
 

'ƌĂĚƵĂƚĞ�^ƚƵĚŝĞƐ�WƌŽŐƌĂŵ 
�ĞƉĂƌƚŵĞŶƚ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ 

zĂůĞ�^ĐŚŽŽů�ŽĨ��ŶŐŝŶĞĞƌŝŶŐ��Θ��ƉƉůŝĞĚ�^ĐŝĞŶĐĞ 
ϭϱ�WƌŽƐƉĞĐƚ�^ƚƌĞĞƚ� 

EĞǁ�,ĂǀĞŶ͕��d�Ϭϲϱϭϭ�h͘^͘�͘ 
ŚƩƉƐ͗ͬͬĂƉƉůŝĞĚƉŚǇƐŝĐƐ͘ǇĂůĞ͘ĞĚƵͬ 

 



���&RQWHPSRUDU\� VFLHQFH� DQG� HQJLQHHULQJ� DUH� EHFRPLQJ��
LQFUHDVLQJO\�LQWHUGLVFLSOLQDU\� 
 
���7UDGLWLRQDO� ERXQGDULHV� EHWZHHQ� ILHOGV� KDYH� EOXUUHG�� DQG�
QHZ�DUHDV��VXFK�DV�QDQRWHFKQRORJ\�DQG�DUWLILFLDOO\�VWUXFWXUHG�
PDWHULDOV�� DUH� FRQVWDQWO\� HPHUJLQJ�� $SSOLHG� 3K\VLFV�
FRPELQHV�XQGHUVWDQGLQJ�WKH�ODZV�RI�QDWXUH�DW�D�IXQGDPHQWDO�
OHYHO� ZLWK� D� � IRFXV� RQ� WHFKQRORJLFDO� DSSOLFDWLRQV� WR� SURYLGH��
VROXWLRQV�WR�LPSRUWDQW�VRFLHWDO�SUREOHPV��$V�VXFK��LW�SURYLGHV�
DQ� HVVHQWLDO� OLQN� EHWZHHQ� SK\VLFV� DQG� HQJLQHHULQJ�� 7KH�
UDQJH� RI� SKHQRPHQD�� PDWHULDOV�� GHYLFHV� DQG� V\VWHPV�
EHQHILWLQJ�IURP�UHVHDUFK� LQ�DSSOLHG�SK\VLFV� LV�XQPDWFKHG� LQ�
LWV�VFRSH�DQG�LPSRUWDQFH� 
 
���5HVHDUFK� LQ� $SSOLHG� 3K\VLFV� VSDQV� WKUHH� EURDG� DUHDV� RI�
LQWHUHVW�� QRYHO�PDWHULDOV�� RSWLFDO� DQG� QDQRSKRWRQLF� SK\VLFV��
DQG� TXDQWXP� LQIRUPDWLRQ� SURFHVVLQJ�� HPSKDVL]LQJ� ERWK�
IXQGDPHQWDO� LVVXHV� DQG� WKH� SUDFWLFDO� DSSOLFDWLRQ� RI� WKHVH�
FRQFHSWV� DQG� WHFKQLTXHV� WR� WHFKQRORJ\��*UDGXDWH� VWXGHQWV�
GHYHORS� WKHLU� RZQ� FRXUVH� RI� VWXG\� DQG� UHVHDUFK� ZLWK� WKH�
JXLGDQFH�DQG�DGYLFH�RI�IDFXOW\�PHPEHUV�LQ�WKH�DUHDV�RI�WKHLU�
UHVHDUFK� LQWHUHVWV�� 7KH� EDODQFH� EHWZHHQ� IXQGDPHQWDO�
VFLHQFH� DQG� DSSOLFDWLRQ� PDNHV� RXU� SURJUDP� KLJKO\� LQWHU-
GLVFLSOLQDU\�� KDYLQJ� VWURQJ� FROODERUDWLRQV� ZLWK� 3K\VLFV� DQG�
&KHPLVWU\��DV�ZHOO�DV�(OHFWULFDO��0HFKDQLFDO��&KHPLFDO��DQG�
%LRPHGLFDO� (QJLQHHULQJ�� 2XU� JUDGXDWHV� KDYH� EHFRPH�
OHDGHUV� LQ� D� ZLGH� YDULHW\� RI� ILHOGV� VSDQQLQJ� DFDGHPLD��
LQGXVWU\��DQG�JRYHUQPHQW�VHUYLFH� 
 
