD�VDDWWH�����
NP¶\H�XODúDELOPHNWHGLU��0DJOHY�VLVWHPL��EX�oDOÕúPDQÕQ�ELU�NÕVPÕQÕ�ROXúWXUGX÷X�LoLQ�NRQX�
LOH� LOJLOL� GHWD\OÕ� ELOJL� ³��������� 0DJOHYOL� �0DJQHWLF� /HYLWDWLRQ�� 6LVWHPOHU´� NRQX� EDúOÕ÷Õ�
aOWÕQGD�YH�VRQUDVÕQGD�YHULOGL� 
 6�SHULOHWNHQ� PÕNQDWÕVODU� D\UÕFD�� G�Q\DQÕQ� HQ� E�\�N� SDUoDFÕN� KÕ]ODQGÕUÕFÕODUÕQGD�
NXOODQÕOPDNWDGÕU� �(FN�� ������� gUQH÷LQ�� &KLFDJR� \DNÕQODUÕQGD� EXOXQDQ� )HUPLODE¶GDNL�
V�SHULOHWNHQ�PÕNQDWÕVODU�\DUGÕPÕ\OD�SURWRQODUÕQ���NP¶GHQ�GDKD�E�\�N�oDSOÕ�ELU�\|U�QJHGH�
GRODQPDVÕ� VD÷ODQPDNWDGÕU��1H� NDGDU� ID]OD� HQHUMLOL� SDUoDFÕNOD� oDOÕúÕOÕUVD� SDUoDFÕNODU� GD� R�
RUDQWÕGD�KÕ]OÕ�KDUHNHW�HGHFHN��EX�GD�R�SDUoDFÕNODUÕ�\|U�QJH��]HULQGH�KDUHNHW�HWWLUPHN�LoLQ�R�
NDGDU� úLGGHWOL� PDQ\HWLN� DODQD� JHUHNVLQLP� GX\DFDNWÕU�� %|\OH� ELU� PDQ\HWLN� DODQ� \DOQÕ]FD�
V�SHULOHWNHQ� PÕNQDWÕVODU� \DUGÕPÕ\OD� HOGH� HGLOHELOPHNWHGLU�� %LOLP� DGDPODUÕ� JHOHFHNWH��
V�SHULOHWNHQ� PÕNQDWÕVODUÕQ� Q�NOHHU� I�]\RQD� \RO� DoDELOHFHN� PDQ\HWLN� DODQ� �UHWPH�
NDSDVLWHOHULQH�XODúDELOHFHNOHULQL�XPPDNWDGÕUODU� 
 SüpeULOHWNHQOHULQ�GDKD�N�o�N�|OoHNWH�NXOODQÕP�DODQODUÕ�GD�YDUGÕU��%XQODUD�HQ�LOJLQo�
|UQHN�������\ÕOÕQGD�KHQ�]�\�NVHN�OLVDQV�|÷UHQFLVL�LNHQ�LNL�V�SHULOHWNHQ�WHOL�LQFH�ELU�\DOÕWÕP�
PDO]HPHVL\OH�ELUELULQH�ED÷ODPD\Õ�EDúDUDQ�%ULDQ�-RVHSKVRQ¶XQ�NHúILGLU��-RVHSKVRQ���962). 

%X� ROJX� DVOÕQGD� V�SHULOHWNHQOHULQ�PDNURVNRELN� |]HOOLNOHULQGHQ� GH÷LO��PLNURVNRELN� \D� GD�
NXDQWXP� PHNDQLNVHO� |]HOOLNOHULQH� GD\DQPDNWDGÕU�� 7HPHOLQGH� GH�� V�SHULOHWNHQOHUGHNL�
HOHNWURQ� W�QHOOHPH� ROD\Õ� \DWPDNWDGÕU� �5RVH-Innes ve Rhoderic, 1980; Schmidt, 1997). 
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7�QHOOHPH� DVÕO� RODUDN� HOHNWURQODUÕQ� GDOJD� |]HOOLNOHULQGHQ� ND\QDNODQÕU� YH� HOHNWURQODUÕQ�
|QOHULQH�oÕNDQ�SRWDQVL\HO�HQJHOOHULQGHQ�JHoHELOPHOHULQH�GD\DQÕU��%�\�N�|OoHNWH��KHUKDQJL�
ELU�SDUoDFÕN�ELU�HQJHOOH�NDUúÕODúWÕ÷ÕQGD�oDUSDUDN�JHUL�\DQVÕU��2\VD��NXDQWXP�PHNDQL÷LQGH��
ELU� SDUoDFÕN�� |UQH÷LQ� ELU� SRWDQVL\HO� HQJHOL\OH� NDUúÕODúÕUVD�� GDOJDQÕQ� ELU� NÕVPÕ� \DQVÕU� ELU�
NÕVPÕ� GD� \DQVÕPDGDQ� HQJHOL� JHoHU�� %XQD� GD� W�QHOOHPH� DGÕ� YHULOLU�� %LU� \DOÕWÕFÕ� HQJHO�
WDUDIÕQGDQ�ELUELULQGHQ�D\UÕOPÕú�V�SHULOHWNHQOHU�DUDVÕQGDNL�ELU�oLIW�elektronu tünellemeyi ilk 

EDúDUDQ�%ULDQ� -RVHSKVRQ¶GX�� -RVHSKVRQ�� LQFH� ELU� \DOÕWÕFÕ� HQJHOOH� ELUELULQGHQ� D\UÕOPÕú� LNL�
V�SHULOHWNHQ�PHWDOGH��HOHNWURQ�oLIWOHULQLQ�KHUKDQJL�ELU�GLUHQoOH�NDUúÕODúPDNVÕ]ÕQ�EX�HQJHOL�
geçebileceklerini gösterdi (Josephson, 1962). Josephson etkisi olarak bilinen bu olgu 

QRUPDO� PDO]HPHOHUGH� J|U�QPH]�� %X� G�]HQH÷H� GH� -RVHSKVRQ� NDYúD÷Õ� GHQLOPHNWHGLU��
.DYúD÷ÕQ� PDO]HPHVLQH� YH� JHRPHWULVLQH� J|UH�� -RVHSKVRQ� NDYúD÷ÕQGDQ� JHoHQ� DNÕPÕQ� ELU�
NULWLN� DNÕP�\R÷XQOX÷X�EXOXQXU��-RVHSKVRQ�NDYúD÷Õ�ELUELUOHULQGHQ�LQFH�ELU�\DOÕWÕFÕ�HQJHOOH�
D\UÕOPÕú� LNL� V�SHULOHWNHQGHQ� ROXúXU�� 6�SHULOHWNHQGHNL� HOHNWURQ� oLIWOHUL� HQJHOL� W�QHOOHPH�
\ROX\OD� JHoHUOHU�� (÷HU� NDYúDNWDQ� JHoHQ� DNÕP�� NULWLN� DNÕPÕQ� DOWÕQGD\VD� KLoELU� GLUHQo�
ROPD\DFDNWÕU� 
 -RVHSKVRQ¶XQ� NXOODQGÕ÷Õ� \DOÕWÕP� PDO]HPHVL� \DOQÕ]FD� ELUNDo� DWRP� NDOÕQOÕ÷ÕQGD\GÕ��
GROD\ÕVÕ\OD�N�o�N�PLNWDUGDNL�DNÕPODUÕQ�JHoLúLQH�L]LQ�YHUL\RUGX��$QFDN�DNÕP�NULWLN�GH÷HUL�
DúDUVD�-RVHSKVRQ�NDYúD÷Õ�DGÕQÕ�YHUGL÷L�ED÷ODQWÕ�\�NVHN�GLUHQoOL�GXUXPD�JHoL\RU�YH�KLoELU�
DNÕPÕQ�JHoPHVLQH� L]LQ�YHUPL\RUGX��%X�GD�-RVHSKVRQ�NDYúD÷ÕQÕQ�oRN�KÕ]OÕ�LúOH\HQ����-12 

VQ�� ELU� HOHNWURQLN� DQDKWDUODPD� VLVWHPL� JLEL� oDOÕúPDVÕQÕ� VD÷OÕ\RUGX�� %X� W�U� DQDKWDUODU��
EXJ�Q�Q� HQ� KÕ]OÕ� ELOJLVD\DUODUÕQGDQ� oRN� GDKD� KÕ]OÕ� oDOÕúDELOHQ� V�SHU� ELOJLVD\DUODUÕQ�
\DSÕPÕQGD� WUDQVLVW|UOHULQ� \HULQL� DOPD\Õ� EHNOHPHNWHGLU� �(FN�� ������� 6�SHULOHWNHQOHU��
ELOJLVD\DUODUÕQ� N�o�OW�OPHVL� YH� LúOHPFLOHULQ� KÕ]ODUÕQÕQ� DUWÕUÕOPDVÕQGDNL� HQ� |QHPOL� HQJHO�
ED÷ODQWÕ\Õ� ROXúWXUDQ� PHWDO� ILOPOHULQ� GLUHQFL� QHGHQL\OH� RUWD\D� oÕNDQ� ÕVÕ� �UHWLPL� YH�
kapasitörlerin yüklenme süresi gLEL� HOHNWURQLN� X\JXODPD� DODQODUÕQGD� GD� NXOODQÕOPD\D�
EDúODQPDN��]HUHGLU��6�SHULOHWNHQ�ILOPOHULQ�LúH�NDUÕúPDVÕ\OD�LúOHPFLOHU�GDKD�N�o�OHELOHFHN�
YH�ELOJL�oRN�GDKD�KÕ]OÕ�LOHWLOHELOHFHNWLU��6�SHULOHWNHQOHULQ�HOHNWURQLN�X\JXODPDODUÕQGDNL�HQ�
|QHPOL� EDúDUÕ�� GLMLWDO� HOHNWURQLN� DODQÕQGD� \DúDQPDNWDGÕU�� -RVHSKVRQ� NDYúD÷Õ� \DUGÕPÕ\OD��
oRN� GX\DUOÕ� PLNURGDOJD� DOJÕOD\ÕFÕODU�� PDQ\HWRPHWUHOHU�� 648,'¶OHU� YH� oRN� NDUDUOÕ� YROWDM�
ND\QDNODUÕ�\DSÕODELOPHNWHGLU� 

-RVHSKVRQ�NDYúD÷ÕQÕQ�ELU�HOHNWURQLN�X\JXODPDVÕ�RODQ�648,'¶GH��ELU�\D�GD�daha fazla 

NDYúDN�LOPHN�KDOLQH�JHWLULOLS�ELU�PDQ\HWLN�DODQGDQ�JHoLULOHUHN�LOPHNOHULQ�DNÕP�LQG�NOHPHVL�
VD÷ODQPDNWDGÕU��1RWR�������� 
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0DQ\HWLN�DODQGDNL� HQ�N�o�N�GH÷LúLPOHU�DNÕPGD�|Oo�OHELOLU�GH÷LúLNOLNOHUH�QHGHQ�ROPDNWD��
EX�GD�648,'¶OHULQ��PDQ\HWLN�DODQODUÕ�oRN�GX\DUOÕ�ELU�úHNLOGH�|OoHELOGL÷L�D\JÕWODUGÕU��d�QN��
648,'¶OHU�G�Q\DQÕQ�PDQ\HWLN�DODQ� úLGGHWLQLQ�PLO\DUGD�ELULQGHQ�GDKD�N�o�N�GH÷LúLPOHUL�
IDUN� HGHELOPHNWHGLUOHU�� %X� VD\HGH� RUWD\D� ELUoRN� X\JXODPD� DODQÕ� oÕNPDNWDGÕU�� gUQH÷LQ��
jeologlar SQUID’leri mineral için maden aramada, biyofizikçiler de vücut içindeki elektrik 

DNÕPODUÕQGD�PH\GDQD�JHOHQ�PDQ\HWLN�DODQODUÕ�|OoHUHN��LQVDQ�EH\QL�YH�NDOELQGHNL�DNWLYLWH\L�
J|U�QW�OHPHN� LoLQ� NXOODQPDNWDGÕUODU�� 648,'¶OHUOH� LQVDQ� EH\QLQLQ� �UHWWL÷L� ��-14 T 

GH÷HULQGHNL�PDQ\HWLN�DODQ�ölçülebilmektedir. 

 6�SHULOHWNHQOHULQ�� EXJ�Q�Q� YH� JHOHFH÷LQ� WHNQRORMLOHULQH� NDWNÕODUÕ� D]ÕPVDQDFDN� JLEL�
GH÷LOGLU��<�NVHN�VÕFDNOÕN�V�SHULOHWNHQ�WUDIRODU�HQG�VWULGH�oRN�GDKD�YHULPOL��KDILI�YH�oHYUH�
GRVWX�ELU�WDEOR�oL]HUNHQ��V�SHULOHWNHQ�NXOODQÕODUDN��UHWLOHQ�200 beygir gücündeki bir motor 

GDKD�N�o�N��KDILI�YH�YHULPOL�DUDoODU�ROXúWXUXODELOPHNWHGLU��dRN�GDKD�D]�HOHNWULN�W�NHWHFHN�
RODQ� EX� PRWRUODUÕQ� J�F�� GH� úX� VÕUDODU� ���� EH\JLU� J�F�QGH� ELU� PRGHO� �]HULQGH� \DSÕODQ�
oDOÕúPDODUOD�DUWÕUÕOPDNWDGÕU��+XOO�YH�0XUDNDPL����04). 

 -HQHUDW|UOHU�JHOHFHNWH��ELU�GHPLU�PÕNQDWÕVD�\HUOHúWLULOPLú�V�SHULOHWNHQ�WHO�NXOODQÕODUDN�
GDKD� N�o�N� YH� KDILI� RODFDNWÕUODU�� <HQL� MHQHUDW|UOHU� GDKD� D]� \DNÕWOD� GDKD� ID]OD� J�o� HOGH�
HGLOPHVLQL�VD÷OD\DFDNWÕU� 
 øOHWLúLP� WHNQRORMLVL� GH� EX� JHOLúPHOHUGHQ� QDVLELQL� DOPD\Õ� KHGHIOHPHNWHGLU��gUQH÷LQ��
FHS�WHOHIRQODUÕQÕQ�ED]�LVWDV\RQODUÕQGD�V�SHULOHWNHQ�ILOWUHOHU�NXOODQÕOPDVÕ�V|]�NRQXVXGXU� 
 %XQODU�� V�SHULOHWNHQOL÷LQ� NXOODQÕODELOHFH÷L� RODVÕ� X\JXODPD� DODQODUÕQGDQ� \DOQÕ]FD�
ELUNDoÕGÕU��<�NVHN�VÕFDNOÕN�V�SHULOHWNHQOL÷L��]HULQH�\DSÕODQ�DUDúWÕUPDODU�\HS\HQL�X\JXODPD�
DODQODUÕ� ROXúWXUPDN� �]HUHGLU��*�Q�P�]�Q� \HQL� WHNQRORMLOHUL� SL\DVD\D� oÕNWÕ÷ÕQGD�� HOHNWULN�
�UHWLPL�� GD÷ÕWÕP�YH� NXOODQÕPÕ� JHOHFH÷LQ� WÕS�YH� LOHWLP� WHNQRORMLOHULQLQ�GH�|Q�Q��DoDFDNWÕU�
�%X÷GD\FÕ���������(÷HU�RGD�VÕFDNOÕ÷ÕQGD�V�SHULOHWNHQ�PDO]HPHOHU��UHWLOLUVH�GH��EXJ�QGHQ�
G�ú�JLEL�J|U�QHQ�X\JXODPDODU�EHONL�GH�JHUoH÷H�G|Q�úHFHNWLU� 
 

�������+Õ]OÕ�7UHQ�7HNQRORMLOHUL 
 

 '�Q\DGDNL� \�NVHN� KÕ]� GHPLU\ROX� D÷Õ� E�\�G�NoH� úX� DoÕNoD� J|U�OPHNWHGLU� NL�� ����
NP�VDDW¶OLN�\�NVHN�KÕ]�ELU�J�Q�����NP�VDDW¶H�oÕNDFDNWÕU��)UDQVÕ]�8OXVDO�'HPLU\ROODUÕ�EX�
\�]\ÕOÕQ�VRQXQGD�NXUXODFDN�7*9��7UDLQ�D�*UDQGH�9LWHVVH��KDWODUÕ�LoLQ�HQ�\�NVHN�KÕ]Õ�����
NP�VDDW�RODUDN�WDVDUODPDNWDGÕU��dRN�X]DN�ROPD\DQ�ELU�JHOHFHNWH�.X]H\�7*9�KDWWÕ�LoLQ�KÕ]�
WDYDQÕ�����NP�VDDW¶H�oÕNDUWÕODFDNWÕU� 
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$OPDQODUÕQ�,&(¶OHULQLQ��,QWHU�&LW\�([SUHVV������NP�VDDW��-DSRQODUÕQ�ùLQNDQVHQ�WUHQOHULQLQ�
����NP�VDDW¶LQ��]HULQGH�KÕ]�\DSPDODUÕ�EHNOHQPHNWHGLU��%X�WUHQOHULQ�YH�JHUHNWLUGLNOHUL�DOW�
\DSÕQÕQ�WDVDUÕPÕQGD��\DOQÕ]FD�GDKD�\�NVHN�KÕ]ODUD�oÕNÕOPDVÕ�WDOHELQLQ�GH÷LO��RQXQOD�ELUOLNWH�
GDKD� D]� oHYUH� NLUOLOL÷L� YH� GDKD� D]� J�U�OW�� \DUDWÕOPDVÕ� WDOHSOHULQLQ� GH� NDUúÕODQPDVÕ� ELU�
zorunluluktur (Gök, 1996). 

