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x�Ltt 	�B�rJ �D�
 ��h���m ������ �t � p� Qw� � TQ�t
����Vm �����M �����l�y� �B�rJ

�CU� xOW �k�w Qy�wH �x�aH u�WNQO ��xQ�DU �xWwN xm OQ�O Q�Qk �v�O�t u�ty QO xQ�DU u��
�OyO�t MQ �mOv� C�Q��eD u� VWNQO QO xm CU� xOvBD Q�eDt u�oQ�DU R� �xQ�DU u��
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pRa� l �tU �xr�vU �ir�� ��h�	
�m ������� �t � p Qw� � TQ�t
�
��Vm ��
		M ���l�y� xr�vU

Q��U� Vy�Qty �xQ�DU w CU� nQR� �i�� ��DwO l w u�WNQO �xQ�DU u�tyORv�B �xQ�DU u�
u�oQ�DU R� R�v p�Ra� l �tU �OwW�t u� �oDiQo Ea�� �mOv� xm �Qw�x� CU� xDiQo Q�Qk u� x� lORv

�CU�v QPBC wQ �QwD�t� C�R�yHD �� u� �oOvBD w Q��eD xJQo � �CU� xOvBD Q�eDt

Q��L �TQw�vk�D�� ��h��
�m ������� �t � p Qw� � TQ�t
�
	�Vm �	
�	M 	�	l�y� TQw�vk

QO xm � u��B ���i�QeH ZQa Cra x� w CU� u�tU� QO u�WNQO �xQ�DU u�tyOR� �xQ�DU u�
�oOvWNQO �CU�v QPBC wQ �r�tW u�vm �U ��Q� �CU� xDiQo Q�Qk TQw�vk �ir� R� �
	� �xrY�i
�Hu� R� w CU� �
� u� x�Qty �oOvWNQO xm O�iU ��xQ�DU �CU� O�WQwN Q��Q� ����� u� R�ov�CQ�L

�CU� pmWt Q��U� u� uO�O R�tD �OQ�O xrY�i x�rw� �xQ�DU R� Twk �x�v�F �
�� �yvD xm

Kt�Q l �tU �u�Qw�o �ir�� ��h��	
m ������� �t � p Qw� � TQ�t

��	�
Vm ��	��M �
	�l�y� u�Qw�o

xQ�DU u QDu�WNQO �wDU� �N p�tW QO �CU� u�tU� QO u�WNQO �xQ�DU u�tQ�yJ xm Kt�Q l �tU
xHwD 	rH ��i QO VY�N CmQL Cra x� w OQ�O ��� R �HvQ�v nvQ xQ�DU u� �OwQ�t Q�tW x�
Q��U� �Q�Ot QO xmr� �Ovm�tv CmQL �Q�W x�Q xLiY QO Kt�Q l �tU �u�oQ�DU QFm � hqN Q� �O�tv�t
xQ�DU u� xm Ov�xOwtv �v��V�B xOW s�Hv� C��U�Lt �CU� VOQo p�L QO u�Wmym RmQt QwO x� Q�O	�W
�CiQ Oy�wN xr�vU �mri CQwY �wU x� w xOQm Qw�a �UtW �xtw
vt Q�vm R� p�U Q�Ry OvJ hQ�
KrUt Q�e sWJ �� QoO Kt�Ql �tU �p�U uw�r�t s�v R� QDtm �v�tR QO xm OvQw�� u� Q� u�U�vWQDN� ��a�

�CU� O�WQwN R� QDxOvWNQO Q��Q� ��� xQ�DU u� Q��L p�L QO �Ow� Oy�wNv QPBC wQ

TQw�vk pHQ �TQw�vk �ir�� ��h��
�m ����	�� u�wS � �t � p Qw�
��
��Vm �
��M �
��l�y� TQw�vk

��DxU �xtw
vt l R� �WN� �k�w QO �CU� u�tU� QO u�WNQO �xQ�DU u�twU �TQw�vk pHQ
O�WQwN x� xQ�DU u QDlORv �Ov�tv�t u�t��D xtw
vt u� QoO w�a wO �Q u� Qwv s
a� CtUk xm CU�
�oQR� Q��U� X�N CmQL R� u�oQ�DU R� xwQo u� �OQ�O Q�Qk xtw
vt u� QO TQw�vk �t�UmwQB �va