 

 
���7KH�$SSOLHG�3K\VLFV�IDFXOW\�DUH�HQJDJHG�LQ�D�EURDG�UDQJH�RI�
UHVHDUFK� SURJUDPV�� LQFOXGLQJ� WRSLFV� VXFK� DV� TXDQWXP�
LQIRUPDWLRQ� DQG� TXDQWXP� FRPSXWLQJ�� RSWLFDO� SK\VLFV� DQG�
QDQRSKRWRQLFV��DQG�FRPSOH[�PDWHULDOV� 
 
���$SSOLHG�3K\VLFV�IDFXOW\�DUH�DOVR�FHQWUDO�WR�WKH�<DOH�4XDQWXP�
,QVWLWXWH� �<4,��� ZKLFK� IDFLOLWDWHV� UHVHDUFK� DQG� WHDFKLQJ� RI�
TXDQWXP�VFLHQFH� RQ� FDPSXV�DQG� KRVWV� VHPLQDUV��ZRUNVKRSV�
DQG�YLVLWRUV�IURP�DURXQG�WKH�ZRUOG��PDNLQJ�<DOH�DQ�LQWHOOHFWXDO�
KXE� RI� WKH� TXDQWXP� LQIRUPDWLRQ� UHYROXWLRQ�� 2XU� IDFXOW\� DOVR�
SOD\� D� FHQWUDO� UROH� LQ� WKH� <DOH� ,QVWLWXWH� IRU� 1DQRVFLHQFH� DQG�
4XDQWXP� (QJLQHHULQJ� �<,14(��� WKDW� EULQJV� WRJHWKHU�
UHVHDUFKHUV� LQ� WKH� SK\VLFDO� VFLHQFHV� DQG� HQJLQHHULQJ� ZLWK�
WKRVH� LQ� WKH� PHGLFDO� DQG� ELRORJLFDO� UHVHDUFK� FRPPXQLWLHV�
WKURXJK�QDQRVFDOH�UHVHDUFK�DQG�DSSOLFDWLRQV� 
 
���$GGLWLRQDOO\�� ZH� KDYH� IDFXOW\� DSSRLQWHG� LQ� WKH� (QHUJ\�
6FLHQFHV� ,QVWLWXWH�� D� <DOH�:HVW�&DPSXV� LQVWLWXWH� IRFXVLQJ� RQ�
WKH� HPHUJLQJ� FKDOOHQJHV� IDFLQJ� WKH� HQYLURQPHQW� DQG� HQHUJ\�
VHFWRUV�� WKURXJK� QHZ� PDWHULDOV� IRU� HQHUJ\� SURGXFWLRQ� DQG�
VWRUDJH�DV�ZHOO�DV� LQQRYDWLRQV� LQ�VRODU�HQHUJ\�DQG�DOWHUQDWLYH�
IXHOV�� 

