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�Qd�dXU�ce``\i�U^T���dXU^�]UQcebY^W�dXU�SQ`QSYdQ^SU�RUdgUU^�dXU�^UWQdYfU�\UQT�Q^T
SXQccYc��DXYc�cX_gc�dXU�S_]RY^UT�\UQT�d_�\UQT�Q^T�\UQT�d_�Wb_e^T�SQ`QSYdQ^SU��1
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dXUb]Q\�TUcYW^��1c�Q� be\U�_V� dXe]R�� dXU�SUbQ]YS� dU]`UbQdebU�_^�Q� SUbQ]YS� \Q]`
cX_e\T�^_d�UhSUUT�!% ¡3��Q^T�dXU�`_gUb�ce``\i�XUQdcY^[�dU]`UbQdebU�cX_e\T�^_d
UhSUUT� ) ¡3�� DXUcU� ^e]RUbc� cX_e\T� RU� S_^VYb]UT� gYdX� dXU� \Q]`� Q^T� `_gUb
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Dg_�S_]]_^�]YcdQ[Uc�Y^�ecY^W�QYb�d_�S__\�\YWXd�c_ebSUc�Yc�XYWX�`QdX�bUcYcdQ^SU�Q^T
\QS[�_V�S_^VY^U]U^d��1YbV\_g�dXb_eWX�Q�cicdU]�Yc�^_d�e^\Y[U�SebbU^d�Y^�Q�\__`��DXU
VQ^� QSdc� \Y[U� Q� RQddUbi� Q^T� V_bSUc� QYb� dXb_eWX� dXU� U^S\_cebU�� DXU� VQ^� SbUQdUc� Q
SUbdQY^�`bUccebU+�dXU�Q]_e^d�_V�QYb� dXQd�V\_gc�TU`U^Tc�_^�X_g�]eSX�bUcYcdQ^SU�Yd
U^S_e^dUbc�Q\_^W�dXU�gQi��9V�dXU�b_edU�dXU�QYb�XQc�d_�dQ[U�Yc�S_^f_\edUT��_b�dXU�Y^\Ud
_b� _ed\Ud� X_\Uc� QbU� d__� c]Q\\�� dXU^� dXU� f_\e]U� _V� QYb� V\_gY^W� gY\\� RU� c]Q\\�
C_]UdY]Uc�Q�TUcYW^Ub�gY\\�ReY\T�Q�g_^TUbVe\�cicdU]�gYdX�Q�\QbWU�VQ^�]_e^dUT�_^
dXU� cYTU� Q^T� cdbQYWXd�dXb_eWX� QYbV\_g�� Red� V_bWUd� d_� ]Q[U� dXU� _ed\Ud� X_\Uc� \QbWU
U^_eWX�� 9d� Yc� Y]`_bdQ^d� d_�bU]U]RUb� dXQd� dXU�QYb�]ecd� V\_g�Y^�Q� \__`+�]Q[Y^W� dXU
_ed\Ud�X_\Uc�d__�c]Q\\�Yc�Qc�RQT�Qc�_^\i�XQfY^W�Q�!³�TYQ]UdUb�X_\U�Y^�Vb_^d�_V�Q�#³
VQ^�

<QS[�_V�S_^VY^U]U^d�S_]Uc�Vb_]�VQY\Y^W�d_�WeYTU�dXU�QYbV\_g�Y^�Q�TUdUb]Y^YcdYS�gQi�
@\QSY^W�Q�VQ^�Qd�_^U�U^T�_V�dXU�U^S\_cebU�Q^T�_ed\Ud�X_\Uc�Qd�dXU�_dXUb�U^T�T_Uc�^_d
WeQbQ^dUU�dXQd�dXU�QYb�gY\\� V\_g�`Qcd�dXU�XUQdcY^[c�Qc�TUcYbUT�� 9^�c_]U�TUcYW^c� dXU
TY]U^cY_^c�_V�Y^dUb^Q\�TYfYTUbc�Q^T�`_cYdY_^Y^W�_V�Y^\Ud�Q^T�_ed\Ud�X_\Uc�Yc�ceVVYSYU^d
d_�WeYTU�dXU�QYb��?dXUb�dY]Uc��`QbdYSe\Qb\i�Y^�\QbWU�R_hUc��dXU�QYb�SX__cUc�dXU�`QdX�_V
\UQcd�bUcYcdQ^SU�gXYSX�Yc�_VdU^�Qb_e^T�dXU�XUQdcY^[��bQdXUb�dXQ^�`Qcd�Yd��3_^VY^U]U^d
SQ^�RU�Y]`b_fUT�gYdX�dXU�QTTYdY_^�_V�cY]`\U�>_]Uh�RQbbYUbc��C_]UdY]Uc�Q�cY^W\U
RQbbYUb�Qd�Q�SbYdYSQ\�\_SQdY_^�SQ^�bUTeSU�dXU�\Q]`�_b�`_gUb�ce``\i�dU]`UbQdebU�Ri
! ¡3��9V�dXU�RQbbYUb�]ecd�RU�Y^�S_^dQSd�gYdX�Q�XYWX�dU]`UbQdebU�S_]`_^U^d��ceSX�Qc
dXU� \Q]`� XUQdcY^[�� dXU^� _dXUb� ]QdUbYQ\c� QbU� _VdU^� bUaeYbUT�� @XU^_\YS� XQc� dXU
QTfQ^dQWU� _V� RUY^W� VQYb\i� ]QSXY^QR\U�� Red� SQ^� RU� S_cd\i� V_b� \QbWU� `YUSUc�� 8YWX
dU]`UbQdebU�dXUb]_`\QcdYSc�QbU�Q\c_�ecUT�

DXU� ]_cd� Y]`_bdQ^d� dXY^W� d_� T_� Yc� d_� SXQbQSdUbYjU� dXU� cicdU]� RUV_bU� W_Y^W� d_
`b_TeSdY_^�� DU]`UbQdebU� ]UQcebU]U^dc� cX_e\T� RU� ]QTU� _^� dXU� \Q]`�� \Q]`
XUQdcY^[��Q^T�`_gUb�ce``\i�XUQdcY^[��1]RYU^d�QYb�dU]`UbQdebU�cX_e\T�RU�]UQcebUT
Qd�dXU�cQ]U�dY]U�Y^�_bTUb�d_�]QY^dQY^�S_bbU\QdY_^�RUdgUU^�]UQcebU]U^dc�dQ[U^�Qd
TYVVUbU^d� dY]Uc�� 9d� Yc�^_d�e^S_]]_^�V_b� dXU� dU]`UbQdebU� Y^�Q� b__]��Q^T�XU^SU�Q\\
dXU�]UQcebU]U^dc�� d_� Y^SbUQcU�Ri�%¡3�gXU^�cUfUbQ\�`YUSUc�_V� dUcd�UaeY`]U^d�QbU
be^^Y^W� Qd� _^SU�� ?^U� _V� dXU� dbYS[i� ]UQcebU]U^dc� Yc� \Q]`� dU]`UbQdebU�� 9V� dXU
dXUb]_S_e`\U�Yc�QddQSXUT�d_�dXU�\Q]`�TebY^W�YW^YdY_^��Yd�Yc�\Y[U\i�dXQd�Q�"%�;F�c`Y[U
gY\\�dbQfU\�T_g^�dXU�dXUb]_S_e`\U�gYbUc�Q^T�TQ]QWU�dXU�Y^cdbe]U^d��DXYc�`b_R\U]

Owner
Text Box
Three common mistakes in using air to cool light sources are high path resistance, poor cooling of ancillary components, and lack of confinement. Airflow through a system is not unlike current in a loop.  The fan acts like a current source and forces air through the enclosure.  The fan
creates a certain pressure; the amount of air that flows depends on how much resistance it encounters along the way.  If the route the air has to take is convoluted, or the inlet or outlet holes are too small, then the volume of air flowing will be small.  Sometimes a designer will build a wonderful system with a large fan mounted on the side and straight-through airflow, but forget to make the outlet holes large enough.  It is important to remember that the air must flow in a loop.  Making the outlet holes too small is as bad as, for example, having a 1" diameter hole in front of a 3" fan.

