
���������	��

���������������������	����� �!��"$# %&%('*)
+�,.-!/10.243657598

: /10<;9=?>A@B;6C
DFE �(�HGI�����J%LK 84,�M7/10	NPORQTSVUWNYXBZ�ZH=1Z\[]NY-!/1[_^<Z\=a`b/aOdcHZ\-PM4/10b;4-!Z\27/aM70 M6UeOP,.;6[\Z9f
Chg.OiNjNYX.Z_ZH=1Z\[]NY-!/1[k,�M6NYZH0lNP/m;6=�n�Z_cHZ\-PM�NPX.Z\-!Z�;9O�opZ\=a=rq SVUWOPMBf.Z]@�,.=1;6/10so�X	t7uvSVU
0.M6N\f<27/aw6Z_;�[\M7g.0	NPZ\-PZx@B;6C4,B=1Z6u

DFE �(�HGI�����L' K 8y,�M7/10	NYOYQ
z{M60.OP/a`.Z\-�NYX.ZvU�M7=1=aMIo�/a0.2jO!NY;9NYZHC4ZH0	N�|y}Y~�;9g.OPOH��Oe��;�o
OY;�t(O�NYX<;9NjNPX.Zk[RX<;6-!27Z_/10.O!/1`.Z_;�-!Z\27/aM70�/1Oj,.-!M7,�M7-!NP/1M70<;9=�NPM�NPX.Z_Z\=aZ\[HNP-P/a[y^<Z\=a`
M70$NYX.Z�OPg.-iU�;6[\Z�M6UWNPX.Z�-!Z\27/aM70?u���>W@�,.=1;6/10 o�X	t t7M7g�;927-PZHZ�M7-�`./aOY;627-!Z\Zko�/aNPX
NYXB/1OjO!NY;9NYZHC4ZH0	N�u

�



DFE �(�HGI������� K 8�,�M7/10	NYOYQ��6/1=a=*/1Oj26/aw7ZH0�NYX.-!Z\Z�/1`.ZH0lNP/1[\;6=*-!Z\OP/aO!NPM7-POHu{+(X.Z_[\M7g.=a`
,.gBN4N o{M /10 O!Z\-!/1Z\Os;60.` NPX.Z\0 ,BgBN NPX.ZbNPX./1-!` /10 ,<;6-P;6=1=aZ\=To�/aNPX NPX./1OFOPZH-P/1ZHO
[\M6Chn./10.;9NY/aM70?u��y= NYZH-P0<;9NP/aw6Z\=at6f<OPX.Z�[\M6g.=1` ,.gBN�N opM -PZHOP/aO!NYM6-PO�/10$,<;6-P;6=1=aZ\=?;90.`
NYXBZ\0�,.gBNWNPX.Z{NPX./1-!`h-PZHOP/1OiNYM7-A/10hO!Z\-P/aZ\OWo�/ NYXhNYXB/1OA[HM7Chn./a0<;9NP/1M70?u�� -P;�o�[H/1-P[Hg./aN
`./1;627-Y;9C4O?U�M7- NPX.Z\O!ZpN opMyOP/ NYg<;�NY/1M60.O\f�;60.`�/10.`B/1[�;�NYZeo�X./1[RX�M70.ZvX<;6O�NYX.ZvX./a27X.Z\-
Z	�lg./ w9;6=1ZH0lN�-!Z\O!/1O!NY;60.[HZ6u

DFE �(�HGI������
 K 8�,�M7/10	NPORQ
� ;��6Z ;�27-P;6,.X4M6U Z\=aZ\[]NY-P/a[d,�M6NPZ\0	NY/1;6=&;6OT;_U�g.0.[]NY/1M60
M6U<,�M7O!/aNY/aM70�/10.O!/1`.Zp;60.`�M7gBNYO!/1`.ZpM6U&;�,<;6-Y;9=1=1ZH=��V,.=m;9NPZW[�;9,<;6[\/ NYM7-Hu K SVU.NYXBZ{,.=1;9NYZHO
;6-!Z ,<;6-P;6=1=aZ\=?NPM NYX.Z�� ;�@�/1O\f&t7M6g.- 27-P;6,.X opM7g.=a` OPX.M�o Z\=aZ\[]NY-P/a[ ,�M6NYZH0	NY/m;9=
;9O
;�U�gB0.[HNP/1M704M6U���u Q S 0B`./1[\;9NYZdM70 t7M6g.-{27-P;6,.XFo�X.Z\-!ZyNYX.Zd[�;6,.;6[\/ NYM7-v,.=m;�NYZ\Op;6-!Z
;60.` o�X.Z]NYX.ZH-�NPX.ZHt�X.;�w6Z�,�M7O!/aNY/ w7ZkM7-j0BZ\2	;9NP/aw6Z�[RX.;6-P27Z_M70 NYXBZ\C$u