^ƚĂďůĞ�ĞŵŝƐƐŝŽŶ�ĨƌŽŵ�Ă��-^ŚĂƉĞĚ�ƐĞŵŝĐŽŶĚƵĐƚŽƌ�ůĂƐĞƌ�-�,Ƶŝ��ĂŽ�'ƌŽƵƉ� 

ZĞĐĞŶƚ�ĚĞƉĂƌƚŵĞŶƚ�ŚŝŐŚůŝŐŚƚƐ͗ 
· ^ŚƌƵƟ�WƵƌŝ�ƌĞĐĞŝǀĞƐ�ƚŚĞ��ƌƚŚƵƌ�'ƌĞĞƌ�DĞŵŽƌŝĂů�WƌŝǌĞ 
· <ŶŽƚƐ�ŝŶ�ƚŚĞ�ƌĞƐŽŶĂƚŽƌ͗�ĞůĞŐĂŶƚ�ŵĂƚŚ�ŝŶ�ŚƵŵďůĞ�ƉŚǇƐŝĐƐ 
· ,ĞƌĞ�Ăƚ�zĂůĞ͗�^ŽƵŶĚƐ�ĨƌŽŵ�ĂŶŽƚŚĞƌ�ƌĞĂůŵ 
· KǁĞŶ�DŝůůĞƌ�ZĞĐĞŝǀĞƐ�ϮϬϮϮ�'ƌĂĚƵĂƚĞ�DĞŶƚŽƌ��ǁĂƌĚ 
· ͞&ƌƵƐƚƌĂƚĞĚ͟�ŶĂŶŽŵĂŐŶĞƚƐ�ŽƌĚĞƌ�ƚŚĞŵƐĞůǀĞƐ�ƚŚƌŽƵŐŚ�ĚŝƐŽƌĚĞƌ 
· YƵĂŶƚƵŵ�tĞĞŬ�Ăƚ�zĂůĞ�ŐĞĂƌĞĚ�ƚŽǁĂƌĚ�ŶŽǀŝĐĞƐ�ĂŶĚ�ĞǆƉĞƌƚƐ�ĂůŝŬĞ 
· ͞^ŚĞĚĚŝŶŐ�>ŝŐŚƚ͟�ŽŶ�>ĂƐĞƌƐ�WŽǁĞƌ͗�,Ƶŝ��ĂŽ�ŬĞĞƉƐ�ĮŶĚŝŶŐ�ŶĞǁ�ǁĂǇƐ�

ĨŽƌ�ůĂƐĞƌƐ�ƚŽ�ŝŵƉƌŽǀĞ�ŽƵƌ�ǁŽƌůĚ͘ 
· DŝĐŚĞů��ĞǀŽƌĞƚ�ŝƐ�Ă�ĐŽ-ƌĞĐŝƉŝĞŶƚ�ŽĨ�ƚŚĞ�DŝĐŝƵƐ�YƵĂŶƚƵŵ�WƌŝǌĞ�ĨŽƌ�ŚŝƐ�

ŐƌŽƵŶĚďƌĞĂŬŝŶŐ�ǁŽƌŬ�ŝŶ�ƋƵĂŶƚƵŵ�ƉŚǇƐŝĐƐ 
· zĂůĞ�ƚŽ�ŵĂŬĞ�ůĂŶĚŵĂƌŬ�ŝŶǀĞƐƚŵĞŶƚƐ�ŝŶ�ĞŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ�ĂƉƉůŝĞĚ 
��������ƐĐŝĞŶĐĞ 
 
��ZĞĂĚ�ŵŽƌĞ�Ăƚ�ŚƩƉ͗ͬͬĂƉƉůŝĞĚƉŚǇƐŝĐƐ͘ǇĂůĞ͘ĞĚƵͬŶĞǁƐ 

Cooling sound waves with light involves converting acoustic energy into optical  
energy, which blueshifts the light.  
(Image credit: Eric Kittlaus, Ph. D. and Nils Otterstrom — Rakich Group) 