 '�Q\DGD� PHYFXW� YH� JHOLúWLULOPHNWH� RODQ� \�NVHN� KÕ]� GHPLU\ROX� VLVWHPOHUL� WUHQ� YH�
GHPLU\ROX� WHNQRORMLOHUL�DoÕVÕQGDQ�LNL�DQD�JUXS�DOWÕQGD�WRSODQDELOLU��*|N��������85/-1 ve 

URL-2, 2005): 

1. Çelik tekerlek–oHOLN�UD\OÕ�VLVWHPOHU   

a) <�NVHN�KÕ]�LoLQ�|]HO�RODUDN�JHOLúWLULOPLú�WUHQOHU 
b) <DOSDOÕ�WUHQOHU 

Çelik tekerlek–oHOLN� UD\� JUXEXQXQ� LON� D\D÷ÕQÕ� ROXúWXUDQ� YH� \�NVHN� KÕ]� LoLQ�
JHOLúWLULOPLú� WUHQOHU�� ���� NP�VDDW¶H� NDGDU� KÕ]� \DSDELOPHNWH� YH� J�o� ND\QD÷Õ� RODUDN�
HOHNWULNWHQ�\DUDUODQPDNWDGÕU��ùX�DQGD�LúOHWLOPHNWH�RODQ�)UDQVÕ]�7*9¶OHUL��-DSRQ�ùLQNDQVHQ�
WUHQOHUL�YH�$OPDQ�,&(�\�NVHN�KÕ]�WUHQOHUL�EX�JUXSWD�\HU�DOPDNWDGÕU��%X�VLVWHP�KHU�QH kadar 

\�NVHN� SRWDQVL\HOH� VDKLSVH� GH�� EX� NDGDU� \�NVHN� KÕ]D� X\JXQ� \HQL� \ROODUÕQ� \DSÕPÕQÕ�
JHUHNWLUGL÷L�LoLQ�SDKDOÕGÕU� 

2. Maglevli (Magnetic Levitation) sistemler 

a) øWPH�PRGOX�HOHNWURGLQDPLN�VLVWHP 

b) Çekme modlu elektromanyetik sistem 

 

 1.3.1.1. Maglevli (Magnetic Levitation) Sistemler 

 

 0DJOHY�� PDQ\HWLN� J�o� DUDFÕOÕ÷Õ� LOH� WDúÕWÕQ� NDOGÕUÕOÕS� \|QOHQGLULOGL÷L� YH� KDUHNHW�
HWWLULOGL÷L� WHNQRORMLOHU� LoLQ� NXOODQÕODQ� JHQHO� ELU� WHULPGLU�� 0DJOHY� VLVWHPLQGH� \RO� ER\X�
VÕUDODQPÕú� EXOXQDQ� PDNDUDODUD�� DUDFÕQ� PÕNQDWÕVODUÕQÕQ� NLOLWOHQGL÷L� ELU� PDQ\HWLN� GDOJD�
\DUDWPDN��]HUH��DOWHUQDWLI�DNÕP�YHULOLU��%|\OHFH�DUDFÕQ�PÕNQDWÕVODUÕ�LOH�\RO�ER\X�VÕUDODQPÕú�
PDNDUDODU�� DUDFÕQ�GR÷UXVDO�KDUHNHWLQL� VD÷OD\DQ�� WHN�ELU� Hú�]DPDQOÕ�PRWRU�ROXúWXUXU��$UDo�
KÕ]Õ�PDNDUDODUD�YHULOHQ�DNÕP�IUHNDQVÕQÕQ�GH÷LúWLULOPHVL\OH�GHQHWOHQLU��%X�LONH\H�GD\DOÕ�LNL�
IDUNOÕ�VLVWHP�JHOLúWLULOPLúWLU� 
 -DSRQODUÕQ� �]HULQGH� oDOÕúWÕ÷Õ� LWPH� PRGOX� HOHNWURQLN� VLVWHPGH�� \RO� ER\XQGDNL�
PDNDUDODUGD� DNÕP� LQG�NVL\RQX� LoLQ� DUDo� �]HULQGHNL� V�SHULOHWNHQ� PÕNQDWÕVODUGDQ�
\DUDUODQÕOÕU� 
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%X�HWNLOHúLP�VRQXFX�ROXúDQ�PDQ\HWLN�\DVWÕN��DUDFÕ�\DNODúÕN�����FP�KDYD\D�NDOGÕUÕU�YH�DUDo�
DGHWD� DOoDNWDQ� XoDQ� ELU� KDYD� DUDFÕ� JLEL� \RO� DOÕU�� -DSRQODUFD� EX� VLVWHPH� J|UH� JHOLúWLULOHQ�
DUDoODU� ���� NP�VDDW¶LQ� �]HULQGHNL� KÕ]ODUGD� PDQ\HWLN� \DVWÕN�� GDKD� G�ú�N� KÕ]ODUGD� LVH�
tekerlekler üzerinde gitmektedir. 

 $OPDQ\D¶GD�JHOLúWLULOHQ�oHNPH�HVDVOÕ�HOHNWURPDQ\HWLN�VLVWHPGH�LVH��DUDoWDNL��ELOLQHQ�
demir-oHNLUGHNOL� �V�SHULOHWNHQ� ROPD\DQ�� HOHNWURPÕNQDWÕVODU� \ROXQ� DOWÕQGDQ� WXWWXUXOPXú�
IHUURPDQ\HWLN�SDUoDODU� WDUDIÕQGDQ�\XNDUÕ�GR÷UX�oHNLOPHNWHGLU��%X�W�U�ELU�PDQ\HWLN�\DVWÕN�
GR÷DO� RODUDN� NDUDUOÕ� GH÷LOGLU� YH� DUDFÕQ�PÕNQDWÕVODUÕ� LOH� \RO� DUDVÕQGD� ���� FP¶OLN� DoÕNOÕ÷ÕQ�
NRUXQPDVÕ�KDVVDV�GHQHWLP�JHUHNWLUPHNWHGLU��6LVWHPLQ�ELU��VW�QO�÷���KDUHNHWVL]�GXUXPGD�GD�
DUDo�PDQ\HWLN�\DVWÕN��VW�QGH�NDODELOGL÷LQGHQ�X]XQ�\�NVHN�KÕ]�KDWODUÕQGD�ROGX÷X�JLEL�úHKLU�
LoL�XODúÕP�YH�EDQOL\|�WUHQOHULQGH�NXOODQÕODELOLU��*|N�������� 

øWPH� PRGOX� HOHNWURGLQDPLN� YH� oHNPH� PRGOX� HOHNWURPDQ\HWLN� 0DJOHY� VLVWHPOHUL�
NDUúÕODúWÕUPDOÕ�RODUDN�ùHNLO��¶GH�J|U�OPHNWHGLU� 
 

 

 
��ùHNLO����(OHNWURGinamik ve elektromanyetik Maglev sistemleri (Gök, 1996). 
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 1.4.  6�SHULOHWNHQOL�0DJOHY�6LVWHPOHULQLQ�dDOÕúPD�øONHVL 
 

��������0DQ\HWLN�.DOGÕUPD 

 

 ùHNLO��¶GH�J|U�OG�÷��JLEL�³�´�ELoLPLQGHNL�NDOGÕUPD�ERELQOHUL�\ROXQ�\DQ�GXYDUODUÕQD�
\HUOHúWLULOPLúWLU�� 7UHQGHNL� V�SHULOHWNHQ� PÕNQDWÕVODU� EX� ERELQOHULQ� HNVHQOHULQLQ� ELUNDo�
VDQWLPHWUH�DOWÕQGDQ�\�NVHN�KÕ]OD�JHoHUNHQ�ERELQOHUGH�ELU�HOHNWULN�DNÕPÕ�ROXúXU�YH�ERELQOHU�
JHoLFL� RODUDN� HOHNWURPÕNQDWÕV� |]HOOL÷L� ND]DQÕU�� %|\OHFH�� 0DJOHY� DUDFÕQGDNL� V�SHULOHWNHQ�
PÕNQDWÕVODUÕ�Hú�]DPDQOÕ�RODUDN�\XNDUÕ�GR÷UX�LWHQ�YH�oHNHQ�NXYYHWOHULQ�HWNLVL\OH�DUDo�\XNDUÕ�
GR÷UX�NDONDU��ùHNLO�����85/-1, 2005). 

 
 

 

 
�������ùHNLO����0DJOHY�VLVWHPLQGH�PDQ\HWLN�NDOGÕUPD��85/-1, 2005). 

 

�������<DQDO�.ÕODYX]ODPD 

 

 .DUúÕ�NDUúÕ\D�GXUDQ�NDOGÕUPD�ERELQOHUL�ELU�G|QJ��ROXúWXUDFDN�ELoLPGH�\ROXQ�DOWÕQGDQ�
ELUELULQH� ED÷OÕGÕU�� +DUHNHW� KDOLQGHNL� 0DJOHY� DUDFÕ�� GROD\ÕVÕ\OD� GD� WDúÕGÕ÷Õ� V�SHULOHWNHQ�
PÕNQDWÕVODU��\ROXQ�NHQDUÕQGDQ�ELULQH�GR÷UX�ND\DUVD��V|]�NRQXVX�G|QJ�GH�ELU�HOHNWULN�DNÕPÕ�
ROXúXU� YH� EX� DNÕP�� DUDFÕQ� \DNODúWÕ÷Õ� NHQDUÕQGDNL� NDOGÕUPD� ERELQLQGH� ELU� LWPH� NXYYHWL��
X]DNODúWÕ÷Õ�NHQDUGDNL�GL÷HU�NDOGÕUPD�ERELQLQGH�LVH�ELU�oHNPH�NXYYHWL�GR÷XUXU��%|\OHOLNOH��
DUDo�KHU�]DPDQ�\ROXQ�RUWDVÕQGDQ�JLGHU��ùHNLO�����85/-1, 2005). 

 
 



 

 

18 

 

 
�������ùHNLO����0DJOHY�VLVWHPLQGH�\DQDO�NÕODYXzlama (URL-1, 2005). 

 

�������$UDFÕQ�+DUHNHWL 
 

 <ROXQ� KHU� LNL� WDUDIÕQD�� \DQ� GXYDUODU� �]HULQH� \HUOHúWLULOPLú� EXOXQDQ� YH� �o-halli 

DOWHUQDWLI� DNÕPOD� EHVOHQHQ� WDKULN� ERELQOHUL�� PDQ\HWLN� ELU� GDOJD� \DUDWÕU�� $UDoWDNL�
V�SHULOHWNHQ�PÕNQDWÕVODU�� \RO� ER\X� \D\ÕQDQ� EX�PDQ\HWLN� GDOJDQÕQ� ROXúWXUGX÷X� oHNPH� YH�
LWPH� NXYYHWOHULQLQ� HWNLVL\OH� KDUHNHW� HGHUOHU�� GROD\ÕVÕ\OD�� ED÷OÕ� ROGXNODUÕ� DUDFÕQ� GD�
KDUHNHWLQL�VD÷ODPÕú�ROXUODU� 
 ùHNLO���¶GD�EDVLWoH�J|VWHULOGL÷L�JLEL��V|]�NRQXVX�PDQ\HWLN�GDOJD�\D\ÕQÕPÕ��\RO�ER\X�
GL]LOPLú� PÕNQDWÕVODUÕQ� V�UHNOL� NXWXS� GH÷LúWLUPHVL� ELoLPLQGH� G�ú�QHELOLU�� <RO� ER\XQGDNL�
PÕNQDWÕVÕQ��|UQH÷LQ��1�NXWEX�NDUúÕVÕQD�JHOHQ�DUDo�PÕNQDWÕVÕQÕQ�1�NXWEXQX�LWLS�6�NXWEXQX�
oHNHUHN�RQXQ�EHOOL�ELU�\|QGH�KDUHNHWLQL�VD÷ODGÕNWDQ�KHPHQ�VRQUD�\|Q�GH÷LúWLUHELOPHOLGLU�NL��
DUDo�PÕNQDWÕVÕQÕQ�6�NXWEX�NDUúÕVÕQD�JHOLQFH��EX�NH]�GH�RQX�LWLS�DUDo�KDUHNHWLQLQ�V�UHNOLOL÷LQL�
VD÷OD\DELOVLQ��85/-1, 2005). 

 
 

 

 
 ����ùHNLO�����0DJOHY�VLVWHPLQGH�DUDFÕQ�KDUHNHWL��85/-1, 2005).
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 �����0DJOHYLQ�hVW�Q�YH�=D\ÕI�<DQODUÕ 
 

 Havada giden bir tren, çelik ray üzerinde giden geleneksel çelik tekerlekli trenden 

GDKD� ID]OD� ID\GD� VD÷ODU�� %DúOÕFD� �VW�Q� \DQÕ� V�UHNOLOL÷LGLU�� d�QN�� WUHQ� \HU� LOH� KLoELU�
ED÷ODQWÕVÕ� ROPDNVÕ]ÕQ� KDYDGD� JLGHU� YH� EX� QHGHQOH� KDUHNHW� HGHQ� KLoELU� SDUoD\D� LKWL\DFÕ�
\RNWXU��øNLQFL��VW�Q�\DQÕ��WUHQ�KDYDGD�JLWWL÷L�LoLQ�V�UW�QPH�\RNWXU��)DNDW��VDGHFH�KHU�]DPDQ�
YDU� RODQ� KDYD� GLUHQFL� YDUGÕU�� ho�QF�� �VW�Q� \DQÕ�� GDKD� D]� J�U�OW�O�� ROPDVÕGÕU�� d�QN��
WHNHUOHNOHU�oDOÕúPDGÕ÷Õ� LoLQ� WHNHUOHN�J�U�OW�V��ROPD\DFDNWÕU��'L÷HU�ELU��VW�Q�\DQÕ�KÕ]ÕGÕU��
<XNDUÕGD� EHOLUWLOHQ� �o� �VW�QO�÷�Q� VRQXFX� RODUDN� LQDQÕOPD]� GHUHFHGH� KÕ]OÕ� RODQ� �����
NP�VDDW��0DJOHY� WUHQOHUL�oRN�SUDWLNWLUOHU��'L÷HU�ELU��VW�Q�\DQÕ��0DJOHY� WUHQL�GXUDNODUGDQ�
VRQUD�YH�\RNXú�\XNDUÕ�JLGHUNHQ���NP�LoHULVLQGH�����NP�VDDW�KÕ]D�YH����NP¶GH�LVH�NHQGL�
PDNVLPXP�KÕ]ÕQD�XODúPDNWDGÕU��85/-3, 2005). 

 6�SHULOHWNHQOHULQ�NXOODQÕOGÕ÷Õ� LWPH�HVDVOÕ� HOHNWURGLQDPLN�0DJOHY� VLVWHPLQGH�ELUoRN�
V�SHULOHWNHQ� PÕNQDWÕVÕQ� ELUELULQGHQ� D\UÕ� YH� ED÷ÕPVÕ]� RODUDN� oDOÕúPDVÕ� WDVDUODQPDNWDGÕU��
0DJOHY� DUDFÕ�� PÕNQDWÕVODUGDQ� ELU� WDQHVL� ER]XOGX÷XQGD� J�YHQOL� ELU� úHNLOGH� oDOÕúDFDN� YH�
NDOGÕUÕOPÕú�GXUXPGD�NDODFDN�úHNLOGH�WDVDUODQPÕúWÕU��6�SHULOHWNHQ�PÕNQDWÕVODUÕQ�EDúDUÕVÕ]OÕN�
RUDQÕ� oRN� G�ú�N� ROGX÷X� LoLQ�� ELUNDo� GDNLND� LoHULVLQGH� LNL� PÕNQDWÕVÕQ� ELUGHQ� ER]XOPDVÕ�
LKWLPDOL�� oDOÕúPD� V�UHVLQFH�PLO\RQ� \ÕOGD� ELUGHQ� GDKD� D]GÕU�� %|\OH� ELU� ER]XOPD� RUDQÕ� MHW�
XoDNODUÕQGDNL�PRWRU�ER]XOPDODUÕQGDQ�oRN�GDKD�N�o�NW�U��$\UÕFD�MHW�XoDNODUÕ�oDOÕúPD]NHQ��
0DJOHY�DUDFÕ�oDOÕúPD\D�GHYDP�HWPHNWHGLU� 
 0DJOHY� DUDoODUÕ� KDUHNHW� HWWLNOHUL� V�UHFH� GHQJHOL� ELoLPGH� NDOGÕUÕOPÕúODUGÕU�� (OHNWULN�
J�F��NHVLOLUVH��DUDoODU�ELUNDo�NLORPHWUH�ND\DFDN��KÕ]ODUÕ����NP�VDDW¶H�XODúWÕ÷Õ�]DPDQ�\HGHN�
WHNHUOHNOHUH�RWXUDFDN�YH�\RO��]HULQGH�GXUDFDNWÕU��*�o�WHNUDU�ND]DQÕOÕUVD��DUDoODU�PDQ\HWLN�
RODUDN�KÕ]ODQDUDN�WHNUDU�HVNL�KDUHNHW�HWPH�KÕ]ODUÕQD�XODúDFDNODUGÕU� 
 MagOHY� DUDFÕQÕQ� \DNÕQODUÕQGDNL� PDQ\HWLN� DODQGDQ� GROD\Õ� KHUKDQJL� ELU� VD÷OÕN� YH�
oHYUHVHO� WHKOLNH� \RNWXU�� <ROFX� NRPSDUWÕPDQÕQGDNL� PDQ\HWLN� DODQ� G�Q\D� DWPRVIHUL�
PDQ\HWLN� DODQÕ� VHYL\HVLQGHGLU�� *HUoHNWH�� LQVDQODU� PHWUR\D� YH� HOHNWULNOL� WUHQOHUH�
bindiklerinde, evde eOHNWULN�LOH�oDOÕúDQ�DOHWOHUL�NXOODQGÕNODUÕQGD�YH�VRNDNWD�\�U�G�NOHULQGH�
G�Q\D� DWPRVIHU� GH÷HULQGHQ� GDKD� J�oO�� PDQ\HWLN� DODQD� PDUX]� NDOÕUODU�� 0DJOHY�
DUDoODUÕQGDNL�PDQ\HWLN�DODQ�\XNDUÕGDNL�|UQHNOHULQNLQGHQ�GDKD�G�ú�NW�U��85/-4, 2005). 

 Maglev trenlerinin bu üVW�QO�NOHULQLQ� \DQÕQGD� ELUNDo� ]D\ÕI� \DQÕ� YDUGÕU�� 0DJOHY�
UD\ODUÕQÕQ� JHOHQHNVHO� UD\ODUGDQ� GDKD� ID]OD� PDOL\HWL� YDUGÕU�� 'L÷HU� ELU� EDúOÕFD� ]D\ÕI� \DQÕ�
DOW\DSÕ�ROPD\ÕúÕGÕU� 
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gUQH÷LQ��\�NVHN�KÕ]OÕ�WUHQOHU�NHQGL�KÕ]ODUÕQGD�\�NVHN�KÕ]�UD\ODUÕQGD�JLGHUNHQ��QRUPDO�UD\D 
JHOGLNOHULQGH� KÕ]ODUÕQÕ� \DYDúODWDUDN� \ROODUÕQD� GHYDP� HGHELOLUOHU�� )DNDW� 0DJOHY� WUHQOHUL��
0DJOHY�KDWODUÕ\OD�VÕQÕUOÕGÕUODU��0DJOHY�WUHQOHULQH�QRUPDO�oHOLN�WHNHUOHNOHU�NRQXOXUVD��D\UÕFD�
QRUPDO� WUHQOHULQ� NXOODQGÕ÷Õ� oHOLN� UD\ODUGD� GD� KDUHNHW� HGHELOLUOHU� YH� E|\lece hat sorunu 

o|]�OP�ú�ROXU��85/-2 ve URL-3, 2005). 