3



DFE �(�HGI������� K 8_,�M7/10	NPORQ z{M70.O!/1`.ZH-p;k[H/1-P[Hg.=m;9-Ao�/1-!Zj=1M(M7,�/10hNYXBZ�,B=m;60.Z�M6U�NYXBZ
,<;626Z6uWSVU�;�C ;9270.ZHNP/1[j^<ZH=1`F,�M7/a0	NYOvM7gBNvM6U?NPX.Zd,.;627Zd;60.` /aOp`BZ\[\-!Z�;6O!/10.2Bf(o�X<;�N
/1O NYXBZ `./1-!Z\[]NY/1M60 M6U?NPX.Zy/a0.`.g.[HZ\`�ZHCFUYqb>A@�,.=m;9/10 XBMIo t6M7g �l0.M�o /104NPZ\-!C4OpM6U
/1`BZ�;6O�=1/ �6ZyNPX.Z_/10.`Bg.[\ZH`bC4;6270.Z]NY/a[ ^<Z\=a`?u

DFE �(�HGI�������LK 8 ,�M7/a0	NYORQ K ;7Q
� OiNR;9NP/1M70.;6-!t�ZH=1Z\[]NY-!M70sOP/ NYOp/10s;�g.0./aU�M6-PC Z\=aZ\[ �
NY-!/1[�^<ZH=1`�,�M7/a0	NY/10B2 gB,lo{;6-!`?u � -Y;�o ;L,./a[HNYgB-PZ$M6UyNPX./1OHfT;60.`�/10B`./1[\;9NYZ�NYXBZ
`./a-PZ\[]NY/aM70bM9UANYXBZ�U�M7-![\Z_U�Z\= Ndn	t�NPX.Z�ZH=1ZH[HNY-!M70bU�-!M7C NPX.Z ZH=1Z\[]NY-!/1[k^<Z\=a`?u K n&Q��
O!NY;9NY/aM70<;6-it ZH=1ZH[HNY-!M70 OP/ NYOh/a0 ; g.0./ U�M7-PC C4;6270.Z]NY/a[4^<ZH=1` ,�M7/10	NY/a0.2 g.,	o{;6-P`*u
� -Y;�o ;b,./a[HNYgB-PZ�M6U{NPX./1OHf�;60.` /a0.`./a[�;9NPZhNYX.ZF`./1-!Z\[]NY/1M60 M9U{NYXBZFU�M7-![\Z�U�Z\= N_nlt
NYXBZ�ZH=1ZH[HNY-!M70 U�-PM7C NYX.Z_C4;6270.Z]NY/1[d^<Z\=a`?u

�



DFE �(�HGI������� K 8�,�M6/10	NYOYQ�� X<;9N /1OdNPX.Z�`./��*ZH-PZ\0B[\Zhn�ZHN opZ\ZH0 -!Z\OP/aO!NY;60.[\Z�;90.`
-PZHOP/aO!NY/ w(/aN tBq �y-!ZkNYX.Z]t -PZ\=1;9NYZH`&qbSVU
OPM.f<XBMIodq