Array of transmons and resonators by Chris Axline, Ph. D., from Schoelkopf Group 



 
�ŽƵƌƐĞ� ƌĞƋƵŝƌĞŵĞŶƚƐ͗� �ƚ� ůĞĂƐƚ� ϵ� ĐŽƵƌƐĞ� ƵŶŝƚƐ� ĂƌĞ�
ƌĞƋƵŝƌĞĚ͕� ŝŶĐůƵĚŝŶŐ� ƚǁŽ� ƚĞƌŵƐ� ŽĨ� ͞^ƉĞĐŝĂů� /ŶǀĞƐƟŐĂƟŽŶ͟�
ƌĞƐĞĂƌĐŚ� ĚƵƌŝŶŐ� ƚŚĞ� ĮƌƐƚ� ǇĞĂƌ͘� 'ƌĂĚƵĂƚĞ� ƐƚƵĚĞŶƚƐ� ŝŶ�
�ƉƉůŝĞĚ� WŚǇƐŝĐƐ� ĂƌĞ� ŶŽƌŵĂůůǇ� ƌĞƋƵŝƌĞĚ� ƚŽ� ƚĂŬĞ� ĐĞƌƚĂŝŶ�
ĐŽƌĞ� ĐŽƵƌƐĞƐ͕� ĂƐ� ĚĞƐĐƌŝďĞĚ� ŝŶ� ƚŚĞ� �ĞŐƌĞĞ� 'ƵŝĚĞůŝŶĞƐ͘�
dŚĞƌĞ�ŝƐ�ŶŽ�ŐĞŶĞƌĂů�ƋƵĂůŝĨǇŝŶŐ�ĞǆĂŵŝŶĂƟŽŶ�ĂŶĚ�ŶŽ�ĨŽƌĞŝŐŶ�
ůĂŶŐƵĂŐĞ�ƌĞƋƵŝƌĞŵĞŶƚ͘ 
 
&ŝƌƐƚ� ǇĞĂƌ� ĨĞůůŽǁƐŚŝƉƐ͗��ůů�ĮƌƐƚ� ǇĞĂƌ�WŚ͘�͘� ƐƚƵĚĞŶƚƐ�ĂƌĞ�
ĮŶĂŶĐŝĂůůǇ�ƐƵƉƉŽƌƚĞĚ�ďǇ�ƚŚĞ�ĚĞƉĂƌƚŵĞŶƚ͘ 
 
dĞĂĐŚŝŶŐ͗�dĞĂĐŚŝŶŐ�ĞǆƉĞƌŝĞŶĐĞ�ŝƐ�ƌĞŐĂƌĚĞĚ�ĂƐ�ĂŶ�ŝŶƚĞŐƌĂů�
ƉĂƌƚ�ŽĨ�ƚŚĞ�ŐƌĂĚƵĂƚĞ�ƚƌĂŝŶŝŶŐ�ƉƌŽŐƌĂŵ�Ăƚ�zĂůĞ�hŶŝǀĞƌƐŝƚǇ͘�
�ůů� �ƉƉůŝĞĚ� WŚǇƐŝĐƐ� ƐƚƵĚĞŶƚƐ� ĂƌĞ� ƌĞƋƵŝƌĞĚ� ƚŽ� ƐĞƌǀĞ� ĂƐ� Ă�
dĞĂĐŚŝŶŐ� &ĞůůŽǁ� ;d&Ϳ� ĨŽƌ� ƚǁŽ� ƐĞŵĞƐƚĞƌƐ͕� ƚǇƉŝĐĂůůǇ� ĚƵƌŝŶŐ�
ǇĞĂƌ� ƚǁŽ͕� ĂŶĚ�ŚĂǀĞ�ŽƉƉŽƌƚƵŶŝƟĞƐ� ĨŽƌ� ĨƵƌƚŚĞƌ� ƚĞĂĐŚŝŶŐ� ŝĨ�
ĚĞƐŝƌĞĚ͘� 
 
�ƌĞĂ� �ǆĂŵŝŶĂƟŽŶ͗��Ǉ�ƚŚĞ�ƚŚŝƌĚ�ĂĐĂĚĞŵŝĐ�ǇĞĂƌ͕�ƐƚƵĚĞŶƚƐ�
ŵƵƐƚ� ƉĂƐƐ� ĂŶ� �ƌĞĂ� �ǆĂŵŝŶĂƟŽŶ� ǁŚŽƐĞ� ƉƵƌƉŽƐĞ� ŝƐ� ƚŽ�
ĞŶƐƵƌĞ� ƚŚĂƚ� ƚŚĞ� ƐƚƵĚĞŶƚ� ŚĂƐ� ĂĐŚŝĞǀĞĚ� ďŽƚŚ� ƚŚĞ� ďƌĞĂĚƚŚ�
ĂŶĚ�ĚĞƉƚŚ�ŽĨ�ŬŶŽǁůĞĚŐĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ƚŽ�Ă�zĂůĞ�WŚ͘�͘� 
 