 

�����0DJOHY�6LVWHPOHULQLQ�7HRULN�$OW\DSÕVÕ 
 

1.6.1. Hareketli Yükler ve Manyetik Alan 

 

 +DUHNHW�KDOLQGHNL�ELU�HOHNWULN�\�N��HWUDIÕQGDNL�X]D\GD�ELU�PDQ\HWLN�DODQ�ROXúXU��%LU�
manyetik alan içinde hareket eden yüklere de manyetik kuvvet etki eder. Manyetik alan 

LQFHOHQLUNHQ��KDUHNHWOL�ELU�\�N��]HULQH�GL÷HULQFH�X\JXODQDQ�NXYYHWOH�GR÷UXGDQ�LOJLOHQPHN�
\HULQH�� KDUHNHWOL� \�N�Q� NHQGL� EXOXQGX÷X� X]D\GD� ELU� PDQ\HWLN� DODQ� ROXúWXUGX÷X� YH� EX�
DODQÕQ� GL÷HU� ELU� KDUHNHWOL� \�NH� HWNLGL÷LQL� NDEXOOHQPHN� GDKD� X\JXQ� ROPDNWDGÕU�� +DUHNHW�
HGHQ�ELU�\�N�Q�ROXúWXUGX÷X�PDQ\HWLN�DODQ� 
 

 
2

0 ˆ

4 r

rvq
B

×
=

&&
π

µ
           (6) 

 

úHNOLQGHGLU��%XUDGD� 
27

0 /104 AN−×= πµ ��VHUEHVW�X]D\ÕQ�PDQ\HWLN�JHoLUJHQOLN�NDWVD\ÕVÕ� 
q��SDUoDFÕ÷ÕQ�\�N�� 
v��\�NO��SDUoDFÕ÷ÕQ�KÕ]Õ� 
r��\�NO��SDUoDFÕ÷ÕQ�PDQ\HWLN�DODQÕQ�KHVDSODQDFD÷Õ�QRNWD\D�RODQ�X]DNOÕ÷ÕGÕU� 

0DQ\HWLN�DODQÕQ�ELULPL��6,�VLVWHPLQGH��PHWUH�NDUH�EDúÕQD�ZHEHU (Wb/m
2)’dir; buna tesla 

(T) da denir. Pratikte, manyetik alan birimi olarak CGS sisteminde gauss (G) da 

NXOODQÕOPDNWDGÕU����T = 104 G). 
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 1.6.2. Biot-6DYDUW�<DVDVÕ 
 

2HUVWHG¶LQ� ����¶GD� DNÕP� WDúÕ\DQ� ELU� LOHWNHQLQ� ELU� SXVXOD� L÷QHVLQL� VDSWÕUGÕ÷ÕQÕ�
NHúILQGHQ�NÕVD�ELU�V�UH�VRQUD��-HDQ�%DSWLVWH�%LRW�YH�)HOL[�6DYDUW�NDUDUOÕ�DNÕP�WDúÕ\DQ�ELU�
iletkenin ELU� PÕNQDWÕV� �]HULQGH� NXYYHW� ROXúWXUGX÷XQX� J|UG�OHU�� %LRW� YH� 6DYDUW� GHQH\VHO�
VRQXoODUGDQ�\ROD�oÕNDUDN�X]D\ÕQ�ELU�QRNWDVÕQGDNL�PDQ\HWLN�DODQÕ��EX�DODQÕ�ROXúWXUDQ�DNÕP�
cinsinden veren ifadeyi buldular. Biot-6DYDUW�\DVDVÕ��ELU�WHOGHQ�NDUDUOÕ�ELU�I�DNÕPÕ�JHoHUse, 

teldeki bir sd
& HOHPDQÕQÕQ� �P�QRNWDVÕQGD�ROXúWXUGX÷X� Bd

& �PDQ\HWLN�DODQÕQÕQ�úX�|]HOOLNOHUL�
WDúÕGÕ÷ÕQÕ�V|\OHPHNWHGLU��ùHNLO����� 
1. Bd

&
 vektörü, hem sd

& ��DNÕP�\|Q�QGHGLU�¶\H�Ye hem de bu sd
& �HOHPDQÕQGDQ�P�QRNWDVÕQD�

GR÷UX�\|QHOHQ� r̂  birim vektörüne diktir. 

2. Bd
& ¶QLQ�E�\�NO�÷��r2�LOH�WHUV�RUDQWÕOÕGÕU��%XUDGD�r, sd

& �HOHPDQÕQÕQ�P¶\H�X]DNOÕ÷ÕGÕU� 
3. Bd

& ¶QLQ�E�\�NO�÷��DNÕPOD�YH� sd
& �HOHPDQÕQÕQ�X]XQOX÷X�RODQ�ds�LOH�RUDQWÕOÕGÕU� 

4. Bd
& ¶QLQ�E�\�NO�÷��sinθ LOH�RUDQWÕOÕGÕU��%XUDGD�θ, sd

&
ve r̂ �YHNW|UOHUL�DUDVÕQGDNL�DoÕGÕU� 

 
 

 

 

 

 

 

 
ùHNLO����� Bir sd

& �DNÕP�HOHPDQÕQÕQ�3�QRNWDVÕQGD�ROXúWXUGX÷X�PDQ\HWLN�
alan ( Bd

&
) (Serway, 1996). 

 
 
 Biot-6DYDUW�\DVDVÕ��DúD÷ÕGDNL�úHNLOGH�LIDGH�HGLOHELOLU� 
 

 
2

0 ˆ

4 r

rsdI
Bd

×
=

&&
π

µ
           (7) 

 

 6RQOX�E�\�NO�NWHNL�ELU�LOHWNHQGHQ�ND\QDNODQDQ��ELU�QRNWDGDNL�WRSODP�PDQ\HWLN�DODQÕ�
EXOPDN�LoLQ��LOHWNHQL�ROXúWXUDQ�W�P�DNÕP�HOHPDQODUÕQGDQ�GR÷DQ�NDWNÕODUÕ�WRSODPDN�JHUHNLU��
Yani, B

& �PDQ\HWLN�DODQÕ�'HQNOHP����¶QLQ�LQWHJUDOL�DOÕQDUDN�Eulunabilir: 

P 

r̂  

sd
&

 
θ 

r 

dBGÕúD 

I 
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 ∫
×

=
2

0 ˆ

4 r

rsdI
B

&&
π

µ
           (8) 

 

%XUDGD�LQWHJUDO�LOHWNHQLQ�WDPDPÕ��]HULQGHQ�DOÕQÕU��6HUZD\�������� 
 

1.7. Kum-<Õ÷ÕQÕ��6DQG-Pile) Modeli 

 

Kum-\Õ÷ÕQÕ� �VDQG-SLOH�� PRGHOL�� GDKD� JHQHO� RODQ� \RQJD� DWHúOHPH� R\XQXQXQ� �FKLS�
firing game) özel bir dXUXPXGXU�� <RQJD� DWHúOHPH� R\XQX� LON� NH]� ����� \ÕOÕQGD� 6SHQFHU�
WDUDIÕQGDQ� ED]Õ� GHQJH� R\XQODUÕ� LoLQ� X\JXODQGÕ� �85/-��� ������� <RQJD� DWHúOHPH� R\XQX�
IL]LNWH�� HNRQRPLGH� YH� ELOJLVD\DU� ELOLPOHULQGH� GH� NXOODQÕODQ� ELU� GLQDPLN� PRGHOGLU�� %X�
modelin birçok özel versiyonu� YDUGÕU� YH� EXQODU� IDUNOÕ� LVLPOHUGH� YH� IDUNOÕ� \DNODúÕPODUGD�
RUWD\D�NRQXOPXú�YH�oDOÕúWÕUÕOPÕúWÕU��.XP-\Õ÷ÕQÕ�PRGHOL�LON�GHID�%DN��7DQJ�YH�:LHVHQILHOG�
WDUDIÕQGDQ� ����� \ÕOÕQGD� X\JXODQPÕúWÕU�� %|\OH� VLVWHPOHULQ� oDOÕúWÕUÕOPDVÕQGD� 'KDU� ��������
Cori ve Rossin (1998�� WDUDIÕQGDQ� FHELUVHO� \DNODúÕP�� %MRUQHU�� /RY¶DV]� YH� 6KDU� �������
WDUDIÕQGDQ�R\XQ� WHRULVL��%MRUPHU� YH�=LHOHU� ������� WDUDIÕQGDQ�GLO� WHRULVL� YH� EHQ]HU� ELUoRN�
\DNODúÕP�JHOLúWLULOPLúWLU��85/-5, 2006). 

�����\ÕOÕQGD�*ROHV�YH�.LZL� WDUDIÕQGDQ�NXOODQÕODQ�.XP-\Õ÷ÕQÕ�Podelinde, bir kum 

\Õ÷ÕQÕ�n�WDPVD\ÕVÕQÕQ�G�]HQOHQPLú�ELU�NÕVPÕ�\DQL�WRSODP�n’nin azalan dizisi a = (a-1, ..... , 

a-n��LOH�WHPVLO�HGLOLU�YH�NXP�WDQHOHULQLQ�KDUHNHWL�úX�NXUDOODUD�X\DU� 
.XUDO� �� �G�úH\� NXUDO��� %LU� WDQH�� ELU� V�WXQGDQ� GL÷HU� V�WXQD�� H÷HU� EX� V�WXQODUÕQ�

\�NVHNOLNOHUL�DUDVÕQGDNL�IDUN��¶GHQ�ID]OD�YH\D�HúLW�LVH�KDUHNHW�HGHELOLU��ùHNLO����� 
 
 

           
           
           
           
           
           

 

ùHNLO�����.XP-\Õ÷ÕQÕ�PRGHOLQGH����NXUDO��85/-5, 2006). 
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Kural 2 (yatay kural):�(÷HU�ELU�V�WXQXQ��S���� WDQHVL�YDUVD��\DQÕQGD�S�WDQH� LoHUHQ�
sütun ya da sütunlar varsa ve sonra (p-1) tane içeren sütun varsa, birinci sütundaki bir tane 

VRQ�V�WXQD�DWOD\DELOLU��ùHNLO����� 
 
 

           
           
           
           
           
           

 

ùHNLO�����.XP-\Õ÷ÕQÕ�PRGHOLQGH����NXUDO��85/-5, 2006). 
 
 

Kum-\Õ÷ÕQÕ�PRGHOL�LoLQ�ùHNLO���¶WH�ELU�|UQHN�J|U�OPHNWHGLU� 
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�����/LWHUDW�U�g]HWL�YH�dDOÕúPDQÕQ�$PDFÕ 
 

 %�\�N�WDQHOL�\�NVHN�VÕFDNOÕN�N�OoH�V�SHULOHWNHQOHU�PDQ\HWLN�\DWDN��HQHUML�GHSRODPD�
VLVWHPL�� \�N� WDúÕPD�� \�N� NDOGÕUPD� YH� DODQ� WX]DNODPD� PÕNQDWÕVODUÕ� RODUDN� P�KHQGLVOLN�
X\JXODPDODUÕQGD� NXOODQÕOÕUODU� �)XMLPRWR�� ������ 0F&XOORFK�� ������ 0L]XWDQL� YG��� ������
:ROVN\���������'L÷HU�ELU�X\JXODPD�DODQÕ�RODQ�PDQ\HWLN�RODUDN�NDOGÕUÕOPÕú�0DJOHY� WUHQL��
V�SHULOHWNHQ� PÕNQDWÕVODUÕQ� ELUOHúLPL\OH� ROXúWXUXODQ� ELU� V�SHU� \�NVHN� KÕ]OÕ� V�UW�QPHVL]�
WDúÕPD� VLVWHPLGLU�� 0DJOHY� VLVWHPL�� G�ú�N-VÕFDNOÕN� V�SHULOHWNHQOHULQ� V�SHULOHWNHQ�
teknolojisine, Nb-7L�WHOOHUH�YH�VÕYÕ�KHO\XPXQ�VR÷XWXFX�RODUDN�JHUHNOL�ROGX÷X�V�SHULOHWNHQ�
PÕNQDWÕVODUD� X\JXODQÕU�� $\UÕFD�� RODVÕ� WHNQRORMLN� JHOLúPHOHU�� \DQL� VÕYÕ� D]RW� VÕFDNOÕ÷ÕQGD�
süperiletkenlik gösteren yüksek-NULWLN�VÕFDNOÕN�V�SHULOHWNHQOHU�JHOHFHNWH�0DJOHY�VLVWHPOHUL�
LoLQ�XPXW�YHULFL�RODFDNWÕU��)XMLPRWR�YG��������� 

.�OoH� V�SHULOHWNHQOHULQ� HQG�VWUL\HO� X\JXODPDODUÕ� LoLQ� LNL� |QHPOL� PDO]HPH� |]HOOL÷L�
YDUGÕU� �+XOO�� ������� %XQODUGDQ� ELUL�� N�OoH� V�SHULOHWNHQLQ� WDúÕ\DELOGL÷L� D÷ÕUOÕ÷Õ� EHOLUOH\HQ�
NDOGÕUPD� NXYYHWLGLU�� 'L÷HUL� LVH�� N�OoH� V�SHULOHWNHQOHULQ� �UHWHELOGL÷L� PDNVLPXP� DODQÕ�
EHOLUOH\HQ�WX]DNODQDQ�DODQGÕU� 

6�SHULOHWNHQOHUGHQ� \�NVHN�PÕNQDWÕVODQPD� HOGH� HWPHN� LoLQ�<-Ba-Cu-O (YBCO) ve 

nadir toprak-Ba-Cu-O (RE-Ba-Cu-O; RE: Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu, La) 

N�OoH�V�SHULOHWNHQOHUL�NXOODQÕOÕU��)XMLPRWR��������0XUDNDPL�YG���������1DULNL�YG����������
d�QN��EX�V�SHULOHWNHQOHU�VÕYÕ�D]RW�VÕFDNOÕ÷ÕQGD�J�oO��N�OoH�PÕNQDWÕV�|]HOOL÷L�J|VWHULUOHU�YH�
E�\�N� WDQHOL� V�SHULOHWNHQ� HOGH� HWPH\H� GH� HOYHULúOLGLUOHU�� %�\�N� WHN� WDQHOL� V�SHULOHWNHQ�
N�OoH�PÕNQDWÕVÕQ� WX]DNODGÕ÷Õ�PDQ\HWLN� DODQÕQ� JHOHQHNVHO� V�UHNOL�PÕNQDWÕVODUGDNL� DODQGDQ�
GDKD��VW�Q�ROGX÷X�ELOLQPHNWHGLU��+XOO��������,NXWD�YG����������6�SHULOHWNHQ�N�OoH�PÕNQDWÕV�
DUWDQ�NULWLN�DNÕP�\R÷XQOX÷X��-c) ve hacimle daha büyük manyetik alan üretebilir. YBCO ve 

RE-Ba-Cu-2�V�SHULOHWNHQ�PDO]HPHOHU�HULWPH�\|QWHPOHUL�LOH��UHWLOLUOHUVH�oDSÕ�≈10 cm olan 

büyük taneli örnekler elde edilebilir (Hull, 2000). Bu külçe süperiletkenlerin 77 K’de 5 T 

YH�GDKD�G�ú�N�VÕFDNOÕNODUGD����7¶GDQ�GDKD�ID]OD�PDQ\HWLN�DODQ�WX]DNODGÕ÷Õ�ELOLQPHNWHGLU�
(Fuchs vd., 2000; Fujimoto, 2000). Bu nedenle külçe süperiletkenlerin tuzaklanan alan 

uygXODPDODUÕ�G�Q\D�oDSÕQGD�E�\�N�LOJL�oHNPHNWHGLU� 
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'H÷LúLN� �UHWPH� \|QWHPOHUL\OH� KD]ÕUODQDQ� N�OoH� V�SHULOHWNHQOHULQ� ER\XWX� 0DJOHY�
VLVWHPOHULQGH� NXOODQÕODELOHFHN� NDGDU� E�\�N� GH÷LOGLU�� %X� QHGHQOH� 0DJOHY� VLVWHPLQGH�
NXOODQÕODELOPHOHUL� LoLQ� N�OoH� V�SHULOHWNHQOHULQ� VDWÕU� YH� V�WXQ� KDOLQGH� GL]LOPHOHUL�
gerekmektedir. Böylece grup halindeki külçe süperiletkenler büyük tek külçe süperiletken 

JLEL�G�ú�Q�OHELOLU� 
 <�NVHN� VÕFDNOÕN� 1E-Ti süperiletken telleri ve külçeleri içeren süperiletken 

PÕNQDWÕVODUÕQ� NXOODQÕOGÕ÷Õ� 0DJOHY� WUHQOHULQGH�� �]HULQGH� VR÷XWXFXODUOD� ELUOLNWH� LNL�
V�SHULOHWNHQ�PÕNQDWÕV��WUHQLQLQ�KHU�LNL�WDUDIÕQD�PRQWH�HGLOLU��<RR�YG���������)XMLPRWR�YG���
1999; Fujimoto, 2000; Fujimoto ve Kamijo, 2001; Wang vd., 2001; Sanagawa vd., 2001). 

Her bir süperiletken, kutup X]XQOX÷X������P�RODQ�� VÕUDVÕ\OD�1�YH�6�NXWXSODUÕ��UHWHQ�G|UW�
DGHW� V�SHULOHWNHQ� NDQJDOGDQ� ROXúPDNWDGÕU�� .XWXS� E�\�NO�÷�� �×0,5 m2’dir. Nb-Ti 

V�SHULOHWNHQ�WHOOHULQ�NXOODQÕOGÕ÷Õ�0DJOHY�VLVWHPL��<RR�YG���������)XMLPRWR�YG���������ùHNLO�
15’te görülmektedir. Burada her bir kutup 8×��N�OoHGHQ�ROXúPDNWDGÕU��.�OoH�oDSÕ�����PP�
YH�N�OoH�NDOÕQOÕ÷Õ����PP¶GLU��%X�VLVWHPGH�NULWLN� DNÕP�\R÷XQOX÷X���2 A/cm2 olarak farz 

HGLOGL÷LQGH�%LRW-6DYDUW�\DVDVÕ�NXOODQÕODUDN�KHVDSODQDQ�HNVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQ�
GH÷HUL�����7¶GÕU��%X�GH÷HU�JHOHQHNVHO�PÕNQDWÕVODUOD�D\QÕ�ROGX÷X�LoLQ��DNÕP�\R÷XQOX÷XQXQ�
105 A/cm2¶GHQ� GDKD� E�\�N� ROGX÷X� GXUXP� ID\GDOÕ� RODFDNWÕU�� ��5 A/cm2� NULWLN� DNÕP�
GH÷HULQGH�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ��-��7�FLYDUÕQGDGÕU� 
 
 

�����P ��P

����P

 
 
ùHNLO�����0DJOHY�WUHQL�LoLQ�V�SHULOHWNHQ�N�OoH�PÕNQDWÕVÕQ�úHPDWLN�J|VWHULPL��+HU�ELU�NXWXS��

N�OoH� oDSÕ�����PP�YH�N�OoH� NDOÕQOÕ÷Õ� ���PP�RODQ��×��N�OoHGHQ�ROXúPDNWDGÕU�
(Yoo vd., 1998; Fujimoto vd., 1999). 

