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�©é'ïÄ
��á�^ÿþ¥� SQUID {Ú Campbell {; ¿^pØ PIT {�����á� MgB2 ��ÿ
þ�¬, ^ü«�{, ÿþ
���¬��.>6�Ý, ©O��
�¬� Jc-B 'X­�; SQUID {ÿþ�¬�	
^|�±�� 6 T, d�á�®²?u��G�, d�{ÿ��(J´�¬���«�(J�²þ�, SQUID ��±
^5?�ÚIÝá��¹Så1�, ïÄá�^A5. Campbell {ÿþ�Uÿþ�	^|rÝ� 0.4 T, 	^|��
6Ü©�ªÇ�±�� 800 Hz, ^ù«ÿþ�{���´�¬�¬�>6, duÿþO9á�SÜ�*(�"��
K�>6DÑÏ�, ¤ÿ(J�u�6^z{, ���Cá�¢S>6, U^5�\ïÄá�SÜ(��Oéá�
>5U�K�.
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1 Ú ó

��N�.>6�Ý�ÿÁ�{Ì�©�>
ÿþÚ^ÿþ. >ÿþ�Ì��{´oÚ�{, o
Ú�{´8cIS�.>6ÿþIO¦^��
{ [1,2]. �´, ^oÚ�{ÿþ�, ��á���>
6�¦Å�:?�î0 (��) 9�Aé²w, E¤
�¬ÛÜ§Ý,p, l
K��.>6�ÿþ$�
���¬ [3]. ,	, �Xéá���\ïÄ, éá�
Ù¦�Ôn5UïÄ, ��/ÏÿþÃã�N�&
E [4], 
oÚ�ÿþ�{ØU÷vù«I¦. ^ÿ
þ{´�â�¬Ñ>�, Ñ$>6Ó�¬SÜ½±
�^|�'Xí�ÑÙ�.>6�Ý�, �lÙÿ
þ(J�±©ÛÑ�¬�(�A5Ú���.>
6�Ý�Ñ$A5 [5,6]. ^ÿþ¥~^��{k�
6^z{ (SQUID measurement)[7], �6^z{, n
g�Å{�. Campbell { [8] ´�«û)��6�
6U\{, duù«ÿþ�{�nØÓ, Ù¤�A

��¬���5Uk¤ØÓ.

�©òæ^�6^z{ (SQUID measurement)

Ú Campbell {é�¬��.>6�Ý?1ÿþ, Ó
�&?ùü«�{�N�á�&E.

2 � 6 ^ z { (SQUID measurement)
Ú Campbell {�n

2.1 ���666^̂̂zzz{{{ (SQUID measurement)

�k�6	\^|�^u��²��, XJ�
��¬¥k>6ð½�6L. �â Bean-London �
. [9,10], ��NS�)�6^z, �X	^|�O
\, 3Bß�¥Øä//¤^Ï�, ^Ï����
NS$Ä, ^Ï�É�¹S¥%�{	±9�L
¹S¥%?�Ú���NSÜ'ß, ����²ï
�^Ï�©ÙØ2��mCz, ù�Ò´�.�.
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6�Ý���²þ�. L«�

Jc =
∆M

d
, (1)

∆M ���Ñ$Ü©�^¢, ü ´ emu; d ��
��á�þÝ, ü � cm; dd¦���.>6�
Ý Jc �ü � A/cm2. �	^| He ���u'ß
| Hp �, éù��.?1?�´7��, ²L?�
��¬¥� Jc �±L«�

〈Jc〉 ≈
∆M

d

[
1 +

(1 − γ) (4γ − 3)
12

(
∆M

He

)2
]

,

(2)

�§ (2) ¥�1��´��?��, �´�^|
é��ù�?�é�. γ ´¹Sëê, ����
� 0 6 γ 6 1. � γ = 1, =� Bean-London �.;

γ = 1/2 ��§{z� Yasukochi �. [11], ù��
.�^u��N¥¬âm.½ö�����,�
���k��¹S¥%���N¥; γ = 0 �=
� Silcox-Rollins �.. He �	^|.

