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FOREWORD

The Information Technology and Telecom sectors have suddenly opened up avenues, which require a very

large specially trained manpower. These sectors are highly dynamic and need training and re-training of manpower

at a rapid rate. The growing gap of requirement of the industry and its fulfilment has created a challenging situation

before manpower training institutes of the country. To meet this challenge most effectively, Centre for Electronics

Design and Technology of India (CEDTI) has launched its nation-wide franchising scheme.

Centre for Electronics Design and Technology of  India (CEDTI) is an Autonomous Scientific Society under

the Govt. of India, Department of Electronics with its Headquarters at New Delhi. It operates seven centres located

at Aurangabad, Calicut, Gorakhpur, Imphal, Mohali, Jammu and Tezpur. The scheme will be implemented and

coordinated by these centres.

The scheme endeavours to promote high quality computer and information technology education in the

country at an affordable cost while ensuring uniform standards in order to build a national resource of trained

manpower. Low course fees will make this education available to people in relatively small, semi urban and rural

areas. State-of-the-art training will be provided keeping in view the existing and emerging needs of the industrial

and Govt. sectors. The examinations will be conducted by CEDTI and certificates will also be awarded by CEDTI.

The scheme will be operated through all the seven centres of CEDTI.

The CEDTI functions under the overall control and guidance of the Governing Council with Secretary,

Department of Electronics as its Chairman. The members of the council are drawn from scientific, government and

industrial sectors. The Centres have separate executive committees headed by Director General, CEDTI. The

members of these committees are from academic/professional institutes, state governments, industry and

department of electronics.

CEDTI is a quality conscious organisation and has taken steps to formally get recognition of the quality and

standards in various activities. CEDTI, Mohali was granted the prestigious ISO 9002 certificate in 1997. The other

centres have taken steps to obtain the certification as early as possible. This quality consciousness will assist

CEDTI in globalizing some of its activities. In keeping with its philosophy of ‘Quality in every Activity’, CEDTI will

endeavour to impart state of the art – computer and IT training through its franchising scheme.

The thrust of the Software Courses is to train the students at various levels to carry out the Management

Information System functions of a medium sized esTablishment, manufacture Software for domestic and export

use, make multimedia presentations for management and effectively produce various manufacturing and architectural

designs.

The thrust of the Hardware Courses at Technician and Telecommunication Equipment Maintenance Course

levels is to train the students to diagnose the faults and carry out repairs at card level in computers, instruments,

EPABX, Fax etc. and other office equipment.  At Engineer and Network Engineer levels the thrust is to train them

as System Engineers to instal and supervise the Window NT, Netware and Unix Networking Systems and repair

Microcontrollers / Microprocessor based electronic applications.



An Advisory Committee comprising eminent and expert personalities from the Information Technology field

have been constituted to advise CEDTI on introduction of new courses and revising the syllabus of existing

courses to meet the changing IT needs of the trade, industry and service sectors. The ultimate objective is to

provide industry-specific quality education in modular form to supplement the formal education.

The study material has been prepared by the CEDTI, document centre.  It is based on the vast and rich

instructional experience of all the CEDTI centres.  Any suggestions on the improvement of the study material will

be most welcome.

(R. S. Khandpur)

Director General (CEDTI)
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6JG OQUV KORQTVCPV UQNKF EQPFWEVKPI OCVGTKCNU WUGF KP VJG GNGEVTKECN CPF VJG GNGEVTQPKEU
GPIKPGGTKPI CTG OGVCN CPF VJGKT CNNQ[U� #OQPI VJG OGVCN EQPFWEVQTU� QPG ECP FKUVKPIWKUJ
JKIJ EQPFWEVKXKV[ OGVCNU� QH YJKEJ TGUKUVKXKV[ CV TQQO VGORGTCVWTG UJQWNF PQV DG OQTG
VJCP ��� OKETQ QJOOGVGT 
W QJO O� CPF JKIJ TGUKUVKXKV[ CNNQ[U YKVJ C TGUKUVKXKV[ CV PQTOCN

VGORGTCVWTG UJQWNF PQV DG NGUU VJCP ��� 
µ QJO�O�� 6JG HKTUV V[RG KU WUGF HQT
OCPWHCEVWTKPI YKTG� ECDNGU� EQPPGEVQTU CPF EQKNU QH GNGEVTKECN OCEJKPGU CPF VTCPUHQTOGT�
6JG UGEQPF V[RG QH VJG OGVCN KU WUGF HQT VJG OCPWHCEVWTKPI QH VJG TGUKUVQTU� VJG GNGEVTKECN
JGCVGTU GVE� 6JG EJQKEG QH C IQQF EQPFWEVQT OCVGTKCN FGRGPFU QP VJG HQNNQYKPI HCEVQTU�


K� 6JG TGUKUVCPEG QH EQPFWEVKPI OCVGTKCN CICKPUV EQTTQUKQP

KK� +VU QZKFCVKQP EJCTCEVGTKUVKEU�

KKK� 6JG UVTGPIVJ FWTCDKNKV[ CPF KVU EQUV�

KX� 6JG VGORGTCVWTG EQ�GHHKEKGPV QH TGUKUVCPEG�

X� 6JG TGUKUVCPEG VQ EJGOKECNU�

��� %.#55+(+%#6+10 #0& 2412'46+'5 1( /#6'4+#.�

6JG EQOOQP EQPFWEVKPI OCVGTKCN OC[ DG ENCUUKHKGF KPVQ VYQ ITQWRU�


C� *KIJ EQPFWEVKXKV[ OCVGTKCNU� 
D� *KIJ TGUKUVKXKV[ OCVGTKCNU�


C� *KIJ�%QPFWEVKXKV[�/CVGTKCNU�

*KIJ %QPFWEVKXKV[ /CVGTKCNU UJQWNF JCXG NQY TGUKUVKXKV[ UQ VJCV FGUKTGF RQYGT ECP DG UGPV
VJTQWIJ KV YKVJQWV EQPUKFGTCDNG NQUU KP KV� 6JGUG OCVGTKCNU CTG UGNGEVGF QP HQNNQYKPI
HCEVQTU�


K� 6JG TGUKUVKXKV[ QH VJG OCVGTKCN�

KK� 6JG VGORGTCVWTG EQGHHKEKGPV QH TGUKUVCPEG�

KKK� 6JG TGUKUVCPEG CICKPUV EQTTQUKQP�

KX� 6JG QZKFCVKQP EJCTCEVGTKUVKEU�

X� 'CUG KP UQNFGTKPI CPF YGNFKPI�

XK� 6JG ECRCEKV[ VQ DG FTCYP� TQNNGF 
GVE��

XKK� /GEJCPKECN UVTGPIVJ�

XKKK� (NGZKDKNKV[ CPF CDWPFCPEG�

KZ� &WTCDKNKV[ CPF NQY EQUV�

Z� 4GUKUVKXKV[ VQ EJGOKECNU CPF YGCVJGT�

# EQPFWEVQT KU C OCVGTKCN� YJKEJ JCU C NCTIG PWODGT QH HTGG GNGEVTQPU QP KVU UWTHCEG�
6JGUG HTGG GNGEVTQPU EQPVTKDWVG VQ EQPFWEVKQP RTQEGUU� *KIJ EQPFWEVKXKV[ OCVGTKCNU CTG
CNUQ MPQYP CU EQPFWEVQT OCVGTKCN GNGOGPVU� (GY GZCORNGU QH JKIJ EQPFWEVKXKV[
OCVGTKCNU CTG CU HQNNQYU�


�� %QRRGT /CVGTKCN 
�� #NWOKPWO /CVGTKCN

�� 5KNXGT /CVGTKCN 
�� 6WPIUVGP /CVGTKCN

�� /QN[DFGPWO /CVGTKCN 
�� 2NCVKPWO /CVGTKCN

�� 6CPVCNWO /CVGTKCN 
�� 0KEMGN /CVGTKCN
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�� %CTDQP %QPFWEVKPI /CVGTKCN 
��� .GCF %QPFWEVKPI /CVGTKCN

$GHQTG FKUEWUUKPI VJG DCUKE RTQRGTVKGU QH VJGUG OCVGTKCNU NGV WU HKTUV FKUEWUU CDQWV VJG
VGTO 4GUKUVKXKV[ CPF %QPFWEVKXKV[� 6JG TGUKUVCPEG QH C EQPFWEVQT OCVGTKCN FGRGPFU WRQP
VJG V[RG QH OCVGTKCN� UJCRG QH OCVGTKCN� UK\G QH VJG OCVGTKCN CPF VGORGTCVWTG QH VJG

OCVGTKCN� 6JG 4GUKUVKXKV[ ρ QH VJG OCVGTKCN KU IKXGP D[ VJG HQNNQYKPI TGNCVKQP�

4 � ρ .�# �� 
��

9JGTG 4 KU VJG TGUKUVCPEG QH VJG EQPFWEVQT KP 1JOU� �.	 KU VJG KU VJG NGPIVJ QH VJG
EQPFWEVQT KP OGVGT CPF �#	 KVU ETQUU�UGEVKQPCN CTGC KP O²� +H YG UGNGEV C EQPFWEVQT QH WPKV
NGPIVJ 
.��� CPF QH WPKV ETQUU�UGEVKQPCN CTGC 
#��� VJGP GSWCVKQP 
�� DGEQOGU�

4 � ρ��� K�G� 4 � ρ �� 
��

6JWU VJG TGUKUVKXKV[ ρ ECP DG FGHKPGF CU VJG TGUKUVCPEG QH C OCVGTKCN QH YJKEJ NGPIVJ KU
WPKV[ CPF YJKEJ JCU C WPKV ETQUU�UGEVKQPCN CTGC� 6JG TGUKUVKXKV[ KU OGCUWTGF KP QJOOGVGT�

6JG EQPFWEVKXKV[ �I	 ECP DG FGHKPGF CU VJG TGEKRTQECN QH VJG TGUKUVKXKV[� +VU WPKV KU OJQ VJCV
KU�

%QPFWEVKXKV[ 
I� � ��4GUKUVKXKV[ 
ρ� �� 
��

6JG TGUKUVKXKV[ KU C HWPEVKQP QH VGORGTCVWTG CPF VJG TGNCVKQP IKXGU KV�

ρ� ρQ 
�  ∝ 
6�6Q�� �� 
��

9JGTG6 � 6GORGTCVWTG QH VJG OCVGTKCN

ΤQ � 4GHGTGPEG VGORGTCVWTG

ρQ � 4GUKUVKXKV[ CV 6Q

∝ � 6GORGTCVWTG EQGHHKEKGPV QH TGUKUVKXKV[�


���%QRRGT�/CVGTKCNU�
%W��

6JG TGUKUVKXKV[ QH %W KU ���� × ���²µΩO� +VU VGORGTCVWTG EQ�GHHKEKGPV QH TGUKUVKXKV[ ∝ KU

������°%� +V KU TCVJGT JCTF� GZVTGOGN[ VQWIJ� FWTCDNG CPF JKIJN[ FWEVKNG� 9KTG ECP DG
FTCYP HTQO EQRRGT� KVU TQNNGF UJGGV CPF RNCVGU CTG CNUQ OCPWHCEVWTGF� +V JCU JKIJ
TGUKUVCPEG CICKPUV EQTTQUKQP CPF JCU PQ QZKFCVKQP� +V ECP YKVJUVCPF FCOR CKT CPF JKIJ

VGORGTCVWTG� +VU URGEKHKE YGKIJV KU ���� RGT EO³� +VU OGNVKPI RQKPV KU ����°%� +VU DQKNKPI

RQKPV KU ����°%� (QNNQYKPI V[RGU QH EQRRGT EQPFWEVQT OCVGTKCN CTG WUGF�


K� *CTF EQRRGT 
EQNF FTCYP� EQRRGT EQPFWEVQT�

KK� #PPGCNGF EQRRGT EQPFWEVQT OCVGTKCN�

KKK� %QOOWVCVQT EQRRGT OCVGTKCN�

KX� #NNQ[ EQRRGT EQPFWEVQT OCVGTKCNU�

X� 1TFKPCT[ EQRRGT OCVGTKCN�

XK� $CPF EQRRGT EQPFWEVQT�
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�� #NWOKPWO�%QPFWEVQT�/CVGTKCNU�
#N��

6JKU OGVCN KU WUGF GZVGPUKXGN[ KP FKHHGTGPV DTCPEJGU QH GPIKPGGTKPI� +VU OGNVKPI RQKPV KU

���°%� YJKNG KVU DQKNKPI RQKPV KU ����°%� +V ECP DG GCUKN[ TQNNGF� FTCYP HQTIGF� +VU

TGUKUVKXKV[ KU ���� ×�� ��µΩO� +VU VGORGTCVWTG EQ�GHHKEKGPV QH TGUKUVCPEG α�������°%�

(QNNQYKPI V[RGU QH CNWOKPWO EQPFWEVQT OCVGTKCN CTG CXCKNCDNG HQT WUG�


K� *CTF CNWOKPWO OCVGTKCN

KK� 5QHV CNWOKPWO OCVGTKCN

KKK� %CUV CNWOKPWO OCVGTKCN

KX� 'ZVTC JCTF CNWOKPWO

X� #NNQ[U QH CNWOKPWO 
/P� 5K� (G�

XK� 2WTG CNWOKPWO�


�� 5KNXGT�%QPFWEVQT�/CVGTKCNU�
#I��

5KNXGT KU EQUVNKGT VJCP EQRRGT CPF CNWOKPWO� 6JQWIJ VJG UKNXGT JCU C ITGCVGT EQPFWEVKXKV[
VJCP VJG EQRRGT� VJG EQUV QH VJG UKNXGT TGUVTKEVU KVU CRRNKECVKQP HQT GNGEVTKECN CPF GNGEVTQPKE

GPIKPGGTKPI FGXKEGU� +VU TGUKUVKXKV[ CV TQQO VGORGTCVWTG KU ����� ×�� ��µΩO � +VU URGEKHKE

YGKIJV KU ���� I�EO�� +VU OGNVKPI RQKPV KU ���°%� +VU VGORGTCVWTG EQGHHKEKGPV QH TGUKUVCPEG

KU ������°%� UCOG CU VJCV QH EQRRGT� 4QNNGF UJGGVU CPF RNCVGU CTG OCPWHCEVWTGF HTQO
UKNXGT CNUQ� +V KU UVTQPI� TCVJGT JCTF� FWTCDNG CPF JKIJN[ FWEVKNG�


�� 6WPIUVGP�/CVGTKCN�

6JG VWPIUVGP KU C XGT[ JGCX[ ITG[ OGVCN� +V JCU VJG JKIJGUV OGNVKPI RQKPV CU EQORCTGF VQ

QVJGT OGVCNU� +VU OGNVKPI RQKPV KU ����°% CPF KVU DQKNKPI RQKPV ����°%� 6WPIUVGP KU QPG QH
VJG OQUV KORQTVCPV OGVCNNKE OCVGTKCNU WUGF KP GNGEVTQPKE CPF XCEWWO GPIKPGGTKPI� 6JKU

OCVGTKCN ECP YQTM WR VQ ����°% CPF JKIJGT KP C IQQF XCEWWO QT KP CP KPUGTV ICU
CVOQURJGTG� 6WPIUVGP KU QDVCKPGF D[ XGT[ EQORNKECVGF EJGOKECN RTQEGUU� +VU URGEKHKE

YGKIJV KU �� I�EO� CPF KVU VGORGTCVWTG EQ�GHHKEKGPV QH GZRCPUKQP KU ���×�� ����� O�°%� +VU
TGUKUVKXKV[ KU ��� × ����µΩO� 6GORGTCVWTG EQ�GHHKEKGPV QH TGUKUVCPEG KU ������°%�


�� /QN[DFGPWO�/CVGTKCN�

+V KU WUGF CU VJG VCTIGV KP Z�TC[ VWDGU CPF UVTWEVWTCN OGODGTU KP JKIJ XCEWWO GNGEVTQP
VWDGU DGECWUG QH KVU CDKNKV[ VQ HQTO C VKIJV UGCN YKVJ INCUU� +V KU WUGF HQT JKIJ VGORGTCVWTG

CRRNKECVKQPU KP C TGHTCEVQT[ GNGOGPV� +VU URGEKHKE YGKIJV KU ���� I�EO�� +V DQKNU CV ����°%
YJKNG KV OGNVU CV ����°%� +VU TGUKUVKXKV[ KU ���� µΩO� +VU VGORGTCVWTG EQ�GHHKEKGPV QH
TGUKUVCPEG KU ����� RGT FGITGG�


�� 2NCVKPWO�%QPFWEVKPI�/CVGTKCN�

+VU URGEKHKE YGKIJV KU ���� I�EO�� /GNVKPI RQKPV KU ����°% CPF DQKNKPI RQKPV KU ���°%� +VU
TGUKUVKXKV[ KU ���� µΩO� +VU VGORGTCVWTG EQ�GHHKEKGPV QH TGUKUVCPEG KU �������°%� 6JKU ECP
DG FTCYP KP VJKP HKNCOGPV CPF WUGF KP FKHHGTGPV GNGEVTKECN FGXKEGU�



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

5


�� 6CPVCNWO�/CVGTKCN�
6C��

+V KU WUGF CU TGHTCEVQT[ OCVGTKCN KP OQFGTP GPIKPGGTKPI� +V KU CNUQ WUGF KP OCPWHCEVWTKPI

GNGEVTQN[VKE EQPFGPUGTU� +V OGNVU CV ���°%� +VU TGUKUVKXKV[ KU ����� µΩO� +VU URGEKHKE YGKIJV
KU ���� I�EO�� 6CPVCNWO GNGEVTQN[VKE ECRCEKVQTU CTG YKFGN[ WUGF KP EQORWVGTU DGECWUG QH
VJGKT UOCNN UK\G�


�� 0KQDKWO�/CVGTKCN�

+V KU WUGF CU C TGHTCEVQT[ OCVGTKCN KP OQFGTP GPIKPGGTKPI� +VU OGNVKPI RQKPV KU ���� �% CPF

KVU DQKNKPI RQKPV KU ����°%� +V KU CNUQ MPQYP CU %QNWODKWO 
ED�� +VU TGUKUVKXKV[ KU

���� OKETQ�QJO OGVGT 
µΩO�


�� %CTDQP�%QPFWEVKPI�/CVGTKCN�
%���

%CTDQP EQPFWEVKPI OCVGTKCNU CTG WUGF HQT�

+� $TWUJGU KP GNGEVTKE /CEJKPG�
++� 4GUKUVQT QH ECTDQP�
+++� 4JGQUVCVU QH ECTDQP�
+8� 'NGEVTQFGU KP CTE QXGPU�
8� 'NGEVTQFGU KP NCORU�
8+� 'NGEVTQFGU KP ICNXCPKE DCVJ�
8++� %QORQPGPV KP GNGEVTQPKE KPFWUVTKGU�
8+++� %QOOWPKECVKQP GSWKROGPV�


��� .GCF�%QPFWEVQT�/CVGTKCN�
2D��

+VU OGNVKPI RQKPV KU ���°%� +VU URGEKHKE YGKIJV KU ����� I�EO�� +VU TGUKUVKXKV[ KU ����µΩO� +V
KU WUGF HQT E[NKPFTKECN KP ECDNG GPIKPGGTKPI� YJKEJ RTQVGEVU ECDNGU HTQO OQKUVWTG� FKTV GVE�
.GCF KU C DNWKUJ�ITC[ OGVCN� +V KU CNUQ WUGF CU RNCVGU QH UVQTCIG DCVVGTKGU� UCHGV[ HWUGU�
GVE� 5JGGV NGCF KU YKFGN[ WUGF HQT TCFKCVKQP UJKGNFKPI DGECWUG KV UVTQPIN[ CDUQTDU Z�TC[U�

$� *+)*�4'5+56+8+6;�/#6'4+#.5�

*KIJ TGUKUVKXKV[ /CVGTKCN CNNQ[U 
OCVGTKCNU� CTG WUGF HQT�

+� 4GUKUVQTU KP GNGEVTKE JGCVKPI FGXKEG�
++� %QPVTQN CRRCTCVWU�
+++� .QCF TJGQUVCVU�
+8� 4GHGTGPEG TGUKUVQTU�

(QT CDQXG RWTRQUGU� VJG TGUKUVKXKV[ QH OCVGTKCN UJQWNF DG JKIJ CPF KPFGRGPFGPV QH
VGORGTCVWTG� 6GORGTCVWTG EQ�GHHKEKGPV QH TGUKUVQT UJQWNF DG NQY� 6JG OCVGTKCNU WUGF HQT
TGUKUVQTU KP JGCVKPI CRRNKCPEGU CTG VQ YKVJUVCPF JKIJ VGORGTCVWTG HQT C NQPI VKOG YKVJQWV
OGNVKPI QT QZKFKUKPI� *KIJ TGUKUVKXKV[ CNNQ[U UWEJ CU 6WPIUVGP� /CIPGUKWO� 0KEJTQOG
UCVKUH[ VJGUG TGSWKTGOGPVU� .GV WU FKUEWUU VJGKT EJCTCEVGTKUVKEU�
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���%QPUVCPVCP�QT�'WTGMC�

6JKU OCVGTKCN KU CP CNNQ[ QH EQRRGT CPF PKEMGN� 6JG CNNQ[ KU IKXGP VJG PCOG EQPUVCPVCP HQT
KVU EQPUVCPV TGUKUVKXKV[ YKVJ XCT[KPI VGORGTCVWTG� #V PQTOCN VGORGTCVWTG� VJG TGUKUVKXKV[ QH

EQPUVCPVCP KU ���� VQ ���� µΩO� +VU VGORGTCVWTG EQ�GHHKEKGPV QH TGUKUVCPEG TCPIGU HTQO �

�×���� °% VQ ���×���� °%� 6JG VGPUKNG UVTGPIVJ TCPIGU DGVYGGP �� VQ �� MI�OO� CPF
GNQPICVKQP DGVYGGP �� VQ ����


���/CPICPKP�

6JKU KU OQUV V[RKECN CPF YKFGN[ WUGF CNNQ[ HQT RTQFWEVKQP QH TGHGTGPEG TGUKUVQTU CPF QVJGT
UWEJ GNGOGPVU� +V EQPVCKPU CRRTQZKOCVGN[ ��� EQRRGT� ��� OCPICPGUG CPF �� PKEMGN�

+V FGTKXGU KVU PCOG HTQO OCPICPGUG� 6JG TGUKUVKXKV[ KU ���� VQ ���� µΩO� +VU VGORGTCVWTG

EQ�GHHKEKGPV QH TGUKUVCPEG KU TCVJGT UOCNN� CDQWV � VQ �×���� °%� /CPICPKP JCU C VGPUKNG

UVTGPIVJ QH ��×� -I�OO� CPF WNVKOCVG GNQPICVKQP �� VQ ����


���0KEJTQOG�

+V KU OCKPN[ WUGF HQT GNGEVTKECN JGCVKPI GNGOGPVU� %QODKPCVKQP QH +TQP� PKEMGN �
OCPICPGUG KU MPQYP CU PKEJTQOG� +V EQPVCKPU ���� /P� ��� 0K� ��� %T� CPF ���� (G

QT ���� /P� ��� 0K� ��� %T CPF ���� (G� +VU TGUKUVKXKV[ KU ��� VQ ���µΩO� +VU

VGORGTCVWTG EQ�GHHKEKGPV QH TGUKUVCPEG KU ��×���� °% VQ �� ×���� °%�


���)QNF�
#W��

# [GNNQYKUJ OGVCN QH C XGT[ JKIJ RNCUVKEKV[� YKVJ VGPUKNG UVTGPIVJ KU �� MI�OO� CPF
GNQPICVKQP CV TWRVWTG QH ���� +VU WUG KP GNGEVTKECN GPIKPGGTKPI KPENWFGU EQTTQUKQP TGUKUVCPV
QCVU� RJQVQEGNN GNGEVTQFGU� XCEWWO FGRQUKVGF VJKP HKNO OKETQEKTEWKV GVE� +VU OGNVKPI RQKPV KU

����°% CPF DQKNKPI RQKPV KU ����°%� +VU TGUKUVKXKV[ KU ����� µΩO�

��� 37#.+6;�#0&�4'.+#$+.+6;

+P VJG RTGXKQWU UGEVKQPU YG JCXG NQQMGF CV UQOG QH VJG DCUKE RJ[UKECN EQPUKFGTCVKQPU
VJCV CRRN[ VQ GNGEVTQPKE EQORQPGPVU CPF VJGKT RGTHQTOCPEG� #P GSWCNN[ KORQTVCPV CURGEV
QH RGTHQTOCPEG JCU VQ FQ YKVJ VJG TGVGPVKQP QH VJGUG RTQRGTVKGU YKVJ VKOG�

4GNKCDKNKV[ KU VJG OGCUWTG QH VJG RGTHQTOCPEG QH C FGXKEG QT GSWKROGPV KP VJG VKOG
FQOCKP� 1DXKQWUN[� UKPEG C FGXKEG QT GSWKROGPV KU OCFG WR QH OCVGTKCNU� KVU TGNKCDKNKV[
JCU C NQV VQ FQ YKVJ VJG RTQRGTVKGU QH VJG OCVGTKCNU VJCV IQ KPVQ KVU OCMKPI CU YGNN CU VJG
RTQEGUUGU VJCV IQ KPVQ KVU OCMKPI�

+P OQTG EQPETGVG VGTOU� YG FGHKPG TGNKCDKNKV[ CU VJG RTQDCDKNKV[ VJCV C RKGEG QH GSWKROGPV�
FGXKEG QT UGTXKEG YKNN RGTHQTO KVU KPVGPFGF QT UVCVGF HWPEVKQP WPFGT IKXGP UVKRWNCVGF
EQPFKVKQPU� HQT C URGEKHKGF RGTKQF QH VKOG� +V KU VJWU GZRTGUUGF CU C RTQDCDKNKV[� YJKEJ
QDXKQWUN[ KU C FKOGPUKQPNGUU HTCEVKQP N[KPI DGVYGGP � CPF �� 1HVGP� HQT EQPXGPKGPEG� KV KU
GZRTGUUGF CU C RGTEGPVCIG� KP YJKEJ ECUG VJG PWODGT NKGU DGVYGGP � CPF ���� 6JWU�
YJKNG VJG TGNKCDKNKV[ KU KPVKOCVGN[ NKPMGF VQ VJG GZRGEVGF NKHG QH VJG GSWKROGPV WPFGT
EQPUKFGTCVKQP� KV FQGU PQV FKTGEVN[ RTGFKEV KVU NKHG GZRGEVCPE[� +P QVJGT YQTFU� KH VJG
TGNKCDKNKV[ QH CP QDLGEV KU ���� WPFGT IKXGP QRGTCVKPI EQPFKVKQPU HQT ���� QRGTCVKPI JQWTU�
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KV OGCPU VJCV� VJGTG KU C ��� RTQDCDKNKV[ VJCV VJG GSWKROGPV YKNN RGTHQTO CU RGT VJG
URGEKHKECVKQPU� WPFGT VJG UVCVGF EQPFKVKQPU HQT ���� QRGTCVKPI JQWTU�

1DXKQWUN[� VJGTG KU C ENQUG TGNCVKQP DGVYGGP VJG SWCNKV[ QH GSWKROGPV CPF KVU TGNKCDKNKV[�
*QYGXGT� VJG VYQ VGTOU CTG PQV U[PQP[OQWU� 3WCNKV[� CU ,WTCP RQKPVU QWV� KU QVJG HKVPGUU
HQT WUGR QH CP QDLGEV CPF KU C NVQVCNO EQPEGRV� +H QPG UKVU CPF NKUVU QWV CNN VJG FGUKTCDNG
RTQRGTVKGU� CVVTKDWVGU CPF EJCTCEVGTKUVKEU VJCV C RKGEG QH GSWKROGPV UJQWNF JCXG� VJGP VJG
FGITGG VQ YJKEJ KV OGGVU CNN UWEJ RTQRGTVKGU KU C OGCUWTG QH KVU SWCNKV[� +V KU QDXKQWU VJCV
KP CP[ UWEJ NKUV� NTGNKCDKNKV[O YQWNF HKIWTG RTQOKPGPVN[�

3WCNKV[ KU VJWU PQV CP GCUKN[ SWCPVKHKCDNG SWCPVKV[� 6JG RTQFWEV KU FGUKIPGF VQ HWNHKN
EGTVCKP URGEKHKE PGGFU QH VJG WUGT� CPF VJGTGHQTG FQGU FGRGPF QP VJG TGSWKTGOGPVU CPF
GZRGEVCVKQPU QH VJG WUGT� *QY YGNN VJG RTQFWEV OGGVU VJGUG TGSWKTGOGPVU CPF
GZRGEVCVKQPU� DQVJ CV VJG RTGUGPV VKOG CPF KP HWVWTG� KU C OGCUWTG QH VJKU SWCNKV[�

(CKNWTG�4CVG�CPF�5ETGGPKPI�6GUVU

4GNKCDKNKV[ KU ENQUGN[ NKPMGF VQ HCKNWTG L GSWKROGPV QH RQQT TGNKCDKNKV[ KU RTQPG VQ HCKNWTG CPF
C NQY HCKNWTG TCVG OGCPU JKIJ TGNKCDKNKV[� #PQVJGT KORQTVCPV VGTO KU OCKPVCKPCDKNKV[� +H CP
GSWKROGPV KU FGUKIPGF UWEJ VJCV TGRCKTU QP KV ECP DG URGGFKN[� FQPG� VJG NFQYP VKOGO QH
VJG GSWKROGPV ECP DG UWDUVCPVKCNN[ TGFWEGF� VJWU GPJCPEKPI KVU SWCNKV[�

%QPUKFGT VJG ECUG YJGP C PWODGT QH KFGPVKECN EQORQPGPVU CTG KP UKOWNVCPGQWU
QRGTCVKQP� 9G ECP FGHKPG VJG HCKNWTG TCVG QH C EQORQPGPV CU VJG TCVKQ QH VJG PWODGT QH
EQORQPGPVU HCKNKPI KP WPKV VKOG VQ VJG VQVCN PWODGT QH EQORQPGPVU KP QRGTCVKQP� +V KU
WUWCNN[ FGPQVGF D[ VJG )TGGM 5[ODQN CPF JCU VJG WPKVU QH =��
VKOG�?� #PQVJGT WUGHWN
VGTO KU /6$( QT VJG /GCP 6KOG $GVYGGP (CKNWTGU� +V KU C OGCUWTG QH VJG CXGTCIG QT
OGCP VKOG VCMGP HQT C EQORQPGPV VQ HCKN� %QPUKFGT CICKP VJG UKOWNVCPGQWU QRGTCVKQP QH
C PWODGT QH EQORQPGPVU� 6JG /6$( KU IKXGP D[ VJG TCVKQ QH VJG RTQFWEV QH VJG VQVCN
PWODGT QH EQORQPGPVU WPFGT VGUV CPF VJG VKOG QH VGUV VQ VJG PWODGT QH EQORQPGPVU
HCKNKPI KP VJCV VKOG� +V KU GCU[ VQ UGG VJCV E CPF /6$( CTG TGEKRTQECNN[ TGNCVGF K�G� QPG KU
VJG KPXGTUG QH VJG QVJGT�

6JG RQKPV CV YJKEJ VJG HCKNWTG TCVG UVCTVU KPETGCUKPI TCRKFN[ KU ECNNGF VJG WUGHWN NKHG RGTKQF�
PQTOCN NKHG QT NKHG GZRGEVCPE[ QH VJG EQORQPGPV� 6JG PQTOCN HCKNWTG TCVG KU VJG HCKNWTG TCVG
FWTKPI VJG PQTOCN NKHG URCP KU WUWCNN[ CUUQEKCVGF YKVJ VJG SWCNKV[ QH FGUKIP QH VJG
EQORQPGPV� YJGTGCU VJG NKHG GZRGEVCPE[ KU WUWCNN[ EQTTGNCVGF YKVJ VJG SWCNKV[ QH VJG
OCVGTKCNU WUGF KP VJG RTQFWEV� &WTKPI VJKU VKOG� VJG HCKNWTGU CTG NTCPFQOO KP PCVWTG CPF
WUWCNN[ PQV CUUQEKCVGF YKVJ C RCTVKEWNCT FGHGEV OGEJCPKUO�

+P KPHCPE[� KV KU OWEJ OQTG RTQPG VQ FKUGCUGU CPF RTGFCVQTU� CPF VJGTGHQTG JCU C JKIJ
TCVG QH OQTVCNKV[� 6JKU KU KPHCPV OQTVCNKV[� KP HCEV� VJG PQOGPENCVWTG QH TGNKCDKNKV[ KU NCTIGN[
FGTKXGF HTQO UWEJ CPVJTQRQNQIKECN VGTOU� 6JG UCOG KU VTWG HQT GSWKROGPV CU YGNN� +V KU
UGGP VJCV UQOG QH VJG GSWKROGPV HCKNU KP C XGT[ UJQTV VKOG� 5WEJ HCKNWTG JCU NKVVNG VQ FQ
YKVJ VJG KPJGTGPV FGUKIP CPF EJQKEG QH OCVGTKCNU HQT VJG EQORQPGPV� KV KU C TGUWNV QH GTTQTU
FWTKPI RTQFWEVKQP WUWCNN[ FWG VQ JWOCP GTTQT FWTKPI CUUGODN[�

6JG HCKNWTG TCVG QH CP GSWKROGPV� EQORQPGPV QT FGXKEG KU XGT[ JKIJ FWTKPI VJG GCTN[
UVCIGU QH KVU NKHG� 6JGUG CTG WUWCNN[ TGNCVGF VQ RTQFWEVKQP HCWNVU CUUQEKCVGF YKVJ JWOCP
GTTQT CPF PGGFU VQ DG UQTVGF QWV D[ CRRTQRTKCVG VGUVKPI DGHQTG VJG RTQFWEV NGCXGU VJG
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HCEVQT[ RTGOKUGU� 6JGUG CTG ECNNGF UETGGPKPI VGUVU� 9KVJQWV UWEJ VGUVKPI� VJG KOCIG QH
VJG RTQFWEV YKNN DG XGT[ CFXGTUGN[ CHHGEVGF CPF ECWUG NCTIG OCKPVGPCPEG CPF UGTXKEKPI
RTQDNGOU�

6JWU� UETGGPKPI KU C UGV QH VGUVU RGTHQTOGF QP VJG NHTGUJO EQORQPGPVU� YJKEJ ECWUGU
UWEJ FGHGEVKXG RKGEGU VQ HCKN� 6JGUG CTG VJGP TGOQXGF HTQO VJG NQV� VJG TGNKCDKNKV[ QH VJG
OCTMGVGF EQORQPGPVU KU VJWU KORTQXGF UWDUVCPVKCNN[�

%QPUKFGT VJCV VJG KPHCPE[ RGTKQF HQT C RCTVKEWNCT FGXKEG KU � PQTOCN YQTMKPI JQWTU CPF KVU
WUGHWN NKHG RGTKQF KU ���� JQWTU� +V KU KORQTVCPV VJCV VJG NUETGGPO KU VJG UETGGPKPI VGUVU
GNKOKPCVG CNN FGXKEGU YKVJ KPEKRKGPV FGHGEVU� YJKEJ YQWNF ECWUG GCTN[ HCKNWTGU� *QYGXGT�
VGUVKPI CNN FGXKEGU KU VGUVGF HQT � JQWTU CV PQTOCN YQTMKPI EQPFKVKQPU ECP DG C XGT[
GZRGPUKXG CPF VKOG�EQPUWOKPI RTQRQUKVKQP� 6Q CXQKF VJKU RTQDNGO� YG RGTHQTO DWTP�KP
VGUVU HQT UETGGPKPI�

+P DWTP�KP� VJG EQORQPGPVU QT FGXKEGU CTG HKTUV UWDLGEVGF VQ VJGTOCN UVTGUU CEEQTFKPI VQ C
UWKVCDNG OQFGN� 6JKU TGFWEGU VJG KPHCPE[ RGTKQF RGTJCRU VQ �� OKPWVGU� 6JG FGXKEGU
CTG VJGP VGUVGF� 6JG GPVKTG RTQEGUU KU VJWU UWDUVCPVKCNN[ TGFWEGF KP VKOG�

9JKNG VJGTOCN UVTGUUKPI KU QPG EQOOQP OGVJQF QH CEEGNGTCVKPI VJG HCKNWTG� KV KU PQV VJG
QPN[ QPG� 1VJGT UVTGUUGU ECP CNUQ DG GHHGEVKXG CPF CTG CNUQ WUGF� QHVGP KP EQODKPCVKQP�
1VJGT EQOOQPN[ WUGF UVTGUUGU CTG 'NGEVTKE HKGNF QT NXQNVCIG UVTGUUGU� 6GORGTCVWTG
E[ENKPI� 8KDTCVKQP� *WOKFKV[� GVE�

Review Questions

�� 9JCV CTG VJG WUGU QH JKIJ TGUKUVKXKV[ OCVGTKCN!
�� 'ZRNCKP � 8CTKCVKQP QH TGUKUVKXKV[ QP FKHHGTGPV HCEVQTU�
�� 'ZRNCKP VJG RTQRGTVKGU QH JKIJ EQPFWEVKXKV[ OCVGTKCN�
�� 9JCV CTG VJG CNNQ[U QH #NWOKPWO!
�� )KXG 0QVGU QP �

C� 'WTGMC
D� 0KQDKWO
E� 6WPIUVGP OCVGTKCN

0QVG� 6JG QDLGEVKXG QH VJKU EJCRVGT YCU VQ IKXG CYCTGPGUU CDQWV OCVGTKCNU� 6JGTGHQTG

XCTKQWU XCNWGU IKXGP CDQXG PGGF PQV DG TGOGODGTGF� CU VJG[ CTG CXCKNCDNG KP FCVC

UJGGVU�
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%*#26'4�691

4'5+56145�
4'5+56#0%'�

(GCVWTGU�

��� +PVTQFWEVKQP

��� 6[RGU QH 4GUKUVQT

��� 4GUKUVQT EQNQWT EQFKPI

��� 6JGTOKUVQT
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��� +0641&7%6+10

+P GNGEVTQPKE EKTEWKVU %QRRGT� #NWOKPWO OCVGTKCNU CTG MPQYP CU EQPFWEVQTU� YJKEJ CTG
JCXKPI PGINKIKDNG TGUKUVCPEG� 1VJGT OCVGTKCNU NKMG RCRGT� EGTCOKE CTG MPQYP CU KPUWNCVQTU
YJKEJ CTG JCXKPI XGT[ JKIJ TGUKUVCPEG� 1VJGT OCVGTKCNU NKMG ECTDQP YKVJ EGTVCKP XCNWG QH
TGUKUVCPEG CTG WUGF VQ OCPWHCEVWTG TGUKUVQT� 6JG XCNWG QH TGUKUVCPEG XCTKGU HTQO XGT[
NQY VQ XGT[ JKIJ XCNWG� CNOQUV HTQO VJG XCNWG QH EQPFWEVQT VQ KPUWNCVQT� 6JG XCNWG QH

TGUKUVCPEG KU OGCUWTGF KP QJOU 
Ω�� 4GUKUVCPEG KU VJG QRRQUKVKQP VQ VJG HNQY QH GNGEVTQPU
QT UKORN[ QRRQUKVKQP VQ VJG GNGEVTKE EWTTGPV� 4GUKUVCPEG KU TGSWKTGF KP GNGEVTQPKE EKTEWKVU VQ
NKOKV VJG EWTTGPV� VQ FTQR VJG XQNVCIG CPF VQ FKXKFG VJG XQNVCIG� +P EQODKPCVKQP YKVJ
ECRCEKVQT KV KU WUGF CU HKNVGT QT KV ECP DG WUGF VQ CEJKGXG VJG VKOG EQPUVCPV CPF UQ QP�
*GPEG TGUKUVQT KU QPG QH VJG KORQTVCPV EQORQPGPV [QW ECP QDUGTXG� KP CP[ RCTVKEWNCT
EKTEWKV� 7UWCNN[ VJGTG CTG OQTG PWODGT QH TGUKUVQTU VJCP CP[ QVJGT V[RG QH EQORQPGPVU
WUGF KP EKTEWKV�

'.'%6410+%�%1/210'065

#EVKXG�%QORQPGPV�

6JG FGXKEG ECP DG WUGF HQT CORNKHKECVKQP� TGEVKHKECVKQP QT EJCPIG QH GPGTI[ HTQO QPG VQ
CPQVJGT�

'ZCORNG� 6TCPUKUVQT� &KQFG�
(QT GZCORNG .'& EQPXGTVU GNGEVTKECN GPGTI[ KPVQ NKIJV GPGTI[�

2CUUKXG�%QORQPGPVU�

6JG FGXKEG ECP DG WUGF VQ EQORNGVG C EKTEWKV YKVJ XQNVCIG CPF EWTTGPV UQWTEGU CPF
CEVKXG EQORQPGPVU�

'ZCORNG� 4GUKUVQT� %CRCEKVQT� +PFWEVQT� CPF 6TCPUHQTOGT�

9JCV�CTG�RCUUKXG�EQORQPGPVU!

6JGUG EQORQPGPVU CTG ECNNGF RCUUKXG DGECWUG VJG[ D[ VJGOUGNXGU CTG PQV ECRCDNG QH
CORNKH[KPI QT RTQEGUUKPI CP GNGEVTKECN UKIPCN� *QYGXGT VJGUG EQORQPGPVU CTG CU
KORQTVCPV CU CEVKXG EQORQPGPVU 
G�I� VTCPUKUVQT�� 9KVJQWV VJG CKF QH VJGUG EQORQPGPVU C
VTCPUKUVQT ECPPQV DG OCFG VQ CORNKH[ UKIPCNU�

4GUKUVQT�

+V QHHGTU TGUKUVCPEG VQ VJG HNQY QH EWTTGPV� 6JG VYQ OCKP EJCTCEVGTKUVKEU QH TGUKUVQTU CTG KVU
4GUKUVCPEG 
4� KP QJO CPF 2QYGT TCVKPI 
9� KP YCVVU� +P GNGEVTQPKE EKTEWKVU� VJG TGUKUVQTU
YKVJ JKIJGT 	4	 XCNWGU JCXG NQYGT YCVVCIG TCVKPI DGECWUG VJG[ JCXG NGUU EWTTGPV�

��� 6;2'5�1(�4'5+56145

%CTDQP 4GUKUVQTU�

6JKU V[RG QH TGUKUVQT KU OCFG WR QH HKPGN[ FKXKFGF %CTDQP QT ITCRJKVG OKZGF QP VJG
RQYFGTGF KPUWNCVKPI OCVGTKCN CU C DKPFGT� KP RTQRQTVKQP VQ VJG FGUKTGF �4	 XCNWG� 6JG
TGUKUVKXG GNGOGPV KU GPENQUGF KP C RNCUVKE ECUG HQT KPUWNCVKQP CPF OGEJCPKECN UVTGPIVJ�
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%CTDQP TGUKUVQTU CTG CXCKNCDNG KP TGUKUVCPEG XCNWGU QH �Ω VQ �� /Ω� 2QYGT TCVKPI
IGPGTCNN[ CXCKNCDNG KU ������� CPF � 9�

(#+.74' +0 4'5+56145

)GPGTCNN[ TGUKUVQTU CTG XGT[ TGNKCDNG CPF JCXG C XGT[ NQY HCKNWTG TCVG� $WV HCKNWTGU QEEWT
FWG VQ RCUUCIG QH VKOG� JGCV� CRRNKGF XQNVCIG� JWOKFKV[� CPF OGEJCPKECN UVTGUU�

%CTDQP %QORQUKVKQP 6[RG 4GUKUVQT

6JGUG V[RGU QH TGUKUVQTU JCXG RQQT UVCDKNKV[ CPF RQQT VGORGTCVWTG EQGHHKEKGPV� 6JG
RQUUKDNG HCKNWTGU CPF VJGKT ECWUGU CTG�

C� 12'0 %+4%7+6

�� $WTPKPI QH TGUKUVQT EGPVGT FWG VQ GZEGUU JGCV�
�� (TCEVWTKPI QH TGUKUVQT FWG VQ OGEJCPKECN UVTGUU�

C� *+)* 8#.7'

�� *GCV� XQNVCIG QT OQKUVWTG ECP ECWUG OQXGOGPV QH ECTDQP QT DKPFGT�
�� 5GRCTCVKQP QH ECTDQP RCTVKENGU FWG VQ UYGNNKPI ECWUGF D[ CDUQTRVKQP QH YCVGT�

9KTG 9QWPF 4GUKUVQTU�

+P VJKU C URGEKCN V[RG QH YKTG ECNNGF TGUKUVCPEG YKTG KU YTCRRGF CTQWPF CP KPUWNCVKPI EQTG�
6JG NGPIVJ QH VJG YKTG CPF URGEKHKE TGUKUVKXKV[ FGVGTOKPGU TGUKUVCPEG QH VJG WPKV� 6JG V[RGU
QH TGUKUVCPEG YKTG KPENWFG 6WPIUVGP CPF /CPICPKP� 6JG KPUWNCVGF EQTG KU EQOOQPN[
RQTEGNCKP QT EGOGPV�

6JGUG CTG WUGF HQT IGPGTCNN[ JKIJ EWTTGPV CRRNKECVKQPU YKVJ NQY TGUKUVCPEG CPF
CRRTGEKCDNG RQYGT� 6JG TGUKUVCPEG CTG CXCKNCDNG KP YCVVCIG TCVKPI HTQO � 9 VQ ��� 9�
6JG TGUKUVCPEG ECP DG NGUU VJCP � QJO CPF WRVQ UGXGTCN VJQWUCPF QJOU�

(KNO V[RG TGUKUVQTU�

6JGTG CTG VYQ MKPFU QH HKNO V[RG TGUKUVQT� 6JG ECTDQP HKNO V[RG JCU VJKP EQCVKPI CTQWPF CP
KPUWNCVQT� VJG OGVCN HKNO TGUKUVQT JCU URKTCN YKPFKPI CTQWPF C EGTCOKE UWDUVTCVG� 6JG
CFXCPVCIG QH OGVCN HKNO TGUKUVQT QXGT ECTDQP V[RG TGUKUVQT KU KVU OQTG RTGEKUG XCNWG QH
TGUKUVCPEG�

/GVCN (KNO 4GUKUVQTU

6JGUG TGUKUVQTU GZJKDKV NQY VGORGTCVWTG EQGHHKEKGPV CPF IQQF UVCDKNKV[� 6JG OGVCN
TGUKUVQTU CTG CXCKNCDNG KP RQYGT TCVKPIU QH ��� OY VQ �9�6JG RQUUKDNG HCKNWTGU CTG�

C� 12'0 %+4%7+6

�� 5ETCVEJKPI QH HKNO�
�� *KIJ XQNVCIG QT VGORGTCVWTG ECWUKPI FKUKPVGITCVKQP�
�� 1RGP EKTEWKV HCKNWTG QEEWTU KP JKIJGT XCNWG QH TGUKUVQTU FWG VQ VJKP TGUKUVCPEG

URKTCN�
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C� *+)* 01+5'

�� $CF EQPVCEV QH GPF EQPPGEVQTU FWG VQ RQQT CUUGODN[ QP VJG EKTEWKV�

%JKR TGUKUVQTU�

6JGUG JCXG ECTDQP EQCVKPI HKNNGF KPVQ C UQNKF EGTCOKE UWDUVTCVG� 6JG RWTRQUG KU VQ JCXG
OQTG RTGEKUG TGUKUVCPEG XQNWOG CPF ITGCVGT UVCDKNKV[ YKVJ VGORGTCVWTG�

(WUKDNG TGUKUVQT�

6JKU KU YKTG YQWPF TGUKUVQT V[RG� +V DWTPU QRGP GCUKN[ YJGP RQYGT TCVKPI KU GZEGGFGF� +V
UGTXGU FWCN RWTRQUG QH C HWUG CPF CNUQ C TGUKUVQT VQ NKOKV VJG EWTTGPV�

�����4'5+5614�%1.174�%1&+0)

4GUKUVQT EQNQWT EQFKPI KU WUGF VQ ECNEWNCVG VJG XCNWG QH TGUKUVCPEG CU RGT VJG EQNQWT
EQFGU IKXGP DGNQY�

%QNQWT�%QFG

%QNQWT 8CNWG %QNQWT 8CNWG

$NCEM � )TGGP �
$TQYP � $NWG �
4GF � 8KQNGV �
1TCPIG � )TC[ �
;GNNQY � 9JKVG �

%CNEWNCVKPI�TGUKUVCPEG�XCNWG�WUKPI�EQNQWT�EQFGU�

6JG EQNQWT DCPFU QT TKPIU CTG RTKPVGF CV QPG GPF QH VJG KPUWNCVKPI DQF[� 4GCFKPI HTQO
NGHV VQ TKIJV� 6JG HKTUV DCPF ENQUG VQ VJG GFIG IKXGU HKTUV FKIKV KP VJG PWOGTKECN XCNWG QH
TGUKUVQT� VJG PGZV DCPF OCTMU UGEQPF FKIKV� 6JG VJKTF DCPF KU VJG FGEKOCN OWNVKRNKGT�

'ZCORNG�

�UV DCPF � 4GF
�PF DCPF � )TGGP
�TF DCPF � 4GF
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4 � ���� Ω � �� 
6QNGTCPEG NKOKV�

6JG XCNWG QH TGUKUVQT KU

4GF )TGGP 4GF

� � Z ��� � ����Ω

4GUKUVQTU WPFGT ��Ω�

(QT VJGUG XCNWGU� VJG VJKTF DCPF KU GKVJGT IQNF QT UKNXGT KPFKECVKPI C HTCEVKQPCN FGEKOCN
OWNVKRNKGT� /WNVKRNKECVKQP HCEVQT HQT IQNF CPF UKNXGT CTG ��� CPF ����� TGURGEVKXGN[�

'ZCORNG�

�UV UVTKRG �4GF
�PF UVTKRG�)TGGP
�TF UVTKRG �)QNF

6JG XCNWG QH TGUKUVQT KU 4GF )TGGP )QNF

� � : ��� � ��� Ω

4GUKUVQT 6QNGTCPEG�

6JG COQWPV D[ YJKEJ VJG CEVWCN TGUKUVQT KU FKHHGTGPV HTQO KVU EQNQWT�EQFGF XCNWG KU VJG
VQNGTCPEG� WUWCNN[ IKXGP KP RGTEGPV� 6JG HQWTVJ DCPF QP VJG TGUKUVQT KPFKECVGU VJG
VQNGTCPEG QH VJG TGUKUVQT� )QNF DCPF KPFKECVG �� VQNGTCPEG� 5KNXGT KPFKECVGU VJG
VQNGTCPEG QH  ����

5QOG TGUKUVQTU JCXG HKXG DCPFU KPUVGCF QH HQWT� KP VJKU ECUG� VJG HKTUV VJTGG UVTKRGU
IKXG VJTGG FKIKVU HQNNQYGF D[ VJG FGEKOCN OWNVKRNKGT VJCV KU VJG HQWTVJ UVTKRG CPF VQNGTCPEG
KU HKHVJ UVTKRG� 6JGUG TGUKUVQTU JCXG OQTG RTGEKUG XCNWGU YKVJ VQNGTCPEG QH ��� VQ �
RGTEGPV�

(KHVJ UVTKRG 6QNGTCPEG 
��
$NCEM ����
$TQYP ����
)TGGP ����
$NWG ����
8KQNGV ����

2QYGT 4CVKPI�

6JKU KU VJG OCZKOWO RQYGT� YJKEJ ECP DG FGXGNQRGF KP C TGUKUVQT YKVJQWV FCOCIG

QEEWTTKPI D[ QXGTJGCVKPI� (QT OQUV GNGEVTQPKE EKTEWKVU ����9 QT ���9 TCVKPIU CTG
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CFGSWCVG� 6JG ITGCVGT VJG RJ[UKECN UK\G QH C TGUKUVQT VJG ITGCVGT KU KVU TCVKPI� (QT RQYGT