 
 
 Nb-7L� V�SHULOHWNHQ� WHOOHULQ� NXOODQÕOGÕ÷Õ� GL÷HU� ELU�0DJOHY� VLVWHPL� �)XMLPRWR�� ������
ùHNLO� ��’da görülmektedir. Bir kutup 4×2×�� GHOLN� N�OoHGHQ� ROXúPDNWDGÕU�� .�OoHQLQ� GÕú�
NHQDU�X]XQOX÷X��Lo�NHQDU�X]XQOX÷X�YH�N�OoHQLQ�NDOÕQOÕ÷Õ�VÕUDVÕ\OD�����PP������PP�YH����
PP¶GLU��7RSODP�NDOÕQOÕ÷Õ�����PP�RODQ�EHú�N�OoH�ELU�WDEDND\D�\HUOHúWLULOPLúWLU� 
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Bu sistemde kULWLN� DNÕP� \R÷XQOX÷X� �×104 A/cm2� RODUDN� DOÕQGÕ÷ÕQGD� %LRW-6DYDUW� \DVDVÕ�
NXOODQÕODUDN�KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUL���7¶GÕU� 
 
 

�����PP ��P

����P

 
 
ùHNLO���� 0DJOHY�WUHQL�LoLQ�V�SHULOHWNHQ�N�OoH�PÕNQDWÕVÕQ�úHPDWLN�J|VWHULPL��.�OoHQLQ�GÕú�

NHQDU�X]XQOX÷X��Lo�NHQDU�X]XQOX÷X�YH�N�OoHQLQ�NDOÕQOÕ÷Õ�VÕUDVÕ\OD�����PP������
PP� YH� ��� PP¶GLU�� 7RSODP� NDOÕQOÕ÷Õ� ���� PP� RODQ� EHú� N�OoH� ELU� WDEDND\D�
\HUOHúWLULOPLúWLU�YH�KHU�ELU�NXWXS��×2×��N�OoHGHQ�ROXúPDNWDGÕU��)XMLPRWR������� 

 
 
 Maglev trenlerinde hangi türdeki süperiletkHQOHULQ� GDKD� L\L� ROGX÷XQX� EXOPDN� LoLQ�
\DSÕODQ� oDOÕúPDODU� VRQXFXQGD�� 1E-7L� V�SHULOHWNHQ� WHOOHULQ� \HULQH� \�NVHN� VÕFDNOÕN� N�OoH�
V�SHULOHWNHQOHULQ� GDKD� ID\GDOÕ� RODFD÷Õ� EXOXQGX� �<RR� YG��� ������ )XMLPRWR� YG��� �������
)XMLPRWR�YH�.DPLMR���������.HQDU�X]XQOX÷X����PP�YH�NDOÕQOÕ÷Õ����PP�RODQ�WHN�G�]OHPGH�
6×�� N�OoHGHQ� ROXúDQ� �ùHNLO� ����� HULWPH� \|QWHPL\OH� KD]ÕUODQPÕú� ��� .¶GHNL� <%D&X2�
V�SHULOHWNHQOHUL�NXOODQÕODUDN����×99 mm2¶OLN�N�o�N�N�OoH�PÕNQDWÕVWDQ�HOGH�HGLOHQ�YHULOHU�
EX�VRQXFX�GR÷UXODPDNWDGÕU��)XMLPRWR�YH�.DPLMR���������%X�oDOÕúPDGD��HNVHQHO�WX]DNODQDQ�
PDQ\HWLN�DODQÕQ�|Oo�OPHVLQGH�NXOODQÕODQ�NUL\RVWDWÕQ�GÕú�\�]H\LQGH��\DQL�RGD�VÕFDNOÕ÷ÕQGD�
����7¶GDQ�GDKD�ID]OD�WX]DNODQDQ�DODQÕQ�ROGX÷X�J|]OHQPLúWLU� 

���PP

���PP  
 

ùHNLO������×��G�]HQOHQLúLQGH�V�SHULOHWNHQ�N�OoH�PÕNQDWÕVÕQ�úHPDWLN�
gösterimi (Fujimoto ve Kamijo, 2001). 
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 Külçe süperiletkenlerin Japonya, Amerika ve Avrupa’da (Nippon Steel, Dowa 

Mining, Superconductive Component, IPHT, Karlsruhe Research Center vb.) ticareti 

\DSÕOPDNWDGÕU�� IDNDW� EXQODUÕQ� NDUDNWHUL]DV\RQX� LoLQ� VWDQGDUW�PHWRWODU� WHVSLW� HGLOPHPLúWLU�
�0XUDNDPL���������.�OoH� V�SHULOHWNHQ�NXOODQÕFÕODUÕ�� D\JÕWODUÕQÕ� WDVDUODUNHQ�V�SHULOHWNHQLQ�
WDúÕ\DELOGL÷L� D÷ÕUOÕ÷Õ� YH� �UHWHELOGL÷L� PDNVLPXP� DODQÕ� ELOPHN� ]RUXQGDGÕUODU�� $QFDN�� EX�
GH÷HUOHU� �UHWLP� YH� |OoPH� \|QWHPLQH� NXYYHWOL� ELU� úHNLOGH� ED÷OÕGÕUODU� YH� EX� QHGHQOH� KHP�
LPDODWoÕODU� KHP�GH� HQG�VWUL\HO�P�úWHULOHU� LoLQ� EX�GH÷HUOHULQ� EHOLUOHQPHVLQGH�XOXVODUDUDVÕ�
VWDQGDUWODUÕQ�G�]HQOHQPHVL�E�\�N�|QHPH�VDKLSWLU��$\UÕFD��-c�GH÷HULQLQ�YH�WDQH�ER\XWXQXQ�
VDELW� ROGX÷X� GXUXPGD� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� ED÷OÕ� ROGX÷X� IDNW|UOHU� GH� D\JÕW�
WDVDUOD\ÕFÕODUÕ� LoLQ� |QHPOLGLU�� d�QN�� MHQHUDW|U� YH� PRWRU� JLEL� \�NVHN� WX]DNODQDQ� DODQÕQ�
NXOODQÕOGÕ÷Õ� HOHNWULN� PDNLQHOHULQLQ� WDVDUÕPÕQGD� YH� IDUNOÕ� PDO]HPHOHULQ� SHUIRUPDQVODUÕ�
NDUúÕODúWÕUÕOPDN�LVWHQGL÷LQGH�|UQH÷LQ�|]HOOLNOHUL�|Q�SODQD�oÕNPDNWDGÕU� 
 %X� QHGHQOHUOH�� EX� oDOÕúPDQÕQ� DPDFÕ� WHN� NULVWDO� N�OoH� V�SHULOHWNHQOHULQ� WX]DNODGÕ÷Õ�
PDQ\HWLN� DODQÕQ� KHVDSODQPDVÕ�� SUDWLN� X\JXODPDODU� LoLQ� WX]DNODQDQ� DODQÕQ� |UQH÷LQ�
JHRPHWULVLQH�� E�\�NO�÷�QH� YH� NDOÕQOÕ÷ÕQD� QH� úHNLOGH� ED÷OÕ� ROGX÷XQXQ� YH� N�OoH�
V�SHULOHWNHQOHULQ�0DJOHY� VLVWHPLQGH� NXOODQÕODELOPHOHUL� LoLQ� QDVÕO� GL]LOPHOHUL� JHUHNWL÷LQLQ�
EXOXQPDVÕGÕU�



 

 

������<$3,/$1�d$/,ù0$/$5 

 

�����7X]DNODQDQ�0DQ\HWLN�$ODQÕQ�+HVDSODQPDVÕ 
 

7X]DNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPÕQÕQ�VD\ÕVDO�RODUDN�KHVDSODQPDVÕ� LoLQ�NXP-\Õ÷ÕQÕ�
(sand-pile) modeli (Tamegai vd., 1993) ve Biot-6DYDUW� \DVDVÕ� NXOODQÕOGÕ�� .XP-\Õ÷ÕQÕ�
PRGHOLQH� J|UH� E�\�N� NDUH� YH� VLOLQGLU� |UQHNOHU� ùHNLO� ��� YH� ��¶GD� J|U�OG�÷�� JLEL� ortak 

PHUNH]OL�DNÕP�KDONDODUÕQD�D\UÕOGÕ�YH�DNÕPÕQ�NHQDUODU�ER\XQFD�DNWÕ÷Õ�YDUVD\ÕOGÕ��+HU�DNÕP�
LOPH÷LQGHQ�DNDQ�DNÕP 

 

twJI c ∆∆=            (9) 

 

úHNOLQGHGLU��%XUDGD�Jc�NULWLN�DNÕP�\R÷XQOX÷XGXU�YH�X\XP�SDUDPHWUHVL�RODUDN�NXOODQÕOÕU��∆w 

ve ∆t� VÕUDVÕ\OD� DNÕP� LOPH÷LQLQ� JHQLúOL÷L� YH� NDOÕQOÕ÷ÕGÕU�� dRN� L\L� ELOLQPHNWHGLU� NL��Biot-

6DYDUW�\DVDVÕ�DNÕP�JHoHQ�ELU�LOHWNHQLQ�VDGHFH�N�o�N�ELU�SDUoDVÕ�LoLQ�ELU�QRNWDGDNL�PDQ\HWLN�
DODQÕ�YHULU��%X�ED÷ODPGD��KHU�ELU�LOHWNHQ�LOPHN�LoLQ�%LRW-6DYDUW�\DVDVÕ�NXOODQÕODUDN� B& �DODQÕ�
DúD÷ÕGDNL�GHQNOHP�LOH�YHULOLU� 
 

∫
×

π

µ
=

2

0

4 r

r̂sdI
B

&&
           (8) 

 

Denklem 8’de 0µ � VHUEHVW� X]D\ÕQ� JHoLUJHQOL÷L�� sd
& � DNÕP� HOHPDQÕ� YHNW|U��� r ve r̂ � DNÕP�

HOHPDQÕQGDQ�J|]OHP�QRNWDVÕQD�GR÷UX�\|QHOPLú�X]DNOÕN�YH�ELULP�YHNW|UG�U� 
 ùHNLO���¶Ge görülen kare örnek için, P�J|]OHP�QRNWDVÕQGDNL�I�oL]JL�DNÕPÕ�WDUDIÕQGDQ�
meydana getirilen B

& � PDQ\HWLN� DODQ� YHNW|U�� KHVDSODQÕUNHQ�� |QFHOLNOH� NDUH� úHNOLQGHNL� I 
oL]JL� DNÕP� LOPH÷L� KHU� ELULQLQ� ER\X� L� RODQ� G|UW� HúLW� SDUoD\D� E|O�QG�� YH� QXPDUDODQGÕ����
�ùHNLO� �����+HU� ELU� DNÕP� oL]JLVL� LoLQ� D\UÕ� D\UÕ� NRQXPODPD�HNVHQOHUL�� DNÕP�\|QOHUL�� DNÕP�
yönündeki sd

& �DNÕP�HOHPDQODUÕ�YH� sd
& �DNÕP�HOHPDQODUÕQGDQ�P�QRNWDVÕQD�GR÷UX�\|QHOHQ� r&  

yer vektörOHUL�EHOLUOHQGL��+HU�ELU�DNÕP�WHOLQLQ�P�QRNWDVÕQGD�ROXúWXUGX÷X�PDQ\HWLN�DODQ�D\UÕ�
D\UÕ�KHVDSODQGÕ� 
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   (a)       (b) 

 

ùHNLO����� 6D\ÕVDO�KHVDSODPD�LoLQ�NXOODQÕODQ�NDUH�V�SHULOHWNHQ�|UQHNWH��D��DNÕP�LOPHNOHULQLQ�
úHPDWLN�J|VWHULPL���E��NRQXPODPa sistemi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 
 

ùHNLO� ���� 6D\ÕVDO� KHVDSODPD� LoLQ� NXOODQÕODQ� VLOLQGLU� V�SHULOHWNHQ� |UQHNWH� �D�� DNÕP�
LOPHNOHULQLQ�úHPDWLN�J|VWHULPL���E��NRQXPODPD�VLVWHPL 

 

w∆  

t∆  
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twJI c ∆∆=  
süperiletken 
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ùHNLO�����.DUH�N�OoH�|UQHN�LoLQ�VD\ÕVDO�KHVDSODPDGD�NXOODQÕODQ�DNÕP�LOPH÷L 

 
 

 1 nolu tel için;  s(0, -y, 0),   jdysd ˆ−=
&

 

 

    P(x1, -y1, z),  ( ) kzjyyixr ˆˆˆ
11 ++−+=

&
 

 

∫
×

=
3

0
1

4 r

rsdI
B

&&&
π

µ
,  kdyxidyzrsd ˆˆ

1+−=×
&&

 

 

 ∫
−

+−+
+−=

L

zyyx

dy
kxiz

I
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4π
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 ∫ ++−

+
=

++ 2/1222/32 ))(4(

)2(2

)( cbxaxbac

bax

cbxax

dx
     (10) 

 

'HQNOHP� ����� NXOODQÕODUDN� �� QROX� WHlin P� QRNWDVÕQGD� PH\GDQD� JHWLUGL÷L� PDQ\HWLN� DODQ�
bulundu. 
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3 nolu tel için;  s(x, 0, 0),  idxsd ˆ=
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Denklem (10)� NXOODQÕODUDN� �� QROX� WHOLQ� P� QRNWDVÕQGD� PH\GDQD� JHWLUGL÷L� PDQ\HWLN� DODQ�
bulundu. 
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Bu dört telin P� QRNWDVÕQGD� PH\GDQD� JHWLUGLNOHUL� WRSODP� PDQ\HWLN� DODQ� KHU� ELU� WHOLQ�
meydana getirdi÷L�PDQ\HWLN�DODQ�YHNW|UOHULQLQ�WRSODPÕGÕU� 
 

 4321 BBBBB
&&&&&

+++=           (11) 

 

ùHNLO���¶GD�J|U�OHQ� VLOLQGLU�|UQHN� LoLQ��3�J|]OHP�QRNWDVÕQGD� I�GDLUHVHO�oL]JL�DNÕPÕ�
WDUDIÕQGDQ�PH\GDQD�JHWLULOHQ�UDG\DO�YH�HNVHQHO�DODQODU��VÕUDVÕ\OD��Br ve Bz��DúD÷ÕGDNL�úekilde 

verilir (Smythe, 1968): 
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Burada K ve E, ( )[ ] 1222 4
−

++= zraark � ROPDN��]HUH� ELULQFL� YH� LNLQFL� oHúLW� WDP� HOLSWLN�
integrallerdir. 
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 %X�oDOÕúPDGD�� WX]DNODQDQ�PDQ\HWLN�DODQ�� LGHDO� WHN�NUistal külçe süperiletken örnek 

için ∆t = ∆w� �����PP�DOÕQDUDN�KHVDSODQGÕ��6RQXoODUÕQ��∆t ve  ∆w’nin 0,1 mm ve daha 

N�o�N�GH÷HUOHUL� LoLQ�GH÷LúPHGL÷L������PP¶GHQ�E�\�N�GH÷HUOHUL� LoLQ� LVH�GH÷LúWL÷L�J|U�OG���
%X�QHGHQOH�VD\ÕVDO�KHVDSODPDQÕQ�NÕVD�V�UPHVL�LoLQ�∆t = ∆w = 0,1 mm olarak seçildi.  Jc 

NULWLN�DNÕP�\R÷XQOX÷X�LVH�|]HO�RODUDN�EHOLUWLOPHGL÷L�GXUXPODUGD��×104 A/cm2�RODUDN�DOÕQGÕ��
6D\ÕVDO�KHVDSODPDODU�&-3URJUDPODPD�GLOLQGH��\D]ÕODQ�SURJUDP�NXOODQÕODUDN�\DSÕOGÕ� 



 

  

���%8/*8/$5�9(�7$57,ù0$ 

 

3.1. Tek Kristal Süperiletken Örnekte Tuzaklanan Manyetik Alan   
+HVDSODPDODUÕ 

 

3.1.1.  7X]DNODQDQ� 0DQ\HWLN� $ODQÕQ� 7HRULN� +HVDSODPD� 6RQXoODUÕQÕQ�
/LWHUDW�UGHNL�'HQH\VHO�6RQXoODUOD�.DUúÕODúWÕUÕOPDVÕ 

 

77 K’de %10 Ag2O içeren tek Gd-Ba-Cu-2�|UQH÷L��1DULNL�YG���������LoLQ�WX]DNODQ 

HNVHQHO�PDQ\HWLN�DODQ�GD÷ÕOÕPÕ�ùHNLO����D�¶GD�J|U�OPHNWHGLU��.XOODQÕODQ� VLOLQGLU�|UQH÷LQ�
oDSÕ� ���PP�YH�NDOÕQOÕ÷Õ� ���PP¶GLU�� ùHNLOGH� � J|U�OG�÷��JLEL� |UQHN� \�]H\LQGHQ� ����PP�
\XNDUÕGD�� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUL� ����� 7� RODUDN� EHOLUOHQPLúWLU�� .XP-

\Õ÷ÕQÕ� �VDQG-pile) modeli (Tamegai vd., 1993) ve Biot-6DYDUW�\DVDVÕ�NXOODQÕODUDN�����PP�
oDSOÕ�YH����PP�NDOÕQOÕNOÕ�VLOLQGLU�|UQHN�LoLQ�KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�
GD÷ÕOÕPÕ�ùHNLO����E�¶GH�YHULOGL��%XUDGD�X\XP�SDUDPHWUHVL�Jc = 31150 A/cm2 olaUDN�DOÕQGÕ��
Jc uyum parametresi seçilirken, Nariki vd.’deki (2002) Jc-B� H÷ULOHUL� NXOODQÕOPÕúWÕU��
%DKVHGLOHQ� 5HIHUDQVWD� �� 7� FLYDUÕQGD� Jc� NULWLN� DNÕP� \R÷XQOX÷X� RUWDODPD� RODUDN� �����-

35000 A/cm2� FLYDUÕQGDGÕU�� %X� QHGHQOH�� Jc = 31150 A/cm2 uyum parametresi, örnH÷LQ�
ortalama Jc� GH÷HULQL� GR÷UXODPDNWDGÕU�� 6D\ÕVDO� KHVDSODPD� VRQXFX� LOH� GHQH\VHO� RODUDN�
|Oo�OHQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPÕ�NDUúÕODúWÕUÕOGÕ÷ÕQGD��|Oo�OHQ�WX]DNODQDQ�
DODQ�GH÷HUL�LOH�KHVDSODQDQ�DODQ�GH÷HULQLQ�X\XP�LoHULVLQGH�ROGXNODUÕ�J|U�OPHNWedir. Sonuç 