The second mistake is to overlook the temperature of ancillary components not attached to a heat sink.  All electrical components generate heat during operation.  Power magnetics (inductors and transformers) and bulk capacitors in particular dissipate significant amounts of heat. Typically, the majority of the flow in a forcer-air cooling system is directed through intentional heat sinks.  In a properly designed system, however, a portion of the cooling must be directed across other heat-dissipating components.  It is important to monitor the temperature
of these ancillary components to ensure they are being cooled adequately, thus operating within their temperature specifications.

Finally, the third most common mistake is lack of confinement resulting from failing to guide the airflow in a deterministic way.
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Yc� eceQ\\i� c_\fUT� gYdX� aeYS[�TYcS_^^USd� S_^^USd_bc� _^� dXU� dXUb]_S_e`\U� Y^
aeUcdY_^+�dXU�cU^c_b�Yc�bUS_^^USdUT�_^\i�QVdUb�dXU�\Q]`�Yc�\Yd�

5=9�3_^cYTUbQdY_^c

5=9�U]YccY_^c�dUcdY^W�Yc�_VdU^�dXU�]_cd�Y^dY]YTQdY^W�`Qbd�_V�cicdU]�TUcYW^��DXUbU�Yc
Q� S_^dY^e_ec� RQdd\U� RUdgUU^� `b_TeSd� S_cd� Q^T� 5=9� S_]`\YQ^SU�� 1\dX_eWX�]Q^i
f_\e]Uc�XQfU�RUU^�gbYddU^�_^�5=9�S_]`\YQ^SU��dXUcU�SQ^�RU�R_Y\UT�T_g^�Y^d_�dg_
cSX__\c�_V�dX_eWXd*

��4_�Yd�^_g�

��4_�Yd�\QdUb�

1\dX_eWX� dXUcU� _`dY_^c�]Qi� Q``UQb� VbYf_\_ec�� dXUi� QbU� Y^� VQSd� RQcUT� _^� dXU� dg_
]_cd�S_]]_^�Q``b_QSXUc�

DXU�²T_�Yd�^_g³�cSX__\�_V�dX_eWXd�Qcce]Uc� dXU�g_bcd�Q^T�TUcYW^c�QSS_bTY^W\i��1
\QbWU�\Y^U�VY\dUb�Yc�ecUT��VUbbYdUc�QbU�`\QSUT�_^�gYbUc�W_Y^W�d_�dXU�VQ^�Q^T�`UbY`XUbQ\
SYbSeYdbi�� Q^T� WQ`c� Y^� dXU� SQcU� QbU� cUQ\UT�gYdX� 5=9� WQc[Udc� _b� VY^WUb� cd_S[��?^U
QTfQ^dQWU� d_� dXYc�]UdX_T� Yc� dXQd� dXU�`b_TeSd� Yc� \Y[U\i� d_�`Qcc�_^� VYbcd� dbi� �_b�gYdX
fUbi�\Ydd\U�]_TYVYSQdY_^���DXU�`b_TeSd�TUfU\_`]U^d�cSXUTe\U�Yc�`bUTYSdQR\U��Q^T�dXU
QW_^i�_V�VYhY^W�Q�^_^�S_]`\iY^W�`b_TeSd�Yc�QRcU^d��DXU�TYcQTfQ^dQWUc�QbU�dXQd�dXU
`b_TeSd�dQ[Uc�\_^WUb�d_�TUfU\_`�Q^T�S_cdc�]_bU��DXU�Y^SbUQcU�Y^�S_cd�Yc�RUSQecU�Yd
Yc�e^[^_g^�QXUQT�_V�dY]U�gXYSX�_V�dXU�5=9�VYhUc�QbU�^USUccQbi��Q^T�Yd�g_e\T�dQ[U
d__�]eSX�dUcdY^W�dY]U�d_�TUdUb]Y^U�dXYc�Qd�dXU�dUcd�VQSY\Ydi�

DXU�²T_�Yd�\QdUb³�]UdX_T�bUce\dc�Y^�Q�fUbi�TYVVUbU^d�TUfU\_`]U^d�`b_SUcc��5=9�YcceUc
QbU� ^_d� QTTbUccUT�e^dY\� \QdU� Y^� dXU�TUfU\_`]U^d� SiS\U�gXU^� c_\YT� `b_d_di`Uc� QbU
QfQY\QR\U��>_�S_cd\i� 5=9�]UQcebUc� QbU� Y^S_b`_bQdUT�TebY^W� cicdU]�TUcYW^��GXU^
dUcdY^W�Yc�cdQbdUT��dXU�`b_TeSd�bQbU\i�`QccUc�_^�dXU�VYbcd�_b�UfU^�cUS_^T�dbi��FQbY_ec
VYhUc�QbU�QTTUT�e^dY\�dXU�`b_TeSd�]UUdc�dXU�c`USYVYSQdY_^c��Q^T�dXU^�Yd�Yc�bU\UQcUT�d_
`b_TeSdY_^��DXU�]_cd� Y]`_bdQ^d� QTfQ^dQWU� Yc� dXQd� dXU�`b_TeSd� S_cdc� \Ucc� RUSQecU
_^\i� dXU�]Y^Y]e]�^e]RUb�_V� 5=9� ce``bUccY_^�S_]`_^U^dc� QbU�QTTUT��1\dX_eWX
dXU�`b_TeSd� S_cd�]Qi�RU� \Ucc�� dXU� dUcdY^W� S_cdc� QbU� Q\gQic�]_bU�� Q^T� dXUcU� S_cdc
]ecd�RU�Q]_bdYjUT�QSb_cc�dXU�Uh`USdUT�`b_TeSd�\YVUdY]U��DXU�]QZ_b�TYcQTfQ^dQWU�Yc
dXQd� dXU� TUfU\_`]U^d� cSXUTe\U� RUS_]U� e^`bUTYSdQR\U*� S_]`\YQ^SU� ]Qi� dQ[U
RUdgUU^�!�gUU[�Q^T�&�]_^dXc���DXYc�QedX_b�Yc�QgQbU�_V�Q�`b_TeSd�dXQd�gQc�Y^�Q^T
_ed�_V�dUcdY^W�V_b�!(�]_^dXc�RUV_bU�dXU�`b_ZUSd�gQc�SQ^SU\\UT��

2_dX�]UdX_T_\_WYUc�QbU�fQ\YT��DXU�²T_� Yd� ^_g³�`b_`_^U^dc�]Qi�W\_Qd� Y^� dXU� VQSd
dXQd�dXUi�`QccUT�5=9�dUcdY^W�_^�dXU�VYbcd�dbi�Q^T�gUbU�VYbcd�d_�]Qb[Ud��2ed�dXU�²T_�Yd
\QdUb³� S_]`UdYd_b�]Qi�XQfU� dXU� \Qcd� \QeWX�gXU^� dXUi� QbbYfU� \QdUb�gYdX� Q� SXUQ`Ub
`b_TeSd��DXUbU� Yc�Q�S_^dY^ee]�_V�Q``b_QSXUc� dXQd�RQ\Q^SU�dXU� dg_�UhdbU]Uc�� 9d� Yc
Y]`_bdQ^d�dXQd�]Q^QWU]U^d�e^TUbcdQ^T�Qd�dXU�_edcUd�gXYSX�Q``b_QSX�dXUi�gYcX�d_
QT_`d��Q^T�d_�QSSU`d�dXU�cdbU^WdXc�Q^T�gUQ[^UccUc�_V�dXU�SX_cU^�`QdX��BUWQbT\Ucc
_V�dXU�Q``b_QSX��Yd�Q\gQic�XU\`c�d_�XQfU�Q�\Q]`�_b�`_gUb�ce``\i�]Q^eVQSdebUb�dXQd
Yc�Uh`UbYU^SUT�Y^�5=9�YcceUc�Q^T�Yc�QfQY\QR\U�d_�_VVUb�dXUYb�Uh`UbdYcU�
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CQVUdi