UWRRN[ QH QVJGT CRRNKECVKQP EKTEWKVU �9� �9� �9 CTG EQOOQP�

5VCDKNKV[�

6JKU KU VJG CDKNKV[ VQ MGGR VJG UCOG XCNWG YKVJ EJCPIGU QH VGORGTCVWTG CPF CIG�

6[RGU QH 4GUKUVQTU

4GUKUVQTU CTG OCFG QH OCP[ HQTOU� DWV CNN DGNQPI VQ GKVJGT QH VJG VYQ ITQWRU�


K� (KZGF 4GUKUVQTU

KK� 8CTKCDNG 4GUKUVQTU


K� (KZGF 4GUKUVQTU
5GXGTCN V[RGU QH HKZGF TGUKUVQTU� CTG FKUEWUUGF KP 5T� 0Q� ���


KK� 8CTKCDNG 4GUKUVQTU�
6JG XCTKCDNG TGUKUVQTU ECP DG YKTG YQWPF QT ECTDQP V[RG� +V ECP DG C VJKP EQCVKPI QP
RTGUUGF RCRGT QT C OQWNFGF ECTDQP FKUE� 6JGUG CTG LQKPGF VQ VJG VYQ GZVGTPCN UQNFGTKPI
NGI VGTOKPCNU � CPF �� 6JG OKFFNG VGTOKPCN KU EQPPGEVGF VQ VJG XCTKCDNG CTO VJCV EQPVCEVU
VJG TGUKUVQT GNGOGPV D[ OGVCN URTKPI YKRGT� #U VJG UJCHV QH VJG EQPVTQN KU VWTPGF� VJG
XCTKCDNG CTO OQXGU VQ OCMG EQPVCEV CV FKHHGTGPV RQKPVU QP VJG TGUKUVQT GNGOGPV� 9JGP
VJG EQPVCEV OQXGU ENQUGT VQ QPG GPF� VJG TGUKUVCPEG DGVYGGP VJCV VGTOKPCN CPF VJG
XCTKCDNG CTO FGETGCUGU�

4JGQUVCV CPF 2QVGPVKQOGVGTU�

# TJGQUVCV KU C XCTKCDNG TGUKUVCPEG JCXKPI KVU VYQ VGTOKPCN EQPPGEVGF KP UGTKGU YKVJ NQCF�
6JG RQVGPVKQOGVGT JCU VJTGG VGTOKPCNU� 6JG HKZGF TGUKUVCPEG QT OCZKOWO �4	 CETQUU VJG
VYQ GPFU KU EQPPGEVGF CETQUU C XQNVCIG UQWTEG� 6JG XCTKCDNG CTO KU WUGF VQ XCT[ VJG
XQNVCIG FKXKUKQP DGVYGGP VJGKT EGPVTG VGTOKPCN CPF VJG GPFU�

4GUKUVCPEG OGCUWTGOGPVU�

9JGP OGCUWTKPI C TGUKUVCPEG KP C EKTEWKV� KV KU KORQTVCPV VQ DG UWTG� VJGTG CTG PQ RCTCNNGN
RCVJU CETQUU VJG TGUKUVQT DGKPI OGCUWTGF� 1VJGTYKUG TGUKUVCPEG XCNWG ECP DG OWEJ
NQYGT VJCP CEVWCN XCNWG� 9JGP OGCUWTKPI XGT[ JKIJ TGUKUVCPEG� KV KU KORQTVCPV PQV VQ
VQWEJ VJG 1JOOGVGT NGCFU� CU VJG DQF[ TGUKUVCPEG QH ��- EQOGU KP RCTCNNGN� VJWU
NQYGTKPI VJG CEVWCN XCNWG QH VJG TGUKUVCPEG DGKPI OGCUWTGF�
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��� 6*'4/+5614�

5RGEKHKECVKQPU � 2TQRGTVKGU

# 6JGTOKUVQT KU C UGOKEQPFWEVQT FGXKEG YJQUG TGUKUVCPEG XCTKGU YKVJ VGORGTCVWTG DWV
EJCPIG KP VGORGTCVWTG KU PQP�NKPGCT� %QPFWEVQT UJQYU XGT[ UOCNN EJCPIG KP TGUKUVCPEG
YKVJ VGORGTCVWTG EJCPIG DWV 6JGTOKUVQT ECP KPETGCUG QT FGETGCUG KVU TGUKUVCPEG D[ OQTG
XCNWG� *GPEG 6JGTOKUVQT ECP DG 06% QT 26%� 9JGP TGUKUVCPEG FGETGCUGU YKVJ KPETGCUG
KP VGORGTCVWTG VJGP KV KU ECNNGF CU �0GICVKXG 6GORGTCVWTG %QGHHKEKGPV		 
06%�� +H KV
KPETGCUGU VJGP KV KU ECNNGF CU �2QUKVKXG 6GORGTCVWTG %Q�GHHKEKGPV� QH TGUKUVCPEG 
26%��
6JGTOKUVQTU CTG WUGF KP OCP[ CRRNKECVKQPU NKMG OGCUWTGOGPV D[ VGORGTCVWTG�
VGORGTCVWTG EQPVTQN� VGORGTCVWTG EQORGPUCVKQP GVE�

6JGTOKUVQTU ECP DG FKTGEVN[ JGCVGF QT KPFKTGEVN[ JGCVGF YJGP VJG[ CTG XCEWWO
OQWPVGF KP C INCUU GPXGNQRG� +V KU QHVGP PGEGUUCT[ VQ UQNFGT OQWPV DTCEMGVU QT EQPPGEV
NGCFU VQ RTQXKFG GHHKEKGPV VJGTOCN EQPVCEV� 6JGTOKUVQTU CTG WUGF KP CP CRRNKECVKQP CU
GZEGUU EWTTGPV NKOKVGTU� VGORGTCVWTG UGPUQTU CPF RTQVGEVKQP FGXKEGU CICKPUV QXGTJGCVKPI�
6JG VJGTOKUVQTU CTG WUGF KP CNN MKPF QH CRRCTCVWU UWEJ CU GNGEVTKE OQVQTU� YCUJKPI
OCEJKPGU CPF #NCTO KPUVCNNCVKQPU�

6JG[ CTG RTGRCTGF HTQO VJG QZKFGU QH VJG KTQP ITQWR QH VTCPUKVKQP GNGOGPVU NKMG %T�
/P� (G� %Q QT 0K� 6JGUG QZKFGU JCXG C JKIJ TGUKUVKXKV[ KP VJG RWTG UVCVG DWV ECP DG
VTCPUHQTOGF KPVQ 5GOKEQPFWEVQTU D[ CFFKPI UOCNN COQWPVU QH HQTGKIP KQPU�

4GXKGY�3WGUVKQPU

�� 'ZRNCKP VJG EQNQWT EQFKPI QH 4GUKUVQT!
�� )KXG C UJQTV PQVG QP 6JGTOKUVQT!
�� 'ZRNCKP FKHHGTGPV V[RGU QH 4GUKUVQT!
�� 'ZRNCKP VJG 6QNGTCPEG KP 4GUKUVQT!
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%*#26'4�6*4''

(75'5

(GCVWTGU�

��� +PVTQFWEVKQP

��� 5RGEKHKECVKQP� 2TQRGTVKGU � #RRNKECVKQPU

��� 6[RGU QH (WUGU
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��� +0641&7%6+10

6JG EWTTGPV FTCYP D[ QPN[ OCEJKPG QT CRRNKCPEG KP C EKTEWKV IGVU GZEGGFGF HTQO TCVGF

RTGFGVGTOKPGF� XCNWG FWG VQ KPETGCUG QH NQCF EQPFKVKQP� UJQTV EKTEWKV� NGCMCIG HTQO VJG
OCKPU� 6JKU EWTTGPV ECP DG NKOKVGF D[ C UJQTV NGPIVJ QH YKTG MPQYP CU HWUG� YJKEJ
CWVQOCVKECNN[ OGNVU FWG VQ VJKU GZEGUUKXG EWTTGPV� CPF VJWU VJG EKTEWKV KU DTQMGP� 6JKU KU
JQY VJG YKTKPI QT CP[ CRRNKCPEG KU RTQVGEVGF� 1VJGTYKUG VJG YKTKPI CPF VJG CRRNKCPEG YKNN
DG FCOCIGF FWG VQ VJG GZEGUUKXG HNQY QH VJG EWTTGPV KP VJG EKTEWKV�

5JQTVN[� KV ECP DG UVCVGF VJCV VJG HWUG KU C FGXKEG WUGF VQ RTGXGPV QXGTJGCVKPI FWG VQ
GZEGUUKXG EWTTGPV� 6JKU KP VWTP RTQVGEVU VJG KPUWNCVKQP QH VJG YKTG� OCEJKPG QT VJG
CRRNKCPEGU HTQO QXGT JGCVKPI CPF FCOCIG�

������52'%+(+%#6+10��2412'46+'5���#22.+%#6+105

(QNNQYKPI RQKPVU UJQWNF DG PQVGF CDQWV VJG HWUG�


�� 6JG HWUG KU RWV KP VJG NKXG YKTG 
XG RJCUG� KP VJG OCKP DQCTF CPF CV VJG UWD
DTCPEJGU�


�� 6JG UK\G QH VJG HWUG YKTG UJQWNF DG DCUGF QP VJG XCNWG QH EWTTGPV CPF PQV QP
VJG OGNVKPI EWTTGPV XCNWG�


�� +H VJG HWUG QH RTQRGT TCVKPI KU PQV RTQXKFGF KP VJG EKTEWKV CPF CP[ HCWNV FGXGNQRU
FWG VQ QXGTNQCF QT UJQTV EKTEWKV� VJG HNQY QH JGCX[ EWTTGPV YKNN JGCV WR VJG YKTGU
CPF HKTG OC[ VCMG RNCEG�

4CVGF %WTTGPV QH (WUG�

$[ TCVGF EWTTGPV YG OGCP VJG EWTTGPV VJCV ECP DG ECTTKGF UCHGN[ HQT CP KPFGHKPKVG RGTKQF
YKVJQWV WPFWG JGCVKPI CPF OGNVKPI VJG HWUG YKTG� 6JKU TCVGF XCNWG CNUQ FGRGPFU WRQP
V[RGU QH HWUG JQNFGT� VGORGTCVWTG CPF HWUG EQPVCEVU�

(WUKPI %WTTGPV QH (WUG�

+V OGCPU VJG XCNWG QH EWTTGPV CV YJKEJ VJG HWUKPI YKTG OGNVU� YJGP EWTTGPV RCUUGU
VJTQWIJ KV GXGP HQT C HTCEVKQP QH UGEQPF� 6JG TCVGF EWTTGPV KU CRRTQZKOCVGN[ JCNH QH VJG
HWUKPI EWTTGPV�

(WUKPI HCEVQT � /KPKOWO HWUKPI EWTTGPV

4CVGF EWTTGPV QH VJG HWUKPI GNGOGPV

2TQRGTVKGU���#RRNKECVKQPU

(WUG WPKV UJQWNF JCXG HQNNQYKPI RTQRGTVKGU�

�� 'CU[ KUQNCVKQP QT UGRCTCVKQP HTQO VGTOKPCNU�
�� $QZ�ECUG� YJKEJ JQNFU VJG HWUG YKTG� UJQWNF DG KPUWNCVKPI OCVGTKCN UWEJ

CU RQTEGNCKP�
�� 'CUG QH TGRNCEGOGPV�

6JG HWUG DCUKECNN[ EQPUKUVU QH C EWTTGPV LECTT[KPI GNGOGPV� YJKEJ OGNVU YJGP JGCVGF VQ
VGORGTCVWTGU CDQXG ��� (� 6JG OGNVKPI CEVKQP QRGPU VJG EKTEWKV VJGTGD[ TGOQXKPI VJG
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UQWTEG QH XQNVCIG HTQO VJG EKTEWKV� 6JG HWUG YKNN JGCV CPF TGOCKP KPVCEV RTQXKFGF VJG
CRRNKGF EWTTGPV FQGU PQV RTQFWEG JGCV VJCV GZEGGFU VJG OGNVKPI RQKPV QH VJG OGVCN� +V KU�
VJGTGHQTG KORQTVCPV VJCV VJG OCVGTKCN WUGF CU C HWUKPI GNGOGPV KU GPIKPGGTGF VQ CEEWTCVG
VJKEMPGUU� NGPIVJU CPF YKFVJU VQ ECTT[ URGEKHKE XQNVCIG CPF EWTTGPV NQCFU� 1DXKQWUN[� VJG
DCUKE NCYU QH GNGEVTKEKV[ CTG CRRNKGF HQT UGNGEVKQP QH HWUG TCVKPIU HQT C URGEKHKE EKTEWKV
VCMKPI KPVQ EQPUKFGTCVKQP VJG EWTTGPV TGSWKTGF VQ OCKPVCKP VJG PQTOCN EKTEWKV QRGTCVKQP�
VQVCN GPGTI[ FKUUKRCVKQP CPF XQNVCIG TGSWKTGOGPVU� # UJQTV EKTEWKV KP VJG GSWKROGPV YKNN
OGNV C EKTEWKV HWUG KPUVCPVCPGQWUN[� 9JGP C HWUG PGGFU VQ DG TGRNCEGF VJG GZCEV
TGRNCEGOGPV QH C HWUG YKVJ DQVJ RTQRGT XQNVCIG CPF EWTTGPV TCVKPIU OWUV DG WUGF�

6JG DNQYP WR HWUG ECP KPFKECVG VJG V[RG QH UGTXKEG RTQDNGO KP PQP�HWPEVKQPCN GNGEVTQPKE
GSWKROGPV� 7UWCNN[ KH VJG INCUU ECUG QH VJG HWUG CRRGCTU ENGCT CPF VJGTG CTG DTQMGP
RKGEGU QH VJG EGPVTG EQPFWEVQT� VJG RTQDNGO JCU DGGP ECWUGF D[ C UNQY� ITCFWCN
QXGTNQCF QP VJG RQYGT UWRRN[�

+H VJG INCUU EQXGT QH VJG HWUG KU FKUEQNQTGF CPF VJG EGPVTG EQPFWEVQT KU CNOQUV OKUUKPI� KV
UJQYU VJCV VJG HCWNV YCU ECWUGF FWG VQ C UJQTV EKTEWKV� +V CNUQ KPFKECVGU VJCV VJGTG OC[ DG
QVJGT RTQDNGO VJCV RTQFWEGF C NQV QH EWTTGPV VQ HNQY XGT[ SWKEMN[ CPF FGUVTQ[KPI VJG HWUG
XKQNGPVN[ YKVJ VJG RTQFWEVKQP QH C NQV QH JGCV�

(WUG KU C XKVCN EQORQPGPV KP GSWKROGPV� +V KU WUGF CU CP KPFKECVQT QH C FGHGEV KP VJG
U[UVGO� +V RTQVGEVU VJG GSWKROGPV HTQO VJG QXGT EWTTGPV� QXGT NQCFKPI�

(WUG WPKV UJQWNF JCXG HQNNQYKPI HGCVWTGU�

�� 'CU[ KUQNCVKQP QT UGRCTCVKQP HTQO VGTOKPCNU�

�� $QZ � ECUG YJKEJ JQNFU VJG HWUG YKTG� UJQWNF DG OCFG QH KPUWNCVKPI OCVGTKCN
UWEJ CU RQTEGNCKP�

�� 'CUG QH TGRNCEGOGPV�

�����6;2'5�1(�(75'5�

�� 4QWPF V[RG HWUG WPKV 
EWV QWV� 
4GYKTCDNG�

�� -KV�MCV V[RG HWUG WPKV 
4GYKTCDNG�

�� %CVTKFIG V[RG HWUG WPKV�

�� 4QWPF 6[RG 
EWV QWV��

+V NQQMU UKOKNCT VQ C EGKNKPI 4QUG� +V KU OCFG WR QH $CMGNKVG QT RQTEGNCKP OCVGTKCN� +VU DCUG
KU HKZGF QP C YQQFGP DQCTF YKVJ UETGY� 6JGTG CTG VYQ VGTOKPCNU QP VJG DCUG KP YJKEJ VJG
HWUG GNGOGPV KU HKVVGF� 6JTGCFU CTG RTQXKFGF QP VJG DQZ CU YGNN CU QP VJG EQXGT HQT
RNCEKPI CPF TGRNCEKPI RWTRQUGU� 5OCNN JQNGU CTG RTQXKFGF QP VJG EQXGT� HQT CKT GPVTCPEG�
6JG JQNGU CNUQ RTQXKFG C RCUUCIG HQT ICUGU HQTOGF FWG VQ OGNVKPI 
DWTPKPI� QH HWUG
GNGOGPV�

(QNNQYKPI CTG FKUCFXCPVCIGU QH VJKU V[RG QH HWUG�

�� 1PG QH VJG VGTOKPCNU KU CNYC[U GPGTIKUGF YKVJ NKXG 
XG� YKTG QH VJG UWRRN[�

�� &WG VQ CDQXG TGCUQP KV KU FKHHKEWNV VQ TGRNCEG VJG HWUG GNGOGPV YKVJ OCKPU QP�
/CKP UYKVEJ OWUV DG QRGP�



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

26

�� 9JGP HWUG DNQYU QHH VJGTG KU VQQ OWEJ CTEKPI CPF VJG WPKV OC[ FCOCIGF�

(KI� ���

�� -KV�-CV V[RG (WUG 7PKV�

6JKU KU UGOK�ENQUGF V[RG WPKV� 0GKVJGT KV KU MGRV KP HTGG CKT PQT KV KU EQORNGVGN[ GPENQUGF�
6JGUG CTG WUGF HQT JQWUG JQNF QT NCDQTCVQT[ RWTRQUG OQUVN[�

6JKU V[RG QH HWUG WPKV ECP DG TGYKTGF� GXGP VJG EWV QWV VGTOKPCNU CTG GPGTIKUGF YKVJQWV
VCMKPI CP[ UCHGV[ RTGECWVKQPU� 6JKU ECP DG HKVVGF QP YQQFGP DNQEMU QT DQCTFU QT CNUQ
WUGF KP KTQP�DQZGU� 
+P +TQP�ENCF UYKVEJ��

(QNNQYKPI VGTOU CTG WUGF KP EQPPGEVKQPU YKVJ VJKU V[RG QH WPKVU�


C� (WUG NKPMU� � 6JKU RCTV EQPUKUVU QH HWUG GNGOGPV�

D� (WUG ECTTKGT� � 6JKU ECTTKGU HWUG NKPM�

E� (WUG DCUG� � +V KU HKZGF RCTV ECTT[KPI HKZGF EQPVCEV VGTOKPCNU�

(WUG DCUG ECTTKGTU CTG OCFG QH RQTEGNCKP� YJGTGCU EQPVCEVU CPF VGTOKPCNU CTG QH JCTF
DTQP\G OCVGTKCNU� (WUG ECTTKGT QP YJKEJ VJG HWUG NKPM KU MGRV ECP DG VCMGP QWV XGT[ GCUKN[
CPF UCHGN[ 
GXGP YKVJ VJG UYKVEJ KP 10 RQUKVKQP�� (KZ EQPVCEVU CTG HKVVGF VQ VJG DCUG�

$QVJ VGTOKPCNU CPF YKTGU CTG HKVVGF VQ VJG VQR VGTOKPCN� 0Q HWUG GNGOGPV KU MGRV KP PGWVTCN
YKTG� (QT VJKU RWTRQUG 0GWVTCN .KPM 
EQRRGT QT DTQP\G� KU RTQXKFGF KP &�2�+�%� UYKVEJGU�
9JGP HWUG DTKFIG YKVJ HWUG GNGOGPV KU KPUGTVGF CPF UYKVEJ KU OCFG �QP	 VJGP QPN[ VJG
EKTEWKV KU EQORNGVGF� 6JGUG HWUG WPKVU CTG TCVGF CU ������� WRVQ ��� #ORU

6JGUG V[RGU QH HWUG WPKVU CTG XGT[ UKORNG KP QRGTCVKQP CPF XGT[ EJGCR CPF GCU[ HQT
TGRNCEGOGPV�

(KI� ��� -KV�-CV 4GYKTCDNG (WUG 7PKV

�� %CTVKFIG 6[RG HWUG WPKV �

6JGUG V[RGU QH HWUG WPKVU CTG EQORNGVGN[ GPENQUGF� 6JG HWUG GNGOGPV KU MGRV KP C
RGEWNKCT UJCRG LWUV NKMG DWEMGV MPQYP CU ECTVTKFIG� 6JKU EQPVCKPGT KU HKNNGF YKVJ VJG
OCVGTKCNU �SWCTVJ	� 6JG EQPVCKPGT KU JGCV TGUKUVCPV� IQQF KPUWNCVKPI OCVGTKCN CPF KV KU
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UGCNGF EQORNGVGN[� +H VJG HWUG IQGU QHH VJG EQORNGVG WPKV KU VQ DG TGRNCEGF� 6JGTGHQTG KV KU
EQUVN[� +V ECPPQV DG TGYKTGF 
KP UQOG V[RGU� TGYKTKPI KU RQUUKDNG�� 6JGTG KU KPFGZ EKTENG QP
VJG EQPVCKPGT� YJKEJ WPFGT PQTOCN EQPFKVKQP KU ENGCT� DWV YJGP HWUG DNQYU QHH KV DGEQOGU

FCTM� 6JGUG HWUGU CTG HKZGF KP HWUG ECTTKGTU LWUV NKMG MKV�MCV HWUG KP &�2�+�%� WPKV�
(KI� ���

�� *�4�%� 6WDG (WUG 7PKV�

*�4� OGCPU JKIJ TWRVWTKPI ECRCEKV[� 6JGUG CTG UKOKNCT KP EQPUVTWEVKQP VQ ECTVTKFIG V[RGU
YKVJ VJG GZEGRVKQP VJCV VJG HWUG YKTG ECP ECTT[ JGCX[ EWTTGPV HQT C MPQYP UJQTV VKOG
RGTKQF� 6JKU JGCX[ EWTTGPV ECP DG OWEJ OQTG VJCP VJG PQTOCN TCVGF EWTTGPV� &WTKPI VJKU
VKOG KH VJG HCWNV KU TGOQXGF� KVU WUG FQGU PQV DNQY QHH QVJGTYKUG KV DNQYU QHH CPF DTGCMU
VJG EQPVKPWKV[ QH VJG EKTEWKV� 6JWU VJGUG HWUGU CTG UQOGVKOGU CNUQ ECNNGF CU 5NQY $NQY
(WUGU� 6JG ECTVTKFIG QH *�4� V[RG KU GKVJGT OCFG QH INCUU QT UQOG QVJGT EJGOKECN
EQORQWPF CPF JCU CKT VKIJV EQPUVTWEVKQP VQ CXQKF VJG GHHGEV QH CVOQURJGTKE CKT QP VJG
HWUG OCVGTKCN 
TGUWNVU KP NQYGTKPI KVU TCVGF ECRCEKV[ FWG VQ EQPVKPWQU UNQY QZKFKUCVKQP QH
VJG YKTG OCVGTKCN�� 6JGUG HWUGU CTG CXCKNCDNG KP �# VQ ��� #ORU� %CRCEKV[ TCPIGU� (WUG
GNGOGPV WUGF JGTG KU UKNXGT� /QUV RQRWNCTN[ WUGF HWUGU KP GNGEVTQPKE EKTEWKVU CTG QH � COR
VQ � COR�

(KI ���

5QOG QVJGT V[RGU QH HWUGU CTG� �

�� #WVQOCVKE %WV 1WV
�� 2NWI V[RG
�� 'ZRWNUKQP HWUG
�� .KSWKF HWUG
�� &TQR QWV HWUG�
��� /KPK %KTEWKV $TGCMGT

5WOOCT[�

6JG HWUG DCUKECNN[ EQPUKUVU QH C EWTTGPV ECTT[KPI GNGOGPV� YJKEJ OGNVU YJGP JGCVGF VQ

VGORGTCVWTGU CDQXG ���°(� 6JG OGNVKPI CEVKQP QRGPU VJG EKTEWKV VJGTGD[ TGOQXKPI VJG
UQWTEG QH XQNVCIG HTQO VJG EKTEWKV�

6JG HWUG PQTOCNN[ JGCVU WR CPF TGOCKPU KPVCEV RTQXKFGF VJG CRRNKGF EWTTGPV FQGU PQV
RTQFWEG JGCV VJCV GZEGGFU VJG OGNVKPI RQKPV QH VJG HWUG OGVCN YKTG� +V KU VJGTGHQTG
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KORQTVCPV� VJCV VJG OCVGTKCN WUGF CU C HWUKPI GNGOGPV KU GPIKPGGTGF VQ CEEWTCVG
VJKEMPGUU� NGPIVJU CPF YKFVJU VQ ECTT[ URGEKHKE XQNVCIG CPF EWTTGPV NQCFU�

(QT VJKU VJG DCUKE NCYU QH GNGEVTKEKV[ CTG CRRNKGF HQT UGNGEVKQP QH HWUG TCVKPIU HQT C URGEKHKE
EKTEWKV� VCMKPI KPVQ EQPUKFGTCVKQP VJG EWTTGPV TGSWKTGF VQ OCKPVCKP VJG PQTOCN EKTEWKV
QRGTCVKQP� VQVCN GPGTI[ FKUUKRCVKQP CPF XQNVCIG TGSWKTGOGPVU� # UJQTV EKTEWKV KP VJG
GSWKROGPV YKNN OGNV VJG EKTEWKV HWUG KPUVCPVCPGQWUN[� 9JGP C HWUG PGGFU VQ DG TGRNCEGF
VJG GZCEV TGRNCEGOGPV QH C HWUG YKVJ TGURGEV VQ DQVJ RTQRGT XQNVCIG CPF EWTTGPV TCVKPIU
OWUV DG WUGF�

6JG DNQYP WR HWUG ECP KPFKECVG VJG V[RG QH UGTXKEG RTQDNGO KP PQP�HWPEVKQPCN GNGEVTQPKE
GSWKROGPV� 7UWCNN[ KH VJG INCUU ECUG QH VJG HWUG CRRGCTU ENGCT CPF VJGTG CTG DTQMGP
RKGEGU QH VJG EGPVTG EQPFWEVQT� VJG RTQDNGO JCU DGGP ECWUGF D[ C UNQY� ITCFWCN
QXGTNQCF QP VJG RQYGT UWRRN[�

+H VJG INCUU EQXGT QH VJG HWUG KU FKUEQNQTGF CPF VJG EGPVTG EQPFWEVQT KU CNOQUV OKUUKPI� KV
UJQYU VJCV VJG HCWNV YCU ECWUGF FWG VQ C UJQTV EKTEWKV QT QVJGT RTQDNGO VJCV RTQFWEGF C
NQV QH EWTTGPV VQ HNQY XGT[ SWKEMN[ CPF FGUVTQ[KPI VJG HWUG XKQNGPVN[ YKVJ VJG RTQFWEVKQP QH
NQV QH JGCV� (WUG KU C XKVCN EQORQPGPV KP CP[ GSWKROGPV� +V KU WUGF CU CP KPFKECVQT QH C
FGHGEV KP VJG U[UVGO� +V RTQVGEVU VJG GSWKROGPV HTQO QXGT EWTTGPV QT QXGT NQCFKPI�

4GXKGY�3WGUVKQPU

�� &GHKPG HWUG GNGOGPV� HWUKPI EWTTGPV� EWTTGPV TCVKPI QH C HWUG !