��xv�tRTB x� C�Uv u� �Qy�� CmQL� OvQ�OQwNQ�



�� Q�m Q�R��

�Qkar��rk ��Qka �ir�� ��h�	
�m ������� u�wS  �t  p� Qw�
�
��Vm ��
��M ���l�y� �Qka

R� QDW�� Q��Q� �yOY u� Q�k w O�WQwN Q��Q� ���� u� �oOvWNQO xm CU� MQU pwe l� xQ�DU u��
�L��w nvQ CU�QDvm �OW�� xDW�O uOQm x�ov VRQ� xQ�DU u�� OwW�t Ea�� xm xJu� �CU� O�WQwN
xm �r�L QO CU� uWwQ R�U �x�Qty �xQ�DU nvQ �OwW�t xOy�Wt VtOty �xQ�DU w u� u�� xm CU�

OQ�O xHQO ��� u�mt x� w�R ��
� �oOvWNQO R� x�Qty �xQ�DU �OwW�t xO�O MQU nvQ x� �Qkar��rk
�CU� xDiQo Q�Qk QDQwO Twk x�v�F �
� w

�k�w QUv �j��rW�ir�� ��h��
	m ������� CUwo �  �qwH  u�wS
�
��Vm �
��M ��
�l�y� j��rW

QO u�DU��D pYi QO w CU�vW� �r�tW u�vm �U ��Q� �CU� u�WNQO �xQ�DU u�tHvB xm xQ�DU u��
Q��Q� xU �rw CU� �v�t� ��QaW x��W �k�w QO �xR�Ov� w ��mQD ��Lr R� xJQo � �OQ�o�t Q�Qk u�tU� Gw�
h�YwD �Oqwi ��� nvQ x� ���r�e xQ�DU u�� �OUQ�t Q	v x� QDQwvsm p�rO u�ty x� w CU� u� R� QDQwO
�q�tDL� xm CU� xOW xOy�Wt u� h�Q�� QO Q��e R� �YQk xmCU� �v�oQ�DU u�rw� �xrtH R� w OwW�t
����� QO �k�w QUv �OQm QwYD �Q�opmW p�L QO �UtW �xtw	vt l� �x�rw� Cr�L �Q u� u�wD�t
�OW Oy�wN ���k xQ�DU ��OOHt �Qo�O p�U ����� R� TB w CiQ�t Q�tW x� ���k xQ�DU V�B p�U

Q��� QUv ���ka �ir�� ��h	
��m ���	� CUwo � � �qwH � u�wS


���Vm �
M �����l�y� ��ka

�u�WNQO u�oQ�DU u��t QO xm OQ�O �Q u�� Q�NDi� �CU� u�WNQO �xQ�DU u�tyOR�wO xm Q��� QUv

pt�m �Q VOQo �xQwOl�Ca�U �
�
�
Qy ���� QkD xQ�DU u�� �OW�� OwN QwO x�VNQJ QO xQ�DU u� QD�� QU

�xH�Dv QO w CU� xO�O Q��eD OwW�t xO�t�v uyB �
�� xJu� x� �Q xQ�DU pmW q�� CaQU u�� �Ovm�t
xQ�DU u�� nvQ �OW�� u� ���k Q�k Q��Q� wO u� ���wDU� Q�k xm OwQ�t QwYD �R�ov�CioW �oS� w u��

�Ov�xOwtv xOy�Wt u� QO �tm �OQR �
a� xJQo � �xOW VQ�Ro O�iU �qt�m

Q��� QUv ���ka �ir�� h	���m ������ Q�Dm � � Q�t�DBU � CUwo �

����Vm ����M 	�
�l�y� ��ka

Q	v QO �QiUtD� C�Q�F��D Cra x� xm CU� u�WNQO �xQ�DU u�tyOHy �nvQ O�iU �xQ�DU u��
xDiQo Q�Qk u�tU� R� CwrN ��xk�vt QO xQ�DU u�� �OUQ�t Q	v x� RtQk x� p��tDt �r�tW u�oOvvmxOy�Wt
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Q�Qk u�tR R� xrY�i u�ty QO �OQ�Ov u� �� ��x�P�H Ovw�B I�y xm �u� �m�ORv QO ��xQ�DU xm CU� �r�H w
C���Qi ��a� 	CU� CmQL p�L QO ��i QO Q�Ut u�ty QO w CwLr�si x��W �Dr�L x� w CU� xDiQo
xOvm �QB V�B �yCOt xm OvDUy ��xQ�DU 
�tDH� �� xWwN l� u�oOv�tR�� R� �yxQ�DU u�� xm OvQw�� u�� Q�

	CU� xDiQo Q�Qk CwLr�si �� wvH �� QO CU� �� u� QOk xm �HvQ�v �xQ�DU u�� 	Ov�xOW

Qyvr�QN� �Qyv �ir�� ��h���m ������� Q�t�wv � Q�Dm � � Q�t�DBU
���Vm ����M ���l�y� ��ka

Q�Qk ��ka �mri CQwY �� wvH x�r��yDvt QO CU� u�tU� QO u�WNQO �xQ�DU u�tyv xm xQ�DU u��
CU� �v�oQ�DU OwOat R� xQ�DU u�� �u�WNQO u�oQ�DU u��t QO 	CU� QwO Q��U� �r�tW u�Q��v ��Q� w xDiQo
	CU� ��Ha ��xQ�DU xm OyO�t u�Wv Tqm u�� w xDiQo Q�Qk �P � Tqm QO ��v�oQ�DU �Ov�xk�� QO xm

u�Q���O �QwF �ir�� ��h���m ������� Q�t�UO � Q�t�wv � Q�Dm �
���m ����M ����l�y� QwF

X�qk ��xQ�DU �xWwN QO xm OUQ�t Q�v x� CU� u�WNQO �xQ�DU u�tyOQ�yJ xm xQ�DU u��
���a� �xrY�i hYv u� �xrY�i w OQ�Ov Q�Qk xWwN u�� QO �m� R�i ��Lr R� �rw  OW�� xOW 	k�w
O�WQwN R� QDxOvWNQO Q��Q� ��� !��� QkD �CU� nvQsm �HvQ�v nvQ x� xm xQ�DU u�� 	CU� xWwN Qo�O
C��yv�� u� x�Qty �xQ�DU xm �Hu� R� �rw OwQ�t Q�tW x� R�v xv�owO ��yxQ�DU R� xQ�DU u�� 	OW���t
�CU� MQU �xrwDwm l� xm x�Qty �xQ�DU QOk 	CU� pmWt Q��U� �Q�m sy R� wO u�� l�miD �CU� Qwvsm

	OQ�O Q�Qk ������� xrY�i QO ����PA u�mt x� w�R �� w xOw� ���

Q�"�Hr�pHQ �Q�"�H �D�� ��h���m ������� x� wv�S � Q�t�UO � Q�t�wv
����Vm ����M ���l�y� Q�"�H

u�� 	OQ�O Q�"�H �ir� R� QDW�� �WWNQO �CU� u�tU� QO u�WNQO �xQ�DU u�tDiy xm Q��Hr�pHQ
�s� Q�O Q�Qk u� QO R�v �t xm CU� u�Wmym R� VN� u� QO u�oQ�DU u� QDu�WNQO R� �m� pweQ���� �xQ�DU
�QDQwO �xrY�i QO �u�WNQO u�oQ�DU Qo�O x� C�Uv �rw CU� O�WQwN Q��Q� ������ u� �oOvWNQO
u� sQH � CU� Q�OQwNQ� �O�� R Q��U� sQH R� w OwW�t h�YwD ��� �re� xQ�DU u�� nvQ 	OQ�O Q�Qk
x� w�R xm OQ�O �ovQ��� x�Qty xQ�DU u�� 	CU� O�WQwN Q��Q� �� R�v u� Q
k w O�WQwN Q��Q� �� OwOL
l� �� Cra u�ty x� 	CU� Twk �x�v�F � u� �xrY�i w �� u� �Qy�� QOk �����PA u� u�mt



�� Q�m Q�R��

Q�Qk xO�iDU� OQwt �OYQ ��Q� p�xO�� ���QW QO xm �QDlJwm AwmUrD �DL �� �QDt�Dv�U �	 AwmUrD