æ^ SQUID {ÿá�>6�, ÿþ3�½§
Ý, �6	^|Ø�, ²1�¬L¡�^�eÿþ
��¬�^¢£�, ¿æ^ (1) ªO���¬3�
A§ÝÚ^|e��.>6�Ý Jc, �Äÿþ�¬
ØÓ/Gæ^?���§ (1) 5O��¬¥��.
>6�Ý [12].

2.2 Campbell {{{

3�6^z­�nØO��, '��.b½�
.aA>6�Ý jc �^|Ã', Ù¢ù�¢SØ
Î, ?
 jc ÿþO�(J�¢Sk�É. Campbell

�@�âÔ[åÚ¹Sü½å�m�²ï�, eð
­>63��NSD�, ¹Så�'u^aArÝ,

�.>6�Ý��u�.aA>6�Ý, ���á
�	\��­½�6^|Ó�U\����6^
|, ÏLÿþ'ß�^ÏO�Ñ��N¥d�6>
|p��¶->6�Ý, $^|e�¢�(JÎÜ
��Ð, p^|«�¢� l. �.>6�Ý�

Jc ≈
(Bφ0)1/2

µ0λαf
, (3)

é��ÎN½ö���á²1�^���6^
| He Ú�����6| h0 cos ωt. �
;��¬
/GÚå^z�A, |^��Ð¼��Ú��ë�
��ÿÁÑ?!Ñ���¬�^Ï, ^ Φ L«'ß
�^Ïþ, δΦ �Au h0 u)���Cz δh0 ��

^ÏCz. ��6|l h0 Cz� h0 + δh0 �b½
>6�ÝØu)Cz. Ï
�6>|Bß�Ý�±
L«�

λ′ =
1

2wµ0
· ∂Φ

∂h0
, (4)

λ′
0 =

B

(µ0αL)1/2
(½� λ′

0, ¡� Campbell �6B

ß�Ý. λ′-h0 L«��NSÜ�^Ï�ÝÚ^Ï
Bß�Ý'X. Ø
�� h0 ±	, λ′-h0 �'X�
±w�´^|Or�þ3��NS�^Ï©Ù;

d λ′-h0 'X­���Ç�±�� µ0J
[3,13]

J =
(

∂λ′

∂h0

)−1

, (5)

Ù��.�� Jc ��. ÏLù��{©Û�½^
�e�¬��.>6�Ý¡� Campbell {.

3A^Ì�ÿþ λ′-h0 'X­�. λ′ ´l��
��ÚÓ¼��ÿ��>ØO��� [14]. 3y
^��Ï>6: I = Im cos(ωt + φ). K3Ù±�
ò�)���C^|. dòdB|^5, ���
�þò�)¶->6, du��� λ �ØÓ, ��
���Â��&Ò>Ø Vr �Cz. ��N>6÷
v London �§, KpaXê M , Vr Ú λ �ke�
'X

M =
Vc

Iaω
, M = α

λ2

d
+ β, (6)

Ïd, ÏL Vr �ÿþ, �d±þ (6) ª5(½ λ.

2.3 ¢¢¢���ÿÿÿþþþ

À ^ © z [15, 16] � ó ² � � 
 MgB2+

10wt.% SiC ��¬á. äN��L§�): Uì
ó²�Y¡þy®!'®Ú SiC, r·ÜÐ�·Ü
ÔW¿�+¥, eØ¤�� 5 cm!°� 1.5 cm!þ
� 6 mm, 3 900 ◦C �§Ýe?1�(9?n. �
��l@+��·�¤I�� MgB2 ¬á.

3 ÿþ(J�©Û

3.1 SQUID {{{ÿÿÿ

ã 1 Ð«�´ÿÁ�¬ØÓ^|eü§ M -

T ­�, l M -T ­��±wÑ, å©=C§Ý�
� 36 K, =C°Ý� 0.9 K, `² MgB2 �¬�¬�
�Ð.