RODUDN��EX�KHVDSODPD�\|QWHPL��|UQH÷LQ�PDQ\HWLN�|]HOOLNOHULQL�EHOLUOHPHGH�NXOODQÕODELOHFHN�
ELU�KHVDSODPD�\|QWHPLGLU��$\GÕQHU�YH�<DQPD]�����������$\GÕQHU�YH�<DQPD]����������� 
 %HQ]HU� úHNLOGH�� ��� PP� oDSOÕ�� ��� PP� NDOÕQOÕNOÕ�� ���� ZW�� $J22� HNOHQPLú� 6m123 

N�OoHVLQLQ� �0L]XWDQL� YG��� ������� ����PP� \XNDUÕVÕQGD� HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ�
GD÷ÕOÕPÕ�ùHNLO����D�¶GD�J|U�OPHNWHGLU��(NVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUL�����7¶GÕU��
Kum-\Õ÷ÕQÕ� �VDQG-pile) modeli ve Biot-6DYDUW� \DVDVÕ� NXOODQÕODUDN�� ���PP� oDSOÕ�� ���PP�
NDOÕQOÕNOÕ� WHN-NULVWDO�VLOLQGLU�V�SHULOHWNHQ�|UQH÷LQ�����PP�\XNDUÕVÕQGD�KHVDSODQDQ�HNVHQHO�
WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕ� ùHNLO� ���E�¶GH� YHULOGL�� %X� KHVDSODPDGD� X\XP�
parametresi Jc = 22500 A/cm2�RODUDN�DOÕQGÕ��%X�|UQHN�LoLQ�GH�VD\ÕVDO�KHVDSODPD sonucu ile 

GHQH\VHO� RODUDN� |Oo�OHQ� HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HUOHULQLQ� X\XP� LoHULVLQGH�
ROGXNODUÕ�J|U�OPHNWHGLU� 
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(b) 

 

 
ùHNLO���� (a) 77 K’de %10 Ag2O içeren Gd-Ba-Cu-O silindir� |UQH÷L� ����PP� oDSOÕ� YH� ���PP�NDOÕQOÕNOÕ�� LoLQ� \�]H\GHQ� ����PP� \XNDUÕGD�

HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GD÷ÕOÕPÕ�� %X� N�OoH�� EDúODQJÕo�PDO]HPHVL� RODUDN� ����PP�E�\�NO�÷�QGHNL� LQFH�*G-���� WR]ODUÕ�
NXOODQÕODUDN��UHWLOGL��1DULNL�YG�����������E��.XP-\Õ÷ÕQÕ��VDQG-pile) modeli ve Biot-6DYDUW�\DVDVÕ�NXOODQÕODUDN�����PP�oDSOÕ�YH����PP�
NDOÕQOÕNOÕ�VLOLQGLU�|UQHN�LoLQ�\�]H\GHQ�����PP�\XNDUÕGD�KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPÕ��X\XP�SDUDPHWUHVL���
Jc = 31150 A/cm2 ) 
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(b) 

 
 

ùHNLl 22.  �D�����PP�oDSOÕ�����PP�NDOÕQOÕNOÕ�����ZW��$J22�HNOHQPLú�6P����N�OoHVLQLQ�����PP�\XNDUÕVÕQGD�HNVHQHO�WX]DNODQDQ��PDQ\HWLN�DODQ�
GD÷ÕOÕPÕ��0L]XWDQL�YG�����������E��.XP-\Õ÷ÕQÕ��VDQG-pile) modeli ve Biot-6DYDUW�\DVDVÕ�NXOODQÕODUDN�����PP�oDSOÕ�����PP�NDOÕQOÕNOÕ�
WHN� NULVWDO� VLOLQGLU� V�SHULOHWNHQ� |UQH÷LQ� ���� PP� \XNDUÕVÕQGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕ� �X\XP�
parametresi Jc = 22500 A/cm2) 
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����������7X]DNODQDQ�0DQ\HWLN�$ODQÕQ�(NVHQHO�%LOHúHQL 
 

3.1.2.1. Silindir Örnek 

 

 Silindir süperilHWNHQ� |UQHNOHU� LoLQ� |UQHN� NDOÕQOÕ÷ÕQÕQ�� |UQHN� \�]H\LQGHQ� �� PP�
\XNDUÕGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� LOH� GH÷LúLPL� ùHNLO� ��¶WH�
J|U�OPHNWHGLU�� 7X]DNODQDQ� PDQ\HWLN� DODQ� ���� ��� YH� ��� PP� oDSOÕ� VLOLQGLU� V�SHULOHWNHQ�
|UQHNOHULQ� NDOÕQOÕNODUÕ� GH÷LúWLULOHUHN� KHVDSODQGÕ�� %X� H÷ULOHUGHQ�� VLOLQGLU� |UQH÷LQ� oDSÕQÕQ�
DUWPDVÕ\OD�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHULQLQ�DUWWÕ÷Õ�J|U�OPHNWHGLU��6DZDPXUD�
YG�¶QLQ��������\DSWÕNODUÕ�GHQH\�GH��EX�VRQXFX�GR÷UXODPDNWDGÕU��%X�oDOÕúPD�JUXEX����YH����
PP�oDSÕQGDNL�*G-Ba-Cu-2�N�OoH�V�SHULOHWNHQ�|UQHNOHULQ�����PP�\XNDUÕVÕQGD�WX]DNODQDQ�
PDQ\HWLN�DODQ�GH÷HUOHULQL�VÕUDVÕ\OD�����YH������7�RODUDN�EXOPXúODUGÕU��$\UÕFD�ùHNLO���¶WH��
HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� V�SHULOHWNHQ� N�OoH� |UQH÷LQ� DUWDQ� NDOÕQOÕ÷Õ� LOH� KÕ]OD�
DUWWÕ÷Õ��GDKD�VRQUD�GD�VLOLQGLU�|UQHNOHULQ�NDOÕQOÕNODUÕ�EHOOL�ELU�GH÷HUH�JHOGL÷LQGH�VDELW�NDOGÕ÷Õ�
J|U�OPHNWHGLU��(NVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQÕQ� VDELW�NDOGÕ÷Õ�EX�GH÷HULQ� V�SHULOHWNHQ�
|UQH÷LQ�oDSÕQD�HúLW�ROGX÷X�GD�DoÕNoD�J|U�OPHNWHGLU� 
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% ]�
7�

���

���

���

���

���

���

���

���
oDS� ����PP
oDS� ����PP
oDS� ����PP

 
 
ùHNLO� ���� 6LOLQGLU� V�SHULOetken örneklerin eksenel tuzaklanan manyetik alan 

GH÷HUOHULQLQ�|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
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 ùHNLO���¶WH� HNVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQ�� VLOLQGLU�|UQH÷LQ��VW�\�]H\L� LOH�G�úH\�
HNVHQ� �]HULQGHNL� J|]OHP� QRNWDVÕ� DUDVÕQGDNL� X]DNOÕ÷ÕQ� IRQNVL\RQX� RODUDN� YHULOPHNtedir. 

+HVDSODPDODU� ���� ��� YH� ���PP�oDSOÕ� VLOLQGLU� |UQHNOHU� LoLQ� |UQHN� NDOÕQOÕ÷Õ� ��PP�RODUDN�
VHoLOHUHN� \DSÕOGÕ�� %X� H÷ULOHUGHQ�� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� DUWDQ� X]DNOÕN� LOH�
D]DOGÕ÷Õ�� GDKD� VRQUD� GD� X]DNOÕN� EHOOL� ELU� GH÷HUH� JHOGL÷LQGH� VÕIÕUD� XODúWÕ÷Õ�görülmektedir. 

(NVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�VÕIÕUD�XODúWÕ÷Õ�GH÷HULQ�V�SHULOHWNHQ�|UQH÷LQ�oDSÕQD�HúLW�
ROGX÷X� GD� DoÕNoD� J|U�OPHNWHGLU�� 6DZDPXUD� YG�¶QLQ� ������� \DSWÕNODUÕ� oDOÕúPDGD� DUWDQ�
X]DNOÕN� LOH� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� D]DOGÕ÷Õ� J|U�OPHNWHdir. Fakat bu grup 

GHQH\OHULQGH�� |UQHN� \�]H\L� LOH� J|]OHP� QRNWDVÕ� DUDVÕQGDNL� X]DNOÕ÷Õ� |UQHN� oDSÕQD� NDGDU�
GHYDP�HWWLUPHPLúOHUGLU� 
 6LOLQGLU� V�SHULOHWNHQ� |UQHN� LoLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕ� ùHNLO�
��¶WH�YHULOPHNWHGLU��+HVDSODPD����PP�oDSOÕ�VLOLQGLU�|UQH÷LQ�\�]H\LQGHQ���PP�\XNDUÕGD�
\DSÕOGÕ�� gUQHN� NDOÕQOÕ÷Õ� �-���PP� DUDVÕQGD� GH÷LúPHNWHGLU�� %X� úHNLO�� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQÕQ�N�OoH�V�SHULOHWNHQLQ�NDOÕQOÕ÷ÕQD�ED÷OÕ�ROGX÷XQX�J|VWHUPHNWHGLU� 
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ùHNLO� ���� 6LOLQGLU� V�SHULOHWNHQ� |UQHNOHULQ� HNVHnel tuzaklanan manyetik alan 
GH÷HUOHULQLQ� |UQHN� \�]H\LQGHQ� GH÷LúLN� J|]OHP� QRNWDODUÕQD� RODQ�
X]DNOÕNODUOD�GH÷LúLPL 
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|UQHN�NDOÕQOÕ÷Õ

 

 
ùHNLO� ���� 6LOLQGLU� V�SHULOHWNHQ� |UQHNOHULQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�

GD÷ÕOÕPODUÕQÕQ�|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
 
 
$\UÕFD�NDOÕQOÕN��VLOLQGLU�|UQH÷LQ�oDSÕ�RODQ����PP¶\L�DúWÕ÷ÕQGD�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�
DODQ�GH÷HULQGH�ID]OD�ELU�GH÷LúLNOL÷LQ�ROPDGÕ÷Õ�ùHNLO���¶WH�J|U�OPHNWHGLU� 

ùHNLO����D�¶GD����PP�oDSOÕ����PP�NDOÕQOÕNOÕ�VLOLQGLU�V�SHULOHWNHQ�|UQHN�LoLQ�HNVHQHO�
tuzaklanan manyetik alDQ�GD÷ÕOÕPÕ��\�]H\�LOH�J|]OHP�QRNWDVÕ�DUDVÕQGDNL�GH÷LúLN�X]DNOÕNODU�
LoLQ� YHULOPHNWHGLU�� ùHNLOGH� |UQHN� LOH� J|]OHP� QRNWDVÕ� DUDVÕQGDNL� X]DNOÕ÷ÕQ� DUWPDVÕ\OD�
WX]DNODQDQ� PDQ\HWLN� DODQÕQ� KÕ]OD� D]DOGÕ÷Õ� J|U�OPHNWHGLU�� 8]DNOÕN�� VLOLQGLU� |UQH÷LQ� oDSÕ�
olan 10 mm’ye uODúWÕ÷ÕQGD� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� VÕIÕUD� \DNÕQ� ELU� GH÷HUH�
G�úPHNWHGLU�� ùHNLO� ���E�¶GH� LVH� |UQHN� \�]H\LQGHNL� YH�PHUNH]LQGHNL� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQ�GD÷ÕOÕPÕ�YHULOPHNWHGLU��gUQHN�PHUNH]LQGH�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�|UQHN�
yüzeyinde tuzakODQDQ�PDQ\HWLN�DODQGDQ�GDKD�E�\�N�ROGX÷X�J|U�OPHNWHGLU��ùHNLO����D��YH�
(b)’de, en büyük eksenel tuzaklanan manyetik alan örnek merkez ekseni üzerinde elde 

HGLOPHNWH� YH� |UQHN� NHQDUÕQD� GR÷UX� KÕ]OD� D]DOPDNWDGÕU� YH� |UQHN� NHQDUÕQGD� QHJDWLI�
ROPDNWDGÕU�� 
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        (b) 

 
ùHNLO� ���� �D�� 6LOLQGLU� V�SHULOHWNHQ� |UQHNWHQ� GH÷LúLN� X]DNOÕNODUGD�� �E�� VLOLQGLU�

süperiletken örnek merkezinde ve yüzeyinde eksenel tuzaklanan 
PDQ\HWLN�DODQ�GD÷ÕOÕPÕ 
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$\UÕFD�� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUL� |UQHN� NHQDUÕQGDQ� X]DNODúWÕNoD�
WHNUDU� VÕIÕUD� \DNODúPDNWDGÕU�� gUQHN� NHQDUÕQGD� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ�
QHJDWLIOL÷L�� |UQHN�\�]H\L� LOH� J|]OHP�QRNWDVÕ� DUDVÕQGDNL� X]DNOÕN� D]�ROGX÷X�GXUXPGD�GDKD�
oRN�EHOLUJLQGLU��gUQHN�NHQDUÕQGD�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�QHJDWLI�ROPDVÕ��'�YH�
N�OoH� V�SHULOHWNHQOHULQ� ELU� |]HOOL÷LGLU� �)UDQJL� YG�������� ;LQJ� YG��� ������� =KDR� YG�¶QLQ�
������� \DSWÕNODUÕ� GHQH\VHO� oDOÕúPDGD�� ùHNLO� ���D�� YH� �E�¶GH� ROGX÷X� JLEL� |UQHN� PHUNH]�
HNVHQL� �]HULQGH� ELU� SLN�� |UQHN� NHQDUÕQGD� LVH� ELU� YDGL� �YDOOH\�� J|]OHPLúOHUGLU��$\UÕFD� EX�
oDOÕúPDGD� |UQHN� \�]H\L� LOH� J|]OHP� QRNWDVÕ� DUDVÕQGDNL� X]DNOÕ÷ÕQ� DUWPDVÕ\OD� HNVHQHO�
WX]DNODQDQ�PDQ\HWLN�DODQÕQ�D]DOGÕ÷Õ�J|U�OPHNWHGLU� 
 

3.1.2.2. Kare Örnek 

 

'H÷LúLN� ER\XWODUGDNL� NDUH� V�SHULOHWNHQ� |UQHNOHU� LoLQ� |UQHN� NDOÕQOÕ÷ÕQÕQ� HNVHQHO�
tuzakODQDQ� PDQ\HWLN� DODQD� HWNLVLQL� LQFHOHPHN� LoLQ� \DSÕODQ� KHVDSODPDODU� ùHNLO� ��¶GH�
görülmektedir. Hesaplamalar 10×10, 20×20 ve 30×30 mm2� \�]H\� DODQODUÕQD� VDKLS� NDUH�
V�SHULOHWNHQ� |UQHNOHULQ� \�]H\� PHUNH]OHULQGHQ� �� PP� \XNDUÕGD� YH� |UQHN� NDOÕQOÕNODUÕ�
GH÷LúWLULOHUHN�\DSÕOGÕ��ùHNLO���¶GH��ùHNLO���¶WHNL�VLOLQGLU�|UQHNWH�ROGX÷X�JLEL��NDUH�|UQH÷LQ�
DUWDQ� ER\XWX� LOH� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQLQ� DUWWÕ÷Õ� J|U�OPHNWHGLU��
1DJDVKLPD� YG�¶QLQ� ������� \DSWÕNODUÕ� oDOÕúPDGD� GD� NDOÕQOÕNODUÕ� D\QÕ� RODQ� <%&2�
süperiletken kDUH� |UQHNOHULQ� NHQDU� X]XQOX÷X� DUWWÕNoD� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GH÷HUL� DUWPÕúWÕU�� $\UÕFD�� HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQÕQ� V�SHULOHWNHQ� N�OoH� |UQH÷LQ�
DUWDQ�NDOÕQOÕ÷Õ� LOH�KÕ]OD� DUWWÕ÷Õ�� GDKD� VRQUD�GD�NDUH�|UQHNOHULQ�NDOÕQOÕNODUÕ�EHOOL�ELU�GH÷HUH�
gHOGL÷LQGH� VDELW� NDOGÕ÷Õ� ùHNLO� ��¶GH� J|U�OPHNWHGLU�� %X� GH÷HU� NDUH� |UQH÷LQ� ELU� NHQDU�
X]XQOX÷XQD�HúLWWLU� 
 .DUH� V�SHULOHWNHQ� |UQHNOHU� LoLQ� |UQHN� \�]H\LQGHQ� J|]OHP� QRNWDODUÕQD� RODQ� GH÷LúLN�
X]DNOÕNODU� LoLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHUL� ùHNLO� ��¶GH� görülmektedir. 