CU� Q�PBC� wQ �CU� xDiQo

jw��a �u�Qx��Q� �ir� �	h����m ������� x� wv�S � Q�t�UO � Q�t�wv
�����Vm �����M ��l�y� u�Q x��Q�

xJQo � �CU�tvh�� �xv�owOl�Ck�kL QO �CU� u�tU� QO u�WNQO �xQ�DU u�tWW xm xQ�DU u��
�� OwOL �syO QOk �� �QDQwvsm �xQ�DU p�L u�� �� �O�O R�tD Qo�Om� R� �Q wO u� u�wD�tv AwmUrD ��
MQU �xrwDwm l� xQ�DU u�� 
Ovm�t �y�Qty �Q �yu� �����PA QO w jQW �wvH CtU x� Twk �x�v�F
u��Q��v� 
�OwW�t C� �wQ nQR� ��yAwmUrD �� �yvD OwW�t �wULt xv�owO �xQ�DU l� OwN xm CU�


CU� xDiQo Q�Qk �w�a Q�yJ �xtw�vt l� QO jw��a

�RwHr���� �Q���H �ir� �	h		��m ������ x� wv�S � Q�t�UO � Q�t�wv
����	Vm �	���M ���l�y� Q���H

u�� 
CU� u�oOvvm OYQ �xkqa OQwt Q��U� �CU� u�tU� QO u�WNQO �xQ�DU u�tyO xm xQ�DU u��
xm �Q�N� C�Oy�Wt 
CU� Q�OQwNQ� �t�vt�v �w�vD R� xm CU� Q�eDt pwe l� RtQk � �HvQ�v �xQ�DU
���y�oS� w �OwN K	U Q� xQ�DU u�� xm OyO�t u�Wv �CU� xO�UQ s�Hv� x� p��y ����i AwmUrD �UwD
l� O��W �yxmr u�� xm �Qw�x� �OyO�t u�Wv OwN R� u� R� QDnQR� Q��U� �rw �O�WQwN ��yxmr x� x��W
u� �wQmQ�e pmW pw
Ut Ov�wD�t xm OQ�O R�v �y�Qty xQ�DU u�� 
OvW�� xOv�WwB �Q xQ�DU u�� K	U syO
u� sQH w CU� Q�OQwNQ� �v���B Q��U� �r�oJ R� OwQ�t Q�tW x� pwe u�oQ�DU R� xQ�DU u�� xJQo � 
OW��

CU� O�WQwN �r�oJ Q��Q� ����������	 �k�w QO u� �r�oJ �va� u�� 
CU� O�WQwN sQH Q��Q� ��

nvQ ���


OvDUy O�iU nvQ x� �yu� QFm � xm s�v���t �Q �Q�tW�� u�oQ�DU �s�vm�t x�ov u�tU� x� �Dkw �y�W
�Qkar��rk Ovv�t �Q��H �ir� �RwHr���� 
OvwW�t xO�O �R��tDt ��ynvQ x� �yu� R� �OwOat O�OaD xD�r�
�� 
CU� j�Q� ��� nvQ x� �j��rW �ir� �k�w QUv w �nvQ OQR �u�Q x��Q� �ir� jw��a �CU� RtQk ��Qka �ir�
u�� QwO l� u��t R� Qo � �rw OW�� xDW�Ov sy �� �O�� R Cw�iD u�oQ�DU QFm � nvQ OUQ�t Q�v x� p�L u��
���tvOwN QDW�� �nvQ w pmW QO �yCw�iD w ����Ovm�t Q��eD Q��U� C�a�w �s� Qov� �yu� x� AwUmrD ��

�����Ovvm�t
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l� ��tO R� CU� QDu���B �MQU �xQ�DU l� ��tO Ovm�t u��aD u� K�U ��tO �Q xQ�DU l� nvQ
CU� ��xvwtv u�� �OQ�O ��� �xQ�DU l� R� QDu���B ���tO OwN �x� wv x� OQR �xQ�DU l� w OQR �xQ�DU