1\dX_eWX�dXUbU�QbU�]Q^i�Qc`USdc�_V�`b_TeSd�cQVUdi��dXU�`bY]Qbi�S_^SUb^�Y^�]UTYSQ\
Q^T�TU^dQ\�hU^_^�\YWXd�c_ebSUc�Yc�\UQ[QWU�SebbU^d��<UQ[QWU�SebbU^d�Yc�dXU�Q]_e^d�_V
SebbU^d� dXQd� V\_gc� Y^� dXU� Wb_e^T� gYbU� bUdeb^Y^W� d_� dXU� gQ\\� _ed\Ud�� DXU� `bY]Qbi
S_^dbYRed_b�d_�\UQ[QWU�SebbU^d�Yc�dXU�`bUcU^SU�_V�I�SQ`QSYd_bc�Y^�dXU�Y^`ed�5=9�VY\dUb
�VYWebU�!���<QbWUb�SQ`QSYd_bc�]Q[U�Q�RUddUb�VY\dUb�Q^T�Y^�deb^�bUTeSU�5=9�U]YccY_^c�

3Q\Se\QdY^W�dXU�\UQ[QWU�SebbU^d�Yc� VQYb\i�cdbQYWXdV_bgQbT��DXU�\QbWUcd�S_]`_^U^d�_V
\UQ[QWU� SebbU^d� Yc� % �& � 8j� \Y^U� SebbU^d� V\_gY^W� dXb_eWX� dXU� I�SQ`QSYd_bc� d_
Wb_e^T�� DXU� \Y^U� ^UedbQ\� Yc� Qd� Q``b_hY]QdU\i� Qd� UQbdX� Wb_e^T� `_dU^dYQ\�� c_� ^_
SebbU^d�V\_gc�dXb_eWX�dXYc�SQ`QSYd_b��DXU�X_d�cYTU�_V�dXU�\Y^U�SQ^�XQfU�Q�`_dU^dYQ\
_V�e`�d_�"&%�F13�gYdX�bUc`USd�d_�^UedbQ\��Q^T�XU^SU�gYdX�bUc`USd�d_�Wb_e^T��DXU
SebbU^d� Yc� cY]`\i� "&%� F13� TYfYTUT� Ri� dXU� SQ`QSYdYfU� bUQSdQ^SU�� DXU� \QbWUb� dXU
fQ\eU�_V�SQ`QSYdQ^SU��dXU�XYWXUb�dXU�\UQ[QWU�SebbU^d�

Figure 1 – Typical EMI input filter with Y-capacitors

8_g�]eSX�\UQ[QWU�SebbU^d�Yc�Q\\_gUT/�DXYc�Yc�Q�S_]`\Uh�aeUcdY_^�dXQd�TU`U^Tc�_^
dXU� U^T� ecU� _V� dXU� `b_TeSd�� GU� SQ^� _ed\Y^U� c_]U� _V� dXU� ]_bU� S_]]_^
c`USYVYSQdY_^c� XUbU�� Red� Q� TUVY^YdYfU� Q^cgUb� SQ^�_^\i� RU�_RdQY^UT�Ri� bUQTY^W� dXU
Q``b_`bYQdU�cdQ^TQbT��=_cd�Y^TecdbYQ\�UaeY`]U^d�Yc�S_^cdbQY^UT�Ri�E<!)% �gXYSX
Q\\_gc�Q�\UQ[QWU�SebbU^d�_V�#�%�]1��%� �]1�e^TUb�SUbdQY^�SYbSe]cdQ^SUc���DXU�_\T
cdQ^TQbT� V_b� ]UTYSQ\� `b_TeSdc� gQc� E<%$$� gXYSX� c`USYVYUT� Q� \UQ[QWU� SebbU^d� _V
!  ��1��DXYc�cdQ^TQbT�XQc�RUU^�ce``\Q^dUT�Ri�953�& !��5>�& & !��Y^dUb^QdY_^Q\\i�
_b�Ri�dXU�XQb]_^YjUT�E<"& !�cdQ^TQbT�Y^�dXU�E�C��DXU�953�& !�cdQ^TQbT�c`USYVYUc
Q� ]QhY]e]� \UQ[QWU� SebbU^d� _V� %  ��1� Qd� XYWX� \Y^U� f_\dQWU�� E<"& !� bUQTc� dXU
cQ]U��UhSU`d�V_b�Q^�U^dbi�e^TUb�²>_bdX�1]UbYSQ^�TUfYQdY_^c³�dXQd�\Y]Ydc�dXU�SebbU^d
d_�#  ��1�
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?^U� _V� dXU� YcceUc� Q� ]UTYSQ\� `b_TeSd� ]Q^eVQSdebUb� ]ecd� QTTbUcc� Yc� gXUdXUb� d_
c`USYVi� dXU� \UQ[QWU�SebbU^d�Qc�!  �_b�#  ��1�� 9V� dXU�!  ��1� \Y]Yd� Yc�SX_cU^�� dXU^
dXU�I�SQ`QSYd_bc�gY\\� RU� c]Q\\Ub� Q^T� dXU�5=9� \UfU\c�gY\\� RU�XYWXUb��?^� dXU�_dXUb
XQ^T��]Q^i�X_c`YdQ\c�Y^�dXU�E�C��XQfU�^_d�bUQT�dXU�\QdUcd�cdQ^TQbTc�Q^T�cdY\\�dUcd�d_
dXU� !  ��1� \Y]Yd�� C_]U� _V� dXUcU� X_c`YdQ\c� bUVecU� d_� QSSU`d� `b_TeSdc� bQdUT� Qd
#  ��1�� UfU^� dX_eWX� dXUi� S_]`\i� gYdX� dXU� E<� ]UTYSQ\� cdQ^TQbT�� DXYc� 5=9� fc�
\UQ[QWU�SebbU^d�dbQTU_VV�bU]QY^c�Q^�Y]`_bdQ^d�YcceU�V_b�]Q^eVQSdebUbc�

8YTTU^�3_cdc

GXU^�dXU�d_dQ\�cicdU]�S_cd�Yc�S_^cYTUbUT��dXUbU�QbU�_VdU^�W__T�bUQc_^c�V_b�ecY^W�Q
XYWX\i�Y^dUWbQdUT�`_gUb�ce``\i�bQdXUb�dXQ^�Q�RQbU�R_^Uc�_^U��1�\_^W�dY]U�YcceU�V_b
cgYdSXY^W� `_gUb� ce``\YUc� Yc� S_^TeSdUT� U]YccY_^c� dXb_eWX� dXU� \Y^U� S_bT�� 1� W__T
5=9�\Y^U�VY\dUb�Y^dUWbQdUT�Y^d_�dXU�ce``\i�SQ^�bUTeSU�dXU�bUaeYbUT�cYjU��Q^T�S_cd��_V
Q^�UhdUb^Q\�VY\dUb�

1ehY\YQbi� `_gUb� Yc� Q^_dXUb� `\QSU�gXUbU� dXUbU� QbU� cUfUbQ\� _`dY_^c� V_b� dXU� cicdU]
TUcYW^Ub��1�c_ebSU�_V��!"F�Yc�_VdU^�^UUTUT�d_�be^�VQ^c�Q^T�S_^db_\�U\USdb_^YSc�� 9V
Q^i�_V�dXU�SYbSeYdbi�QddQSXUT�d_�dXYc�ce``\i�SQ^�RU�d_eSXUT��_b�^UQb\i�d_eSXUT��Ri�Q
ecUb�� dXU^� dXU� QehY\YQbi� ce``\i� ]ecd� XQfU� C5<F� Yc_\QdY_^�� C5<F� Yc� dXU� E<
TUcYW^QdY_^� V_b� CQVUdi� 5hdbQ� <_g�F_\dQWU�� 9d�]UQ^c� dXQd� dXU� ce``\i� XQc� (�]]� _V
Yc_\QdY_^�Vb_]�Q^i�]QY^c�f_\dQWU�Q^T�Q�$�;F�cYW^Q\�gY\\�^_d�`Qcc�Vb_]�dXU�]QY^c�d_
dXU� �!"F� _ed`ed�� 9V� dXU� ce``\i� Yc� ecUT� V_b� be^^Y^W� VQ^c�� dXU� UhdbQ� S_cd� _V� C5<F
Yc_\QdY_^� Yc� ^_d� bUaeYbUT�� 2ed� YV� Yd� Yc� ecUT� d_� be^� S_^db_\� U\USdb_^YSc�� Q^T� dX_cU
SYbSeYdc�XQfU�ecUb�_`UbQdUT�Redd_^c�_b�Y^TYSQd_bc��dXU^�C5<F�Yc�bUaeYbUT�

C_]U�hU^_^�\Q]`�`_gUb�ce``\YUc�XQfU�ReY\d�Y^�QehY\YQbi�ce``\YUc��=Q^i��Red�^_d
Q\\�� Q\c_� XQfU� C5<F� Yc_\QdY_^�� DXUbU� QbU� dg_� gQic� dXQd� QbU� S_]]_^\i� ecUT� d_
`b_fYTU� �!"F� _ed`ed*� \Q]`�TUbYfUT� Q^T� Y^TU`U^TU^d� ce``\i�� DXU� \Q]`�TUbYfUT
QehY\YQbi�_ed`ed�S_e^dc�_^�dXU�VQSd�dXQd�dXU�\Q]`�f_\dQWU�Yc�di`YSQ\\i�RUdgUU^�!"�F
Q^T�!$�F��1� \_g�Tb_`_ed� bUWe\Qd_b� dQ[Uc�`_gUb� Vb_]�QSb_cc� dXU� \Q]`�_ed`ed�Q^T
TbYfUc�Q�"�`Y^�S_^^USd_b��DXU�TYcQTfQ^dQWU�XUbU�Yc� dXQd�dXU�SebbU^d�d_�dXU�\Q]`�Yc
bUTeSUT� Ri� dXU� QehY\YQbi� \_QT�� 6_b� UhQ]`\U�� Q� !'%�G� \Q]`� di`YSQ\\i� be^c� Qd� Q
SebbU^d�_V�!$� �1]`c��9V�dXU�cicdU]�XQc�dg_�VQ^c�Qd�$  �]1�UQSX��dXU^�dXU�QSdeQ\
SebbU^d� d_� dXU� \Q]`� Yc� _^\i� !#�"�1]`c�� DXYc� SQ^� RU� S_bbUSdUT� Ri� Y^SbUQcY^W� dXU
_ed`ed�SebbU^d��Red�dXU�\Q]`�SebbU^d�Yc�cdY\\�TU`U^TU^d�_^�\_QT�SXQ^WUc�Q^T�e^Yd�d_�
e^Yd�fQbYQdY_^c� Y^� dXU� VQ^c��1^_dXUb�TYcQTfQ^dQWU� d_� dXYc�]UdX_T� Yc� dXQd�gXU^� dXU
\Q]`�Yc�^_d�be^^Y^W��dXU�QehY\YQbi�ce``\i�Yc�_VV��9V�dXU�ce``\i�cXedc�T_g^�dXU�\Q]`
Y^�Q^�_fUbXUQdY^W�cYdeQdY_^��dXU^�dXU�VQ^c�Q\c_�cXed�T_g^�

9^TU`U^TU^d�Y^dUWbQdUT�ce``\YUc�QbU�eceQ\\i�Q�cU`QbQdU�cgYdSXY^W�`_gUb�ce``\i�dXQd
be^c� TYbUSd\i� _VV� dXU� \Y^U�� DXU� �!"F� _ed`ed� Yc� Q\gQic� `bUcU^d� gXU^� `_gUb� Yc
Q``\YUT��gXYSX�Yc�`QbdYSe\Qb\i�ecUVe\�YV�Q^i�S_^db_\�U\USdb_^YSc�QbU�ecUT�d_�deb^�dXU
\Q]`�_^�Q^T�_VV��DXU�_ed`ed�f_\dQWU� Yc� Y^TU`U^TU^d�_V� \Q]`�f_\dQWU��Q^T�SQ^�RU
C5<F�Yc_\QdUT��C5<F�Yc_\QdY_^�Yc�Y]`bQSdYSQ\�gYdX�\Q]`�TUbYfUT�ce``\YUc�
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C_]UdY]Uc� Q� ^e]RUb� _V� _ed`ed� f_\dQWUc� QbU� bUaeYbUT�� ceSX� Qc� �%F�� �!"F�� Q^T
�!"F�� 9V� dXU� SebbU^dc� QbU� ]_bU� dXQ^� Q� VUg� ]Y\\YQ]`UbUc�� dXU^� Q^� QTTYdY_^Q\
cgYdSXY^W�ce``\i�Yc�eceQ\\i�SQ\\UT�V_b��9d�Yc�fUbi�Y]`_bdQ^d�d_�SXUS[�V_b�S_]`QdYRY\Ydi
RUdgUU^� Q^i� \_g� f_\dQWU� ce``\YUc� Q^T� dXU� \Q]`� ce``\i�� CUfUbQ\� \_g�S_cd� `_gUb
ce``\YUc� ecU� S_^db_\� SYbSeYdbi� dXQd� Yc� cecSU`dYR\U� d_� UhdUb^Q\� dbQ^cYU^dc�� DXYc� Yc
SXQbQSdUbYjUT� Ri� dXU� ce``\i� cXeddY^W� T_g^�gXU^UfUb� dXU� \Q]`� YW^YdUc�� DXYc� Yc� Q
XQbT�cXedT_g^�Q^T�bUaeYbUc�SiS\Y^W�`_gUb�RUV_bU�dXU�ce``\i�gY\\�bUS_fUb�

Db_eR\UcX__dY^W

DXU� ]_cd� S_]]_^� S_]`\QY^d� gXU^� Q� cicdU]� Yc^µd� g_b[Y^W� Yc� ²dXU� \Q]`� g_^µd
\YWXd�³�DXUbU�QbU�Q�^e]RUb�_V�ceRd\U�`b_R\U]c�dXQd�SQ^�SQecU�dXU�\Q]`�^_d�d_�YW^YdU�
GXU^�Q�cYdeQdY_^�\Y[U�dXYc�Yc�U^S_e^dUbUT��dXU�VYbcd�dXY^W�d_�T_�Yc�d_�\__[�Y^cYTU�dXU
\Q]`��DXU�RUcd�gQi�d_�T_�dXYc�Yc�Vb_]�Q^�Q^W\U�d_�dXU�cYTU�gYdX�cQVUdi�W\QccUc+�^UfUb
\__[�Qd�dXU�\Q]`�Q\_^W�dXU�_`dYSQ\�QhYc��DXUbU�gY\\�RU�V_eb�`_ccYR\U�bUce\dc*

!��DXUbU�Yc�^_�fYcYR\U�QbS�Y^�dXU�\Q]`�

"��DXUbU�Yc�Q�c]Q\\�R\eU�QbS�RUdgUU^�dXU�U\USdb_TUc�

#��DXUbU�Yc�Q�RbYWXd�gXYdU�V\QcX��TYVVYSe\d�d_�\__[�Qd��

$��DXU�\Q]`�deb^c�_^�Q^T�be^c�
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