�� 9JCV KU VJG KORQTVCPEG QH HWUG !

�� 'ZRNCKP -KV�MCV HWUG !

�� )KXG 0QVGU QP


C� %CTVTKFIG V[RG HWUG�


D� *�4�%� 6[RG HWUG
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016'5
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016'5
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016'5
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%*#26'4�(174

%#2#%+6145

(GCVWTGU �

��� +PVTQFWEVKQP

��� %CRCEKVQT QRGTCVKQP

��� %JCTIG 5VQTCIG

��� 4GNCVKQP DGVYGGP %� 3 � 8

��� 7PKV QH %CRCEKVCPEG

��� 6[RGU QH %CRCEKVQTU

��� %QNQWT %QFKPI QH %CRCEKVQT

��� (CKNWTG KP %CRCEKVQTU

��� #RRNKECVKQPU
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������+0641&7%6+10

%CRCEKVQT KU CPQVJGT KORQTVCPV RCUUKXG EQORQPGPV EQOOQPN[ QDUGTXGF KP GNGEVTKECN CPF
GNGEVTQPKE EKTEWKVU� 5QOG VKOGU KV KU CNUQ ECNNGF C EQPFGPUGT� $CUKECNN[ KV KU WUGF VQ UVQTG
GNGEVTKECN GPGTI[ 
D[ EJCTIKPI� CPF VQ UWRRN[ VJKU UVQTGF GPGTI[ YJGP TGSWKTGF 
D[
FKUEJCTIKPI�� 6JKU EQORQPGPV JCU RTQRGTV[ QH UVQTKPI EJCTIG CETQUU KVU VYQ RNCVGU� JGPEG
KV KU CNUQ PCOGF CU ECRCEKVQT� 6JG[ CTG CXCKNCDNG KP HKZGF CPF XCTKCDNG V[RGU� VJGKT
ECRCEKV[ KU OGCUWTGF KP WPKV �(CTCF�� 6[RKECNN[ VJG[ CTG CXCKNCDNG KP OKETQ(CTCFU�

6JG ECRCEKVQT WVKNK\CVKQP KU XGT[ JKIJ KP CP[ CPCNQI EKTEWKV�

%JCTCEVGTKUVKEU QH C %CRCEKVQT�

+V ECP UVQTG CP GNGEVTKECN EJCTIG�

+V YKNN PQV RGTOKV CP[ XQNVCIG VQ GZKUV QP KVU VGTOKPCNU WPVKN UQOG QH VJG XQNVCIG EJCTIG KU
OQXGF HTQO QPG QH KVU RNCVGU VQ CPQVJGT RNCVG�

��� %#2#%+614�12'4#6+10

+V EQPUKUV QH VYQ RCTCNNGN RNCVGU� KPUWNCVKPI OCVGTKCN ECNNGF FKGNGEVTKE UGRCTCVGU VJG RNCVGU�
'CEJ RNCVG JCU CP GSWCN SWCPVKV[ QH RQUKVKXG CPF PGICVKXG EJCPIGU YJGP KV KU PGWVTCN�
9JGP VJG XQNVCIG UQWTEG KU EQPPGEVGF VQ VJG RNCVGU QH VJG ECRCEKVQT� VJG EJCTIG KU
TGFKUVTKDWVGF� 6JG PGICVKXG EJCTIGU QH VJG WRRGT RNCVG CTG CVVTCEVGF VQ VJG RQUKVKXG
GNGEVTQFGU QH VJG RQYGT UQWTEG� 6JG RQUKVKXG EJCTIGU QP VJG NQYGUV RNCVG CTG CVVTCEVGF
VQYCTFU VJG PGICVKXG GNGEVTQFGU QH VJG RQYGT UWRRN[� 6JG TGUWNV QH VJKU CEVKQP KU C FGXKEG
EQPVCKPKPI C RQUKVKXGN[ EJCTIGF RNCVG CPF C PGICVKXGN[ EJCTIGF RNCVG�

(KI ����

��� %*#4)'�5614#)'

6JG EJCTIGU QP VJG RNCVGU QH C ECRCEKVQT FGXGNQR CP GPGTI[ HKGNF KP VJG FKGNGEVTKE OCVGTKCN
CPF CTG MPQYP CU GNGEVTKE HKGNF� +V EQPUKUVU QH NKPGU QH HQTEG DGVYGGP VJG EJCTIGF RNCVGU QH
ECRCEKVQT� 6JG NKPGU QH HQTEG CTG EQPEGPVTCVGF KP VJG FKGNGEVTKE OCVGTKCN� VJG[ VJGTGHQTG
UVQTG GPGTI[ KP VJG FKGNGEVTKE OCVGTKCN�

������4'.#6+10�$'69''0�%��3�#0&�8

% � 3�8

% � %CRCEKVCPEG QH ECRCEKVQT KP (CTCF
3 � %JCTIG QP RNCVG QH ECRCEKVQT KP %QWNQODU

8 � 8QNVCIG CETQUU VJG ECRCEKVQT KP 8QNVU�
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��� 70+6�1(�%#2#%+6#0%'

6JG DCUKE WPKV QH ECRCEKVCPEG KU (CTCF� 6JG CRRNKECVKQP QH VJG ECRCEKVQT KP GNGEVTKECN CPF
GNGEVTQPKE FGXKEGU WUWCNN[ TGSWKTGU C WPKV YKVJ XCNWG OWEJ NGUU VJCP � (CTCF� 6[RKECN
WPKVU QH ECRCEKVCPEG CTG VJG OKETQHCTCF 
���� (� CPF RKEQHCTCF 
�����(�

�����6;2'�1(�%#2#%+6145

'NGEVTQN[VKE %CRCEKVQTU�

6JG GNGEVTQN[VKE ECRCEKVQTU CTG OCFG QH OGVCN HQKN YKVJ C VJKP UWTHCEG QH OGVCN QZKFG HKNO�
1PG QH VJGUG RNCVGU KU EQCVGF YKVJ CNWOKPKWO QZKFG OCVGTKCN� 6JKU DGEQOGU VJG RQUKVKXG
RNCVG QH ECRCEKVQT� 6JG QZKFG NC[GT CEVU CU C FKGNGEVTKE OCVGTKCN HQT VJG ECRCEKVQT�

6JG GNGEVTQN[VKE ECRCEKVQT JCU RQNCTKV[ OCTMKPI QP VJGKT ECUG� 9JKNG KPUVCNNKPI CP
GNGEVTQN[VKE ECRCEKVQT� VJG RQUKVKXG NGCF OWUV CNYC[U DG EQPPGEVGF VQ VJG OQUV RQUKVKXG
NGCF QH VJG VYQ EQPPGEVKQPU� 9JGP EQPPGEVGF KP TGXGTUG RQNCTKV[� GNGEVTQN[VKE ECRCEKVQTU
GOKV ICU� YJKEJ GZRCPFU KP KVU UGCNGF EQPVCKPGT TGUWNVKPI KP GZRNQUKQP CPF FCOCIG QH
ECRCEKVQT�

.GCMCIG EWTTGPV� 6JG GNGEVTQN[VKE ECRCEKVQT JCU JKIJ NGCMCIG EWTTGPV� UKPEG VJG QZKFG

HKNO KP PQV C RGTHGEV KPUWNCVQT� 6JG NGCMCIG EWTTGPV KU V[RKECNN[ ��� VQ ��� O#�µ(�

6CPVCNWO %CRCEKVQT

6JKU KU CPQVJGT HQTO QH CP GNGEVTQN[VKE ECRCEKVQT� +V WUGU VCPVCNWO KPUVGCF QH CNWOKPKWO�

6JG HGCVWTGU QH VCPVCNWO ECRCEKVQT CTG

� .CTIGT %CRCEKVCPEG 
%� KP UOCNNGT UK\G
� .CTIGT UJGNH NKHG
� .GUU NGCMCIG EWTTGPV

0QP 'NGEVTQN[VKE %CRCEKVQTU�

%GTCOKE %CRCEKVQTU�

# VJKP RNCVG QH EGTCOKE KU OGVCNNK\GF QP DQVJ UKFGU VQ OCMG C EGTCOKE ECRCEKVQT�
%QPPGEVKPI NGCFU CTG CNUQ UQNFGTGF VQ VJG OGVCNNK\GF CTGC� 6JG DQF[ QH VJG ECRCEKVQT KU
EQCVGF YKVJ XCTPKUJ VQ IKXG C JCTF CPF INQT[ NQQM CPF OCTMGF YKVJ ECRCEKVCPEG XCNWG�
GKVJGT WUKPI PWOGTCNU QT EQNQT�EQFKPI� 6JG EQNQT�EQFKPI KU VJG UCOG CU WUGF HQT VJG

TGUKUVQTU� 6JKU V[RG QH ECRCEKVQT HGCVWTGU ECRCEKVCPEG XCNWGU WR VQ ����µH�6JKU ECRCEKVQT
JCU VJG UCOG CRRNKECVKQPU CU OKEC ECRCEKVQTU DWV CTG UOCNNGT�

/KEC %CRCEKVQT�

6JG OKEC UJGGVU CU FKGNGEVTKE CTG UVCEMGF DGVYGGP VKPHQKN UGEVKQPU HQT VJG EQPFWEVKPI
RNCVGU VQ RTQXKFG VJG TGSWKTGF ECRCEKVCPEG� #NVGTPCVG UVTKRU QH VKP HQKN CTG EQPPGEVGF
VQIGVJGT CPF DTQWIJV QWV CU QPG VGTOKPCN HQT QPG UGV QH RNCVGU� YJKNG QRRQUKVG VGTOKPCNU
EQPPGEV VQ QVJGT UGV QH KPVGTNCEGF RNCVGU� 'PVKTG WPKV KU OQNFGF KP $CMGNKVG ECUG�

/KEC ECRCEKVQTU CTG WUGF HQT UOCNN ECRCEKVCPEG XCNWG QH ��R( VQ ��� R(�

2CRGT %CRCEKVQT�

+P VJKU� VYQ TQNNU QH VKPHQKN EQPFWEVQT UGRCTCVGF D[ C VKUUWG RCRGT CU KPUWNCVQT CTG TQNNGF
KPVQ C EQORCEV E[NKPFGT� 'CEJ QWVUKFG NGCF EQPPGEVU VQ TQNN QH VKP HQKN CU C RNCVG� 6JG
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GPVKTG E[NKPFGT KU IGPGTCNN[ RNCEGF KP ECTFDQCTF EQPVCKPGT EQCVGF YKVJ YCZ QT GPENQUGF KP
RNCUVKE�

2CRGT ECRCEKVQTU CTG CNYC[U WUGF HQT OGFKWO ECRCEKVCPEG XCNWGU QH �����µ( VQ

��� µ(�

2NCUVKE HKNO %CRCEKVQT�

2NCUVKE HKNO KU WUGF KP RNCEG QH VKUUWG RCRGT CU FKGNGEVTKE� 6JKU V[RG KU CXCKNCDNG KP

�����µ( VQ ���µ( XCNWGU NKMG RCRGT ECRCEKVQT�

8#4+#$.' %#2#%+6145

+P VWPKPI EKTEWKVU� VJG XCNWG QH VJG ECRCEKVCPEG PGGFU VQ DG EJCPIGF� +P UWEJ ECRCEKVQTU�
CKT KU VJG FKGNGEVTKE CPF UWEJ ECRCEKVQTU CTG ECNNGF CKT ICPI ECRCEKVQTU� $[ TQVCVKPI VJG
UJCHV CV QPG GPF� YG ECP EJCPIG VJG EQOOQP CTGC DGVYGGP VJG OQXCDNG CPF HKZGF UGV
QH RNCVGU� 6JG ITGCVGT VJG EQOOQP CTGC VJG ITGCVGT KU VJG ECRCEKVCPEG�

/CTMKPI CPF EQFKPI�

%CRCEKVQTU JCXG VYQ URGEKHKECVKQPU QH KORQTVCPEG� QPG KU XCNWG QH ECRCEKVCPEG CPF QVJGT
KU XQNVCIG TCVKPI� 8QNVCIG TCVKPI KU VJG OCZKOWO XCNWG QH &% XQNVCIG VJCV ECP DG CRRNKGF
CETQUU VJG FGXKEG� #P[ XQNVCIG JKIJGT VJCP VJKU TCVKPI KU ECRCDNG QH FGUVTQ[KPI VJG
FKGNGEVTKE OCVGTKCN TGUWNVKPI KP HCKNWTG QH ECRCEKVQT� %CRCEKVQT XCNWGU CTG OCTMGF QP VJG
DQF[ QH VJG ECRCEKVQT�

+P EGTCOKE ECRCEKVQT VJG ECRCEKVCPEG XCNWG KU KPFKECVGF NKMG ������ +P VJKU VJG XCNWG KU

TGCF NKMG �� ×���R(� 5QOGVKOGU C NGVVGT UWEJ CU �4	 OC[ DG WUGF KP RNCEG QH FGEKOCN
RQKPV KPFKECVKPI VJG XCNWG UWEJ CU �4� YJKEJ KU GSWKXCNGPV VQ ��� R(�

�����%1.174�%1&+0)�1(�%#2#%+6145

6JG U[UVGO QH EQNQWT EQFKPI KU UKOKNCT VQ VJG EQNQWT EQFG U[UVGO QH TGUKUVQTU� QPN[
FKHHGTGPEG KU VJG CFFKVKQP QH C VGORGTCVWTG EQGHHKEKGPV� 5QOG VKOGU YQTMKPI XQNVCIG KU
KPFKECVGF D[ EQNQWT EQFG�

6JGTG CTG FKHHGTGPV OGVJQFU QH EQNQWT EQFG CU KNNWUVTCVGF�

%QNQT &KIKV /WNVKRNKGT 6QNGTCPEG %NCUU QH
%JCTCEVGTKUVKEU

$NCEM � � ��� #
$TQYP � �� �� $
4GF � ��� �� %
1TCPIG � ���� �� &
;GNNQY � ����� '
)TGGP � �� (

$NWG �
8KQNGV �
)TG[ �
9JKVG �
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(KI� ���

��� (#+.74'�+0�%#2#%+6145

�� 1RGP EKTEWKV RTQDNGOU
�� 5JQTV EKTEWKV RTQDNGOU

+� &WG VQ FKGNGEVTKE DTGCMFQYP
++� 'PXKTQPOGPVCN UJQEM
+++� /GEJCPKECN UJQEM
+8� 6JGTOCN UJQEM
8� *WOKFKV[
8+� /KUWUG�RQQT CUUGODN[
8++� 2TQNQPIGF UVQTCIG
8+++� /CPWHCEVWTKPI KORGTHGEVKQP
+:� +ORWTKVKGU KP GNGEVTQN[VKE

6'56+0) 1( %#2#%+6145�

'NGEVTQN[VKE CPF JKIJ XCNWG ECRCEKVQTU ECP DG EJGEMGF HQT QRGP EKTEWKV� UJQTV EKTEWKV CPF
NGCM[ DGJCXKQT D[ OGCPU QH CP QJOOGVGT QRGTCVGF QP VJG JKIJGUV UECNG�

+H QM VJG ECRCEKVQT YKNN UNQYN[ EJCTIG VQ UJQY C JKIJ XCNWG QH TGUKUVCPEG� +P ECUG QH QRGP
EKTEWKV VJG EJCTIKPI CEVKQP YQWNF DG CDUGPV�

6TQWDNGU KP %CRCEKVQTU

%CRCEKVQT ECP DGEQOG QRGP QT UJQTV�EKTEWKVGF� +P GKVJGT ECUG� VJKU ECRCEKVQT KU WUGNGUU
DGECWUG KV ECPPQV UVQTG EJCTIG NGCM[ ECRCEKVQT KU GSWKXCNGPV VQ C RCTVKCN UJQTV EKTEWKV
YJGTG VJG FKGNGEVTKE ITCFWCNN[ NQUGU KVU KPUWNCVKPI RTQRGTVKGU WPFGT VJG UVTGUU QH CRRNKGF
XQNVCIG� NQYGTKPI KVU TGUKUVCPEG �# IQQF ECRCEKVQT JCU XGT[ JKIJ TGUKUVCPEG QH VJG QTFGT QH
OGICQJOU� # UJQTV�EKTEWKVGF ECRCEKVQT JCU \GTQ QJO TGUKUVCPEG� QT EQPVKPWKV[� 6JG
TGUKUVCPEG QH C NGCM[ ECRCEKVQT KU NQYGT VJCP PQTOCN�

1RGP %CRCEKVQTU� +P CFFKVKQP VQ VJG RQUUKDKNKV[ QH CP QRGP EQPPGEVKQP KP CP[ V[RG QH
ECRCEKVQT� GNGEVTQN[VKE FGXGNQR JKIJ TGUKUVCPEG KP VJG GNGEVTQN[VG YKVJ CIG� RCTVKEWNCTN[ CV
JKIJ VGORGTCVWTGU� #HVGT UGTXKEG QH C HGY [GCTU� KH VJG GNGEVTQN[VG FTKGU WR� VJG ECRCEKVQT
YKNN DG RCTVKCNN[ QRGP� /WEJ QH VJG ECRCEKVQT CEVKQP KU IQPG� CPF VJG ECRCEKVQT UJQWNF DG
TGRNCEGF�
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.GCM[ %CRCEKVQTU� # NGCM[ ECRCEKVQT TGCFU 4 NGUU VJCP PQTOCN YKVJ CP QJOOGVGT�
*QYGXGT� &�% XQNVCIG VGUVU CTG OQTG FGHKPKVG� +P C EKTEWKV VJG &�%� XQNVCIG CV QPG
VGTOKPCN QH VJG ECRCEKVQT UJQWNF PQV CHHGEV VJG FE XQNVCIG CV VJG QVJGT VGTOKPCN�

5JGNH .KHG� 'ZEGRV HQT GNGEVTQN[VKE� ECRCEKVQTU FQ PQV FGVGTKQTCVG YKVJ CIG YJKNG UVQTGF�
UKPEG VJGTG KU PQ CRRNKGF XQNVCIG� 'NGEVTQN[VKE ECRCEKVQTU� NKMG VJG FT[ EGNNU UJQWNF DG WUGF
HTGUJ HTQO OCPWHCEVWTG� 6JG TGCUQP KU VJG YGV GNGEVTQN[VG�

�������#22.+%#6+105

$ FDSDFLWRU RIIHUV ORZ LPSHGDQFH WR $&� EXW YHU\ KLJK LPSHGDQFH WR '&� +HQFH
FDSDFLWRUV DUH XVHG ZKHQ ZH ZDQW WR FRXSOH DOWHUQDWLQJ YROWDJH IURP RQH FLUFXLW WR
DQRWKHU� ZKLOH DW WKH VDPH WLPH EORFNLQJ WKH '& YROWDJH IURP UHDFKLQJ WKH QH[W SDUW RI
WKH FLUFXLW� 7KH FDSDFLWRU LV DOVR XVHG DV D E\SDVV FDSDFLWRU� ZKHUH LW E\SDVVHV WKH $&
WKURXJK LW ZLWKRXW OHWWLQJ WKH $& VLJQDO WR JR DFURVV WKH FLUFXLW� &DSDFLWRUV DUH DOVR XVHG
LQ WXQHG FLUFXLWV LQ VHULHV RU SDUDOOHO ZLWK DQ LQGXFWRU�

(OHFWURO\WLF FDSDFLWRUV DUH XVHG LQ FLUFXLWV WKDW KDYH D FRPELQDWLRQ RI '& YROWDJH DQG $&
YROWDJH� 7KH '& YROWDJH PDLQWDLQV WKH UHTXLUHG SRODULW\ DFURVV WKH HOHFWURO\WLF FDSDFLWRU�
$ FRPPRQ DSSOLFDWLRQ LV (OHFWURO\WLF ILOWHU FDSDFLWRUV HOLPLQDWH �� +] $& ULSSOHV LQ D '&
SRZHU VXSSO\� $QRWKHU XVH LV IRU DXGLR FRXSOLQJ FDSDFLWRUV LQ WUDQVLVWRU DPSOLILHUV�

4GXKGY�3WGUVKQPU

�� )KXG VJG %JCTCEVGTKUVKE QH C %CRCEKVQT!

�� 'ZRNCKP %CRCEKVQT EJCTIKPI QRGTCVKQP!

�� 9JCV CTG VJG FKHHGTGPV V[RGU QH %CRCEKVQT!

�� 'ZRNCKP VJG EQNQWT EQFKPI QH %CRCEKVQT!

�� 9TKVG C UJQTV PQVG QP

C� %JCTIG 5VQTCIG

D� 7PKV QH ECRCEKVCPEG

C� 4GNCVKQP DGVYGGP %� 3 � 8�
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%*#26'4�(+8'

+0&7%6+8'�%1/210'06

(GCVWTGU�

��� +PVTQFWEVKQP VQ /CIPGVKE /CVGTKCN�

��� /CIPGVKE 2TQRGTVKGU�

��� +PFWEVQT

��� 2TQRGTVKGU

��� 6[RGU CPF #RRNKECVKQPU

��� 6TQWDNGU KP %QKNU

��� 6TCPUHQTOGT�

��� 6[RGU QH 6TCPUHQTOGT�

��� 'HHKEKGPE[ QH C VTCPUHQTOGT

���� 6WTP 4CVKQ

���� %QGHHKEKGPV QH EQWRNKPI

���� %QORCTKUQP QH UVGR WR CPF UVGR FQYP VTCPUHQTOGT
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������+0641&7%6+10�61�/#)0'6+%�/#6'4+#.

6JG OCIPGVKE OCVGTKCN CTG VJQUG KP YJKEJ C UVCVG QH OCIPGVK\CVKQP ECP DG KPFWEGF�
9JGP KV KU OCIPGVK\GF� KV ETGCVGU C OCIPGVKE HKGNF KP VJG UWTTQWPFKPI URCEG� /CIPGVKE
OCVGTKCNU RNC[ CP KORQTVCPV TQNG KP GNGEVTQPKE GPIKPGGTKPI� /CIPGVKE OCVGTKCNU CTG WUGF KP
OCIPGVKE EKTEWKVU� KP GNGEVTQOCIPGVU� OCEJKPGU� VTCPUHQTOGT� UCVWTCDNG TGCEVQTU� TGNC[U
CPF OCP[ KPUVTWOGPVU� 6JG GNGEVTQPKE GPIKPGGTU OWUV DG YGNN XGTUGF YKVJ VJG
EJCTCEVGTKUVKEU QH VJG OCIPGVKE OCVGTKCNU� UQ VJCV VJG[ EJQQUG VJG RTQRGT OCVGTKCN HQT VJG
EQPUVTWEVKQP QH C FGUKTGF FGXKEG�

#NN VJG UWDUVCPEG HQWPF KP PCVWTG RQUUGU UQOG OCIPGVKE RTQRGTVKGU CPF KPVGTCEVU YKVJ CP
GZVGTPCN OCIPGVKE HKGNF� 6JG OCIPGVKE RTQRGTVKGU QH C UWDUVCPEG FGRGPF QP VJG OCIPGVKE
RTQRGTVKGU QH VJG KPFKXKFWCN GNGOGPVCT[ RCTVKENGU� VJG UVTWEVWTG QH CVQOU CPF OQNGEWNGU
CPF VJGKT ITQWRKPIU� 5VWFKGU QP VJG OCIPGVKE RTQRGTVKGU QH OKETQ RCTVKENGU TGXGCN VJCV VJG
OCIPGVKE DGJCXKQWT QH CVQOU NCTIGN[ FGRGPFU QP VJCV QH GNGEVTQPU� 6JG OCIPGVKUO QH
QVJGT RCTVKENGU KU KPUKIPKHKECPV� 6JWU VJG OCIPGVKE OQOGPV QH VJG CVQOKE PWENGWU QH
CRRTQZKOCVGN[ QPG VJQWUCPFVJ VQ VJCV QH VJG GNGEVTQPKE UJGNN QH VJG CVQO� 6JG OCIPGVKE
OQOGPV QH CP GNGEVTQP CTKUGU FWG VQ KVU QTDKVCN� TGXQNWVKQP CPF VYKPKPI 
URKP� OQVKQP�

������/#)0'6+%�2412'46+'5

/CIPGVKE 2GTOGCDKNKV[�

6JG RGTOGCDKNKV[ HQT VJG OCIPGVKE OCVGTKCNU KU VJG ETKVGTKC HQT UGNGEVKPI VJGO�

(QT FKGNGEVTKE OCVGTKCN

& � εφεΕ

εφ � #DUQNWVG RGTOKVKXKV[ HQT HTGG URCEG �����×����� HNO�

ε � #DUQNWVG RGTOKVKXKV[�

' � 'NGEVTKE KPVGPUKV[ ' KU XQNV � OGVGT�
& � 'NGEVTKE FKURNCEGOGPV�

#PF UKOKNCTN[ HQT VJG OCIPGVKE OCVGTKCN YG JCXG

$ � µ
�
µ

T
ε Η

9JGTG  µ
T

� µ/µ0

µ
T

� 4GNCVKXG RGTOGCDKNKV[

µ
�

� 2GTOGCDKNKV[ QH XCEWWO

µ � 2GTOGCDKNKV[ QH VJG OGFKWO KP JGPT[ RGT OGVGT�

 µ0 � �×���� JGPT[ RGT OGVGT�

$ � /CIPGVKE HNWZ FGPUKV[ KP 9GDGT � O�

+H C OCIPGVK\CVKQP EWTXG QH OCIPGVKE OCVGTKCN URGEKOGP DGVYGGP VJG HNWZ FGPUKV[ $ CPF
VJG HKGNF KPVGPUKV[ * KU RNQVVGF D[ OCMKPI VJG WUG QH VJG HQNNQYKPI EKTEWKV�
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(KI� ���

6JG HNWZ NKPMGF KU φ. +H �#	 KU VJG ETQUU�UGEVKQPCN CTGC QH VJG URGEKOGP CPEJQT TKPI VJGP�

$ � φ�# # � #TGC KP O�

#PF * � 0+�.
O

* � WPKHQTO OCIPGVKE HKGNF QH UVTGPIVJ KP 0GYVQP�YD

.
O
� /GCP NGPIVJ QH OCIPGVKE HNWZ

6JG HNCV UGEVKQP QH VJG $ � * EWTXG KU TGRTGUGPVGF D[ CP GSWCVKQP IKXGP D[

$ � * �
CD*� $ � HNWZ FGPUKV[ KP YD�O�

9JGTG�
C � JCTFPGUU EQPUVCPV KU VJG OGCUWTG QH VJG XCNWG *� PGEGUUCT[ VQ CVVCKP IKXGP

HTCEVKQP UCVWTCVKQP�

D � ��$
U

9JGTG $
U
KU VJG UCVWTCVKQP FGPUKV[ QH VJG OCVGTKCN�

4GVGPVKXKV[� 6JG TGUKFWCN HNWZ FGPUKV[ $
T
QP VJG NQQR KU ECNNGF TGVGPVKXKV[�

%QGTEKXKV[� 6JG EQGTEKXG HQTEG� YJKEJ KU TGSWKTGF VQ TGFWEG $ VQ \GTQ� KU ECNNGF VJG
EQGTEKXKV[�

'PGTI[ 2TQFWEV� 6JG OCZKOWO $* RTQFWEV KU MPQYP CU GPGTI[ RTQFWEV� +V KU VJG
SWCPVKV[ QH KORQTVCPEG HQT RGTOCPGPV OCIPGVKE OCVGTKCNU�

(KI ���

9JGTG� 0 � 0WODGT QH VWTPU QP VJG URGEKOGP
.O � /GCP NGPIVJ QH OCIPGVKE HNWZ
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� π & 
& � &KCOGVGT QH 4KPI�
+ � %WTTGPV KP COOGVGT�

6JG ITCRJ QH �$	 CICKPUV �*	 KU UJQYP�

µ
U

� $�µ
�
*

� $��π × ���� *

µ
OCZ

� $
O
CV RQKPV #

*
O

2GTOGCDKNKV[ QH C OCIPGVKE OCVGTKCN KU

µ � $�* 9JGTG µ � #DUQNWVG RGTOGCDKNKV[ KP *GPT[�O

µ � µ
�

µ
T

µ
�
� #DUQNWVG RGTOGCDKNKV[ �π × �� *�O

4GNWEVKXKV[�

6JG TCVKQ ��µ
�

µ
T
KU ECNNGF VJG TGNWEVKXKV[ QH C OCIPGVKE OCVGTKCN�

��� +0&7%614

+PFWEGF XQNVCIG KU VJG TGUWNV QH HNWZ EWVVKPI CETQUU C EQPFWEVQT� 6JKU CEVKQP ECP DG
RTQFWEGF D[ RJ[UKECN OQVKQP QH GKVJGT VJG OCIPGVKE HKGNF QT VJG EQPFWEVQT� 9JGP VJG
EWTTGPV KP C EQPFWEVQT XCTKGU KP CORNKVWFG� 6JG XCTKCVKQPU QH EWTTGPV CPF KVU CUUQEKCVGF
OCIPGVKE HKGNF CTG GSWKXCNGPV VQ OQVKQP QH VJG HNWZ� #U VJG EWTTGPV KPETGCUGU KP XCNWG� VJG
OCIPGVKE HKGNF GZRCPFU QWVYCTF HTQO VJG EQPFWEVQT� 9JGP VJG EWTTGPV FGETGCUGU� VJG
HKGNF EQNNCRUGU KPVQ VJG EQPFWEVQT� #U VJG HKGNF GZRCPFU CPF EQNNCRUGU YKVJ EJCPIGU QH
EWTTGPV� VJG HNWZ GHHGEVKXGN[ GZRCPFU CPF EQNNCRUGU� 9KVJ EJCPIGU QH EWTTGPV VJG HNWZ KU
GHHGEVKXGN[ KP OQVKQP� 6JGTGHQTG C XCT[KPI EWTTGPV ECP RTQFWEG KPFWEGF XQNVCIG YKVJQWV
VJG PGGF HQT OQVKQP QH VJG EQPFWEVQT�

(KI� ���

6JKU OQXKPI HNWZ EWVU CETQUU VJG EQPFWEVQT VJCV KU RTQXKFKPI VJG EWTTGPV� RTQFWEKPI
KPFWEGF XQNVCIG KP VJG YKTG KVUGNH� (WTVJGTOQTG CP[ QVJGT EQPFWEVQT KP VJG HKGNF� YJGVJGT
ECTT[KPI EWTTGPV QT PQV� CNUQ KU EWV D[ VJG XCT[KPI HNWZ CPF JCU KPFWEGF XQNVCIG�

+V KU KORQTVCPV VQ PQVG VJCV KPFWEVKQP D[ C XCT[KPI EWTTGPV TGUWNVU HTQO VJG EJCPIG KP
EWTTGPV� PQV VJG EWTTGPV XCNWG KVUGNH� 6JG EWTTGPV OWUV EJCPIG VQ RTQXKFG OQVKQP QH VJG
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HNWZ� 5KPEG KPFWEVCPEG KU C OGCUWTG QH KPFWEGF XQNVCIG� VJG COQWPV QH KPFWEVCPEG JCU CP
KORQTVCPV GHHGEV KP CP[ EKTEWKV KP YJKEJ VJG EWTTGPV EJCPIGU�

5GNH�+PFWEVCPEG�.

6JG CDKNKV[ QH C EQPFWEVQT VQ KPFWEG XQNVCIG KP KVUGNH YJGP VJG EWTTGPV EJCPIGU KU KVU UGNH�
KPFWEVCPEG 
QT UKORNG KPFWEVCPEG�� 6JG U[ODQN HQT KPFWEVCPEG KU .� CPF KVU WPKV KU VJG
*GPT[ 
*�� 1PG *GPT[ KU VJG COQWPV QH KPFWEVCPEG VJCV CNNQYU QPG XQNV VQ DG KPFWEGF
YJGP VJG EWTTGPV EJCPIGU CV VJG TCVG QH QPG CORGTG RGT UGEQPF� 6JG HQTOWNC KU

. � 8.

FK�FV5

(KI� ���

9JGTG 8
.
KU KP XQNVU CPF FK�FV KU VJG EWTTGPV EJCPIG KP CORGTGU RGT UGEQPF� 6JG UGNH�

KPFWEGF XQNVCIG CETQUU CP KPFWEVCPEG . RTQFWEGF D[ C EJCPIG KP EWTTGPV FK�FV ECP DG
UVCVGF CU

8
.
� . FK�FV

9JGTG 8
.
KU KP 8QNVU� . KU KP *GPT[U� CPF FK�FV KP #ORGTGU RGT UGEQPF�

6JG OQXKPI HNWZ EWVU CETQUU VJG EQPFWEVQT RTQXKFKPI VJG EWTTGPV VJCV RTQFWEGU KPFWEGF
XQNVCIG KP VJG YKTG KVUGNH� (WTVJGT CP[ QVJGT EQPFWEVQT KP VJG HKGNF� YJGVJGT ECTT[KPI VJG
EWTTGPV QT PQV KU CNUQ EWV D[ VJG XCT[KPI HNWZ CPF JCU KPFWEGF XQNVCIG� +V KU KORQTVCPV VQ
PQVG VJCV� KPFWEVKQP D[ C XCT[KPI EWTTGPV TGUWNVU HTQO VJG EJCPIG KP EWTTGPV PQV VJG
EWTTGPV XCNWG KVUGNH� 6JG EWTTGPV OWUV EJCPIG VQ RTQXKFG OQVKQP VQ VJG HNWZ�

5KPEG KPFWEVCPEG KU C OGCUWTG QH KPFWEGF XQNVCIG� VJG COQWPV QH KPFWEVCPEG JCU CP
KORQTVCPV GHHGEV KP CP[ EKTEWKV KP YJKEJ VJG EWTTGPV EJCPIGU�

+PFWEVCPEG QH %QKN�

+P VGTOU QH RJ[UKECN EQPUVTWEVKQP QH CP KPFWEVQT� VJG KPFWEVCPEG FGRGPFU QP JQY C EQKN KU
YQWPF�

�� # ITGCVGT PWODGT QH VWTPU 
0�� KPETGCUGU 	 .	 DGECWUG OQTG XQNVCIG ECP
DG KPFWEGF� #EVWCNN[ 	 .	 KPETGCUGU KP RTQRQTVKQP VQ 0�� &QWDNG VJG PWODGT
QH VWTPU KP VJG UCOG CTGC CPF NGPIVJ� KPETGCUGU VJG KPFWEVCPEG HQWT VKOGU�

�� /QTG CTGC 	#	 GPENQUGF D[ GCEJ VWTP KPETGCUGU 	 .	� 6JKU OGCPU C EQKN YKVJ
NCTIGT VWTPU JCU OQTG KPFWEVCPEG� 6JG 	 .	 KPETGCUGU KP FKTGEV RTQRQTVKQP VQ
	#	 CPF CU VJG USWCTG QH VJG FKCOGVGT QH GCEJ VWTP�
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�� 6JG 	 . 	 KPETGCUGU YKVJ VJG RGTOGCDKNKV[ QH VJG EQTG 
µ�� (QT CP CKT EQTG� µ
KU \GTQ� 9KVJ C OCIPGVKE EQTG� 	 . 	 KU KPETGCUGF D[ µ HCEVQT� CU VJG
OCIPGVKE HNWZ KU EQPEGPVTCVGF KP VJG EQKN�

�� 6JG 	 . 	 FGETGCUGU YKVJ OQTG NGPIVJ HQT VJG UCOG PWODGT QH VWTPU CU VJG
OCIPGVKE HKGNF VJGP IGVU NGUU EQPEGPVTCVGF�

/WVWCN KPFWEVCPEG .
/
�

9JGP VJG EWTTGPV KP CP KPFWEVQT EJCPIGU� VJG XCT[KPI HNWZ ECP EWV CETQUU CP[ QVJGT
KPFWEVQT PGCTD[� 6JKU RTQFWEGU KPFWEGF XQNVCIG KP DQVJ KPFWEVQTU� +P HKIWTG DGNQY� VJG
EQKN .

�
KU EQPPGEVGF VQ C IGPGTCVQT VJCV RTQFWEGU XCT[KPI EWTTGPV KP VJG VWTPU� 6JG

YKPFKPI .
�
KU PQV EQPPGEVGF VQ .

�
DWV VJG VWTPU CTG NKPMGF D[ VJG OCIPGVKE HKGNF� # XCT[KPI

EWTTGPV KP .
�
VJGTGHQTG KPFWEGU XQNVCIG CETQUU .

�
CPF VJGTGD[ CNUQ KP .

�
�

+H CNN HNWZ QH VJG EWTTGPV KP .
�
NKPMU CNN VJG VWTPU QH VJG EQKN .

�
� VJGP GCEJ VWTP KP .

�
YKNN JCXG

VJG UCOG COQWPV QH KPFWEGF XQNVCIG CU GCEJ VWTP JCU KP .
�
� (WTVJGT VJG KPFWEGF XQNVCIG

8
. �
ECP RTQFWEG EWTTGPV KP C NQCF TGUKUVCPEG EQPPGEVGF CETQUU .

�
�

(KI� ���

9JGP VJG KPFWEGF XQNVCIG RTQFWEGU EWTTGPV .
�
� KVU XCT[KPI OCIPGVKE HKGNF KPFWEGU

XQNVCIG KP .
�
� 6JG VYQ EQKNU .

�
CPF .

�
JCXG OWVWCN KPFWEVCPEG� VJGTGHQTG EWTTGPV KP QPG

ECP KPFWEGU XQNVCIG KP VJG QVJGT�

��� 2412'46+'5

+V KU KORQTVCPV VQ PQVG VJCV KPFWEVKQP D[ C XCT[KPI EWTTGPV TGUWNVU HTQO VJG EJCPIG KP
EWTTGPV� PQV VJG EWTTGPV XCNWG KVUGNH� 6JG EWTTGPV OWUV EJCPIG VQ RTQXKFG OQVKQP VQ VJG
HNWZ� 'ZCORNG� # NCTIG XCNWG QH &% EWTTGPV UC[ ����#� ECPPQV RTQFWEG CP[ KPFWEGF

XQNVCIG CU NQPI CU VJG EWTTGPV XCNWG KU EQPUVCPV� 9JGTGCU C EWTTGPV QH �µ# EJCPIKPI VQ

�µ#� JQYGXGT FQGU KPFWEG C NKVVNG XQNVCIG�

6JG EJCTCEVGTKUVKEU QH KPFWEVCPEG CTG EQPUKFGTGF VQ DG KORQTVCPV KP�

�� #% EKTEWKVU� *GTG VJG EWTTGPV KU EQPVKPWQWUN[ EJCPIKPI CPF RTQFWEKPI KPFWEGF
XQNVCIG� .QYGT HTGSWGPEKGU QH CNVGTPCVKPI EWTTGPV TGSWKTG OQTG KPFWEVCPEG VQ RTQFWEG VJG
UCOG COQWPV QH KPFWEGF XQNVCIG CU C JKIJGT HTGSWGPE[ EWTTGPV� 6JG EWTTGPV ECP JCXG
CP[ YCXGHQTO CU NQPI CU VJG CORNKVWFG KU EJCPIKPI�
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�� &% EKTEWKVU KP YJKEJ VJG EWTTGPV EJCPIGU KP XCNWG� +V KU PQV PGEGUUCT[ HQT VJG
EWTTGPV VQ TGXGTUG FKTGEVKQP� 1PG GZCORNG KU C &% EKTEWKV DGKPI VWTPGF QP QT QHH�
9JGP VJG FKTGEV EWTTGPV KU EJCPIKPI DGVYGGP \GTQ CPF KVU UVGCF[ XCNWG� VJG
KPFWEVCPEG CHHGEVU VJG EKTEWKV CV VJG VKOG QH UYKVEJKPI� 6JKU GHHGEV YKVJ C UWFFGP
EJCPIG KU ECNNGF VJG VTCPUKGPV TGURQPUG� # UVGCF[ FKTGEV EWTTGPV VJCV FQGU PQV
EJCPIG KP XCNWG KU PQV CHHGEVGF D[ KPFWEVCPEG� DGECWUG VJGTG ECP DG PQ KPFWEGF
XQNVCIG YKVJQWV C EJCPIG KP EWTTGPV�

��� 6;2'5���#22.+%#6+105

#NN KPFWEVQTU CTG NKUVGF WPFGT VYQ ECVGIQTKGU� (KZGF CPF 8CTKCDNG� +PFWEVQTU VJCV CTG WUGF
KP RQYGT UWRRNKGU HQT UOQQVJKPI VJG RWNUCVKPI EWTTGPV CTG MPQYP CU HKNVGT EJQMGU� #WFKQ
HTGSWGPE[ EJQMGU CTG WUGF VQ RTQXKFG JKIJ KORGFCPEG VQ CWFKQ HTGSWGPEKGU� 8CTKCDNG
KPFWEVQTU CTG WUGF KP VWPKPI EKTEWKVU HQT TCFKQ HTGSWGPEKGU�

+PFWEVCPEG JCU DGGP QPG QH VJG KORQTVCPV RCUUKXG GNGOGPVU� WUGF KP HTGSWGPE[ UGNGEVKXG
GNGEVTKECN PGVYQTMU� +V JCU DGGP KP WUG UKPEG VJG DGIKPPKPI QH VGNGEQOOWPKECVKQP
GPIKPGGTKPI� +V KU CP KORQTVCPV EQPUVKVWGPV KP C YKFG XCTKGV[ QH GNGEVTQPKE GSWKROGPV
TCPIKPI HTQO VGNGRJQP[ VQ FQOGUVKE TCFKQ� VGNGXKUKQP� #P KPFWEVQT KU C UKPING YKPFKPI QP C
OCIPGVKE EQTG� #V CWFKQ CPF NQY ECTTKGT HTGSWGPEKGU� KPFWEVQTU JCXG KTQP EQTGU WUKPI C
UJGNN V[RG QH EQTG DWKNV WR QH '+� 78 QT 67 V[RGU QH NCOKPCVKQPU� 5WEJ EQTGU ECP RTQXKFG
UWHHKEKGPVN[ NCTIG KPFWEVCPEG CPF NQY &% TGUKUVCPEG KP TGCUQPCDNG UK\GU� *QYGXGT�
NCOKPCVGF EQTG KPFWEVQTU JCXG NQY 3 HCEVQTU CPF VJG XCNWG QH KPFWEVCPEG XCNWG KU
KORTGEKUG�

��� 6417$.'5�+0�%1+.5

6JG OQUV EQOOQP VTQWDNG KP EQKNU KU CP QRGP YKPFKPI� #P QJOOGVGT EQPPGEVGF CETQUU
VJG EQKN TGCFU KPHKPKVG TGUKUVCPEG HQT VJG QRGP EKTEWKV� +V FQGU PQV OCVVGT YJGVJGT VJG EQKN
JCU CP CKT EQTG QT CP KTQP EQTG� 5KPEG VJG EQKN KU QRGP� KV ECPPQV EQPFWEV EWTTGPV CPF
VJGTGHQTG JCU PQ KPFWEVCPEG� DGECWUG KV ECPPQV RTQFWEG KPFWEGF XQNVCIG� 9JGP VJG
TGUKUVCPEG KU EJGEMGF� VJG EQKN UJQWNF DG FKUEQPPGEVGF HTQO VJG GZVGTPCN EKTEWKV VQ
GNKOKPCVG CP[ RCTCNNGN RCVJU VJCV EQWNF CHHGEV VJG TGUKUVCPEG TGCFKPIU�

&% 4GUKUVCPEG QH C EQKN # EQKN JCU FE TGUKUVCPEG GSWCN VQ VJG TGUKUVCPEG QH VJG
YKTG WUGF KP VJG YKPFKPI� 6JG COQWPV QH TGUKUVCPEG KU NGUU YKVJ JGCXKGT YKTG CPF HGYGT
VWTPU �(QT 4( EQKNU YKVJ KPFWEVCPEG XCNWGU WR VQ UGXGTCN OKNK�JGPT[� TGSWKTKPI �� VQ ���
VWTPU QH HKPG YKTG� VJG FE TGUKUVCPEG KU � VQ ��� CRRTQZKOCVGN[� +PFWEVQTU HQT �� *\ CPF
CWFKQ HTGSWGPEKGU YKVJ UGXGTCN JWPFTGF VWTPU OC[ JCXG TGUKUVCPEG XCNWGU QH �� VQ
���QJOU�FGRGPFKPI QP VJG YKTG UK\G�

1RGP %QKN #P QRGP YKPFKPI JCU KPHKPKVG TGUKUVCPEG� CU KPFKECVGF D[ CP QJOOGVGT�
9KVJ C VTCPUHQTOGT VJCV JCU HQWT NGCFU QT OQTG� EJGEM VJG TGUKUVCPEG CETQUU VJG VYQ
NGCFU HQT VJG RTKOCT[� CETQUU VJG VYQ NGCFU HQT VJG UGEQPFCT[� CPF CETQUU CP[ QVJGT RCKTU
QH NGCFU HQT CFFKVKQPCN UGEQPFCT[ YKPFKPIU� (QT CP CWVQ�VTCPUHQTOGT YKVJ VJTGG NGCFU�
EJGEM VJG TGUKUVCPEG HTQO QPG NGCF VQ GCEJ QH VJG QVJGT VYQ�

9JGP VJG QRGP EKTEWKV KU KPUKFG VJG YKPFKPI� KV KU WUWCNN[ PQV RTCEVKECN VQ TGRCKT VJG EQKN�
CPF VJG GPVKTG WPKV KU TGRNCEGF� +P UQOG ECUG� CP QRGP EQPPGEVKQP CV VJG VGTOKPCNU ECP
DG TG�UQNFGTGF�
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1RGP 2TKOCT[ 9KPFKPI 9JGP VJG RTKOCT[ QH C VTCPUHQTOGT KU QRGP� PQ RTKOCT[
EWTTGPV ECP HNQY CPF VJGTG KU PQ XQNVCIG KPFWEGF KP CP[ QH VJG UGEQPFCT[ YKPFKPIU�

1RGP 5GEQPFCT[ 9KPFKPI 9JGP VJG UGEQPFCT[ QH C VTCPUHQTOGT KU QRGP� KV ECPPQV
UWRRN[ RQYGT VQ CP[ NQCF TGUKUVCPEG CETQUU VJG QRGP YKPFKPI� 9KVJ PQ EWTTGPV KP VJG
UGEQPFCT[� VJG RTKOCT[ EWTTGPV KU CNUQ RTCEVKECNN[ \GTQ� CU VJQWIJ VJG RTKOCT[ YKPFKPI
YGTG QRGP� 6JG QPN[ RTKOCT[ EWTTGPV PGGFGF KU VJG UOCNN OCIPGVK\KPI EWTTGPV VQ UWUVCKP
VJG HKGNF RTQFWEKPI KPFWEGF XQNVCIG CETQUU VJG UGEQPFCT[ YKVJQWV CP[ NQCF �+H VJG
VTCPUHQTOGT JCU UGXGTCN UGEQPFCT[ YKPFKPIU� CP QRGP YKPFKPI KP QPG UGEQPFCT[ FQGU
PQV CHHGEV VTCPUHQTOGT QRGTCVKQP HQT VJG UGEQPFCT[ EKTEWKVU VJCV CTG PQTOCN�

5JQTV CETQUU 5GEQPFCT[ 9KPFKPI +P VJKU ECUG GZEGUUKXG RTKOCT[ EWTTGPV HNQYU� CU
VJQWIJ KV YGTG UJQTV�EKTEWKVGF� QHVGP DWTPKPI QWV VJG RTKOCT[ YKPFKPI� 6JG TGCUQP KU VJCV
VJG NCTIG UGEQPFCT[ EWTTGPV JCU C UVTQPI HKGNF VJCV QRRQUGU VJG HNWZ QH VJG UGNH KPFWEGF
XQNVCIG CETQUU VJG RTKOCT[� OCMKPI KV FTCY OQTG EWTTGPV HTQO VJG IGPGTCVQT�

��� �64#05(14/'4

6TCPUHQTOGT DCUKECNN[ EQPUKUVU QH VYQ KPFWEVQTU� 1PG QH VJGUG KPFWEVQTU KU OGCPV HQT
UWRRN[KPI CNVGTPCVKPI EWTTGPV HTQO CP GZVGTPCN UQWTEG CPF KU TGHGTTGF CU C 2TKOCT[
9KPFKPI� 6JG QVJGT EQKN� KP YJKEJ 2TKOCT[ 9KPFKPI KPFWEGU VJG XQNVCIG� KU MPQYP CU
5GEQPFCT[ 9KPFKPI�

+P VTCPUHQTOGT VJG EJCPIG KP EWTTGPV KP QPG EQKN ECP KPFWEG CP '�/�(� KP VJG UGEQPF EQKN�
# VTCPUHQTOGT YQTMU QP VJG RTKPEKRNG QH OWVWCN KPFWEVCPEG� *GPEG KV KU C FGXKEG YJKEJ
VTCPUHGTU CNVGTPCVKPI EWTTGPVU QH JKIJ XQNVCIG CPF XKEG�XGTUC HTQO QPG YKPFKPI VQ QVJGT�
6TCPUHQTOGTU ECP CNUQ DG C UVGR�WR VTCPUHQTOGT QT C UVGR�FQYP VTCPUHQTOGT�

(KI� ���

# URGEKCN V[RG QH VTCPUHQTOGT YJKEJ JCU QWVRWV XQNVCIG UCOG CU VJG KPRWV XQNVCIG KU
MPQYP CU � +UQNCVKQP�6TCPUHQTOGT		� +V KU WUGF HQT KUQNCVKQP QH XQNVCIG HTQO VJG OCKP NKPG�
6JKU KU WUGHWN KP ECUGU YJGTG OCKPU UWRRN[ XQNVCIGU OC[ ECWUG RTQDNGO�

2TKPEKRNG QH 1RGTCVKQP� +H VYQ EQKNU CTG RNCEGF PGCT GCEJ QVJGT� VJG EJCPIG KP HNWZ KP
QPG EQKN YKNN EWV VJG VWTPU QH VJG QVJGT EQKN CPF YKNN KPFWEG C XQNVCIG KP KV� 6JGP VJGUG VYQ
EQKNU CTG UCKF VQ JCXG OWVWCN KPFWEVCPEG�
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��� �6;2'5�1(�64#05(14/'4


�� 2QYGT 6TCPUHQTOGT

2QYGT VTCPUHQTOGT KU CNUQ ECNNGF CU OCKP VTCPUHQTOGT K�G� KV KU OGCPV VQ QRGTCVG JCXKPI
#% OCKPU UWRRN[ CRRNKGF VQ KVU RTKOCT[ YKPFKPI� 6JG[ JCXG QPG RTKOCT[ CPF UGXGTCN
UGEQPFCT[ YKPFKPIU CU UJQYP KP HKIWTG� 6JGUG UGEQPFCT[ YKPFKPIU RTQXKFG XCTKQWU
XCNWGU QH QRGTCVKPI XQNVCIGU� FGRGPFKPI WRQP VJG UGEQPFCT[ YKPFKPI VWTPU� 6JGUG
XQNVCIGU CTG TGSWKTGF HQT VJG HWPEVKQPKPI QH EKTEWKVU KP TCFKQ CPF QVJGT GNGEVTQPKE
GSWKROGPV�

(KI� ���


�� #WFKQ (TGSWGPE[ 6TCPUHQTOGT 
#(6�

#WFKQ HTGSWGPE[ VTCPUHQTOGT KU OCFG VQ QRGTCVG CV CWFKQ HTGSWGPEKGU KP VJG TCPIG QH ��
*< VQ �� M*\� 6JG[ CTG UKOKNCT VQ VJG RQYGT VTCPUHQTOGTU DWV FKHHGT KP VJG EQPUVTWEVKQPU
CPF OCVGTKCN QH VJG EQTG� 6JG[ CTG CNYC[U WUGF VQ EQWRNG QPG UVCIG VQ CPQVJGT� 6JGUG
VTCPUHQTOGTU CTG WUGF KP CWFKQ CORNKHKGTU� 6JG[ CTG CXCKNCDNG KP DQVJ V[RGU CU UVGR WR
CU YGNN CU UVGR FQYP VTCPUHQTOGTU� +P RQYGT QWVRWV UVCIG QH TCFKQ TGEGKXGT C UVGR FQYP
CWFKQ HTGSWGPE[ VTCPUHQTOGT KU WUGF VQ OCVEJ JKIJ QWVRWV KORGFCPEG QH VJG CORNKHKGT VQ
VJG NQY KPRWV KORGFCPEG QH VJG URGCMGT� 5KPEG VTCPUHQTOGT ECP UGTXG CU C UVGR WR QT
UVGR FQYP FGXKEG HQT EWTTGPV� KV ECP CNUQ UGTXG CU C UVGR WR QT UVGR FQYP FGXKEG HQT
KORGFCPEG DGECWUG KORGFCPEG KU C TCVKQ QH XQNVCIG VQ EWTTGPV�


�� 4CFKQ (TGSWGPE[ 6TCPUHQTOGT 
4(6�

4CFKQ HTGSWGPE[ 
4(� VTCPUHQTOGTU QRGTCVG CV XGT[ JKIJ HTGSWGPEKGU� 6JG[ CTG IGPGTCNN[
WUGF YKVJ ECRCEKVQT VQ HQTO TGUQPCPV EKTEWKVU� #V JKIJGT HTGSWGPEKGU VJG 'FF[ %WTTGPV
DGEQOGU GZEGUUKXG�

6Q TGFWEG 'FF[ %WTTGPV NQUUGU� VJG 4( VTCPUHQTOGT	U EQTG KU OCFG QH CKT� 4CFKQ
HTGSWGPE[ VTCPUHQTOGT KU CNUQ WUGF HQT KPVGTUVCIG EQWRNKPI KP GNGEVTQPKE EKTEWKVU� CPF HQT
EQWRNKPI C UKIPCN VQ CPF HTQO CPVGPPC�


�� +PVGTOGFKCVG (TGSWGPE[ 6TCPUHQTOGT 
+(6�

+PVGTOGFKCVG HTGSWGPE[ TCPIG NKGU DGVYGGP VJG CWFKQ HTGSWGPE[ CPF TCFKQ HTGSWGPE[
TCPIG� 6JGUG VTCPUHQTOGTU CTG OGCPV VQ QRGTCVG CV C HKZGF HTGSWGPE[� MPQYP CU
KPVGTOGFKCVG HTGSWGPE[� +P TCFKQ�TGEGKXGT EKTEWKVU� VJG KPVGTOGFKCVG HTGSWGPE[ EQOOQPN[
WUGF KU ��� M*\� +(6 6TCPUHQTOGTU CTG CNUQ WUGF KP VJG KPVGT�ECTTKGT 
68 4GEGKXGT� UQWPF
UGEVKQP QH VGNGXKUKQP� 1VJGT +�(� VTCPUHQTOGTU YKVJ EGPVGT HTGSWGPE[ QH VJG TCPIG QH ��
/*\ VQ �� /*\ CTG WUGF KP VJG XKFGQ +�(� UGEVKQP QH 6GNGXKUKQP 
68 4GEGKXGT��
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�� #WVQ 6TCPUHQTOGT

+P CWVQVTCPUHQTOGT� UCOG EQKN KU WUGF VQ RTQXKFG VWTPU HQT VJG RTKOCT[ CU YGNN CU HQT VJG
UGEQPFCT[� +H YJQNG RCTV QH VJG EQKN KU WUGF CU C RTKOCT[ YKPFKPI CPF UOCNN RCTV QH EQKN KU
WUGF CU C UGEQPFCT[ YKPFKPI� VJGP KV KU ECNNGF CU UVGR�FQYP VTCPUHQTOGT�

+H UOCNN RQTVKQP QH VJG GPVKTG YKPFKPI KU WUGF CU C RTKOCT[ YKPFKPI CPF GPVKTG YKPFKPI KU
WUGF CU C UGEQPFCT[ YKPFKPI� VJGP KV KU MPQYP CU UVGR�WR VTCPUHQTOGT� 6JG[ CTG CNUQ
RTQXKFGF YKVJ HKZGF QT XCTKCDNG VCRU HQT XCT[KPI VJG UGEQPFCT[ XQNVCIG CU UJQYP KP VJG HKI�

(KI� ���


�� +UQNCVKQP 6TCPUHQTOGT

9JGP VJG PWODGT QH VWTPU QH VJG RTKOCT[ YKPFKPI CTG OCFG GSWCN VQ VJG PWODGT QH VWTPU
QH VJG UGEQPFCT[ YKPFKPI� VJGP VJG VTCPUHQTOGT HQTOGF KU MPQYP CU KUQNCVKQP VTCPUHQTOGT�
+V JCU VYQ EQKNU JCXKPI � VQ � VWTP TCVKQ� +V TGFWEGU VJG RQUUKDKNKV[ QH GNGEVTKE UJQEM HTQO
VJG GSWKROGPV� +V KU CNUQ WUGF KP CWFKQ HTGSWGPE[ GSWKROGPV CPF VQ DNQEM VJG &%
EQORQPGPV�


�� &TKXGT 6TCPUHQTOGT

&TKXGT VTCPUHQTOGTU CTG UKOKNCT VQ KPVGTUVCIG VTCPUHQTOGTU DWV VJG[ CTG TGSWKTGF VQ UWRRN[
EWTTGPV 
QT DCUG EWTTGPV� VQ VJG FTKXGT UVCIG� &TKXGT VTCPUHQTOGTU CTG TCVGF HQT RTKOCT[
CPF UGEQPFCT[ KORGFCPEG TCVKQ� .QY XCNWG TGUKUVCPEG FGUKIPU KV� 6JG[ CTG CNUQ TCVGF HQT
OCZKOWO HTGSWGPE[ CPF YKPFKPI TGUKUVCPEG� )GPGTCNN[ VJG UGEQPFCT[ YKPFKPI KU EGPVGT�
VCRRGF� UKPEG FTKXGT VTCPUHQTOGTU CTG WUGF KP %NCUU� $ CORNKHKGT� 6JG RTKOCT[ QH VJG
VTCPUHQTOGT OC[ DG EGPVGT�VCRGF KP UQOG RCTVKEWNCT ECUGU�

���� '((+%+'0%;�1(�64#05(14/'4

6TCPUHQTOGT GHHKEKGPE[ KU CPQVJGT HCEVQT WUGF HQT VJG FGUKIP RWTRQUGU� 'HHKEKGPE[ KU
GZRTGUUGF CU C RGTEGPVCIG� 6JG DCUKE 'ZRTGUUKQP QH GHHKEKGPE[ KU

1WVRWV
'HHKEKGPE[ � AAAAAA Z ���

+PRWV

6JG GHHKEKGPE[ TCVKPI HQT C VTCPUHQTOGT KU CNUQ IKXGP D[ CDQXG HQTOWNC� 5KPEG DQVJ XQNVCIG
CPF EWTTGPV CTG TGSWKTGF HQT VTCPUHQTOGT CEVKQP� 'HHKEKGPE[ KU PQTOCNN[ FGUETKDGF D[
EQORCTKPI KPRWV RQYGT CPF QWVRWV RQYGT� 6JG HQTOWNC HQT VJKU
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1WVRWV
'HHKEKGPE[ � AAAAAA Z ���

+PRWV

2QYGT VTCPUHQTOGT	U GHHKEKGPE[ TCPIGU DGVYGGP ��� VQ ���� +V KU RQUUKDNG VQ RTQFWEG
VTCPUHQTOGTU JCXKPI JKIJGT GHHKEKGPE[ TCVKPIU� DWV VJKU KU PQV GEQPQOKECN QT CNYC[U
RTCEVKECN� #P[ RTKOCT[ RQYGT VJCV KU PQV WUGF D[ VJG UGEQPFCT[ QH C VTCPUHQTOGT IGVU
EQPXGTVGF KPVQ JGCV KP VJG VTCPUHQTOGT� 6JG RQYGT NQUV KP VJKU OCPPGT KU PQV RTQFWEVKXG�

�����6740�4#6+1

6JG HQTOWNC HQT VWTPU TCVKQ KU

6WTPU TCVKQ � 0
2

0
5

9JGTG�

0
5
KU VJG PWODGT QH VWTPU QH YKTG KP VJG UGEQPFCT[ YKPFKPIU CPF 0

2
KU VJG PWODGT QH

VWTPU QH YKTG KP VJG RTKOCT[ YKPFKPIU� 6JKU TCVKQ KU KORQTVCPV YJGP YG EQPUKFGT VJCV VJKU
TGNCVKQPUJKR KU FKTGEVN[ TGNCVGF VQ VJG SWCPVKV[ QH KPFWEGF XQNVCIG�

������%1'((+%+'06�1(�%172.+0)

6JG SWCPVKV[ QH VJG VQVCN HNWZ FGXGNQRGF KP QPG EQKN QH EQPFWEVQT VJCV NKPMU C UGEQPF KU
MPQYP CU VJG EQGHHKEKGPV QH EQWRNKPI�

6JG NGVVGT - KU WUGF VQ GZRTGUU VJKU XCNWG

- � (NWZ NKPGU DGVYGGP .
�
CPF .

�

.
�
HNWZ

������%1/2#4+510�1(�56'2�72�#0&�56'2�&190�64#05(14/'4

5VGR 7R 6TCPUHQTOGT 5VGR FQYP 6TCPUHQTOGT

5VGR 7R 6TCPUHQTOGT 5VGR FQYP 6TCPUHQTOGT

�� 5GEQPFCT[ XQNVCIG KU OQTG VJCP �� 5GEQPFCT[ XQNVCIG KU NGUU VJCP
RTKOCT[ XQNVCIG� 2TKOCT[ XQNVCIG�
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�� 
0
�
 0

�
� �� 0

�
� 0

�

0Q� QH 5GEQPFCT[ 6WTPU � 0
�

0Q� QH 2TKOCT[ 6WTPU � 0
�

�� N
�
� N

�
�� N

�
 N

�

N
�
� %WTTGPV KP 5GEQPFCT[ 9KPFKPI

N
�
� %WTTGPV KP 2TKOCT[ 9KPFKPI

�� 6TCPUHQTOGT TCVKQ �� 6TCPUHQTOGT TCVKQ KU NGUU VJCP �
-� 8

�
� 8

�
KU OQTG VJCP �

�� 2QYGT VTCPUHQTOGT CV C 2QYGT )GPGTCVKPI �� &KUVTKDWVKQP VTCPUHQTOGT KU CP
5VCVKQP KU CP GZCORNG QH VJKU V[RG� 'ZCORNG QH VJKU V[RG�

Review Questions

�� 'ZRNCKP VJG $CUKE RTKPEKRNG QH VTCPUHQTOGT !

�� 9JCV KU VJG RWTRQUG QH C UVGR WR CPF C UVGR FQYP VTCPUHQTOGT!

�� )KXG UJQTV PQVGU QP
C� 'HHKEKGPE[ QH VTCPUHQTOGT
D� 6WTPU TCVKQ
E� %QWRNKPI EQGHHKEKGPV

�� 5VCVG VJG FKHHGTGPV OCIPGVKE RTQRGTVKGU QH VJG OCVGTKCN�
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%*#26'4�5+:

%+4%7+6�#0#.;5+5

(GCVWTGU�

��� (WPFCOGPVCN QH #% %KTEWKV CPF KVU #RRNKECVKQPU

��� #�%� %KTEWKV YKVJ 4GUKUVCPEG

��� #�%� %KTEWKV YKVJ 4GCEVCPEG

��� #�%� %KTEWKV YKVJ %CRCEKVCPEG

��� 2QYGT KP C 4GCEVKXG %KTEWKV

��� (KNVGTU

��� -KTEJQHH	U .CY

��� 5VWF[ QH 8QNVOGVGT
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������(70&#/'06#.5�1(�#%�%+4%7+6���+65�#22.+%#6+105

#% EKTEWKV EQPVCKPKPI DQVJ KPFWEVKXG CPF ECRCEKVKXG TGCEVCPEG KU ECNNGF TGUQPCPV EKTEWKV�
6JKU EKTEWKV KU FGUKIPGF VQ QRGTCVG CV C HTGSWGPE[ QT C ITQWR QH HTGSWGPEKGU� +V KU WUGF VQ
GKVJGT CEEGRV QT TGLGEV VJG FGUKTGF HTGSWGPE[ QT HTGSWGPEKGU� 4GUQPCPV EKTEWKVU CTG OQUV
EQOOQPN[ WUGF KP VJG VWPGT UGEVKQP KP TCFKQU CPF VGNGXKUKQP TGEGKXGTU� 4GUQPCPV QT
VWPGF EKTEWKVU CTG CNUQ WUGF VQ IGPGTCVG CPF CORNKH[ TCFKQ HTGSWGPE[ UKIPCNU� 6JG WUG QH
VJG TGUQPCPV EKTEWKV TGUVTKEVU VJG UKIPCN VQ VJG URGEKHKE HTGSWGPE[ HQT RTQRGT QRGTCVKQP�

/CP[ EKTEWKVU JCXG CP #% XQNVCIG CRRNKGF VQ VJGO� 6JG HCEVQTU KPHNWGPEKPI EWTTGPV CPF
XQNVCIG FTQRU CRRN[ VQ VJGUG EKTEWKVU� $QVJ KPFWEVKXG TGCEVCPEG CPF ECRCEKVKXG TGCEVCPEG
KPVTQFWEG C RJCUG UJKHV� 6JKU RJCUG UJKHV HCEVQT OWUV CNUQ DG VCMGP KPVQ EQPUKFGTCVKQP
YJKNG CVVGORVKPI VQ UQNXG VJG #% EKTEWKV HQT C XQNVCIG FTQR CPF EWTTGPV HNQY ECNEWNCVKQPU�
6JKU EJCRVGT FGCNU YKVJ OGVJQFU HQT UQNXKPI #% EKTEWKV RTQDNGOU�

6JG #% TGUKUVKXG EKTEWKVU JCXG PQ RJCUG UJKHV DGVYGGP XQNVCIG CPF EWTTGPV� +P VJKU ECUG
XQNVCIG CPF EWTTGPV UKIPCNU CTG KP RJCUG YKVJ GCEJ QVJGT� +P C RWTGN[ TGUKUVKXG #% EKTEWKV
VJGTG KU C \GTQ RJCUG UJKHV� 6JKU KU DGECWUG VJGTG CTG PQ TGCEVKXG EQORQPGPVU KP VJG
EKTEWKV�

������#�%��%+4%7+6�9+6*�4'5+56#0%'

%QODKPCVKQPU QH UGTKGU CPF RCTCNNGN TGUKUVCPEG CTG UJQYP KP HKI�

5GTKGU %KTEWKV 2CTCNNGN %KTEWKV
(KI ���

5GTKGU 4GUKUVCPEG� HQT VJG UGTKGU EKTEWKV

4
5
� 4

�
 4

�
9JGTG 4

5
� 6QVCN TGUKUVCPEG QH EKTEWKV

N � 8
6
� 4

6

8
�

� N4
�

8
�

� N4
�

0QVG VJCV VJG UGTKGU TGUKUVCPEG 4
�
CPF 4

�
UGTXG CU C XQNVCIG FKXKFGT� KP C &�%� EKTEWKV�

6JG XQNVCIG FTQR 8
�
CPF 8

�
CTG DQVJ KP RJCUG YKVJ VJG UGTKGU EWTTGPV N� YJKEJ KU EQOOQP

TGHGTGPEG�



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

59

2CTCNNGN 4GUKUVCPEG� (QT VJG RCTCNNGN EKTEWKV

8
6

8
6

+
�
� AA � +

�
� AAA

4
�

4
�

+
6
� +

�
 +

�

9KVJ C VQVCN EWTTGPV QH N
6
KP VJG OCKP NKPG HTQO VJG 8

6
UQWTEG� VJG EQODKPGF

4
�
 4

�

2CTCNNGN TGUKUVCPEG KU 4
2
� AAAAAAAAA QJO

4
�
 4

�

'CEJ DTCPEJ EWTTGPV JCU VJG UCOG RJCUG CU VJG CRRNKGF XQNVCIG� 8QNVCIG 8
6
KU VJG

TGHGTGPEG DGECWUG KV KU EQOOQP VQ DQVJ DTCPEJGU�

���� #�%�%+4%7+6�9+6*�4'#%6#0%'

(QNNQYKPI EKTEWKVU UJQY TGCEVKXG GNGOGPV QT KPFWEVQT KP UGTKGU CPF RCTCNNGN EQODKPCVKQPU�

5GTKGU %QPPGEVKQPU 2CTCNNGN %QPPGEVKQPU
(KI� ���

#NVJQWIJ :
.
KU C RJCUQT SWCPVKV[ YKVJ C ��� RJCUG CPING� +P VJKU GZCORNG� QPG V[RG QH

TGCEVKXG GNGOGPV KU WUGF� 6JGTGHQTG YKVJQWV CP[ 4 QT :
%
� VJG UGTKGU QJOU QH :

.
ECP DG

EQODKPGF FKTGEVN[� 5KOKNCTN[� VJG RCTCNNGN N
.
EWTTGPV ECP DG CFFGF�

:
.
XCNWGU KP UGTKGU

9
7

:
. 6

� :
.�
 :

.�
� N � BBB

:
.6

8
�
� N :

.�

8
�
� N :

.�

9KVJ TGICTF VQ VJG RJCUG CPING HQT VJG KPFWEVKXG TGCEVCPEG� VJG XQNVCIG CETQUU CP[ :
.

CNYC[U NGCFU VJG EWTTGPV VJTQWIJ KV D[ ���� N KU VJG TGHGTGPEG RJCUQT DGECWUG KV KU
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EQOOQP VQ CNN VJG UGTKGU EQORQPGPVU� 6JGTGHQTG� VJG XQNVCIG RJCUQT HQT 8
�
CPF 8

�

CETQUU GKVJGT TGCEVCPEG� QT 8
6
CETQUU DQVJ TGCEVCPEG� CTG UJQYP NGCFKPI N D[ ����

N
.
�XCNWGU KP RCTCNNGN

N
�
� 8

#
� :

.�
� N

�
� 8

#
� :

.�
N
6
� N

�
 N

�

6JGUG VYQ DTCPEJGU ECP DG CFFGF DGECWUG VJG[ DQVJ JCXG VJG UCOG RJCUG� 6JKU CPING
KU ��� NCIIKPI VJG XQNVCIG TGHGTGPEG RJCUQT�

5KPEG VJG XQNVCIG 8
#
KU EQOOQP VQ VJG DTCPEJGU VJKU XQNVCIG KU CETQUU :

.�
CPF :

.�
�

6JGTGHQTG 8
#
KU VJG TGHGTGPEG RJCUQT HQT RCTCNNGN EKTEWKVU�

���� #�%�%+4%7+6�9+6*�%#2#%+6#0%'

%QODKPCVKQP QH UGTKGU CPF RCTCNNGN ECRCEKVCPEG KU UJQYP DGNQY�

:
%
XCNWGU KP UGTKGU�

%CNEWNCVKQP HQT 8
�
CPF 8

�
CTG VJG UCOG CU DGHQTG KP TGCEVCPEG EKTEWKV� 9KVJ TGICTFU VQ VJG

RJCUG CPING HQT VJG ECRCEKVKXG TGCEVCPEG� VJG XQNVCIG CETQUU CP[ :
%

CNYC[U NCIU KVU

ECRCEKVKXG EJCTIG CPF FKUEJCTIG EWTTGPV + D[ ��� HQT VJG UGTKGU EKTEWKV� YJGTGCU N KU VJG

TGHGTGPEG RJCUQT� 6JG ECRCEKVKXG EWTTGPV NGCFU D[ ��� QT YG ECP UC[ VJCV GCEJ XQNVCIG

NCIU N D[ � ����

N
%
XCNWGU KP RCTCNNGN�

*GTG 8
#
KU VJG TGHGTGPEG RJCUQT� 6JG ECNEWNCVKQP HQT N

�
CPF N

�
CTG VJG UCOG� *QYGXGT PQY

GCEJ QH VJG ECRCEKVKXG DTCPEJ EWTTGPVU� N
6
NGCFU 8

#
D[ ����

5GTKGU %QPPGEVKQPU 2CTCNNGN %QPPGEVKQPU
(KI� ���

������219'4�+0�4'#%6+8'�%+4%7+6

+P C TGUKUVKXG EKTEWKV VJG XQNVCIG CPF VJG EWTTGPV CTG KP RJCUG YKVJ GCEJ QVJGT� 2QYGT KP C
EKTEWKV UWEJ CU VJKU KU VJG RTQFWEV QH XQNVCIG CPF EWTTGPV� 9JGP C EKTEWKV EQPVCKPU TGCEVKXG
EQORQPGPVU VJG XQNVCIG CPF EWTTGPV CTG PQV KP RJCUG YKVJ GCEJ QVJGT� +P QPG GZVTGOG
UGV QH EKTEWOUVCPEGU VJG XQNVCIG OC[ DG NQY YJGP VJG EWTTGPV KU JKIJ� +P CPQVJGT
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KPUVCPEG VJG QRRQUKVG OC[ DG VTWG KP VJG EKTEWKV� 9JGP CVVGORVKPI VQ ECNEWNCVG RQYGT KP
VJG TGUKUVKXG EKTEWKV VJG HQTOWNC VQ WUG KU

2 � 8N

6Q HKPF RQYGT KP C TGCEVKXG EKTEWKV� CPQVJGT HQTOWNC KU WUGF�

2 � +�4

6JKU HQTOWNC RTQFWEGU C XCNWG MPQYP CU VJG TGCN RQYGT KP VJG EKTEWKV�

#RRCTGPV 2QYGT�

6JG HCEVQT QH TGCEVCPEG KP C EKTEWKV RTQFWEGU CP QWV�QH�RJCUG EQPFKVKQP� +H VJKU HCEVQT KU
KIPQTGF� VJG COQWPV QH RQYGT KP VJG EKTEWKV KU FGVGTOKPGF D[ VJG WUG QH HQTOWNC 2 � 8N�
6JKU KU MPQYP CU CRRCTGPV RQYGT CPF VJG VGTO XQNV COR 
8#� KU WUGF VQ FGUETKDG KV� 6JG
VGTO YCVV KU WUGF VQ FGUETKDG WPKV QH TGCN RQYGT KP VJG EKTEWKV�

2QYGT HCEVQT�

6JKU VGTO KU WUGF VQ KPFKECVG VJG PWOGTKECN TCVKQ QH VJG HCEVQTU KPHNWGPEKPI RQYGT KP C
EKTEWKV� +P UGTKGU EKTEWKV� VJG HQNNQYKPI HQTOWNC KU WUGF�

2QYGT HCEVQT � 4�<
+P RCTCNNGN EKTEWKV

2QYGT HCEVQT � N4 � NV

������(+.6'4

# 4GEVKHKGT KU TGSWKTGF VQ RTQFWEG RWTG &�%� UWRRN[ CV XCTKQWU RNCEGU KP VJG GNGEVTQPKE
EKTEWKVU� *QYGXGT� VJG QWVRWV QH C TGEVKHKGT JCU RWNUCVKPI EJCTCEVGT K�G� KV EQPVCKPU C�E� CPF
&�%� EQORQPGPVU� 6JG C�E� EQORQPGPV KU WPFGUKTCDNG CPF OWUV DG MGRV CYC[ HTQO VJG
NQCF� 6Q FQ UQ� C HKNVGT EKTEWKV KU WUGF YJKEJ TGOQXGU 
QT HKNVGTU QWV� VJG C�E� EQORQPGPV
CPF CNNQYU QPN[ VJG &�%� EQORQPGPV VQ TGCEJ VJG NQCF�

(KI ���

# HKNVGT EKTEWKV KU C FGXKEG VJCV TGOQXGU VJG C�E� EQORQPGPV QH TGEVKHKGT QWVRWV DWV CNNQYU
VJG F�E� EQORQPGPV VQ TGCEJ VJG NQCF QRRQUGU C�E� DWV CNNQYU VJCV UWKVCDNG PGVYQTM QH .
CPF % ECP GHHGEVKXGN[ TGOQXG VJCV C�E� EQORQPGPV� CNNQYKPI VJG F�E� EQORQPGPV VQ TGCEJ
VJG NQCF�
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# HKNVGT EKTEWKV UJQWNF DG KPUVCNNGF DGVYGGP VJG TGEVKHKGT CPF VJG NQCF CU UJQYP KP VJG
CDQXG HKI� # HKNVGT EKTEWKV KU IGPGTCNN[ C EQODKPCVKQP QH KPFWEVQT 
.� CPF ECRCEKVQT 
%�� 6JG
HKNVGTKPI CEVKQP QH . CPF % FGRGPFU WRQP VJG DCUKE GNGEVTKECN RTKPEKRNGU� # ECRCEKVQT
RCUUGU C�E� TGCFKN[ DWV FQGU PQV RCUU F�E� CV CNN� 1P VJG QVJGT JCPF� CP KPFWEVQT QRRQUGU
C�E� DWV CNNQYU VJCV UWKVCDNG PGVYQTM QH . CPF % ECP GHHGEVKXGN[ TGOQXG VJCV C�E�
EQORQPGPV� CNNQYKPI VJG F�E� EQORQPGPV VQ TGCEJ VJG NQCF�

4% (KNVGT�

(KIWTG UJQYU VJG V[RKECN 4% HKNVGT� +V KU CNUQ ECNNGF CU ECRCEKVQT HKNVGT� +V EQPUKUV QH C
ECRCEKVQT �%	 RNCEGF CETQUU VJG TGEVKHKGT QWVRWV KP RCTCNNGN YKVJ NQCF 4

.
� 6JG RWNUCVKPI

FKTGEV XQNVCIG QH VJG TGEVKHKGT KU CRRNKGF CETQUU VJG ECRCEKVQT� #U VJG TGEVKHKGT XQNVCIG
KPETGCUGU� KV EJCTIGU VJG ECRCEKVQT CPF CNUQ UWRRNKGU EWTTGPV VQ VJG NQCF� #V VJG GPF QH
SWCTVGT E[ENG VJG ECRCEKVQT KU EJCTIGF VQ VJG RGCM XCNWG 8