Hesaplamalar 10×10×1, 20×20×1 ve 30×30×1 mm3� ER\XWODUÕQGDNL� NDUH� V�SHULOHWNHQ�
|UQHNOHU�LoLQ�\DSÕOGÕ��%X�H÷ULOHUGHQ��HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�DUWDQ�X]DNOÕN�LOH�
D]DOGÕ÷Õ�� GDKD� VRQUD� GD� X]DNOÕN� EHOOL� ELU� GH÷HUH� JHOGL÷LQGH� VÕIÕUD� XODúWÕ÷Õ� J|U�OPHNWHGLU��
(NVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� VÕIÕUD� XODúWÕ÷Õ� GH÷HULQ� V�SHULOHWNHQ� |UQH÷LQ� NHQDU�
X]XQOX÷XQD�HúLW�ROGX÷X�GD�DoÕNoD�J|U�OPHNWHGLU� 
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ùHNLO� ���� .DUH� V�SHULOHWNHQ� |UQHNOHULQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GH÷HUOHULQLQ�|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
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ùHNLO� ���� .DUH� V�SHULOHWNHQ� |UQHNOHULQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GH÷HUOHULQLQ� |UQHN� \�]H\LQGHQ� GH÷LúLN� J|]OHP� QRNWDODUÕQD� RODQ�
X]DNOÕNODUOD�GH÷LúLPL 
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 ùHNLO� ��¶GD� ��×10×1 mm3� ER\XWODUÕQGDNL� NDUH� V�SHULOHWNHQ� |UQHN� LoLQ� HNVHQHO�
tuzaNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPÕ�J|U�OPHNWHGLU��+HVDSODPD�NDUH�|UQH÷LQ�\�]H\LQGHQ���
PP�\XNDUÕGD�\DSÕOGÕ�YH�|UQHN�NDOÕQOÕ÷Õ��-���PP�DUDVÕQGD�GH÷LúPHNWHGLU��ùHNLOGH�HNVHQHO�
WX]DNODQDQ�PDQ\HWLN�DODQÕQ�N�OoH�V�SHULOHWNHQLQ�NDOÕQOÕ÷ÕQD�ED÷OÕ�ROGX÷XQX�J|U�OPHNWHGLU. 
$\UÕFD�NDOÕQOÕN��NDUH�|UQH÷LQ�ER\XWX�RODQ����PP¶\L�DúWÕ÷ÕQGD�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�
DODQ� GH÷HULQGH� ID]OD� ELU� GH÷LúLNOL÷LQ� ROPDGÕ÷Õ� J|U�OPHNWHGLU�� 1DJDVKLPD� YG�� �������
\DSWÕNODUÕ� oDOÕúPDGD� ��×10 mm2� ER\XWODUÕQGDNL� <%&2� V�SHULOHWNHQ� |UQH÷LQ� NDOÕQOÕ÷ÕQÕ�
GH÷LúWLUPLúOHU� YH� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQGD� ùHNLO� ��¶GDNLQH� EHQ]HU� GDYUDQÕú�
J|]OHPLúOHUGLU�� 

10×10×1 mm3� ER\XWODUÕQGDNL� NDUH� V�SHULOHWNHQ� |UQHN� LoLQ� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQ�GD÷ÕOÕPÕ��\�]H\�LOH�J|]OHP�QRNWDVÕ�DUDVÕQGDNL�GH÷LúLN�X]DNOÕNODU�LoLQ�ùHNLO�
���D�¶GD�YHULOPHNWHGLU�� ùHNLOGH� |UQHN� LOH�J|]OHP�QRNWDVÕ� DUDVÕQGDNL�X]DNOÕ÷ÕQ�DUWPDVÕ\OD�
WX]DNODQDQ� DODQÕQ� KÕ]OD� D]DOGÕ÷Õ� J|U�OPHNWHGLU�� 8]DNOÕN�� NDUH� |UQH÷LQ� ER\XWX� RODQ� ���
PP¶\H�XODúWÕ÷ÕQGD�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�VÕIÕUD�\DNÕQ�ELU�GH÷HUH�G�úPHNWHGLU�� 
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ùHNLO� ���� .DUH� V�SHULOHWNHQ� |UQHNOHULQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GD÷ÕOÕPODUÕQÕQ�|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
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       (b) 

 
ùHNLO� ���� �D�� .DUH� � V�SHULOHWNHQ� |UQHNWHQ� GH÷LúLN� X]DNOÕNODUGD�� �E�� NDUH�

süperiletken örnek merkezinde ve yüzeyinde eksenel tuzaklanan 
PDQ\HWLN�DODQ�GD÷ÕOÕPÕ 
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ùHNLO����E�¶GH� LVH�|UQHN�\�]H\LQGHNL�YH�PHUNH]LQGHNL�HNVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQ�
GD÷ÕOÕPÕ� YHULOPHNWHGLU�� gUQHN� PHUNH]LQGH� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� |UQHN� \�]H\LQGH�
tuzaklanan mDQ\HWLN� DODQGDQ� GDKD� E�\�N� ROGX÷X� J|U�OPHNWHGLU��1DJDVKLPD� YG�� ��������
\DSWÕNODUÕ� GL÷HU� ELU� oDOÕúPDGD� �o� IDUNOÕ� ER\XWWDNL� <���� YH� 6P���� V�SHULOHWNHQ� NDUH�
|UQHNOHUL� LoLQ� EHQ]HU� GDYUDQÕú� J|]OHPLúOHUGLU�� ùHNLO� ���D�� YH� �E�¶GH�� HQ� \�NVHN� HNVHQHO�
tuzaklanan man\HWLN�DODQ�|UQHN�PHUNH]�HNVHQL��]HULQGH�HOGH�HGLOPHNWH�YH�|UQHN�NHQDUÕQD�
GR÷UX� KÕ]OD� D]DOPDNWDGÕU� YH� |UQHN� NHQDUÕQGD� QHJDWLI� ROPDNWDGÕU�� $\UÕFD�� HNVHQHO�
WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUL� |UQHN� NHQDUÕQGDQ� X]DNODúWÕNoD� VÕIÕUD� \DNODúPDNWDGÕU���
ùHNLO� ��¶GDNL� NDUH� |UQHN� GH�� ùHNLO� ��¶GDNL� VLOLQGLU� |UQHN� LOH� EHQ]HU� GDYUDQÕú�
göstermektedir.  

 

���������6LOLQGLU�YH�.DUH�gUQHNOHULQ�.DUúÕODúWÕUÕOPDVÕ 
 

6LOLQGLU� YH� NDUH� V�SHULOHWNHQ� |UQHNOHU� LoLQ� |UQHN� NDOÕQOÕ÷ÕQÕQ� \�]H\GHQ� �� PP�
\XNDUÕGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� LOH� GH÷LúLPL� ùHNLO� ��¶GH�
YHULOPHNWHGLU�� (NVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� ��� PP� oDSOÕ� VLOLQGLU� YH� ��×10 mm2 

ER\XWODUÕQD� VDKLS� NDUH� V�SHULOHWNHQ� |UQHNOHULQ� GH÷LúLN� NDOÕQOÕNODUÕ� LoLQ� KHVDSODQGÕ�� ùHNLO�
32’de ise eksenel tuzaklanan manyetik alan, silinGLU�YH�NDUH�|UQHNOHULQ��VW�\�]H\L�LOH�G�úH\�
HNVHQ� �]HULQGHNL� J|]OHP� QRNWDVÕ� DUDVÕQGDNL� X]DNOÕ÷ÕQ� IRQNVL\RQX� RODUDN� YHULOPHNWHGLU��
+HVDSODPDODU����PP�oDSOÕ�YH���PP�NDOÕQOÕNOÕ�VLOLQGLU�YH���×10×1 mm3�ER\XWODUÕQD�VDKLS�
NDUH� V�SHULOHWNHQ� |UQHNOHU� LoLQ� \DSÕOGÕ�� %X� úHNLOOHUGH�� |UQHN� JHRPHWULVLQLQ� HNVHQHO�
WX]DNODQDQ�PDQ\HWLN� DODQ� GDYUDQÕúÕQD� ELU� HWNLVLQLQ� ROPDGÕ÷Õ� J|U�OPHNWHGLU�� )DNDW� ùHNLO�
��¶GH� J|U�OG�÷�� JLEL� |UQHN� NDOÕQOÕ÷Õ� N�o�N� LNHQ� VLOLQGLU� LOH� NDUH� |UQHNOHULQ� HNVHQHO�
WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHUL�DUDVÕQGDNL�IDUNÕQ�D]�ROGX÷X��|UQHN�NDOÕQOÕ÷Õ�DUWWÕ÷ÕQGD�
LVH� oRN� D]�GD�ROVD�ELU� IDUNÕQ� ROGX÷X�J|U�OPHNWHGLU�� 6LOLQLU� |UQH÷LQ� oDSÕ� LOH�NDUH� |UQH÷LQ�
NHQDU� X]XQOX÷XQXQ� HúLW� ROGX÷X� |UQHNOHU� J|]� |Q�QH� DOÕQGÕ÷ÕQGD� LVH� PDO]HPH� NXOODQÕPÕ�
DoÕVÕQGDQ�NDUH�|UQH÷LQ�ELU�PLNWDU�ID]ODOÕ÷Õ�ROGX÷X�J|U�OHELOLU��%X�ID]ODOÕN�N�o�N�NDOÕQOÕNODU�
LoLQ� N�o�N�� E�\�N� NDOÕQOÕNODU� LoLQ� GH� E�\�NW�U�� ùHNLO� ��¶GH� LVH� KHU� LNL� |UQHN� LoLQ� |UQHN�
NDOÕQOÕ÷Õ���PP�ROGX÷X�LoLQ�VLOLQGLU�LOH�NDUH�|UQHNOHULQ�HNVHQHO�WX]DNODQDQ�DODQ�GH÷HUOHULQLQ�
\DNÕQ�ROGX÷X��KDWWD�DUWDQ�X]DNOÕNODU�LOH�GDKD�GD�\DNÕQODúWÕ÷Õ�J|U�OPHNWHGLU� 
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ùHNLO� ���� 6LOLQGLU� YH� NDUH� V�SHULOHWNHQ� |UQHNOHULQ� HNVHQHO� WX]DNODQDQ�PDQ\HWLN�
DODQ�GH÷HUOHULQLQ�|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
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 ùHNLO� ���� 6LOLQGLU� YH� NDUH� V�SHULOHWNHQ� |UQHNOHULQ� HNVHQel tuzaklanan manyetik 
DODQ� GH÷HUOHULQLQ� |UQHN� \�]H\LQGHQ� GH÷LúLN� J|]OHP� QRNWDODUÕQD� RODQ�
X]DNOÕNODUOD�GH÷LúLPL 
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���������7X]DNODQDQ�0DQ\HWLN�$ODQÕQ��-%R\XWOX�+DULWDODUÕ 
 

 3.1.3.1. Silindir Örnek 

 

 Tek kristal silindir süperiletken örnek için tuzaklanan maQ\HWLN�DODQÕQ�ÕúÕQVDO��UDGLDO��
YH� HNVHQHO�ELOHúHQOHULQLQ��-ER\XWOX�KDULWDODUÕ�ùHNLO���¶WH�YHULOPHNWHGLU��+HVDSODPDODU����
PP�oDSOÕ�YH����PP�NDOÕQOÕNOÕ�VLOLQGLU�V�SHULOHWNHQLQ�\�]H\LQGHQ���PP�\XNDUÕGD�\DSÕOGÕ��
7X]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕQÕQ� �-boyutlu hDULWDODUÕQGD� ÕúÕQVDO� ELOHúHQLQ� �ùHNLO�
���D��� NX\X�� HNVHQHO� ELOHúHQLQ� �ùHNLO� ���E��� LVH� NRQL� ELoLPLQGH� ROGX÷X� J|U�OPHNWHGLU��
)UDQJL� YG�¶QLQ� ������� <%&2� V�SHULOHWNHQ� VLOLQGLU� |UQHNOHU� LoLQ� \DSWÕNODUÕ� GHQH\GH� GH�
WX]DNODQDQ� PDQ\HWLN� DODQÕQ� KHP� ÕúÕQVDO� KHP� GH� HNVHQHO� ELOHúHQL� LoLQ� EHQ]HU� KDULWDODU�
J|U�OP�úW�U��:LHVLQJHU�YG�¶QLQ��������GHQH\�VRQXoODUÕQÕ�NXOODQDUDN�\DSWÕNODUÕ�KHVDSODPD�
VRQXFXQGD� GD� ùHNLO� ���D�� YH� �E�¶GHNL� JLEL� ELU� GXUXP� J|]OHQPLúWLU�� $\UÕFD�� GL÷HU� ED]Õ�
DUDúWÕUPD� JUXSODUÕ� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� VDGHFH� HNVHQHO� ELOHúHQL� LoLQ� GHQH\OHU�
\DSPÕúODU�YH� WX]DNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPÕQÕ�NRQL�úHNOLQGH�J|]OHPLúOHUGLU� �.OXSVFK�
vd., 1997; Ikuta vd., 1998; Morita vd., 1998; Matsui vd., 2001; Fukai vd., 2003; Fukai vd., 

2005).  

ùHNLO���¶WH�JcD ile normalize HGLOPLú�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�ÕúÕQVDO�YH�HNVHQHO�
ELOHúHQOHULQLQ�QRUPDOL]H�HGLOPLú�\DUÕoDSD�J|UH�GH÷LúLPL�R/D� ����GH÷HUL�LoLQ�YHULOPHNWHGLU��
+HVDSODPD� �5�  � ���PP� oDSOÕ� YH� '�  � ��PP� NDOÕQOÕNOÕ� VLOLQGLU� V�SHULOHWNHQ� |UQHN� LoLQ�
\�]H\GHQ� �� PP� \XNDUÕGD� \DSÕOGÕ�� 6LOLQGLU� V�SHULOHWNHQ� |UQHN� LoLQ� \DSÕODQ� ED]Õ� VD\ÕVDO�
oDOÕúPDODUGD�GD�QRUPDOL]H�HGLOPLú�WX]DNODQDQ�PDQ\HWLN�DODQÕQ��QRUPDOL]H�HGLOPLú�\DUÕoDSD�
J|UH� GH÷LúLPL� ùHNLO� ��¶WHNL� JLELGLU� �'lXPOLQJ� YH� /DUEDOHVWLHU�� ������ &RQQHU� YH�
Malozemoff, 1991; Watson ve YRXQDV�� ������� ùHNLO� ���D��� ��� PP� oDSOÕ� VLOLQGLU�
V�SHULOHWNHQ� |UQH÷LQ� \�]H\GHQ� �� PP� \XNDUÕGD� KHVDSODQDQ� QRUPDOL]H� HGLOPLú� PDQ\HWLN�
DODQÕQ�ÕúÕQVDO�ELOHúHQLQLQ�NDOÕQOÕNOD�GH÷LúLPLQL�J|VWHUPHNWHGLU��$\QÕ�|UQHN�LoLQ�QRUPDOL]H�
HGLOPLú� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� HNVHQHO� ELOHúHQLQLQ� |UQHN� NDOÕQOÕ÷Õ\OD� GH÷LúLPL� LVH�
ùHNLO� ���E�¶GH� J|U�OPHNWHGLU�� ùHNLO� ��¶WH� GH�� ùHNLO� ����¶H� EHQ]HU� RODUDN� |UQHN� NDOÕQOÕ÷Õ�
|UQHN�oDSÕQD�\DNODúWÕ÷ÕQGD�QRUPDOL]H�HGLOPLú�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HULQGH�
ID]OD�ELU�GH÷LúLNOLN�ROPDPDNWDGÕU��7X]DNODQDQ�PDQ\HWLN�DODQ�GH÷HULQLQ�|UQHN�ER\XWODUÕ\OD�
LOLúNLVLQL�LQFHOHPHGH�QRUPDOL]H�HGLOPLú�GH÷HUOHULQ�GH�NXOODQÕOPDVÕQÕQ�X\JXQ�RODFD÷Õ�ùHNLO�
35’te görülmektedir. 
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ùHNLO�����7X]DNODQDQ�PDQ\HWLN�DODQÕQ��D��ÕúÕQVDO� �UDGLDO��� �E��HNVHQHO�ELOHúHQOHrinin  
3-ER\XWOX�KDULWDODUÕ 
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 ùHNLO�����1RUPDOL]H�HGLOPLú�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�ÕúÕQVDO��UDGLDO��YH�HNVHQHO�
ELOHúHQOHULQLQ�QRUPDOL]H�HGLOPLú�\DUÕoDSD�J|UH�GH÷LúLPL 
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       (b) 
 

ùHNLO�����7X]DNODQDQ�PDQ\HWLN�DODQÕQ��D��ÕúÕQVDO��UDGLDO����E��HNVHQHO�ELOHúHQOHULQLQ�
|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
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 3.1.3.2. Kare Örnek 

 

 7HN� NULVWDO� NDUH� V�SHULOHWNHQ� |UQH÷LQ� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� [�� \� YH� ]-
ELOHúHQOHULQLQ��-ER\XWOX�KDULWDODUÕ�ùHNLO���¶GD�YHULOPHNWHGLU��+HVDSODPDlar 10 × 10 × 10 

mm3�NDUH�V�SHULOHWNHQ�|UQH÷LQ�\�]H\LQGHQ���PP�\XNDUÕGD�\DSÕOGÕ��ùHNLO����D��YH��E�¶GH�
WX]DNODQDQ� PDQ\HWLN� DODQÕQ� [- ve y-ELOHúHQOHULQLQ� E�\�NO�NOHULQLQ� HúLW� ROGX÷X�� IDNDW�
\|QOHULQLQ� WHUV� ROGX÷X� J|U�OPHNWHGLU�� dHúLWOL� DUDúWÕUPD� JUXSODUÕQÕQ� \DSWÕNODUÕ� GHQH\OHUGH�
WX]DNODQDQ�PDQ\HWLN�DODQÕQ�VDGHFH�HNVHQHO�ELOHúHQL�|Oo�OP�úW�U��7DPHJDL�YG���������;LQJ�
vd., 1994; Nagashima vd., 1998; Fukai vd., 2000; Carrera vd., 2003). 