 
&Žƌ�ŵŽƌĞ�ĚĞƚĂŝůƐ�ŽĨ�ƚŚĞ�ƌĞƋƵŝƌĞŵĞŶƚƐ͕�ƉůĞĂƐĞ�ŐŽ�ƚŽ͕ 
 
ŚƩƉƐ͗ͬͬĂƉƉůŝĞĚƉŚǇƐŝĐƐ͘ǇĂůĞ͘ĞĚƵͬĂĐĂĚĞŵŝĐƐͬŐƌĂĚƵĂƚĞ-
ƐƚƵĚŝĞƐ 
 

 
,UIDQ�6LGGLTL 
 
WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ�Ăƚ�ƚŚĞ�YƵĂŶƚƵŵ���
EĂŶŽƐĐŝĞŶĐĞ�>ĂďŽƌĂƚŽƌǇ�ĂŶĚ�ƚŚĞ�
�ĞƉĂƌƚŵĞŶƚ�ŽĨ�WŚǇƐŝĐƐ�Ăƚ�ƚŚĞ�
hŶŝǀĞƌƐŝƚǇ�ŽĨ��ĂůŝĨŽƌŶŝĂ��ĞƌŬĞůĞǇ͘�,Ğ�
ŝƐ�ĂůƐŽ�ƚŚĞ�ĚŝƌĞĐƚŽƌ�ŽĨ�ƚŚĞ��ĚǀĂŶĐĞĚ�
YƵĂŶƚƵŵ�dĞƐƚďĞĚ�Ăƚ�>�E>͘ 
 
WƌŽĨĞƐƐŽƌ�^ŝĚĚŝƋŝ�ĞĂƌŶĞĚ�ŚŝƐ�WŚ͘�͘�ŝŶ�
�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĨƌŽŵ�zĂůĞ�hŶŝǀĞƌƐŝƚǇ͘�
,ŝƐ�ĚŽĐƚŽƌĂů�ĂĚǀŝƐŽƌ�ǁĂƐ�WƌŽĨĞƐƐŽƌ�
�ĂŶŝĞů�WƌŽďĞƌ͘�� 

EKd��>���>hDE/ 

 
 

For more information contact:  
Graduate Studies 
Department of Applied Physics 
Yale School of Engineering & Applied Science 
15 Prospect Street,  Becton Center 401 
New Haven, CT 06511 
t: 203 432-2210  
f: 203 432-4283 
email applied.physics@yale.edu 

 
 
 
 
 
 
 
 
 
 
Ph.D. students have access to 
extensive cleanroom facilities 
and characterization tools. 
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,Ƶŝ��ĂŽ 
:ŽŚŶ��͘�DĂůŽŶĞ�WƌŽĨĞƐƐŽƌ� 
ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ� 

WƌŽĨĞƐƐŽƌ�ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�
ĂŶĚ�ŽĨ�WŚǇƐŝĐƐ� 

�ŚĂƌůĞƐ��ŚŶ 
:ŽŚŶ��͘�DĂůŽŶĞ�WƌŽĨĞƐƐŽƌ�ŽĨ 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�WƌŽĨĞƐƐŽƌ�ŽĨ�
DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ� 

DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ�ŽĨ�WŚǇƐŝĐƐ 
 

DŝĐŚĞů��ĞǀŽƌĞƚ 
&ƌĞĚĞƌŝĐŬ�t͘��ĞŝŶĞĐŬĞ� 

WƌŽĨĞƐƐŽƌ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�
WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ 

zƵ�,Ğ 
�ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�ŽĨ 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�ŽĨ�WŚǇƐŝĐƐ 
�ŝƌĞĐƚŽƌ�ŽĨ�'ƌĂĚƵĂƚĞ��ĚŵŝƐƐŝŽŶƐ 