DFE �(�HGI������� K 8�,�M6/10	NYOYQ	�vM7g ;6-!Zs/10	w(/aNPZ\` M�w6Z\-hNYMbNYX.Z�
k/10B2.��O�,<;6=1;6[\Z4M70
+B;9NPg.-P`.;�tb0./a27X	N�u �dUrNYZH- ; O!g.CF,BNYg.M6g.Odw6Z\27Z]NR;6-!/m;60 CFZ�;9= f<t7M7g�M��*ZH-dNYM4X.Z\=a,
[\=aZ�;60$NYX.Z�Z\0BM7-PCFM7g.O�OPZH-!w(/10.24`./1O!X.Z\Odg.OPZH` `.g.-!/10.2FNYX.Z_U�Z�;9O!N�u�
 0.Z�M6UWNPX.Z\O!Z
`./aOPX.ZHO�/aO�; ,�Z\-!U�ZH[HNP=at�X.ZHC4/aOP,.XBZ\-P/a[�;6=eO!/1= w7Z\-_n�M�o�=vM60.Z�C4Z]NYZ\-�/10L`./1;6CFZHNYZH-\u
�dUrNPZ\-�[\=aZ�;60B/10.2�NYXBZbn�M�o�= f t7M7g [�;60�OPZHZbt7M6g.-�-PZ��.Z\[HNP/1M70 /10 /aN\u : -!M7C U�;6-
;�oT;�t6f�t7M6g.-{-!Z��<ZH[HNY/aM70 /aOpgB,.OP/a`.Zy`.M�o�0?u��dOpt6M7gs27Z]N{[H=1M7O!Z\-\flNYXBZ\-PZd/1Ov;�,B=m;6[HZ
o�X.ZH-PZst7M6g.-h-PZ��<Z\[]NY/aM70 n�ZH[\M7CFZ\O -P/126XlN OP/a`.Zsg.,?u���M�o U�;9-�U�-PM6C NPX.Zsn�MIo�=
OPgB-!U�;6[HZk`.M�ZHOTt7M7gB-j-PZ��.Z\[HNP/1M70 [RX<;90.27Z U�-PM6C g.,BOP/1`BZk`.M�o�0 NPM�-P/126XlN{OP/a`.Zkg.,&q
� X	t `.M(Z\OjNYX./aOjX<;6,.,�Z\0<q

8



DFE �(�HGI������� K 8�,�M7/a0lNPORQ���/aO!NhNPX.ZsU�M7g.-�NYX.ZHM7-P/aZ\OhM6U�=a/127X	N NPX<;9NhopZsNR;9= �6ZH`
;6n�M7gBN�/a0$[H=m;6O!O\u

DFE �(�HGI����� %�� K 8�,�M7/a0lNPORQ 
 0 ;�� ��� `./m;626-Y;6C$fA`.-P;�o ; NPX.Z\-!C4M(`Bt(0<;6CF/1[
[Ht([H=1Z U�M7-y; -PZ]U�-P/a27Z\-P;9NYM7-Hu	�{-!/1Z��.t `BZ\OP[H-P/an�Z NPX.Z NPX.Z\-!C4M(`Bt(0<;6CF/1[�,.-PM([\ZHOPO!Z\O
NYX.;9N�C ; �6Z_g., NYX.Z_[Ht([H=1Z6u






�������
����� % K � 8 ,�M7/10	NYOYQ z{M70.O!/1`.ZH-kNYX.ZhU�M7=a=1M�o�/10B2 NYX.ZH-PCFM�`�t�0.;6C4/a[ []t�[H=1Z9u
�y0 /1`.Z\;6=�2	;6O�o�/aNYX����	� 
�
��� n�ZH27/10.O�o�/aNPX ; ,.-PZHOPOPgB-PZ M6U � 
 5 ���
;Bf�;
NYZHC4,�Z\-P;9NYgB-PZ_M6U 39575 
�f&;60B` ;�w7M7=ag.C4Z_M6U 
 �eu��jX.Z�2	;6O�27M(Z\OjNYXB-PM7g.26XbNYXBZ
U�M7=a=1M�o�/10.2 ,.-PM([\ZHOPOPZHO\u
K ;7Q{S OPM6NPX.Z\-!C ;6= [HM7CF,.-PZHOPOP/aM70�NYMF;�w7M7=ag.C4ZkM9Ue3��
K n<Q��d`./m;9n<;9NY/a[ [\M6C4,.-!Z\O!OP/1M60 NPMF;�w6M7=1g.CFZkM6U � �
K [�QTS OPM7n<;9-P/1[kZx@�,<;60.O!/1M70 NYMF;�w7M7=ag.C4ZkM9U 
 �
K `<Q�z{M60.O!NY;60	N�w6M7=1gBC4Zk[HM�M7=a/10.2�n.;6[ � NYM�NPX.Z_/10./ NY/m;9=�[HM70.`./ NY/1M60.O
�jX.Z�X.Z\;9N�[�;6,<;9[\/aN t�;9N_[\M70BO!NR;90lN_w6M7=1g.CFZhU�M7- NPX.Z�2	;6O_X<;6OkNPX.Z�OY;6CFZ�w9;6=1g.Z
;9N4;6=a=pNYZHC4,�Z\-P;9NYgB-PZ\OHu z{M6C4,.=aZHNPZsNYX.Z U�M7=1=aM�o�/10.2 NY;6n.=aZ\O\u � M70*��N�U�M7-!27ZHN�NPM
/10B[\=1gB`.Z_;6,.,.-!M7,.-!/m;9NPZkg.0./aNPO K ;9N�=aZ�;6OiNd;9NjNYX.ZkNPM7, M6UAZ\;6[RX [HM7=1gBC40&Qxu