ã 2 æ^ SQUID {©O3ØÓ§Ý, 	^|
²1�¬L¡�^�eÿþ���¬�^¢£�.
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ã 3 ´dã 2 �(J, æ^ (1) ªO��¬3
�A§ÝÚ^|e��.>6�Ý Jc, dO�(J
±�Ñ��¬� Jc-B 'X­�. dã 3 �¬� Jc-

B ã¥þ�±*	�, 3(½�ÿÁ§Ý!$|
e�¬k����.>6�Ý, �X	.^|�O
� MgB2 �¬��.>6�Ýk¤~�, �ù«~
��ª³�X	^|�O�C��5�¯. �^|
rÝO�é¯��, éAã 2 ^¢£�þe­�U
\Ü©.

ã 1 T�¬� M -T ­�

ã 2 ÿþ�¬� M -H ­�

ã 3 SQUID {���á� Jc-B ­�

3.2 Campbell {{{ÿÿÿ

ã 4 � Campbell {3 20 K §Ýe, �6^|
ªÇ� 97 Hz � MgB2 �¬¥^Ï'ß�Ý λ′ Ú
	\�6^| bac �'X. lã 4 ¥�±wÑ, 3�
(½�	\�6^| (ã 4 ¥���«, Ò´­�
éA�^|�6Ü©rÝ), �U\��6^|��
�, �¬� bac-λ′ ­�þÑy���ÅÄ, ù´�
6^|���dÿÁ^�Ú\�Ø�½öÅÄ. �
�X�6^|�O�, ­�ªu�5, �ù«�5
Cz�±�±�ép��6|��, ù�U´´d
uK�á�Ù^Ï�'ß�,�!�Ç!"��
3�¬SÜkX��þ!�©Ù, l
�±ÿþ(
J�5­½. 3 Campbell {�ÿÁ��e, k�Ü
©AT´ bac-λ′ ­�²­�5Ü©, ?1O��G
ØU\�6^|��«�.

ã 5 ´dã 4 ÿþ(J, |^ (5) ª� Camp-

bell �.>6�nO���, 3§Ý 20 K, �6^|
�ªÇ©O� 37 Hz, 97 Hz, 197 Hz, 379 Hz, 797 Hz

�����¬��.>6�Ý Jc Ó�6^| B

�'X­�. ã 4 ¥­� 1—5 ��Ç�ê©Oé
Aã 5 ¥I£�: 1—5 ��. ã 4 ¥Ù¦ªÇe
� bac-λ′ ­�aqã 3, �©¥Ñ�.

ã 4 20 K §Ýe'ß�Ý λ′ Ú	\�6^| bac ªÇ
� 97 Hz ��'X

lã 4 ­�¥�±²w�wÑ, MgB2 �¬�
�.>6�Ý�X	\^|rÝO�
~�, �´
3	\�6^|�½�, �6^|ªÇ�p�.>
6�Ý��. ù�NÑ±eA�&E: �6ªÇ�
�^|'ß?��N�õ, ½öK� MgB2 �¬�
.>6�Ý�,�!�Ç!"�±9�z�¬.
3�¬SÜk��õ�©Ù, �ù
"�épª	
|k�r�¹S�^, ½ö´Ï����6�ÑÚ
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å���ÿþ(J ���&E, ½´du�ªÇ
��6^|eaA>|Úå. ùk�u��?�Ú
�ïÄ.

ã 5 æ^ Campbell {���¬3§Ý� 20 K ���.>6
�Ý Jc Ó�6^| B �'X

é'ã 3 Úã 5 ÏL Campbell {Á����
(J��uÏL SQUID {3Ó�§Ýe�Á�
��(J. du Campbell {�Ñ� Jc �´l�¬
� bac-λ′ 'X­�¥í�Ñ5�, Ù�A�¬L¡
�N^Ï�Cz, ¿�Xù��Ó MgB2 ¬áS�
o�>6�ÎÜ, 
|^ SQUID {��� Jc ´Ä
uá�z�Ü©�^z���²þ�, Ï
Ù(J
ØU���(��NÉ�«Ï�X�Ç!,�!
�z�¬âm.K����Ü©¥Ñ$�o�>
6�Ý. duÉ��Ç!,�!�z�¬âm.
����Ï��K�, ���¬Ñ$�o���>
6�Ý��u���Ü©�^z�)�^¢��
�²þ��.>6�Ý. Ï
 Campbell {���
(J�C�¬���Ü©Ñ$�o��.>6�
Ý. Campbell {���(J�u SQUID {��(
J. SQUID {¥	^|�±�� 6 T, $��p�á
���G�; 
 Campbell {ÿÁ¥, Ù�Uÿ��
6	| 0.4 T �m�^|, �p�^|���6^
|�^ìv, 
 AC ^|�ªÇCz��3 37 Hz