��O���tv xaH�Qt 	
� �xDmv x�� OwW�t xO�t�v �u� w uwv�k xJu� R�

p�Uo h� MQUwQi �D RtQk VN� QO �Q OwN �SQv� QDW�� �u���B ��tO �� u�oQ�DU �uwv�k u�� j���t
�Ov��tv�t p�Uo h� Viv��Qi �D ��� ��yVN� QO �Q OwN �SQv� �QDsQo u�oQ�DU xm �r�L QO Ovvm�t
p�rO u�ty x� w Ovvm�t p�Uo Viv��Qi QO �Q OwN �SQv� s�a� CtUk �sQo Q��U� u�oQ�DU R� ��xQ�B
QO �Q OwN Qwv �t�tD ���� QkD �u�oQ�DU R� �Q��U� xwqax� �s���tv�t xOy�Wt �Q �yu� Qwv R� �QUm �yvD �t
u�oQ�DU u�� xm CU� �DioW ��H �s�DU�v �yu� uO�O x� QO�k RoQy �t xH�Dv QO w Ovvm�t p�Uo MQUwQi
OvyO�t p�mWD �Q �t u�Wmym u�oQ�DU ��� �CQ�QLsm w �OW Oy�wN EL� �yu� OQwt QO ��Oa�� sQHsm

�O�v��� u�tU� QO �Q �yu� CUv�wD O�y�wNv CU� h�Y �wy xm ��W QO �DL �tW w

�UwDt �SQv� xm p�rO u�� x� QDsQo s�UH� xm CU� u�� �OQ�o Q�Qk Q�vOt �Hu�� QO O��� xm �tyt xDmv
�Ov��tv�t p�Uo �yGwt pw �t�tD QO �Q �QDW�� �SQv� CU� QDq�� �yu� QO �yuwDwi

hrDNt �xQ�DU xU Qwv 	� RwD �xwLv ��yQ�Owtv �CU� xOW xO�O V��tv �
� pmW QO xr
Ut u��
Qwv �pw� Q�Owtv �CU� h� ��Qt VN� Qou���tv �ovQ uwDU �OyO�t u�Wv �OvQ�O xm ���tO x� xDU� �Q
OwOL QO �vLvt �N xm O�vm xHwD �OyO�t u�Wv �Q ����K ��tO �� �ovQ ��xQ�DU R� xOW �Q�oxR�Ov�
��xQ�DU �swO Q�Owtv �OwW xO�O MQU xQ�DU xm OwW�t Ea�� u�� w OUQ�t xv�W�� �x�kv x� ����nm
xv�W�� �x�kv x� ��Qt h� �xv��t QO xm ��O�WQwN ��tO x� x��W� OyO�t u�Wv �Q ����K ��tO ��
u�Wv �Q �����K ��tO �� sQo Q��U� ��xQ�DU �QN� Q�Owtv �OwW�t xO�O nvQ OQR xH�Dv QO w OUQ�t
x�kv R� �u��Q��v� �OUQ�t Q�v x� nvQ��� xH�Dv QO w CU� ���nm OwOL QO u� xv�W�� x�kv �Oy�t
x�Dwm Gwt pw �OQ�O �vLvt xv�W�� x�kv uDiQo Q�Qk pLt x� �oDU� xQ�DU l� nvQ �DN�vWQDN� Q�v
QDOvr� Gwt pw xm �r�L QO �CU� ��� x� p��tDt w O�iU d�O �xQ�DU l� Qov���tv �Q�Owtv AJ CtU�

�CU� MQU x� p��tDt w �HvQ�v OQU xQ�DU l� �xOvyO u�Wv �Q�Owtv CU�Q CtU�

�t�tD R� Qwv R� �wrNt xm �Hu� R� �OUQ�t xvW�� x�kv x� h� nvQ R�U VN� QO O�WQwN
p��tDt O�iU nvQ x� �Q O�WQwN �t 
 OQR w RtQk ���� ��yQwv �va� 
 OQ�O OwHw ��Qt h� ��yVN�

�s�v���t OQR x�

xm �xHQO �yuw�r�t O��W �OvDUy sQo �QOk x� u�oQ�DU R� �O�OaD xm CU� u�� xHwD �r�H �xDmv
�Ovv���D�t Tm�� �xaW� OwN R� u�oQ�DU u�� 	k�w QO �Ovvm�t p�Uo �SQv� x�Dwm Q��U� ��yGwt pw QO

�OvDUy �vwQDwv u�oQ�DU �yu��

�� The Wien law



�� Q�m Q�R��

�tO w nvQ u�� �x���Q ���� pmW

��tO �CU� u� K�U ��tO Qw�vt �s�vm�t C�LY xQ�DU l� ��tO R� xm �v�tR �O�W�� xDW�O xHwD
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