^ŽŚƌĂď�/ƐŵĂŝů-�ĞŝŐŝ 
WƌŽĨĞƐƐŽƌ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ� 

ĂŶĚ�ŽĨ�DĞĐŚĂŶŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ� 
ĂŶĚ�DĂƚĞƌŝĂůƐ�^ĐŝĞŶĐĞ�ĂŶĚ� 

ŽĨ�WŚǇƐŝĐƐ 

KǁĞŶ�DŝůůĞƌ 
�ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�ŽĨ 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�ŽĨ�WŚǇƐŝĐƐ 

^ŝŵŽŶ�'͘�DŽĐŚƌŝĞ 
WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ�ĂŶĚ��ŽĨ 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ� 

�ĂŶŝĞů��͘�WƌŽďĞƌ 
WƌŽĨĞƐƐŽƌ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ 
ŽĨ��ůĞĐƚƌŝĐĂů��ŶŐŝŶĞĞƌŝŶŐ�ĂŶĚ� 

ŽĨ�WŚǇƐŝĐƐ�� 
�ŝƌĞĐƚŽƌ�ŽĨ�hŶĚĞƌŐƌĂĚƵĂƚĞ�^ƚƵĚŝĞƐ� 

sŝĚǀƵĚƐ�KǌŽůŝŶƐ� 
dŽŵ�^ƚĞǇĞƌ�ĂŶĚ�<Ăƚ�dĂǇůŽƌ� 

WƌŽĨĞƐƐŽƌ�ŽĨ��ůĞĂŶ��ŶĞƌŐǇ�^ŽůƵƟŽŶƐ��
ĂŶĚ�WƌŽĨĞƐƐŽƌ�ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�

�ĞƉĂƌƚŵĞŶƚ��ŚĂŝƌ 

^ŚƌƵƟ�WƵƌŝ 
�ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ�ŽĨ� 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�ŽĨ�WŚǇƐŝĐƐ 

EŝĐŚŽůĂƐ�ZĞĂĚ 
,ĞŶƌǇ�&ŽƌĚ�//�WƌŽĨĞƐƐŽƌ�ŽĨ� 

WŚǇƐŝĐƐ�ĂŶĚ�WƌŽĨĞƐƐŽƌ�ŽĨ��ƉƉůŝĞĚ�
WŚǇƐŝĐƐ�ĂŶĚ�ŽĨ�DĂƚŚĞŵĂƟĐƐ� 

WĞƚĞƌ�d͘�ZĂŬŝĐŚ 
�ƐƐŽĐŝĂƚĞ�WƌŽĨĞƐƐŽƌ�ŽĨ 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�ŽĨ�WŚǇƐŝĐƐ 

WĞƚĞƌ�^ĐŚŝīĞƌ 
&ƌĞĚĞƌŝĐŬ�t͘��ĞŝŶĞĐŬĞ�WƌŽĨĞƐƐŽƌ� 

ŽĨ��ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ�� 
WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ 

�ŝƌĞĐƚŽƌ�ŽĨ�'ƌĂĚƵĂƚĞ�^ƚƵĚŝĞƐ� 

ZŽďĞƌƚ�:͘�^ĐŚŽĞůŬŽƉĨ 
^ƚĞƌůŝŶŐ�WƌŽĨĞƐƐŽƌ�ŽĨ� 
�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ� 
WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ 

�͘��ŽƵŐůĂƐ�^ƚŽŶĞ 
�Ăƌů��͘�DŽƌƐĞ�WƌŽĨĞƐƐŽƌ�ŽĨ� 

�ƉƉůŝĞĚ�WŚǇƐŝĐƐ�ĂŶĚ 
WƌŽĨĞƐƐŽƌ�ŽĨ�WŚǇƐŝĐƐ 

>ŽŐĂŶ�tƌŝŐŚƚ 
�ƐƐŝƐƚĂŶƚ�WƌŽĨĞƐƐŽƌ� 
^ƚĂƌƟŶŐ�:ƵůǇ�ϮϬϮϯ 


