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Hysteresis Loop: Permanent Magnet
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Magnetic Circuit, µ→∞

Permanent Magnet

< ¶LÂcÆWµ3²Q�?>�@SR5²�µ�ÀJÁ�Ã�²�Ãv¿T0`ÁCÂcÃ�²�¿�¶�Ã/0	ÁCÂcÃ�²�¿3¶�³Gñ�¶Lµ;³�ÆW¶L¿
Ô ¾3²�³�´cÃWº[ÎWµ3´	�F¹L²�À ¶i¾=¶i¹i¹iÆW¾3¿Nµ�ÁC¿N²�ºÜ¶iÃ < ¶LÂcÆ�µ3²U�B��Ðq¶iÃòÄ�±W¶i³;±ò¿3±�²y¾3Á�À:²yÀJÁCÂcÃ�²�¿¡¶i¾�²�À;�6²�ºWºW²�º ¶iÃ[Á

ÀJÁCÂcÃ�²�¿3¶�³�³�¶Lµ�³�ÆW¶i¿�Äq¶L¿3±¡Á�Ã�Á�¶Lµ
ÂcÁCÎ�ÌEÔq¾3¾�ÆWÀ:²�¿3±WÁC¿#¿3±W²�ÂcÁCÎ	±WÁ�¾
Äq¶iº�¿3±HÂJÁ�ÃWº�ÁCµ�²�ÁJÔ�Â�ÌE°#±�²�ÀJÁCÂcÃ�²�¿q±WÁ�¾

�	�



VXW?YGZ�V5[\V�]_^	`�aH^�bcW?^=dT]feFgXh	bjiBh�`5k	W?`�YGW?`�iBW	lXm�WnmnYpopoX[c^�q	W�[cVXWTrsh�tcYG[cYGk	WnbcW�uvW�bcW?`�iBW&a�YGbcW?iB[cYGh�`H[whyxzW&{XrP|}^	tm�W;twW�W;YG[~V�W�bcW���Yp`�[cVXW;]�^�Z�`XW�[�^	`�a/a�h�m�`/Y�`�[cVXW�^	YGbw��Z�^�r�e

Magnetic Circuit, µ→∞

Permanent Magnet

g

hm

g�YGZ�{Xb�WQ�B�X�S��W�b�]Q^	`XW?`5[T�6^�Z�`XW�[��Tb�YGk�Yp`XZ
^	`/dTYGbw�3��^�r
� V�{�t�m�WH^�b�W�uvh�opoGh�mnYp`XZ�[cVXWHt�^	]
WQbcW�uvW�bcW?`�iBW4a�YGbcW?iB[cYGh�`�^	t�m�W�Z	h6^�b�h�{�`�a�[cVXWHdn]
rsW�bcW	��t���^�m�oGh�h	r�e� V�^�[jxsW?iBh�]
W?t?� � ����?� � n¡ �Q¢n£X¢¥¤¦�
§B¨

© h�m�l��&^	{�tct��jop^�mªiBh�{�opa«xzW6m~b�YG[w[wW?`¬uvh	b4W?Yp[cVXW�b�[cVXW­{�r�rsW�b�h	bfoGh�m�W�bfr�YGW?iBW­h	u�[cVXWP]Q^�Z�`XW�[cY�i­i�Ypb�i�{�YG[�edTtctc{�]QY�`XZf[cV�^�[;[cV�WQh�`�oG®�tc{Xx"tw[c^	`¯[cYpk	WQ°�{�±-oGW?^�k�Yp`�Z/h	b;W?`5[wW�b�Yp`XZ6[cVXW�]Q^�Z�`�W�[cYpi�i�YGb²i�{�YG[�Ypt;W?YG[cVXW�b�Y�`�[cVXW]Q^�Z�`XW�[�h	b�[cVXW�Z�^�r�� ³²³´ �µ¶�?� �· ¡ µT¢ · ¢¬¸-¹�º»�Q§ · §
¼ h�opk�Yp`�Zy[cV�Ypt\r�^	YGbjm�W;V�^�k	W	�

µn¢ ¡ ¸j¹�º · §· ¢ £X¢¨ �
¢ ¡ ¹�º»½�¾��
¢
� V�Ypt&aXW�¿�`XW?t&[cVXWQ{�`�YG[TrzW�b²]
W?^	`�iBW	l�W?t�twW?`¯[cY�^	opoG®/[cVXW
b²^�[cYGhfh	uÀ[cV�W
rzW�b²]
W?^	`�iBW
u}^	i�Yp`XZ�[cVXWQrsW�b�]Q^	`�W?`¯[]Q^�Z�`XW�[n[wh�[cVXW�Yp`¯[wW�b²`�^	oDrsW�b�]
W?^	`�iBW�h	uÁ[cV�W;]Q^�Z�`XW�[�e � VXW�r�bch	x�oGW?]Âi�^	`$xzW	l"YGu�`�W?iBW?tctc^�bc®	lztwh�oGk	W?a/Z	b²^�r�V��Ypi�^	opop®	l�tcYp`�iBW�[cVXWQbcW?op^�[cYph�`�tcV�YGrPxsW�[Ãm�W�W?` µT¢ ^	`�a �
¢ Ypt�Yp`�VXW�bcW?`5[coG®6`Xh�`�opYp`XW?^�b?l�^	t�tcVXh�m�`-Yp`-g�YGZ�{�bcW/�?ÄÅwoGh�^	a/o�Yp`XW?Æ
^	`�^	oG®�tcYpt\h	u�^Q`Xh�`�opYp`XW?^�b\W?oGW?iB[wbch�`�Ypi�i�YGb�i�{�Yp[�e© h�m�lÇh�`XW
]
h	bcW�È)i�{X[���^�[;[cV�YptTr�bch	x�opW?]fe © h	[wW
[cV�^�[�lÇ^�[�opW?^	tw[�uÉh	b�u}^	YGb�op®$op^�bcZ	W
{�`�Yp[nrsW�b�]
W?^	`�iBW?t�[cVXWtcoGh	rsW=h	uS[cV�WQ]Q^�Z�`XW�[�i�V�^�b�^	iB[wW�b�Yptw[cY�iQYptTuv^	Ypb�oG®$iBh�`�tc[c^	`¯[�e
Ê�`Puv^	iB[�l�uÉh	b;]Qh�tw[�h	uS[cVXW
rsW�b�]�^	`XW?`¯[�]Q^�Z�`�W�[ct{�twW?a­Yp`­]Q^	i�V�Yp`XW?t=|v[cVXW=h�`XWyY�]
rsh	bc[c^	`¯[nWB±�iBW�r�[cYGh�`�Yptn[cVXWy`�h�mËb�^�bcW?oG®/{�twW?a6dT� © ÊcÌ~ÍÎ^	o�oGh�®$]�^�Z�`XW�[²�²l�YG[Ypt\Z	W?`XW�b²^	opoG®�^	i�iBW�r�[c^�x�oGW�[wh4^�r�r�bch�±�Y�]Q^�[wW�[cVXW;aXW?]�^�Z�`�YG[cYGÏ?^�[cYGh�`fi�{�bck	W�m�YG[cV���µn¢ ¡ ¹D¢OÐ ��
¢¥¤ �Ñ�º�Ò
Ó W�bcW	ls[cVXW�]�^�Z�`XW�[cYGÏ?^�[cYGh�` Ñ º Ypt�¿X±�W?a�e�g�{Xbc[cV�W�b?l�uvh	bT^	o�]
h�tw[&^	opo�h	uÁ[cVXWyr�b�^	iB[cY�i�^	o�]Q^�Z�`XW�[�]Q^�[wW�b²Yp^	opt[cVXW
]Q^�Z�`XW�[�rsW�b�]QW?^�x�YpopYG[Ô®fYpt&`XW?^�b�oG®/[cV�W=t�^	]
W
^	t&[cV�^�[�h	uFuvbcW�W
twr�^	iBW$| ¹D¢ËÕÖ¹�º �²e;×OYG[cV­[cV�^�[�Yp`P]QYp`�aDliBh�`�tcY�aXW�bF[cVXW~r�bch	x�oGW?]Ît�VXh�m�`�Yp`Qg�YGZ�{XbcW��?Ø�l�Yp`
mnV�Ypi�VQ[cVXW�]Q^�Z�`XW�[À¿�opopt�h�`�oG®�r"^�bc[Fh	uD^�Z�^�r4Yp`Q^�]Q^�Z�`�W�[cYpi

�?Ù



− ℘µ 0 u

Ú�ÛpÜ�ÝXÞcßQà?á�âÀã�ä�å	æ/ã�Û�çXß	è�énç�ÛGê~ë�ß�Þ�ì
ß?å	ç�íBß;îTç�å	ïGð�ñcÛpñ

Magnetic Circuit, µ→∞

Permanent Magnet
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