+(NR;�NYZ � � � �������

/a0./aNP/m;6=

;9UrNPZ\-j,.-!M�[HZ\OPO K ;7Q

;9UrNYZH-j,.-PM([\ZHOPO K n&Q

;�UrNYZ\-j,B-PM([\Z\O!O K [�Q

�e-PM([\ZHOPO ��������� �����  "!#�

K ;	Q

K n&Q

K [�Q

K `&Q

$



�������
����� ' K � 5 ,�M6/10	NYOYQ �y0.;6=at(c\Z4NYX.Z�[H/1-P[Hg./aN�n�Z\=1M�o_u ~k/aw6Z4NYXBZsw7M7= NR;627Z
;6[H-PM7O!O Z�;6[RX -PZ\O!/1OiNYM7-y;60.` n<;�NPNYZH-!tb;60.`bNYX.Z�[\g.-!-PZ\0	N NPX.-PM6g.27X Z\;6[RX�-PZHOP/aO!NYM6-
;60.`$n<;9N!NYZH-!t�/a0 NPX.Z_n�M�@ ,B-PM�w(/1`.ZH`?u

24 V

2 Ω

30 Ω

6 Ω

12 V

� M7= NR;626Z o�/ NYX X./a27X ,�M6NPZ\0	NY/1;6= z{gB-P-PZH0	N o�/aNYX [Hg.-P-!Z\0	N �.MIo�/a0.2
;6[\-!M7OPO M60$o�X./a[RXbO!/1`.Z�q NYX.-!M7g.27X NYM�oT;9-P` o�X<;9N�`./1-!Z\[]NY/1M60&q

K =1Z]UrN�f.-!/127X	N�f K =1Z]UrN�f.-!/127X	N\f
NPM7,?f<n�M6NPNPM7C Q g.,?f�`.M�o�0&Q

3��

$ �

� 5��

398 �
n<;9N!NYZH-!t
� 3 �
n<;9N!NYZH-!t

�



�������
����� � K�� ,�M6/10	NYOYQjz{M70.OP/a`.Z\-TN opMF/1`.ZH0lNP/1[\;6=?M7n��!ZH[HNPO�o�/ NYX C ;9OPO�365 �l2
;60.`b[RX<;6-!27Z � C z =1M([�;9NPZ\`b;9N � � K�� � C4Q�� �	� K 3hC Q
���;60.` � � K�� � C Q�� ���
K 3hC Q ��6u �jX.ZHOPZ{N opM M7n��!ZH[HNPOe;6-PZvX.ZH=1`�^�@BZH`�;60.` 0.M6NA;6=1=aMIopZ\`_NYMdC4M�w6Z6u�
�M�o_f
/aUBo{ZT,B=m;6[HZ{;dNPX./1-!` M7n��!Z\[HN
o�/aNPXhC ;9OPO
5Bu 
 �(2 ;60.`h[RX<;9-P27Z 
�� z ;9N�NYX.ZpM7-P/a27/10
;60.` =1ZHNy/aNd27M.f�/aN�o�/1=1=�CFM�w7Z M6gBNk;6=aM70.2FNYX.Zh,�M7O!/aNY/ w7Z � � ;�@�/aOy/10 -PZ\O!,�M60.OPZ NPM
NYXBZ{-PZH,.g.=aOP/1M60 /aN�U�ZHZ\=1O�U�-PM7C NPX.Z{M9NYX.ZH-�N opM ^B@�Z\`h,�M7O!/aNY/ w7Zv[RX<;6-!27Z\OHu �dM�o U�;6OiN
o�/1=a=.NYX./aO{M7n��!Z\[HN{n�ZdC4M�w(/10B2�o�X.ZH0�/aNvX<;6Op-PZ�;9[RX.Z\`sNPX.Zy,�M7/10	N � � K � 5�CsQ � � q