ùHNLO� ��¶GH� JcD� LOH� QRUPDOL]H� HGLOPLú� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� [-, y- ve z-

ELOHúHQOHULQLQ� QRUPDOL]H�HGLOPLú�[�YH�\�NRQXPODUÕQD�J|UH�GH÷LúLPL�L/D� ����GH÷HUL� LoLQ�
YHULOPHNWHGLU��+HVDSODPD��/� ����PP�ER\XWOX�YH�'� ���PP�NDOÕQOÕNOÕ�NDUH�V�SHULOHWNHQ�
|UQHN�LoLQ�\�]H\GHQ���PP�\XNDUÕGD�\DSÕOGÕ��ùHNLO����D������× 30 mm2 boyutundaki kare 

V�SHULOHWNHQ� |UQH÷LQ� �� PP� \XNDUÕGD� KHVDSODQDQ� PDQ\HWLN� DODQÕQ� [� YH� \-ELOHúHQOHULQLQ�
NDOÕQOÕNOD�GH÷LúLPLQL�J|VWHUPHNWHGLU��$\QÕ�|UQHN�LoLQ�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�HNVHQHO�
ELOHúHQLQLQ�|UQHN�NDOÕQOÕ÷Õ\OD�GH÷LúLPL�LVH�ùHNLO����E�¶GH�J|U�OPHNWHGLU��ùHNLO��� ve 38’de 

J|U�OG�÷�� JLEL� QRUPDOL]H� HGLOPLú� DODQÕQ� |UQHN� NDOÕQOÕ÷Õ� LOH� GH÷LúLPLQL� LQFHOHPHN� GDKD�
ID\GDOÕ� RODFDNWÕU�� gUQHN� NDOÕQOÕ÷Õ� N�o�N� RODQ� NDUH� V�SHULOHWNHQ� |UQHNOHU� LoLQ� WX]DNODQDQ�
PDQ\HWLN�DODQÕQ�[-, y- ve z-ELOHúHQOHULQLQ�NDOÕQOÕNOD�GDKD�D]�GH÷LúWL÷L�ùHNLO����D��YH��E�¶GH�
J|U�OPHNWHGLU�� ùHNLO� ��� YH� ùHNLO� ��¶GH�� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQLQ� |UQH÷LQ�
NDOÕQOÕ÷ÕQD� YH� J|U�Q�ú� RUDQÕQD� �DVSHFW� UDWLR�� �/�'�� ED÷OÕ� ROGX÷X� J|U�OPHNWHGLU�� %X�
GXUXPGD�WX]DNODQDQ�PDQ\HWLN�DODQ�DúD÷ÕGDNL�GHQNOHP�LOH�YHULOPHNWedir (Murakami, 2001): 

 

 "ctuz AJB =            (13) 

 

Burada A�V�SHULOHWNHQ�|UQH÷LQ�úHNOLQH�YH�J|U�Q�ú�RUDQÕQD�ED÷OÕ�JHRPHWULN�ELU�VDELWWLU��Jc 

NULWLN�DNÕP�\R÷XQOX÷X�YH� "  örnek boyutudur. 
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ùHNLO� ���� 7X]DNODQDQ� PDQ\HWLN� DODQÕQ� �D�� [-, (b) y-, (c) z-ELOHúHQOHULQLQ���������
3-ER\XWOX�KDULWDODUÕ 
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ùHNLO�����1RUPDOL]H�HGLOPLú�WX]DNODQDQ�PDQ\HWLN�DODQÕQ�[-, y- ve z-ELOHúHQOHULQLQ�
QRUPDOL]H�HGLOPLú�[�YH�\�NRQXPODUÕQD�J|UH�GH÷LúLPL 
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       (b) 
 

ùHNLO� ���� 7X]DNODQDQ�PDQ\HWLN� DODQÕQ� �D�� [- ve y-ELOHúHQOHULQLQ�� �E�� ]-ELOHúHQLQLQ�
|UQHN�NDOÕQOÕ÷Õ�LOH�GH÷LúLPL 
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3.2.  Tek Kristal Süperiletken Sistemde Tuzaklanan Manyetik Alan 
+HVDSODPDODUÕ 

 

3.2.1.   Dört (2××2) Silindir Örnekli Sistem 

 

 Tek krLVWDO� V�SHULOHWNHQ� VLVWHPGH� |UQHNOHULQ� GL]LOLúOHULQLQ� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN� DODQD� HWNLVLQL� LQFHOHPHN� LoLQ�� LNL� IDUNOÕ� GL]LOLúWHNL� G|UW� ��×2) silindir örnekten 

ROXúDQ�N�OoHOHU�NXOODQÕOGÕ�����PP�oDSOÕ�YH����PP�NDOÕQOÕNOÕ�G|UW�VLOLQGLU�|UQH÷LQ�LNL�IDUNOÕ�
G�]HQGH� �³'�]HQ� �´� YH� ³'�]HQ� �´�� \HUOHúWLULOPHVL\OH� ROXúDQ� N�OoH� V�SHULOHWNHQ� ùHNLO�
��¶GD� J|U�OPHNWHGLU�� gUQHN� \�]H\OHULQGHQ� GH÷LúLN� X]DNOÕNODUGD� NXP-\Õ÷ÕQÕ� PRGHOL� YH�
Biot–6DYDUW� \DVDVÕ� NXOODQÕODUDN� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHUL�
TDEOR��¶GH�YHULOPHNWHGLU��7DEOR���LQFHOHQGL÷LQGH��KHP�³'�]HQ��´�KHP�GH�³'�]HQ��´�LoLQ�
HNVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQÕQ�DUWDQ�X]DNOÕN� LOH�D]DOGÕ÷Õ�YH�X]DNOÕN�|UQHN�ER\XWXQD�
XODúWÕ÷ÕQGD� VÕIÕUD� \DNÕQ� ROGX÷X� J|U�OPHNWHGLU�� %X� WDEORGD� D\UÕFD�� ³'�]HQ� �´� GL]LOLúinin 

HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HUOHULQLQ� ³'�]HQ� �´� GL]LOLúLQLQ� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQ�GH÷HUOHULQGHQ�GDKD�E�\�N�ROGX÷X�J|U�OPHNWHGLU�� 
 

 
\

[

 

(a) Düzen 1 

 

[

\

 

(b) Düzen 2 

 
ùHNLO�����'|UW���×2) silindir örnekli sistem (a) Düzen 1, (b) Düzen 2 
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Tablo 1. Dört (2×��� VLOLQGLU� |UQHNWHQ� ROXúDQ� LNL� IDUNOÕ� G�]HQ� LoLQ�
|UQHN�\�]H\LQGHQ�GH÷LúLN�X]DNOÕNODUGD�KHVDSODQDQ�HNVHQHO�
WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHUL�� 

 

Bz (T) ]��X]DNOÕN�
(mm) Düzen 1 Düzen 2 

1 0,2970 0,2986 

2 0,1856 0,1866 

3 0,1255 0,1272 

4 0,0907 0,0942 

7 0,0486 0,0544 

10 0,0344 0,0366 

 
 

³'�]HQ� �´� YH� ³'�]HQ� �´� LoLQ� \�]H\GHQ� �� PP� \XNDUÕGD� KHVDSODQDQ� HNVHQHO�
WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPODUÕQÕQ� Hú-\�NVHOWL� KDULWDODUÕ� ùHNLO� ���D�� YH� �E�¶GH�
J|U�OPHNWHGLU�� gUQHN� GL]LOLúLQLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕQD� HWNLVL�
úHNLOGH� DoÕNoD� J|U�OPHNWHGLU�� (NVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HUOHUL� |UQHN�PHUNH]�
HNVHQL��]HULQGH�ELU�WHSH�ROXúWXUPDNWD�YH�|UQHN�NHQDUODUÕQD�GR÷UX�D]DOPDNWDGÕU� 
 ³'�]HQ� �´� GL]LOLúLQGHNL� |UQHNOHULQ� \�]H\OHULQGHQ� GH÷LúLN� X]DNOÕNODUGD� KHVDSODQDQ�
HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPODUÕQÕQ� �-ER\XWOX� KDULWDODUÕ� ùHNLO� ��¶GH�
J|U�OPHNWHGLU�� ùHNLO� ���D�¶GDNL� |UQHN� \�]H\LQGHQ� �� PP� \XNDUÕGDNL� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQ�GD÷ÕOÕPÕQD�EDNÕOGÕ÷ÕQGD��ùHNLO����D�¶GDNL�Hú-\�NVHOWL�KDULWDVÕQÕQ�EHQ]HUL�RODQ�
G|UW� WHSHGHQ�ROXúDQ�ELU�GD÷ÕOÕP�J|U�OPHNWHGLU��gUQHN�\�]H\LQGHQ�X]DNODúWÕNoD�EX�G|UWO��
WHSH�ND\EROPD\D�EDúODPDNWD�YH�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHUL�G�úPHNWHGLU��
ùHNLO����G�¶GH�J|U�OG�÷��JLEL�X]DNOÕN����PP�ROGX÷XQGD�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�
GH÷HUL� oRN� N�o�N� RODQ� WHN� ELU� WHSH� J|U�OPHNWHGLU�� ùHNLOGH� GH� J|U�OG�÷�� JLEL� DUDGDNL�
X]DNOÕN� GH÷HUL� N�o�N� ROGX÷XQGD� DODQ� GH÷LúLPL� E�\�N�� DUDGDNL� X]DNOÕN� GH÷HUL� E�\�N�
ROGX÷XQGD�LVH�DODQ�GH÷LúLPL�N�o�NW�U��%X�GXUXP��)XMLPRWR�YH�.DPLMR¶QXQ��������\DSPÕú�
ROGXNODUÕ� GHQH\VHO� oDOÕúPD� LOH� X\XP� LoHULVLQGHGLU�� %X� DUDúWÕUPDFÕODU� GD�� |UQHN� \�]H\L�
\DNÕQODUÕQGD�oRNOX�WHSH��\�]H\GHQ�X]DNODúWÕNoD�GD�WHN�WHSH�J|]OHPLúOHUGLU� 
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ùHNLO� ���� '|UW� ��×��� VLOLQGLU� |UQHNWHQ� ROXúDQ� LNL� IDUNOÕ� G�]HQ� LoLQ� |UQHN�
\�]H\LQGHQ� �� PP� \XNDUÕGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQÕQ�Hú-\�NVHOWL�KDULWDODUÕ��D��'�]HQ�����E��'�]HQ�� 
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ùHNLO����� ³'�]HQ��´�GL]LOLúLQGHNL�|UQHNOHULQ�\�]H\LQGHQ�GH÷LúLN�X]DNOÕNODUGD�KHVDSODQDQ�
eksenel tuzaklanan manyHWLN� DODQ� GD÷ÕOÕPODUÕQÕQ� �-ER\XWOX� KDULWDODUÕ� �D�� ]�  � ��
mm, (b) z = 4 mm, (c) z = 7 mm, (d) z = 10 mm 



 

 

61 

 3.2.2. Dokuz (3××3) Silindir Örnekli Sistem 

 

7HN�NULVWDO�V�SHULOHWNHQ�VLVWHPGH�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�KHVDSODPDODUÕQÕQ�
GHQH\� LOH� X\XúXPXQX� LQFHOHPHN� LoLQ� ,VKLJRKND� YG�¶OHULQLQ� ������� \DSWÕ÷Õ� oDOÕúPD� HOH�
DOÕQGÕ�� %X� oDOÕúPDGD�� HULWPH� \|QWHPL\OH� <%D&X2� ������ V�SHULOHWNHQ� N�OoHOHUL�� ��� PP�
oDSOÕ� YH� ���PP� NDOÕQOÕNOÕ� VLOLQGLUOHU� úHNOLQGH� �UHWLOPLú� YH� GRNX]� ��×��� |UQHNWHQ� ROXúDQ�
N�OoH� úHNOLQGH� G�]HQOHQPLúOHUGLU� �ùHNLO� ����� gUQHNOHULQ� ��� .¶GH�� �� 7¶GDNL� NULWLN� DNÕP�
\R÷XQOXNODUÕ���4 A/cm2�PHUWHEHVLQGHGLU������7�DODQ�DOWÕQGD�PÕNQDWÕVODQDQ�|UQHNOHUGHQ�HOGH�
HGLOHQ�D]DPL�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUL�\DNODúÕN������7¶GÕU� 
 ���PP�oDSOÕ� YH� ���PP�NDOÕQOÕNOÕ� GRNX]� VLOLQGLU� |UQH÷LQ� GL]LOPHVL\OH�ROXúDQ�N�OoH�
V�SHULOHWNHQLQ��ùHNLO�������PP�\XNDUÕVÕQGD�KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�
GD÷ÕOÕPÕ� ùHNLO� ��¶WH� J|U�OPHNWHGLU�� (NVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕQÕQ�
KHVDSODQPDVÕ�NXP-\Õ÷ÕQÕ�PRGHOL�YH�%LRt-6DYDUW�\DVDVÕ�NXOODQÕODUDN�\DSÕOGÕ��%X�VLVWHPGH�GH�
KHU� ELU� |UQH÷LQ� PHUNH]� HNVHQL� �]HULQGH� GRNX]� WHSHGHQ� ROXúDQ� ELU� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN� DODQ� GD÷ÕOÕPÕ� J|U�OPHNWHGLU�� ,VKLJRKND� YG�¶OHULQLQ� ������� \DSPÕú� ROGXNODUÕ�
GHQH\VHO�oDOÕúPDGD���4 A/cm2 olan krLWLN�DNÕP�\R÷XQOX÷X��KHVDSODPDGD�X\XP�SDUDPHWUHVL�
RODUDN� VHoLOGL��+HVDSODQDQ� D]DPL� HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HULQLQ� ,VKLJRKND�
YG¶OHULQLQ��������\DSWÕ÷Õ�oDOÕúPD�LOH�X\XP�LoHULVLQGH�ROGX÷X�J|U�OG���$\UÕFD�Hú-yükselti ve 

3-boyutlu haritalarda görüld�÷�� JLEL� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕ� W�P�
|UQHNOHUGH�D\QÕGÕU��ùHNLO����� 

���PP�

��PP

 ùHNLO�����'RNX]���×���VLOLQGLU�V�SHULOHWNHQ�N�OoH�PÕNQDWÕVÕQ�úHPDWLN�
gösterimi (Ishigohka vd., 2001). 
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ùHNLO� ���� 'RNX]� ��×��� VLOLQGLU� |UQHNWHQ� ROXúDQ� V�SHULOHWNHQ� VLstemin 1 mm 
\XNDUÕVÕQGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� �D�� Hú-
\�NVHOWL�KDULWDVÕ���E���-ER\XWOX�KDULWDVÕ� 
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�������%DO�3HWH÷L�gUQHN�6LVWHPL 
 

 7HN�NULVWDO�V�SHULOHWNHQ�VLVWHPGH�|UQHN�GL]LOLúL�YH�|UQHN�E�\�NO�÷�Q�Q�HWNLVL����PP�
oDSÕQGD� WHN� NULVWDO� V�SHULOHWNHQ� |UQHN� HOH� DOÕQDUDN� LQFHOHQGL�� %X� ��� PP� oDSÕQGDNL�
V�SHULOHWNHQ� |UQH÷H� HQ� \DNÕQ� V�SHULOHWNHQ� VLVWHPL� ROXúWXUDFDN� úHNLOGH� ���PP� oDSÕQGDNL�
\HGL� WDQH� V�SHULOHWNHQ� |UQHN� EDO� SHWH÷L� úHNOLQGH� GL]LOGL� �ùHNLO� ����� %X� |UQHNOHULQ�
NDOÕQOÕNODUÕ� GH÷LúWLULOHUHN� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHUL� KHVDSODQGÕ�� .XP-

\Õ÷ÕQÕ� PRGHOL� YH� %LRW–6DYDUW� \DVDVÕ� NXOODQÕODUDN� |UQHN� \�]H\LQGHQ� �� PP� \XNDUÕGD�
KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHUL�7DEOR��¶GH�J|U�OPHNWHGLU��7DEORGD��
���PP�oDSOÕ�VLOLQGLU�|UQH÷LQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHULQLQ�����PP�oDSOÕ�
\HGL� � |UQHN� VLVWHPLQLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQGHQ� E�\�N� ROGX÷X�
J|U�OPHNWHGLU�� ,ZDVD� YG�¶QLQ� ������� \DSWÕNODUÕ� GHQH\VHO� oDOÕúPDGD� GD�� oRNOX� |UQHN�
sisteminin tek örnekten dDKD� D]� HWNLOL� ROGX÷X� J|U�OP�úW�U�� %X� GD�0DJOHY� VLVWHPOHULQLQ�
G�]HQOHQPHVLQGH�ELU�GH]DYDQWDM�\DUDWPDNWDGÕU��%X�QHGHQOH�V�SHULOHWNHQ�|UQHN��UHWLPLQGH�
P�PN�Q�ROGX÷XQFD�E�\�N�WHN�NULVWDOOHULQ��UHWLPLQH�\|QOHQPHOLGLU�� 
 

\

[

 

(a) Düzen 3 

\

[

 

(b) Düzen 4

 

ùHNLO������D�����PP�oDSOÕ�V�SHULOHWNHQ�|UQHN���E�����PP�oDSOÕ���V�SHULOHWNHQ�|UQHN�VLVWHPL� 
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$\UÕFD� DUWDQ� |UQHN� NDOÕQOÕ÷Õ� LOH� KHU� LNL� G�]HQGH� GH� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GH÷HUOHUL�DUWPDNWDGÕU��(NVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHULQGHNL�DUWÕú�³'�]HQ��´ ’te 

GDKD�EHOLUJLQGLU��d�QN��³'�]HQ��´� ¶�Q�|UQHN�oDSÕ����PP��³'�]HQ��´� ¶�Q�KHU�ELU�|UQHN�
oDSÕ� LVH� ��� PP¶GLU�� (NVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HUOHULQLQ� |UQHN� oDSÕQD� NDGDU�
KÕ]OD�DUWWÕ÷Õ�YH�VRQUD�SHN�ID]OD�ELU�GH÷LúLNOL÷LQ�ROPDGÕ÷Õ�EX�E|O�PGH�GH�J|U�OPHNWedir. 

 
 

7DEOR� ��� ³'�]HQ� �´� YH� ³'�]HQ� �´� |UQHN� VLVWHPOHUL� LoLQ� GH÷LúHQ�
|UQHN� NDOÕQOÕNODUÕQGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN�DODQ�GH÷HUOHUL�� 

 
Bz (T) NDOÕQOÕN��PP� 

Düzen 3 Düzen 4 

1 0,2540 0,1118 

2 0,4439 0,1725 

3 0,5936 0,2083 

4 0,7146 0,2310 

5 0,8140 0,2466 

6 0,8965 0,2580 

7 0,9656 0,2668 

8 1,0238 0,2740 

9 1,0732 0,2801 

10 1,1154 0,2853 

 
 

ùHNLO� ���D�� YH� �E�¶GH�� ³'�]HQ� �´� YH� ³'�]HQ� �´� LoLQ� |UQHN� NDOÕQOÕNODUÕQÕQ� �� PP�
ROGX÷X�GXUXPGD�\�]H\GHQ���PP�\XNDUÕGD�KHVDSODQDQ�HNVHQHO� WX]DNODQDQ�PDQ\etik alan 

GD÷ÕOÕPODUÕQÕQ� Hú-\�NVHOWL� KDULWDODUÕ� J|U�OPHNWHGLU�� ùHNLO� ���D�¶GD� ��� PP� oDSOÕ�� �� PP�
NDOÕQOÕNOÕ�VLOLQGLU�|UQHN�LoLQ�WHN�WHSH��ùHNLO����E�¶GH�LVH����PP�oDSOÕ����PP�NDOÕQOÕNOÕ�EDO�
SHWH÷L�úHNOLQGH�\HUOHúWLULOPLú�\HGL�|UQHN�LoLQ�D\UÕ�\HGL�WHSH�J|U�Omektedir.  
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ùHNLO� ���� �D�� ³'�]HQ� �´�� �E�� ³'�]HQ� �´� LoLQ� |UQHN� \�]H\LQGHQ� �� PP�
\XNDUÕGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GD÷ÕOÕPÕQÕQ�Hú-\�NVHOWL�KDULWDODUÕ 
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 �������2QDOWÕ�6LOLQGLU�gUQHNOL�6LVWHP� 
 

 (NVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQGH� |UQHN� GL]LOLúLQLQ� HWNLVLQL� oRNOX�
|UQHNOHUGH� J|UPHN� LoLQ� RQDOWÕ� VLOLQGLU� |UQHN� �o� IDUNOÕ� G�]HQGH� \HUOHúWLULOGL� �ùHNLO� �����
.XOODQÕODQ�|UQHNOHU����PP�oDSOÕ�YH���PP�NDOÕQOÕNOÕ�VLOLQGLU�|UQHNOHUGLU��gUQHN�\�]H\LQGHQ�
GH÷LúLN� X]DNOÕNODUGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHUL� 7DEOR� �¶WH�
J|U�OPHNWHGLU�� 7DEORGD� KHU� ELU� GL]LOLú� LoLQ� |UQHN� \�]H\LQGHQ� X]DNODúWÕNoD� HNVHQHO�
WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HUOHULQLQ�D]DOGÕ÷Õ�� |UQHN�oDSÕ� FLYDUÕQGD� LVH� VÕIÕUD�\DNODúWÕ÷Õ�
J|U�OPHNWHGLU�� <�]H\GHQ� ��PP� \XNDUÕda hesaplanan eksenel tuzaklanan manyetik alan 