� 797 Hz �m. ,	, ©Û^Ï�£Ä���_�
�¹, �6^|�²w�Bß�Ý�±L«� λ′

0,

Bß�Ý�þ�´��þÝ��� d. �Ò´3'
ß«��6^Ï�'ß�Ý��u d, ÄKØ�U

�(��OÑ Jc, ��Ñ´p�. Ïdéu��á
� Campbell �{Ø·A.

ã 5 �´ Campbell {3 20 K §Ýe� Jc-B,

�(½ Jc ��I��Ñ' SQUID {õ�õ�ÿ
ÁÚ©Û. ��NS�¹S5U´û½��N�
.>6�Ý�Ì�Ï�. ¹SUå���Ì�d
��NS��Ç!¬.!�zÔ±9Ù¦,��
/G!�ÝÚ©Ù�^�û½. Ï
, ©Û¹Så
Ó^|�'X�±éÐn)��>5Ú��á�
�A^. ~^ SQUID ÿþO���¹Så�Ý±
9§�IÝ1� [17,18]. �´�±|^ Campbell {
�±��,	�
�­��&E. O9á�S�
�Ç!,�!�z�¬âm.����Ï��K
�, U
�Ná��ù
�*(��Oéá�>
5U�K�. �UïÄ¹SåÚ^Ï� £�m
�'X, $���á��Ó�>6©Ù�*	�´
�U� [3].

4 ( Ø

�6^z{ (SQUID {) Ú Campbell {ü«�
{3�gÿþ��Sÿþ��
���¬��.
>6�Ý. �duü«�{¤|^��nØÓ, �
Ù(J¥¤�A�&E�k¤ØÓ. �6^z{ÿ
þ	|���2, U�� 6T $��p, U
�¡�
N���.>6�Ý3	|¥�Cz�¹, �)

��G�, �.>6�Ý´Û���.>6�Ý�
��²þ�. SQUID �^5éá�?1¹SIÝ,

&¢¹S�^é��á���.>6�Ý�K�,

ïÄá��^A5. Campbell {ÿþ�¬��.>
6�Ý, ��?n��NS>^A5��«�{,

Campbell {�±|^�6^|ÚCz��6^|
ÿÑ'ß��6^Ï, ÏLé����6^Ï�Ó
+!�6^| bac ÚBß�Ý λ′ �©Û, �±O�
Ñ�¬SÜ����.>6�Ý, 3ÿþL§¥�
��´�¬�N�>6, ÙSÜ�*(�A5�K
��U
�Ñ�N, Ó�^�e¤��(J�u�
6^z{ÿþ���(J, ���C¢S.
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Abstract

The two magnetic measurement methods of superconductors, SQUID method and Campbell method, are introduced briefly.

Superconducting properties of MgB2 bulk samples are prepared by the high-pressure powder in tube (PIT) sintering method. The two

measurement methods are employed to measure the critical current density of the sample. The Jc-B curves of the MgB2 samples are

obtained with each method. The SQUID method can be used to measure the magnetic strength field up to 6 T and the material is in

normal state, and the result is used to scale F (b) of the pinning through necessary calculation which is used to study the magnetic

characteristic of the material. The critical current density (Jc) measured by the SQUID method is the average of the materials different

parts. Jc is measured and estimated by the Campbell’s method. The magnetic field is only to 0.4 T while the frequency of the AC parts

magnetic field is varied from 37 Hz to 797 Hz. The critical current density obtained by Campbell’s method is smaller than that obtained

by the SQUID measurement, which is due to the existence of various faults and the decrease of the electrical connectivity.

Keywords: SQUID method, Campbell method, superconductivity critical current density
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