�



�������
����� 
bK�� ,�M7/10	NYOYQAz{M70BOP/1`BZ\-ANPX.-PZHZT=1M70B2 ,<;6-P;6=1=aZ\=lO!NP-Y;6/a27X	NAo�/1-!Z\OHuW> ;6[RX
[�;9-P-P/aZ\Ok;�[Hg.-P-!Z\0	N_M6U � 5 � /10 NPX.Z�OY;9C4Zh`B/1-PZH[HNP/1M70�;90.`LZ�;6[RXL/1O ; `B/1O!NY;60.[HZ
M6UA5Bu � C U�-PM7C NYX.ZkM9NYX.ZH-TN o{M.u K �jX.ZHt�U�M7-!C ;60 Z �(gB/1=m;�NYZ\-P;6=�NP-P/1;60.27=aZ6u QhzT;6=��
[\gB=m;9NPZ_NPX.Z_U�M7-P[HZ�,�Z\-�g.0./ Nd=aZ\0.29NYX$M70bM60.Z�M9UANYXBZ\OPZ�o�/1-!Z\O�,.-PM(`.g.[HZ\` n	t NYXBZ
M6NPX.Z\-jN opM.u � X<;9N�/1OTNPX.Z_`./1-!Z\[HNP/1M70�M9U
NPX./1OjU�M7-![\Z�q

�������
����� � K�� ,�M7/a0	NYORQ �d0 M7n��!Z\[HN
/1O ,B=m;6[HZ\` � 5�[HC /10kU�-PM60lN�M6U.;�[HM70	w7ZH-P27/a0.2
=1ZH0.O o�/aNYXFU�M�[\;6=<=1ZH0.26NPX�365_[\C$u � X.ZH-PZy/aOvNPX.Z�/1C4;627ZTU�M7-!C4ZH`&q$S O NYX.Zd/1C4;627Z
M70 NPX.Z OP;6CFZ�O!/1`.Z ;6OdNPX.Z M7n��!Z\[HNyM7-�NYX.Z�M7,.,�M7OP/ NYZ�OP/1`BZ�q S OdNPX.Z /aC ;626Z�-!Z�;6=
M7-Tw(/1-iNYg<;9=rq$S OjNPX.Z_/1C4;627Z g.,B-P/126XlN�M6-�/a0	w7Z\-iNYZH`&q

�



�������
����� �bK � ,�M6/10	NYOYQ �vM7gho�/aOPXhNYMkC4;��9Zj;60�;60	NP/�� -!Z��<ZH[HNP/aw7Zj[HM	;9NP/10.2�U�-PM7C
;�C ;�NYZ\-!/m;6=�o�/aNPXL/10.`.Zx@�M6Uv-!ZHU�-Y;9[HNY/aM70 � u � NYM ,.gBN_M70�NPM7,LM6Uv27=m;6O!O o�/aNPXL;60
/10B`.Z]@ M9UW-PZ]U�-Y;6[]NY/aM70 � u 
 u � X<;�Nd/aOjNYX.Z_CF/10./aChg.C NYX./a[ �(0BZ\OPOdM6UANPX.Z_[\M	;�NY/10B2
NYX.;9Nho�/1=a= ,.-PM(`.g.[HZs`.Z\OiNY-!g.[HNP/aw7Z /a0lNPZ\-iU�Z\-PZH0.[\Z4U�M7- =a/127X	N�M6U�oT;�w7ZH=1ZH0.26NYX $ 565
0.C q

� 5