GH÷HUOHULQH�EDNÕOGÕ÷ÕQGD��HQ�\�NVHN�GH÷HULQ�³'�]HQ��´�LoLQ�ROGX÷X�J|U�OPHNWHGLU��)DNDW��
|UQHN�\�]H\LQGHQ�X]DNODúWÕNoD�HQ�\�NVHN�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUL�³'�]HQ�
�´�¶GH�GH÷LOGLU��%XQXQ�\HULQH�|UQHN�\�]H\LQGHQ�X]DNODúWÕNoD�HQ�\�NVHN�HNVHQHO�WX]DNODQDQ�
PDQ\HWLN�DODQ�GH÷HULQH�³'�]HQ��´�¶QÕQ�VDKLS�ROGX÷X�J|U�OPHNWHGLU�� 
 

[

\

 

(a) Düzen 5 

 

[

\

 

(b) Düzen 6 

 

[

\

 

(c) Düzen 7 
 

ùHNLO�����2QDOWÕ�VLOLQGLU�|UQHNOL�VLVWHP��D��'�]HQ�����E��'�]HQ���YH��F��'�]HQ�� 
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Tablo 3. “Düzen 5”, “Düzen 6” ve “Düzen 7” örnek sistemleri için  
\�]H\GHQ�GH÷LúLN�X]DNOÕNODUGD�KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�
PDQ\HWLN�DODQ�GH÷HUOHUL�� 

 

Bz (T) ]��X]DNOÕN�
(mm) Düzen 5 Düzen 6 Düzen 7 

1 0,1137 0,1112 0,1146 

2 0,0619 0,0601 0,0628 

3 0,0364 0,0352 0,0372 

4 0,0227 0,0222 0,0235 

5 0,0151 0,0150 0,0158 

6 0,0106 0,0109 0,0112 

7 7,9086e-3 9,0146e-3 8,4674e-3 

8 6,7112e-3 7,9508e-3 7,0559e-3 

9 
 

6,0466e-3 7,1571e-3 6,1173e-3 

10 5,5579e-3 6,5024e-3 5,4702e-3 

 
 
 Tablo 4’te ise “Düzen 5”’teki onDOWÕ���×���|UQHN�VLVWHPLQLQ��D\QÕ�VLPHWUL\H�VDKLS�ELU�
(1×1), dört (2×2) ve dokuz (3×��� |UQHNOL� VLVWHPOHU� LOH� NDUúÕODúWÕUÕOPDVÕ� YHULOPHNWHGLU��
gUQHNOHULQ�oDSODUÕ�YH�NDOÕQOÕNODUÕ����PP¶GLU��7DEOR��¶WH�J|U�OG�÷��JLEL�|UQHN�\�]H\LQGHQ���
PP� \XNDUÕGD� HQ� \�NVHN� HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HULQH� WHN� |UQHN� VDKLSWLU��
gUQHN� \�]H\L� \DNÕQODUÕQGD�� |UQHN� VD\ÕVÕ� DUWWÕNoD� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GH÷HUOHUL� D]DOPDNWDGÕU�� )DNDW�� |UQHN� \�]H\LQGHQ� X]DNODúWÕNoD� WHN� |UQH÷LQ� HNVHQHO�
WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HUL�� GL÷HU� |UQHN� VLVWHPOHULQLQ� HNVHQHO� WX]DNODQDQ�PDQ\HWLN�
DODQ� GH÷HUOHULQGHQ� GDKD� G�ú�NW�U�� $\QÕ� ER\XWD� VDKLS� |UQHNOHUGHQ� ROXúDQ� VLVWHPOHUGH�
HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQLQ� |UQHN� VD\ÕVÕ� DUWWÕNoD� D]DOPDVÕ� .DPLMR�
YG�¶QLQ��������\DSWÕNODUÕ�GHQH\VHO�oDOÕúPDGD�GD�J|U�OPHNWHGLU� 
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7DEOR� ��� 7HNOL� YH� oRNOX� |UQHN� VLVWHPOHUL� LoLQ� \�]H\GHQ� GH÷LúLN�
X]DNOÕNODUGD� KHVDSODQDQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ�
GH÷HUOHUL�� 

 

Bz (T) ]��X]DNOÕN�
(mm) 1×1 2×2 3×3 4×4 

1 0,3177 0,2970 0,2881 0,2838 

2 0,1973 0,1856 0,1777 0,1736 

3 0,1297 0,1255 0,1187 0,1148 

4 0,0890 0,0907 0,0891 0,0814 

5 0,0634 0,0702 0,0733 0,0667 

6 0,0466 0,0571 0,0633 0,0581 

7 0,0352 0,0486 0,0563 0,0523 

8 0,0272 0,0430 0,0508 0,0480 

9 
 

0,0215 0,0387 0,0462 0,0446 

10 0,0172 0,0344 0,0422 0,0417 

  

3.2.5.  Dört (2××2) Kare Örnekli Sistem 

 

Tek kristal süperiletken sistemde örnek geometrisinin eksenel tuzaklanan manyetik 

alana etkisini incelemek için dört (2×��� NDUH� YH� VLOLQGLU� |UQHN� NXOODQÕOGÕ�� 6LOLQGLU� |UQHN�
VLVWHPL�³'�]HQ��´�GL]LOLúLQGH��NDUH�|UQHN�VLVWHPL�GH�³'�]HQ��´�VLVWHPLQH�HQ�\DNÕQ�RODQ�
W�P�|UQHNOHULQ�ELUOHúWLULOPLú�KDOLQGH�G�]HQOHQGL��ùHNLO������.DUH�|UQH÷LQ�NHQDU�X]XQOX÷X�
YH� VLOLQGLU� |UQH÷LQ� oDSÕ� ���PP¶GLU�� gUQHN� NDOÕQOÕNODUÕ� GH÷LúWLULOHUHN� KHVDSODQDQ� HNVHQHO�
WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQGH� \�]H\GHQ� X]DNOÕN� �� PP�� X]DNOÕN� GH÷LúWLULOHUHN�
\DSÕODQ� KHVDSODPDODUGD� LVH� |UQHN� NDOÕQOÕ÷Õ� �� PP� RODUDN� VHoLOGL�� (OGH� HGLOHQ� HNVHQHO�
tuzaklanan manyetik alan dH÷HUOHUL� 7DEOR� �¶GH� YHULOPHNWHGLU�� 7DEORGD� J|U�OG�÷�� JLEL�
|UQHN� NDOÕQOÕ÷Õ� N�o�N� LNHQ� VLOLQGLU� |UQHNOHUGHQ� ROXúDQ� VLVWHPLQ� HNVHQHO� WX]DNODQDQ�
PDQ\HWLN� DODQ� GH÷HUOHUL� NDUH� |UQHNOHULQNLQGHQ� GDKD� E�\�NW�U�� )DNDW� |UQHN� NDOÕQOÕ÷Õ�
DUWWÕ÷ÕQGD� LVH� NDUH� |UQHNOHUGHQ�ROXúDQ� VLVWHPLQ� HNVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUL�
GDKD�E�\�NW�U��gUQHN�\�]H\LQGHQ�KHVDSODPD�\DSÕODQ�QRNWDODUD�RODQ�X]DNOÕN�DUWWÕUÕOGÕ÷ÕQGD��
|UQHN� \DNÕQODUÕQGD� VLOLQGLU� |UQHN� VLVWHPL�� |UQHN� \�]H\LQGHQ� X]DNODúWÕNoD� LVH� NDUH� |UQHN�
sistemi en yüksek tuzaNODQDQ�PDQ\HWLN�DODQ�GH÷HULQH�VDKLSWLU� 
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\

[
 

(a) Düzen 8 

\

[

 

(b) Düzen 1 

 

ùHNLO�����'|UW���×2) kare ve silindir örnekli sistem (a) Düzen 8, (b) Düzen 1 
 
 

Tablo 5. Dört (2×��� NDUH� YH� VLOLQGLU� |UQHNOL� VLVWHPLQ� GH÷LúLN� NDOÕQOÕNODUÕ� YH� GH÷LúLN�
X]DNOÕNODUÕ�LoLQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HUOHUL 

 
Bz (T) Bz (T) NDOÕQOÕN��PP� 

kare silindir 
X]DNOÕN��PP� 

kare silindir 

1 0,1120 0,1156 1 0,1120 0,1156 

2 0,1763 0,1793 2 0,0643 0,0637 

3 0,2163 0,2173 3 0,0400 0,0381 

4 0,2428 0,2416 4 0,0265 0,0243 

5 0,2614 0,2582 5 0,0187 0,0165 

6 0,2751 0,2702 6 0,0139 0,0119 

7 0,2857 0,2791 7 0,0110 9,1958e-3 

8 0,2942 0,2863 8 9,0595e-3 7,4473e-3 

9 0,3012 0,2921 9 7,8153e-3 6,3109e-3 

10 0,3070 0,2970 10 6,9620e-3 5,5572e-3 

 
 
 ùHNLO� ��¶GH� LVH� �� PP� NDOÕQOÕ÷ÕQGDNL� NDUH� YH� Vilindir örnek sistemlerinden 1 mm 

\XNDUÕGD�KHVDSODQDQ�HNVHQHO�WX]DNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPODUÕQÕQ�Hú-\�NVHOWL�KDULWDODUÕ�
J|U�OPHNWHGLU�gUQHN� GL]LOLúOHULQLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GD÷ÕOÕPÕQD� HWNLVL�
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úHNLOGH� DoÕNoD� J|U�OPHNWHGLU�� (NVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHUL� |UQHNOHULQ�
PHUNH]�HNVHQL��]HULQGH�SLN�ROXúWXUPDNWD�YH�|UQHN�NHQDUODUÕQD�GR÷UX�D]DOPDNWDGÕU� 
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 ùHNLO� ����'|UW� ��×2) kare ve silindir örnekli sistem için eksenel tuzaklanan 
PDQ\HWLN� DODQÕQ� Hú-\�NVHOWL� KDULWDODUÕ� �D�� '�]HQ� ��� �E�� Düzen 1



 

 

 4. SONUÇLAR 

 

<DSÕODQ�oDOÕúPDODUGDQ� 
1. Kum-\Õ÷ÕQÕ��VDQG-pile) modeli ve Biot-6DYDUW�\DVDVÕ�NXOODQÕODUDN�\DSÕODQ�KHVDSODPDQÕQ�

V�SHULOHWNHQ�|UQH÷LQ�PDQ\HWLN�|]HOOLNOHULQL�EHOLUOHPHGH�NXOODQÕODELOHFHN�ELU�KHVDSODPD�
\|QWHPL�ROGX÷X� 

2. Eksenel tuzaklanan maQ\HWLN�DODQÕQ�DUWDQ�|UQHN�NDOÕQOÕ÷Õ�LOH�KÕ]OD�DUWWÕ÷Õ��GDKD�VRQUD�GD�
|UQHN� NDOÕQOÕNODUÕ� EHOOL� ELU� GH÷HUH� JHOGL÷LQGH� VDELW� NDOGÕ÷Õ�� |UQHN� ER\XWXQX� JHoPHVL�
GXUXPXQGD�ND\GD�GH÷HU�ELU�ND]DQFÕQ�ROPDGÕ÷Õ��KDWWD�ND\QDN�LVUDIÕQD�VHEHS�RODFD÷Õ� 

3. Eksenel tuzaklanan mDQ\HWLN�DODQÕQ�DUWDQ�|UQHN�\�]H\L�LOH�J|]OHP�QRNWDVÕ�DUDVÕQGDNL�
X]DNOÕNOD�D]DOGÕ÷Õ��GDKD�VRQUD�GD�X]DNOÕN�EHOOL�ELU�GH÷HUH�JHOGL÷LQGH�VÕIÕUD�XODúWÕ÷Õ��EX�
GH÷HULQ�GH�|UQHN�ER\XWXQD�HúLW�ROGX÷X� 

4. (Q� \�NVHN� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQÕQ� |UQHN� PHUNH]� HNVHQi üzerinde elde 

HGLOGL÷L��|UQHN�NHQDUÕQD�GR÷UX�KÕ]OD�D]DOGÕ÷Õ��|UQHN�NHQDUÕQGD�QHJDWLI�ROGX÷X�YH�|UQHN�
NHQDUÕQGDQ�X]DNODúWÕNoD�VÕIÕUD�\DNODúWÕ÷Õ� 

5. gUQHN� JHRPHWULVLQLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GDYUDQÕúÕQD� EHOLUJLQ� ELU�
HWNLVLQLQ� ROPDGÕ÷Õ�� D\QÕ� ER\XWD� sahip olan kare ve silindir örneklerde tuzaklanan 

PDQ\HWLN�DODQÕQ�oRN�IDUNOÕ�ROPDGÕ÷Õ� 
6. 6LOLQGLU�|UQHNOHUGH�WX]DNODQDQ�PDQ\HWLN�DODQ�GD÷ÕOÕPODUÕQÕQ�ÕúÕQVDO��UDGLDO��ELOHúHQLQLQ�

NX\X��HNVHQHO�ELOHúHQLQ�LVH�NRQL�ELoLPLQGH�ROGX÷X� 
7. Kare örneklerde tuzaklanan maQ\HWLN�DODQÕQ�[- ve y-ELOHúHQOHULQLQ�E�\�NO�NOHULQLQ�HúLW�

ROGX÷X��IDNDW�\|QOHULQLQ�WHUV�ROGX÷X� 
8. 6LOLQGLU� |UQHN� VLVWHPLQGH�� |UQHN� WHPDVÕQÕQ� oRN� ROGX÷X� GXUXPGD� HNVHQHO� WX]DNODQDQ�

PDQ\HWLN�DODQ�GH÷HULQLQ�GDKD�E�\�N�ROGX÷X� 
9. Silindir örnek sisteminde, örnek yüzH\L�\DNÕQODUÕQGD�oRNOX�WHSH�GD÷ÕOÕPÕ��|UQHN�oDSÕQD�

\DNÕQ�X]DNODUGD�LVH�WHN�WHSH�ROGX÷X� 
10. 6LOLQGLU� |UQHNOHUGHQ� ROXúDQ� VLVWHPLQ� HNVHQHO� WX]DNODQDQ�PDQ\HWLN� DODQ� GH÷HULQLQ��EX�

VLVWHP� E�\�NO�÷�QGHNL� D\QÕ� ER\XWOX� WHN� N�OoH� |UQHNWHQ� GDKD� N�o�N� ROGX÷X� YH� EX�
nedenlH� 0DJOHY� VLVWHPOHULQLQ� G�]HQOHPHVLQGH� P�PN�Q� ROGX÷XQFD� E�\�N� WHN�
NULVWDOOHULQ��UHWLPLQH�\|QOHQLOPHVL�JHUHNWL÷L� 

11. $\QÕ� ER\XWD� VDKLS� |UQHNOHUGHQ� ROXúDQ� VLVWHPOHUGH� HNVHQHO� WX]DNODQDQ�PDQ\HWLN�DODQ�
GH÷HUOHULQLQ�|UQHN�VD\ÕVÕ�DUWWÕNoD�D]DOGÕ÷Õ� 
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12. Kare ve silindir |UQHN� VLVWHPL� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� |UQHN� \�]H\L� \DNÕQODUÕQGD� VLOLQGLU�
|UQHN� VLVWHPLQLQ�� |UQHN� \�]H\LQGHQ� X]DNODúWÕNoD� NDUH� |UQHN� VLVWHPLQLQ� HQ� \�NVHN�
WX]DNODQDQ�PDQ\HWLN�DODQ�GH÷HULQH�VDKLS�ROGX÷X� 

13. gUQHN� NDOÕQOÕ÷Õ� N�o�N� LNHQ� VLOLQGLU� |UQHNOHUGHQ� ROXúDQ� VLstemin eksenel tuzaklanan 

PDQ\HWLN� DODQ� GH÷HUOHULQLQ�� |UQHN� NDOÕQOÕ÷Õ� DUWWÕ÷ÕQGD� LVH� NDUH� |UQHNOHUGHQ� ROXúDQ�
VLVWHPLQ� HNVHQHO� WX]DNODQDQ� PDQ\HWLN� DODQ� GH÷HUOHULQLQ� E�\�N� ROGX÷X� EHOLUOHQGL�



 

 

���g1(5ø/(5 

 

1. %X�oDOÕúPDGD��NULWLN�DNÕP�\R÷XQOX÷X� �-c), manyetik alDQ�YH�VÕFDNOÕN�ED÷ÕPVÕ]�RODUDN�
NDEXO� HGLOGL�� ø]OH\HQ� oDOÕúPDODUGD� PDQ\HWLN� DODQ� YH� VÕFDNOÕN� ED÷ÕPOÕ� NULWLN� DNÕP�
\R÷XQOX÷X�NXOODQÕODELOLU� 

2. .DUH�YH�VLOLQGLU�V�SHULOHWNHQ�|UQHNOHU�LoLQ��|UQHN�ER\XWX�GLNNDWH�DOÕQDUDN�KHVDSODPDODU�
\DSÕOÕUNHQ� |UQHN� N�WOHOHUL� GLNNDWH� DOÕQPDGÕ��%XQXQ� \HULQH� |UQHN� N�WOHOHULQLQ� GLNNDWH�
DOÕQGÕ÷Õ�KHVDSODPDODU�\DSÕODELOLU� 

3. +HVDSODPDODU�\DSÕOÕUNHQ�VHoLOHQ�|UQHN�ER\XWODUÕ�0DJOHY�VLVWHPOHULQGH�NXOODQÕODQ�N�OoH�
PÕNQDWÕV� ER\XWODUÕQD� J|UH� oRN� N�o�NW�U�� 7X]DNODQDQ�PDQ\HWLN� DODQÕQ� GDKD� JHUoHNoL 
KHVDSODQDELOPHVL�LoLQ�0DJOHY�VLVWHPL�ER\XWODUÕ�GLNNDWH�DOÕQDELOLU� 

4. )DUNOÕ� úHNLOOHUGHNL� V�SHULOHWNHQ� |UQHNOHU� �UHWLOHUHN� YH\D� VDWÕQ� DOÕQDUDN� X\JXQ� GHQH\�
VLVWHPOHULQGH�|Oo�POHU�\DSÕODUDN�VD\ÕVDO�KHVDSODPDODUOD�NDUúÕODúWÕUÕODELOLU� 
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