/
QH VJG TGEVKHKGT XQNVCIG� 0QY�

VJG TGEVKHKGT XQNVCIG UVCTVU VQ FGETGCUG� #U VJKU QEEWT� VJG ECRCEKVQT FKUEJCTIGU VJTQWIJ
VJG NQCF CPF VJG XQNVCIG CETQUU KV FGETGCUGU CU UJQYP D[ NKPG #$ KP HKI 
KK�� 6JG XQNVCIG
CETQUU NQCF YKNN FGETGCUG UNKIJVN[ DGECWUG KOOGFKCVGN[ VJG PGZV XQNVCIG RGCM EQOGU CPF
TGEJCTIGU VJG ECRCEKVQT� 6JKU RTQEGUU KU TGRGCVGF CICKP CPF CICKP CPF VJG QWVRWV
XQNVCIG YCXGHQTO DGEQOGU #$%&'()� +V OC[ DG UGGP VJCV XGT[ NKVVNG TKRRNG KU NGHV KP VJG
QWVRWV� /QTGQXGT� QWVRWV XQNVCIG KU JKIJGT CU KV TGOCKPU UWDUVCPVKCNN[ PGCT VJG RGCM XCNWG
QH TGEVKHKGT QWVRWV XQNVCIG�

(KI� ���
.% (KNVGT�

(KIWTG UJQYU VJG V[RKECN .% HKNVGT� +V KU CNUQ ECNNGF CU EJQMG KPRWV HKNVGT� +V EQPUKUVU QH C
EJQMG EQPPGEVGF KP UGTKGU YKVJ VJG TGEVKHKGT QWVRWV CPF C HKNVGT ECRCEKVQT �%	 CETQUU VJG
NQCF� 1PN[ C UKPING HKNVGT UGEVKQP KU UJQYP� DWV UGXGTCN KFGPVKECN UGEVKQPU CTG QHVGP WUGF VQ
TGFWEG VJG RWNUCVKQP CU GHHGEVKXGN[ CU RQUUKDNG�

(KI� ���

6JG RWNUCVKPI QWVRWV QH VJG TGEVKHKGT KU CRRNKGF CETQUU VGTOKPCNU � CPF � QH VJG HKNVGT EKTEWKV�
#U FKUEWUUGF DGHQTG� VJG RWNUCVKPI QWVRWV QH TGEVKHKGT EQPVCKPU C�E� CPF F�E� EQORQPGPV�
6JG EJQMG QHHGTU JKIJ QRRQUKVKQP VQ C RCUUCIG QH C�E� EQORQPGPV DWV PGINKIKDNG
QRRQUKVKQP VQ VJG F�E� EQORQPGPV� 6JG TGUWNV KU VJCV OQUV QH VJG C�E� EQORQPGPV CRRGCTU
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CETQUU VJG EJQMG YJKNG YJQNG QH F�E� EQORQPGPV RCUUGU VJTQWIJ VJG EJQMG QP KVU YC[ VQ
NQCF� 6JKU TGUWNVU KP VJG TGFWEGF RWNUCVKQP CV VGTOKPCN ��

#V VGTOKPCN �� VJG TGEVKHKGT QWVRWV EQPVCKPU F�E� EQORQPGPVU CPF VJG TGOCKPKPI RCTV QH C�E�
EQORQPGPV YJKEJ JCU OCPCIGF VQ RCUU VJTQWIJ VJG EJQMG� 0QY� VJG NQY TGCEVCPEG QH
HKNVGT ECRCEKVQT D[RCUUGU VJG C�E� EQORQPGPV DWV RTGXGPVU VJG F�E� EQORQPGPVU VQ HNQY
VJTQWIJ KV� 6JGTGHQTG� QPN[ F�E� EQORQPGPV TGCEJGU VJG NQCF� +P VJKU YC[� HKNVGT EKTEWKV
CNNQYU F�E� EQORQPGPV CPF HKNVGTU C�E� EQORQPGPV�

������-+4%*1((	5�.#9

/CP[ V[RGU QH EKTEWKV JCXG EQORQPGPVU VJCV CTG PQV KP UGTKGU� KP RCTCNNGN QT KP UGTKGU�
RCTCNNGN� (QT GZCORNG� C EKTEWKV OC[ JCXG VYQ XQNVCIGU CRRNKGF KP FKHHGTGPV DTCPEJGU�
#PQVJGT GZCORNG KU CP WPDCNCPEGF DTKFIG EKTEWKV� YJGTG VJG TWNGU QH UGTKGU CPF RCTCNNGN
EKTEWKV ECPPQV DG CRRNKGF� *GPEG OQTG IGPGTCN OGVJQFU QH CPCN[UKU DGEQOG PGEGUUCT[�
6JGUG OGVJQFU KPENWFG VJG CRRNKECVKQP QH -KTEJQHH	U NCYU�

-KTEJQHH	U EWTTGPV .CY�

6JG CNIGDTCKE UWO QH VJG EWTTGPV GPVGTKPI CPF NGCXKPI CP[ RQKPV KP C EKTEWKV OWUV DG
GSWCN VQ \GTQ QT VJG CNIGDTCKE UWO QH EWTTGPVU KPVQ CP[ RQKPV QH VJG EKTEWKV OWUV GSWCN VJG
CNIGDTCKE UWO QH VJG EWTTGPVU QWV QH VJCV RQKPV�

#NIGDTCKE 5KIPU�

+P WUKPI -KTEJQHH	U NCY VQ UQNXG EKTEWKVU� KV KU PGEGUUCT[ VQ CFQRV EQPXGPVKQPU VJCV
FGVGTOKPG VJG CNIGDTCKE UKIPU HQT EWTTGPV CPF XQNVCIG VGTOU� # EQPXGPKGPV U[UVGO HQT
EWTTGPVU KU VQ EQPUKFGT CNN EWTTGPVU KPVQ C DTCPEJ RQKPV CU RQUKVKXG CPF CNN EWTTGPVU
FKTGEVGF CYC[ HTQO VJCV RQKPV CU PGICVKXG�

+#

+#+$+% � � 2 +%

+$

(KI� ���

%WTTGPV N
#
CPF N

$
CTG RQUKVKXG VGTOU DGECWUG VJGTG KU EWTTGPV HNQY KPVQ R� DWV N

%
� FKTGEVGF

QWV� KU PGICVKXG�
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-KTEJQHH	U 8QNVCIG .CY 
-8.��

6JG CNIGDTCKE UWO QH VJG XQNVCIGU CTQWPF CP[ ENQUGF RCVJ KU \GTQ� +H [QW UVCTV HTQO CP[
RQKPV CV QPG RQVGPVKCN CPF EQOG DCEM VQ VJG UCOG RQKPV CPF RQVGPVKCN� VJG FKHHGTGPEG QH
RQVGPVKCN OWUV DG \GTQ�

#NIGDTCKE 5KIPU�

+P FGVGTOKPKPI VJG CNIGDTCKE UKIPU HQT XQNVCIG VGTOU KP -8. GSWCVKQPU� HKTUV OCTM VJG
RQNCTKV[ QH GCEJ XQNVCIG� # EQPXGPKGPV U[UVGO VJGP KU VQ EQPUKFGT VJG ENQUGF RCVJ CPF
EQPUKFGT VJCV XQNVCIG YJQUG PGICVKXG VGTOKPCN KU TGCEJGF HKTUV CU C PGICVKXG VGTO�
5KOKNCTN[ CP[ XQNVCIG YJQUG RQUKVKXG VGTOKPCN KU TGCEJGF HKTUV EQPUKFGT KV CU C RQUKVKXG
VGTO� 6JKU OGVJQF CRRNKGU VQ N4 8QNVCIG FTQRU CPF 8QNVCIG UQWTEG� 6JG FKTGEVKQP ECP DG
ENQEMYKUG QT EQWPVGT ENQEMYKUG�

4GOGODGT VJCV GNGEVTQPU HNQYKPI KPVQ C TGUKUVQT OCMG VJCV GPF PGICVKXG YKVJ TGURGEV VQ
VJG QVJGT GPF� (QT C XQNVCIG UQWTEG� VJG FKTGEVKQP QH GNGEVTQPU TGVWTPKPI VQ VJG RQUKVKXG
VGTOKPCN KU VJG PQTOCN FKTGEVKQP HQT GNGEVTQP HNQY� YJKEJ OGCPU VJG UQWTEG� UJQWNF DG C
RQUKVKXG VGTO KP VJG XQNVCIG GSWCVKQPU�

9JGP [QW IQ CTQWPF VJG ENQUGF RCVJ CPF EQOG DCEM VQ VJG UVCTVKPI RQKPV� VJG CNIGDTCKE
UWO QH CNN VJG XQNVCIG VGTOU OWUV DG \GTQ� 6JGTG ECPPQV DG C RQVGPVKCN FKHHGTGPEG HQT QPG
RQKPV� +H [QW FQ PQV EQOG DCEM VQ VJG UVCTV� VJGP VJG CNIGDTCKE UWO KU VJG XQNVCIG DGVYGGP
VJG UVCTV CPF HKPKUJ RQKPV�

;QW ECP HQNNQY CP[ ENQUGF RCVJ� 6JG TGCUQP KU VJCV VJG XQNVCIG DGVYGGP CP[ VYQ RQKPVU
KP C EKTEWKV KU VJG UCOG TGICTFNGUU QH VJG RCVJ WUGF KP FGVGTOKPKPI VJG RQVGPVKCN
FKHHGTGPEG�

.QQR GSWCVKQPU�

#P[ ENQUGF RCVJ KU ECNNGF NQQR� UVCTVKPI HTQO RQKPV �#	 CV VJG VQR� VJTQWIJ %'(&$� CPF
DCEM VQ #� KPENWFGU VJG XQNVCIG FTQRU 8

�
� 8

�
� 8

�
CPF 8

�
CPF VJG 5QWTEG 8

6
�

6JG KPUKFG NQQR #%&$# KPENWFGU 8
�
� 8

�
� 8

�
CPF 8

6
� 6JG QVJGT KPUKFG NQQR� %'(&% YKVJ

8
�
� 8

�
CPF 8

�
FQGU PQV KPENWFG VJG XQNVCIG UQWTEG�

%QPUKFGT VJG XQNVCIG GSWCVKQP HQT VJG KPUKFG NQQR YKVJ 8
6
� +P ENQEMYKUG FKTGEVKQP� UVCTVKPI

HTQO RQKPV #� VJG CNIGDTCKE UWO QH VJG XQNVCIG KU

�8
�
� �8

�
� �8

�
 8

6
� �

(KI� ���
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8QNVCIG 8
�
� 8

�
CPF 8

�
JCXG VJG PGICVKXG UKIP� DGECWUG HQT GCEJ QH VJGUG XQNVCIGU VJG

PGICVKXG VGTOKPCN KU TGCEJGF HKTUV� *QYGXGT� VJG UQWTEG 8
6
KU C RQUKVKXG VGTO DGECWUG KVU

RNWU VGTOKPCN KU TGCEJGF HKTUV� IQKPI KP VJG UCOG FKTGEVKQP�

(QT VJG QRRQUKVG FKTGEVKQP� IQKPI EQWPVGT ENQEMYKUG KP VJG UCOG NQQR HTQO RQKPV $� 8
�
� 8

�

CPF 8
�
JCXG RQUKVKXG XCNWGU CPF 8

6
KU PGICVKXG� VJGP

8
�
8

�
8

�
�8

6
� �

������567&;�1(�81.6/'6'4

6JG DCUKE OGVGT OQXGOGPV KU C EWTTGPV UGPUKVKXG FGXKEG� +V TGCEVU VQ VJG HNQY QH EWTTGPV
VJTQWIJ KVU CTOCVWTG YKPFKPIU� 9G JCXG UGGP JQY VJG EWTTGPV KU UJKHVGF QT D[RCUUGF
CTQWPF VJG CTOCVWTG YJGP C SWCPVKV[ ITGCVGT VJCP VJG OCZKOWO NKOKV KU OGCUWTGF� +P
VJKU V[RG QH OGCUWTGOGPV VJG XQNVCIG CRRNKGF VQ VJG RCTCNNGN DCPM QH VJG OGVGT CPF KVU
UJWPV KU C EQPUVCPV XCNWG� +V KU CNUQ C XGT[ NQY XCNWG� 6JG XQNVCIG TGSWKTGF HQT HWNN�UECNG
FGHNGEVKQP QH CP COOGVGT KU WUWCNN[ NGUU VJCP �8�

6JG DCUKE OGVGT OQXGOGPV KU CNUQ WUGF VQ OGCUWTG XQNVCIG� +H RNCEKPI C TGUKUVCPEG KP
RCTCNNGN GZVGPFU VJG EWTTGPV TCPIG QH VJG OGVGT� RNCEKPI C TGUKUVCPEG KP UGTKGU YKVJ VJG
CTOCVWTG QH VJG OGVGT YKNN GZVGPF VJG XQNVCIG TCPIG� # OGVGT WUGF VQ OGCUWTG XQNVCIG KU
UJQYP� 6JKU OGVGT KU RNCEGF KP RCTCNNGN YKVJ VJG RQKPVU KP VJG EKTEWKV YJGTG VJG
OGCUWTGOGPV KU VQ DG VCMGP�

6JG XQNVOGVGT KU WUGF VQ OGCUWTG VJG FKHHGTGPEG KP GNGEVTKECN RQVGPVKCN� QT XQNVCIG�
DGVYGGP VYQ RQKPVU KP C EKTEWKV� 6JG UGTKGU TGUKUVCPEG GUVCDNKUJGU C XQNVCIG FTQR CETQUU
VJG UGTKGU UVTKPI EQPUKUVKPI QH VJG OGVGT 
4

/
� CPF VJG UGTKGU TGUKUVCPEG 
4

/
XQNV�� 6JG

TGUKUVCPEG RNCEGF KP UGTKGU KU ECNNGF C OWNVKRNKGT TGUKUVQT 
4
OWNV

�� +V OWNVKRNKGU� QT GZVGPFU�

VJG XQNVCIG TCPIG QH VJG OGVGT OQXGOGPV�

(KI� ���

6JG FGVGTOKPCVKQP QH VJG XCNWG QH VJG OWNVKRNKGT TGUKUVCPEG KU FQPG D[ WUG QH 1JO	U CPF
-KTEJQHH	U NCY� +V OC[ DG FQPG CU C VYQ�UVGR QRGTCVKQP QT C EQODKPGF QPG�UVGR
ECNEWNCVKQP�

4CPIG 'ZVGPUKQP�

%JCPIKPI VJG XCNWG QH VJG OWNVKRNKGT TGUKUVCPEG GZVGPFU VJG XQNVOGVGT	U TCPIG� (QNNQYKPI
HKIWTG UJQYU VJTGG�OWNVKRNKGT TGUKUVCPEG KP WUG� 1PG KU UGNGEVGF HQT GCEJ URGEKHKE TCPIG�
5KPEG GCEJ OWNVKRNKGT TGUKUVCPEG JCU C FKHHGTGPV QJOKE XCNWG� VJG OGVGT YKNN CNUQ OGCUWTG
FKHHGTGPV XCNWGU QH GCEJ TCPIG�
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(KI� ����

4GCFKPI VJG FKCN�

/QUV OWNVKTCPIG OGVGTU WUG GKVJGT QPG QT VYQ UECNGU HQT VJG XQNVOGVGT TCPIG� 1PG QH
VJGUG KU UJQYP KP HKIWTG� +V KU ECNKDTCVGF� QT OCTMGF� YKVJ XCNWGU DGVYGGP � � �� 'CEJ
OCLQT FKXKUKQP KU OCTMGF HTQO � QP VJG NGHV CPF KPETGCUKPI KP WPKVU QH ��� 8� 6JGTG CTG HKXG
OKPQT FKXKUKQPU� QT OCTMKPIU� DGVYGGP GCEJ PWODGT� 'CEJ QH VJGUG JCU C XCNWG QPG�HKHVJ
QH VJG FKHHGTGPEG DGVYGGP VJG OCLQT XCNWGU�

(KI� ���� /WNVKOGVGT

8QNVOGVGT 4GUKUVCPEG�

8QNVOGVGT TGUKUVCPEG KU C VGTO WUGF VQ FGUETKDG VJG VQVCN TGUKUVCPEG HQT C XQNVOGVGT
EKTEWKV� 6JKU XCNWG KU VJG QJOKE XCNWG HQT VJG OGVGT CPF KVU OWNVKRNKGT TGUKUVCPEG� 6JKU
XCNWG YKNN DG FKHHGTGPV HQT GCEJ TCPIG QH VJG OWNVKRNG�TCPIG XQNVOGVGT�

8QNVOGVGT NQCFKPI�

'HHGEV QH KPVGTPCN TGUKUVCPEG QH XQNVOGVGT QP EKTEWKV XCNWGU YJGP OCMKPI OGCUWTGOGPVU�
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&KIKVCN /WNVKOGVGT�

6JGTG CTG UGXGTCN FKHHGTGPV V[RGU QH OWNVKRNG�HWPEVKQP OGVGTU� 5QOG QH VJGUG WUG C OGVGT
OQXGOGPV CU CP QWVRWV KPFKECVQT� 5WEJ FGXKEGU CTG ENCUUKHKGF CU CPCNQI WPKV�

(WTVJGT VGEJPQNQIKECN CFXCPEGU JCXG RTQXKFGF WU YKVJ C UQNKF�UVCVG GNGEVTQPKE KPUVTWOGPV
JCXKPI C FKIKVCN TGCFQWV� &KIKVCN VGTO FGUETKDKPI OGVGT QWVRWV KPFKECVQT�FKURNC[KPI
PWODGTU KPUVGCF QH C ECNKDTCVGF FKCN UECNG� 6JG XCNWGU IKXGP KP VJKU TGCFQWV CTG WUWCNN[
XGT[ CEEWTCVG� 9G JCXG C VGPFGPE[ VQ HGGN VJCV C XCNWG QH� UC[ ���� 8 KU PQV CEEGRVCDNG
YJGP VJG EKTEWKV FKCITCO ECNNU HQT C XCNWG QH ���� 8� 6JG KPCEEWTCE[ OC[ DG FWG VQ
VQNGTCPEG XCNWGU QH VJG OGVGT QT VJG EKTEWKV CPF CNN OC[ DG YQTMKPI EQTTGEVN[� #
LWFIGOGPV HCEVQT QH � VQ �� GTTQTU UJQWNF DG KPENWFGF YJGP OCMKPI EQORCTKUQPU
DGVYGGP VJG EKTEWKV CPF EKTEWKV FKCITCO� 1PG RTQDNGO WUWCNN[ QEEWTU YJKNG WUKPI C %8/�
6JKU RTQDNGO KU TGNCVGF VQ VJG NCEM QH CP KPUVCPV TGURQPUG� QT TGCF QWV� YJGP CVVGORVKPI
VQ CFLWUV C EKTEWKV HQT C OCZKOWO QT OKPKOWO XCNWG� +V KU XGT[ RQUUKDNG VQ CFLWUV VJG
U[UVGO VQ C RQKPV GKVJGT DGHQTG QT CHVGT VJG RGCM� FWG VQ VJG VKOG NCI DGVYGGP VJG
OGCUWTGOGPV CPF VJG FKURNC[ QP VJG OGVGT� 5QOG KPUVTWOGPVU EQODKPG CP CPCNQI
TGCFQWV FGXKEG YKVJ FKIKVCN TGCF QWV VQ EQORGPUCVG HQT VJKU RTQDNGO�

4GXKGY�3WGUVKQPU

�� &KUEWUU VJG HQNNQYKPI VGTO KP TGCEVKXG EKTEWKV!
C� 4GCN RQYGT
D� #RRCTGPV RQYGT
E� 2QYGT HCEVQT

�� 9JCV KU C HKNVGT! 9J[ KV KU PGEGUUCT[! 'ZRNCKP YKVJ EKTEWKV FKCITCO!
�� 'ZRNCKP 4% HKNVGT � .% HKNVGT!
�� 5VCVG VJG -KTEJQHH	U XQNVCIG CPF EWTTGPV NCY!
�� 9TKVG C UJQTV PQVG QP

C� 8QNVOGVGT
D� &KIKVCN /WNVKOGVGT
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(GCVWTGU�

��� +PVTQFWEVKQP

��� 2TKPEKRNG QH 1RGTCVKQP

��� %NCUUKHKECVKQP QH %GNNU � $CVVGTKGU

��� (GCVWTGU QH $CVVGTKGU

��� /GCUWTKPI %GNN 8QNVCIG

��� %GNNU KP EQODKPCVKQP

��� 6[RGU QH %GNNU

C� %CTDQP � <KPE %GNN

D� <KPE %JNQTKFG %GNN

E� 0KEMGN %CFOKWO %GNN

F� 9GV %GNN

��� %JCTIKPI QH &T[ %GNN

��� 8QNVCIG CPF %WTTGPV KP 2QYGT 5QWTEG

���� 6TQWDNGUJQQVKPI
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��� +0641&7%6+10

'NGEVTKECN RQYGT UQWTEGU JCXG DGEQOG KPVGITCN CEEGUUQT[ KP VJG OQFGTP NKHG UV[NG� 6JGTG
CTG XCTKQWU V[RGU QH GNGEVTKECN RQYGT UQWTEGU DGKPI WUGF KP VJG JQOG� QHHKEG CPF KPFWUVT[
CPF VJGKT CRRNKECVKQP CTGCU CTG GXGT GZRCPFKPI�

#P KFGCN GNGEVTKE XQNVCIG 
QT EWTTGPV� UQWTEG KU VJG QPG YJKEJ IKXGU QRVKOWO RGTHQTOCPEG
WPFGT CNN QRGTCVKPI EQPFKVKQPU � +V IKXGU EQPUVCPV XQNVCIG 
EWTTGPV� HQT CNN NQCFU� JCU \GTQ
KPVGTPCN TGUKUVCPEG 
KPHKPKVG KPVGTPCN TGUKUVCPEG HQT EWTTGPV UQWTEG�� JCU KPHKPKVG ECRCEKV[
CPF ECP QRGTCVG QXGT HWNN TCPIG QH VGORGTCVWTG CPF GPXKTQPOGPVCN EQPFKVKQPU� 5WEJ CP
KFGCN XQNVCIG QT EWTTGPV UQWTEG 
UJQYP KP HKI ��� ����� KU� QH EQWTUG� UVKNN C FTGCO�

85

8

��4.

(KI L��� � %JCTCEVGTKUVKEU QH +FGCN 8QNVCIG 5QWTEG

+5

+

4.

(KI L��� � %JCTCEVGTKUVKEU QH +FGCN EWTTGPV UQWTEG

# RTCEVKECN EQPUVCPV XQNVCIG UQWTEG JCU HKPKVG KPVGTPCN TGUKUVCPEG� 6JG RTGUGPEG QH VJKU
TGUKUVCPEG ECWUGU FTQR KP VGTOKPCN XQNVCIG QH VJG UQWTEG QP NQCF� 7UWCNN[ VJG KPVGTPCN
TGUKUVCPEG KU OWEJ UOCNNGT VJCP VJG NQCF TGUKUVCPEG� VJKU XQNVCIG FTQR KU UOCNN� JGPEG�
CPF VJG VGTOKPCN XQNVCIG TGOCKPU CRRTQZKOCVGN[ EQPUVCPV HTQO PQ NQCF VQ HWNN NQCF� 6JKU
EJCPIG KP XQNVCIG HTQO PQ NQCF VQ HWNN NQCF KU VGTOGF CU NQCF TGIWNCVKQP� # RTCEVKECN
EQPUVCPV EWTTGPV UQWTEG QP VJG QVJGT JCPF JCU C JKIJ KPVGTPCN TGUKUVCPEG� 5Q HCT CU VJG
NQCF TGUKUVCPEG KU UOCNN EQORCTGF VQ VJG UQWTEG TGUKUVCPEG VJG NQCF EWTTGPV TGOCKPU
OQTG QT NGUU EQPUVCPV�

6JG NQCF EJCTCEVGTKUVKEU QH C RTCEVKECN XQNVCIG QT EWTTGPV UQWTEG CTG UJQYP HKI� ���� 6JGTG
KU CNUQ CP WRRGT NKOKV QH NQCF ECNNGF HWNN NQCF YJKEJ C EQPUVCPV XQNVCIG QT EWTTGPV UQWTEG
ECP FGNKXGT YKVJQWV XKQNCVKPI VJG URGEKHKGF RGTHQTOCPEG NKOKVU� /QTGQXGT� VJG RGTHQTOCPEG
QH VJG RTCEVKECN UQWTEGU KU CHHGEVGF D[ QVJGT GNGEVTKECN CPF GPXKTQPOGPVCN EQPFKVKQPU NKMG
EJCPIG KP KPRWV UQWTEG RCTCOGVGT EJCPIG KP VGORGTCVWTG GVE�
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��4. 
4.�
(KI���� L %JCTCEVGTKUVKEU QH EQPUVCPV 8QNVCIG 
%WTTGPV� 5QWTEG

/CP[ V[RGU QH RTCEVKECN &% UQWTEGU CTG CXCKNCDNG HQT FKXGTUG CRRNKECVKQPU� %GNNU CPF
DCVVGTKGU� GNGEVTKECN IGPGTCVQTU� CPF GNGEVTQPKE RQYGT UWRRNKGU CTG C HGY GZCORNGU QH VJG
UQWTEGU� 6JGUG UQWTEGU GZJKDKV C YKFG TCPIG QH ECRCDKNKV[ CPF EJCTCEVGTKUVKEU VQ UWKV
FKHHGTGPV CRRNKECVKQPU� 6JG EGNN CPF DCVVGTKGU JCXG DGGP C RQRWNCT UQWTEG QH RQTVCDNG
GNGEVTKECN RQYGT CPF HKPF VJGKT CRRNKECVKQPU KP JQOG CPF KPFWUVT[ CNKMG� +P VJG HQNNQYKPI
UGEVKQPU QRGTCVKPI RTKPEKRNGU� V[RG� EJCTCEVGTKUVKEU CPF CRRNKECVKQPU QH UQOG YGNN�MPQYP
DCVVGTKGU YKNN DG FKUEWUUGF�

# DCVVGT[ ECP DG FGHKPGF CU C FGXKEG VJCV EQPXGTVU VJG EJGOKECN GPGTI[ EQPVCKPGF KP KVU
CEVKXG OCVGTKCN FKTGEVN[ KPVQ GNGEVTKECN GPGTI[� 6JKU KU CEEQORNKUJGF D[ 'NGEVTQ EJGOKECN
QZKFCVKQP�TGFWEVKQP TGCEVKQP� 6JG DCUKE GNGEVTQEJGOKECN WPKV KU ECNNGF C Q%GNNR� # DCVVGT[ KU
QPG QT OQTG QH VJGUG EGNNU� EQPPGEVGF KP UGTKGU QH RCTCNNGN� QT DQVJ� $CUKE EGNN EQPUKUVU QH
VJTGG OCLQT EQORQPGPVU CPQFG� ECVJQFG CPF GNGEVTQN[VG�

6JG CPQFG CPF ECVJQFG GNGEVTQFGU CTG GNGEVTKECNN[ KUQNCVGF KP VJG EGNN CPF CTG
UWTTQWPFGF D[ VJG GNGEVTQN[VG� # UGRCTCVQT OCVGTKCN KU WUGF VQ OGEJCPKECNN[ UGRCTCVG VJG
CPQFG CPF ECVJQFG GNGEVTQFGU� VJG UGRCTCVQT OCVGTKCN KU WUGF VQ OGEJCPKECNN[ UGRCTCVG
VJG CPQFG CPF ECVJQFG GNGEVTQFGU� VJG UGRCTCVQT� KU RGTOGCDNG VQ VJG GNGEVTQN[VG KP QTFGT
VQ OCKPVCKP VJG FGUKTGF VQPKE EQPFWEVKXKV[�

��� 24+0%+2.'�1(�12'4#6+10

&KUEJCTIG 2TQEGUU

&WTKPI FKUEJCTIG VJG EGNN KU EQPPGEVGF VQ CP GZVGTPCN NQCF� VJG EQPXGPVKQPCN EWTTGPV HNQYU
HTQO VJG RQUKVKXG GNGEVTQFG VJTQWIJ VJG GZVGTPCN NQCF VQ VJG PGICVKXG GNGEVTQFG CPF
GNGEVTQPU HNQY HTQO VJG PGICVKXG GNGEVTQFG VJTQWIJ VJG GZVGTPCN NQCF VQ VJG RQUKVKXG
GNGEVTQFG� +PUKFG VJG EGNN� VJG GNGEVTKECN EKTEWKV KU EQORNGVGF KP VJG GNGEVTQN[VG D[ VJG HNQY
QH PGICVKXG VQ VJG PGICVKXG GNGEVTQFG CPF VJG RQUKVKXG KQPU VQ VJG RQUKVKXG GNGEVTQFG
TGURGEVKXGN[�

%JCTIKPI 2TQEGUU

&WTKPI VJG TGEJCTIG QH C TGEJCTIGCDNG DCVVGT[� VJG EWTTGPV HNQY KP VJG DCVVGT[ KU TGXGTUGF
QH VJG GPGTI[ KU UWRRNKGF VQ VJG DCVVGT[� +P VJKU ECUG VJG EQPXGPVKQPCN EWTTGPV HNQYU HTQO
VJG PGICVKXG GNGEVTQFG VJTQWIJ GZVGTPCN UQWTEG VQ VJG RQUKVKXG GNGEVTQFG QH VJG DCVVGT[ QT
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VJG GNGEVTQPU HNQY HTQO VJG RQUKVKXG GNGEVTQFG VJTQWIJ VJG GZVGTPCN UQWTEG VQ VJG PGICVKXG
GNGEVTQFG QH VJG DCVVGT[� +PUKFG VJG EGNN� VJG PGICVKXG KQPU HNQY VQYCTFU VJG RQUKVKXG
GNGEVTQFG CPF VJG RQUKVKXG KQPU HNQY VQYCTFU VJG PGICVKXG GNGEVTQFG� &WTKPI VJG EJCTIKPI
RTQEGUU� VJG QZKFCVKQP VCMGU RNCEG CV VJG RQUKVKXG GNGEVTQFG CPF TGFWEVKQP CV VJG PGICVKXG
GNGEVTQFG�

#HVGT TGEJCTIG� VJG UGEQPFCT[ DCVVGT[ TGXGTVU VQ KVU QTKIKPCN EJGOKECN UVCVG CPF KU TGCF[
HQT HWTVJGT FKUEJCTIG� 6JG EGNNU CTG FGUKIPGF UWEJ VJCV VJG EJGOKECN TGCEVKQP FQGU PQV
VCMG RNCEG YJGP VJG EGNN KU QRGP� CPF EQORNGVKQP QH VJG EGNN ECWUGU VJG TGCEVKQP VQ VCMG
RNCEG TGUWNVKPI KP HNQY QH EWTTGPV VQ VJG GZVGTPCN EKTEWKV FWTKPI FKUEJCTIG CPF HNQY QH
EWTTGPV KP VQ VJG EGNN FWTKPI EJCTIG�

6JG WUG QH VJG VGTOU CPQFG CPF ECVJQFG HQT VJG RQUKVKXG CPF PGICVKXG GNGEVTQFGU PGGFU
GZRNCPCVKQP CU VJG CEVKQPU QH CPQFG CPF ECVJQFG CTG TGXGTUGF FWTKPI VJG EJCTIKPI
RTQEGUU CU QRRQUGF VQ VJG FKUEJCTIG RTQEGUU� 6JG ENCUUKECN FGHKPKVKQP QH VJG CPQFG KU VJG
GNGEVTQFG VJCV QZKFK\GU CPF VJG ECVJQFG KU VJG GNGEVTQFG VJCV TGFWEGU FWTKPI CP
GNGEVTQEJGOKECN TGCEVKQP�

(TQO VJG GZCORNG IKXGP CDQXG� KV KU ENGCT VJCV FWTKPI FKUEJCTIG TGCEVKQP� VJG PGICVKXG
GNGEVTQFG CEVU CU CPQFG CPF VJG RQUKVKXG GNGEVTQFG CEVU CU VJG ECVJQFG� 1P VJG EQPVTCT[�
FWTKPI EJCTIG TGCEVKQP� VJG RQUKVKXG GNGEVTQFG CEVU CU CPQFG CPF VJG PGICVKXG GNGEVTQFG
CEVU CU ECVJQFG

#U DQVJ EJCTIG CPF FKUEJCTIG RTQEGUUGU CTG CUUQEKCVGF YKVJ UGEQPFCT[ DCVVGTKGU� VQ
CXQKF EQPHWUKQP� VJG VGTOU CPQFG CPF ECVJQFG CTG UGNFQO WUGF HQT UGEQPFCT[ DCVVGTKGU�
CPF VJG GNGEVTQFGU CTG FGUKIPCVGF CU RQUKVKXG CPF PGICVKXG GNGEVTQFGU�

#U VJG RTKOCT[ DCVVGTKGU VQ VJTQWIJ VJG FKUEJCTIG E[ENG QPN[� HQT VJG RTKOCT[ DCVVGTKGU VJG
%CVJQFG KU VJG RQUKVKXG 'NGEVTQFG� CPF VJG CPQFG KU VJG PGICVKXG GNGEVTQFG�

��� %.#55+(+%#6+10�1(�%'..5�#0&�$#66'4+'5

#U FKUEWUUGF CDQXG� VJG EGNNU CPF DCVVGTKGU CTG CXCKNCDNG KP VYQ ECVGIQTKGU L RTKOCT[

PQP�TGEJCTIGCDNG� QT UGEQPFCT[ 
TGEJCTIGCDNG� DCVVGTKGU� FGRGPFKPI QP VJGKT ECRCEKV[
QH DGKPI GNGEVTKECNN[ TGEJCTIGF�

2TKOCT[ %GNNU QT $CVVGTKGU

6JGUG EGNNU ECP PQV DG GCUKN[ TGEJCTIGF CPF� VJGTGHQTG� CTG FKUEJCTIGF QPEG CPF
FKUECTFGF� 6JG RTKOCT[ DCVVGT[ KU RQRWNCTN[ WUGU CU UQWTEG QH RQYGT HQT RQTVCDNG
GNGEVTQPKE CPF GNGEVTKECN GSWKROGPV� 6JG CFXCPVCIG QH RTKOCT[ DCVVGTKGU CTG IQQF UJGNH
NKHG� IQQF RGTHQTOCPEG CV NQY VQ OQFGTCVG EWTTGPV NQCFU� CNOQUV PQ OCKPVGPCPEG� NQY
EQUV� CPF GCUG QH WUG� /CLQTKV[ QH RTKOCT[ DCVVGTKGU CTG CXCKNCDNG CU E[NKPFTKECN CPF HNCV
EGNNU�

5GEQPFCT[ QT 4GEJCTIGCDNG %GNNU QT $CVVGTKGU

7PNKMG VJG RTKOCT[ DCVVGTKGU� VJGUG ECP DG TGEJCTIGF GNGEVTKECNN[ VQ VJGKT QTKIKPCN
EQPFKVKQP D[ RCUUKPI EWTTGPV VJTQWIJ VJGO KP VJG QRRQUKVG FKTGEVKQP VQ VJCV QH VJG
FKUEJCTIG EWTTGPV� 6JGUG CTG CNUQ MPQYP CU QUVQTCIG DCVVGTKGUR QT CEEWOWNCVQTUR 6JG
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UGEQPFCT[ DCVVGTKGU HKPF VJGKT CRRNKECVKQPU KP CWVQOQDKNGU� CKTETCHV� GOGTIGPE[ PQ HCKN
RQYGT UQWTEGU� WPKPVGTTWRVGF RQYGT U[UVGOU CPF CU RTKOCT[ QT UVCPFD[ RQYGT KP
VGNGRJQPG CPF VGNGITCRJ U[UVGOU�

#FXCPVCIG QH VJG UGEQPFCT[ DCVVGTKGU KU JKIJ RQYGT FGPUKV[� JKIJ ECRCEKV[� JKIJ
FKUEJCTIG TCVG� HNCV FKUEJCTIG EWTXG CPF IQQF NQY VGORGTCVWTG RGTHQTOCPEG� 6JG
UGEQPFCT[ DCVVGTKGU IGPGTCNN[ JCXG GPGTI[ FGPUKVKGU NQYGT VJCP VJQUG QH RTKOCT[
DCVVGTKGU� 6JG EJCTIG TGVGPVKQP QH VJG UGEQPFCT[ DCVVGTKGU CNUQ KU RQQTGT� JQYGXGT� VJG
EJCTIG NQUV D[ KVUGNH FKUEJCTIG ECP DG TGUVQTGF D[ TGEJCTIKPI�

+P VJG HQNNQYKPI UGEVKQPU� UQOG QH VJG OQUV RQRWNCT V[RGU QH RTKOCT[ CPF UGEQPFCT[
DCVVGTKGU CTG FGUETKDGF KP FGVCKN�

���� ('#674'5�1(�$#66'4+'5

1PG QT OQTG EJGOKECN EGNNU CTG WUGF VQ RTQFWEG C HKPKUJGF RTQFWEV MPQYP CU C DCVVGT[�
6JG DCVVGT[ KU JQWUGF KP C EQPVCKPGT EQPVCKPKPI UQOG EJGOKECNU� 6JG EJGOKECNU KPVGTCEV
VQ RTQFWEG C XQNVCIG NGXGN� CU NQY CU ��� 8 HQT C UKPING�EGNN DCVVGT[ VQ YGNN QXGT ��� 8 HQT
C OWNVKRNG�EGNN DCVVGT[�

$CVVGTKGU CTG WUGF VQ RTQFWEG C FKTGEV�EWTTGPV HNQY VJTQWIJ VJG NQCF� 6JG QWVRWV
EQPPGEVKQPU QH VJG DCVVGT[ JCXG EQOOQPN[ CEEGRVGF VGTOKPCNU VQ EQPPGEV VJGO VQ VJG
NQCF� 6JGUG KPENWFG ENKRU� DWVVQPU� CPF UPCR HKVVKPIU� 6JGTG CTG XCTKQWU UK\GU QH DCVVGTKGU
CXCKNCDNG� # XQNVCIG TCVKPI URGEKHKGU CNN DCVVGTKGU�

$CVVGTKGU CTG IGPGTCNN[ ENCUUKHKGF KPVQ VYQ ITQWRU� RTKOCT[ EGNNU CPF UGEQPFCT[ EGNNU� 6JG
FKHHGTGPEG DGVYGGP VJG VYQ ITQWRU KU UKORNG� 2TKOCT[ EGNNU CTG PQV PQTOCNN[
TGEJCTIGCDNG� 1PEG VJGKT EJGOKUVT[ KU GZJCWUVGF� VJG EGNN OWUV DG TGRNCEGF� 5GEQPFCT[
EGNNU CTG TGEJCTIGCDNG� 6JG[ OC[ DG WUGF QXGT C NQPI RGTKQF QH VKOG D[ MGGRKPI VJG
EJCTIG 		WR		 KP VJG EGNNU� 6[RKECN RTKOCT[ EGNNU KPENWFG C NCTIG ITQWR QH EGNNU� OCFG
RTKOCTKN[ HTQO C EQODKPCVKQP QH NGCF CPF \KPE� 5GEQPFCT[ EGNNU KPENWFG NGCF�CEKF

CWVQOQDKNG� DCVVGTKGU� PKEMGN�ECFOKWO� CPF UQOG V[RGU QH DCVVGTKGU OCFG HTQO C
OCPICPGUG FKQZKFG OKZVWTG�

+P VJG GCTN[ FC[U QH TCFKQ� DCVVGTKGU YGTG WUGF VQ UWRRN[ VJG QRGTCVKPI RQYGT� 6JGTG
YGTG VJTGG ECVGIQTKGU HQT VJGUG DCVVGTKGU� 6JG[ YGTG KFGPVKHKGF CU #� $ CPF % DCVVGT[�
6JG �#� DCVVGT[ YCU WUGF VQ JGCV VJG HKNCOGPVU QH VJG XCEWWO VWDGU KP VJG TCFKQ� �$�
DCVVGTKGU YGTG WUGF HQT VJG F�E� RNCVG XQNVCIG QH VJG VWDGU� CPF VJG �%� DCVVGT[
GUVCDNKUJGF C RQKPV QH QRGTCVKQP HQT VJG EQPVTQN GNGOGPVU QH VJG VWDG� 'XGP VJQWIJ VWDG�
V[RG TCFKQU TGSWKTKPI DCVVGTKGU CTG QDUQNGVG PQY� VJG VGTOKPQNQI[ TGNCVKPI VQ VJG DCVVGT[
ENCUU HWPEVKQP KU UVKNN RCTVKCNN[ KP WUG�

6JG �#� DCVVGT[ KU C NQY�XQNVCIG UQWTEG 
UVKNN KFGPVKHKGF HQT KVU QTKIKPCN RWTRQUG QH JGCVKPI
XCEWWO VWDG HKNCOGPVU�� 6JG VGTO ��$		 TGHGTU VQ VJG RQUKVKXG XQNVCIG QDVCKPGF HTQO CP
GNGEVTQPKE RQYGT UQWTEG� YJKNG ��$�		 KU WUGF VQ KPFKECVG EKTEWKV ITQWPF� 6JGUG VGTOU

UJQWNF PQV DG EQPHWUGF YKVJ CP �#� EGNN QT V[RG �#� EGNN� YJKEJ KU C URGEKHKE V[RG QT UK\G
QH DCVVGT[� PQV RQYGT UQWTEG�
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6JG V[RG QH EJGOKECN OKZ WUGF VQ ETGCVG VJG VGTOKPCN XQNVCIG ECP CNUQ ENCUUKH[ DCVVGTKGU�
+P C FT[ EGNN VJG EJGOKECN OKZ KU OQKUV DWV PQV KP NKSWKF HQTO� # YGV EGNN� QP VJG QVJGT
JCPF� EQPVCKPU C HQTO QH NKSWKF CU KVU GNGEVTQN[VG�

��� /'#574+0)�%'..�81.6#)'

6JG QRGTCVKPI EJCTCEVGTKUVKEU QH VJG EGNN OWUV DG VGUVGF WPFGT NQCFGF EQPFKVKQPU� 6JG
VGTOKPCN XQNVCIG QH C EGNN QT DCVVGT[ VJCV KU PQV EQPPGEVGF VQ KVU PQTOCN NQCF YKNN RTQXKFG C
HCNUG TGCFKPI� 9JGP VJG QRGP VGTOKPCN XQNVCIG KU OGCUWTGF� VJG VGTOKPCN XQNVCIG YKNN
TGHNGEV VJG EGNN XQNVCIG YKVJQWV CP[ EWTTGPV HNQYKPI KP VJG EKTEWKV� 9JGP VJGTG KU PQ EWTTGPV
HNQY� VJGTG CTG PQ XQNVCIG FTQRU CETQUU CP[ TGUKUVCPEG	U KP VJG EKTEWKV�

(KIWTG ��� 8QNVCIG FTQR CETQUU VJG KPVGTPCN TGUKUVCPEG QH VJG EGNN ECP DG FGVGTOKPGF QPN[

YJGP VJG EGNN KU EQPPGEVGF VQ C NQCF CPF KVU VGTOKPCN XQNVCIG OGCUWTGF�

%QPUGSWGPVN[� VJG XCNWG QH 4
KPV
KU PQV TGHNGEVGF KP VJG VGTOKPCN XQNVCIG TGCFKPI� 6JKU QRGP

EKTEWKV VGUV KU UJQYP KP (KIWTG ��� %QPPGEVKPI VJG NQCF VQ VJG VGTOKPCNU QH VJG EGNN
EQORNGVGU VJG EKTEWKV� %WTTGPV YKNN PQY HNQY CPF VJWU VGTOKPCN XQNVCIG QH VJG EGNN ECP DG
CEEWTCVGN[ OGCUWTGF� 9JGP VJG VGTOKPCN XQNVCIG KU ENQUG VQ VJG FGUKIP XCNWG 
���8 KP

CDQXG GZCORNG�� VJG EGNN KU WUGHWN HQT RTCEVKECN RWTRQUGU� 9JGP VJG VGTOKPCN XQNVCIG
FTQRU VQ NGUU VJCP CDQWV �� VQ ���� KV UJQWNF DG TGRNCEGF� 6JG GZCEV XCNWG HQT
TGRNCEGOGPV FGRGPFU QP VJG OCPWHCEVWTGT	U URGEKHKECVKQP CPF CNUQ VJG CRRNKECVKQP�

���� %'..5�+0�%1/$+0#6+10

#NN EGNNU CTG TCVGF HQT QRVKOWO VGTOKPCN XQNVCIG CPF EWTTGPV� 9JGP VJG XQNVCIG
TGSWKTGOGPV HQT C RQYGT UQWTEG KU ITGCVGT VJCP VJG ECRCDKNKV[ QH C UKPING EGNN� UGXGTCN
EGNNU UJQWNF DG EQPPGEVGF KP UGTKGU� 6JKU UGTKGU EQODKPCVKQP YKNN ETGCVG C VGTOKPCN
XQNVCIG HQT VJG ITQWR QH EGNNU VJCV KU GSWCN VQ VJG UWO QH VJG KPFKXKFWCN EGNN XQNVCIGU�

(QT GZCORNG� YJGP KH C ���8 UQWTEG KU TGSWKTGF� VJG DCVVGT[ OCPWHCEVWTGT DWKNFU C DCVVGT[

EQPVCKPKPI UKZ ���8 EGNNU� UKPEG � × ���8 � ���8 � %GNNU CTG CNUQ YKTGF KP RCTCNNGN YJGP
EWTTGPV XCNWGU NCTIGT VJCP VJQUG CXCKNCDNG HTQO C UKPING EGNN CTG TGSWKTGF� 6JG TWNGU
GUVCDNKUJGF D[ -KTEJQHH CTG CRRNKGF HQT VJG UGTKGU XQNVCIG FTQRU CPF RCTCNNGN EWTTGPV
RCVJU� 5KPEG UGTKGU XQNVCIG FTQRU CFF� YG ECP CNUQ UVCVG VJCV UGTKGU XQNVCIG UQWTEGU CNUQ
CFF KP C ENQUGF�NQQR EKTEWKV� 6JG UCOG KU XCNKF HQT RCTCNNGN EKTEWKVU� 2CTCNNGN EWTTGPV
UQWTEGU CNUQ CFF VQ GSWCN VQVCN EWTTGPV HNQY�

6JG EKTEWKV QH (KIWTG ��� KNNWUVTCVGU C UGTKGU EGNN EQPPGEVKQP� 'CEJ EGNN JCU C XCNWG QH ���
8 CPF ��� #� 9JGP VJG[ CTG YKTGF KP UGTKGU C XQNVCIG RTQFWEGF D[ GCEJ EGNN CFFU WR VQ
OCMG XQNVCIG GSWCN VQ ���8 � 6JG EWTTGPV HNQY KP VJKU EQPHKIWTCVKQP JCU QPN[ QPG RCVJ� +V
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KU NKOKVGF VQ VJG OCZKOWO EWTTGPV HNQY QH CP[ QPG EGNN� +P VJKU GZCORNG KH QPG EGNN JCF C
EWTTGPV TCVKPI QH ��� #� VJG OCZKOWO EWTTGPV HNQY KP VJG UGTKGU EKTEWKV YQWNF CNUQ DG
NKOKVGF VQ ��� #�

(KIWTG ��� 5GTKGU EGNNU RTQFWEG VJG UWO QH VJG KPFKXKFWCN EGNN

XQNVCIGU CPF C EWTTGPV XCNWG NKOKVGF VQ VJG NQYGUV UKPING�EGNN EWTTGPV XCNWG�

(KIWTG ��� 2CTCNNGN EGNNU RTQFWEG VJG XQNVCIG QH C UKPING EGNN

CPF VJG UWO QH VJG KPFKXKFWCN EGNN EWTTGPV XCNWGU�

NQYGUV�UKPING�EGNN�EWTTGPV�XCNWG

9JGP EGNNU CTG YKTGF KP RCTCNNGN 
(KIWTG ����� VJGKT VGTOKPCN XQNVCIGU JCXG UCOG XCNWG� +P
VJKU EKTEWKV VJG XQNVCIG KU ��� 8 HQT CNN VJG RCTCNNGN EGNNU� 6JG PWODGT QH RCTCNNGN EWTTGPV
UQWTEGU KPETGCUGU VJG EWTTGPV ECRCDKNKVKGU HQT VJKU RCTCNNGN EGNN DCPM KP VJG U[UVGO� 9JGP
HQWT EGNNU� GCEJ JCXKPI VJG ECRCEKV[ QH RTQFWEKPI C ���# EWTTGPV� CTG RNCEGF KP RCTCNNGN�
VJGKT VQVCN EWTTGPV ECRCEKV[ KU GSWCN VQ VJG UWO QH VJG EWTTGPV XCNWG QH GCEJ� +H VJG EGNNU
JCXG VJG UCOG VGTOKPCN XQNVCIG DWV JCXG FKHHGTGPV EWTTGPV TCVKPIU� VJG VQVCN EWTTGPV
ECRCEKV[ KU UVKNN VJG UWO QH VJG EWTTGPV ECRCEKV[ QH GCEJ EGNN�

%GNNU CTG TCVGF KP VGTOU QH #ORGTG�*QWTU� 6JKU VGTO KU WUGF VQ URGEKH[ VJG COQWPV QH
EWTTGPV CXCKNCDNG HQT QPG JQWT QH QRGTCVKQP� 6JG #ORGTG�*QWT ECRCEKV[ QH VJG DCVVGT[ KU
KVU EWTTGPV TCVKPI HQT C URGEKHKE PWODGT QH JQWTU QH QRGTCVKQP�

(KIWTG ��� � %GNNU OC[ DG EQODKPGF KP DQVJ UGTKGU CPF

RCTCNNGN VQ CEJKGXG C URGEKHKE XCNWG QH XQNVCIG CPF EWTTGPV�
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%GNNU OC[ CNUQ DG EQPPGEVGF KP UGTKGU�RCTCNNGN EQODKPCVKQPU� 1PG UWEJ CTTCPIGOGPV KU
UJQYP KP (KIWTG ��� 6JKU HKIWTG UJQYU VJTGG UGTKGU UVTKPIU� 'CEJ UVTKPI JCU VYQ ��� 8
EGNNU� 6JG VQVCN XQNVCIG CPF EWTTGPV HQT GCEJ UVTKPI KU ���8 CPF ��� #� 9JGP VJTGG QH VJG
UVTKPIU CTG EQPPGEVGF KP RCTCNNGN DCPM� VJG VQVCN XQNVCIG CPF EWTTGPV QH VJG RCEMCIG KU
���8 CPF ��� #� #P[ PWODGT QH FKHHGTGPV EQODKPCVKQPU QH EGNNU KU RQUUKDNG� 6JG EGNN
OCPWHCEVWTGT HQTOU EGNN EQODKPCVKQPU KPVQ DCVVGT[ RCEMCIGU� 6JG RCEMCIG TCVKPI JCU C
VQVCN XQNVCIG CPF EWTTGPV ECRCEKV[ RTKPVGF� %GNNU CPF KPFKXKFWCN DCVVGTKGU ECP CNUQ RNCEGF
KP UGTKGU� RCTCNNGN� QT UGTKGU�RCTCNNGN EQODKPCVKQPU D[ VJG WUGT� 9JGP C URGEKHKE XQNVCIG KU
PQV TGCFKN[ CXCKNCDNG HTQO VJG DCVVGT[ OCPWHCEVWTGT� VJG WUGT ECP ETGCVG VJG XQNVCIG� +H
QPG TGSWKTGU CP �� 8 UQWTEG� KV KU RQUUKDNG VQ EQPPGEV VYQ ��� 8 DCVVGTKGU KP UGTKGU� 6JG
RQRWNCT ��� 8 DCVVGTKGU WUGF KP RQTVCDNG TCFKQU CPF ECNEWNCVQTU CTG TGCFKN[ CXCKNCDNG CPF
CTG NQY KP EQUV� #P �� 8 DCVVGT[ EQWNF DG OWEJ OQTG GZRGPUKXG CPF OQTG FKHHKEWNV VQ
QDVCKP VJCP VYQ ��� 8 DCVVGTKGU� #P[ V[RG QH EGNN OC[ DG WUGF KP EQODKPCVKQP VQ ETGCVG C
DCVVGT[�

��� �6;2'5�1(�%'..5

C� %CTDQP <KPE EGNN �

6JG %CTDQP�<KPE EGNN JCU DGGP QPG QH VJG OQUV QHVGP WUGF V[RGU� +V JCU C HQTOCN PCOG�
VJG .GENCPEJG EGNN� PCOGF CHVGT KVU KPXGPVQT� # EWVCYC[ XKGY QH VJG ECTDQP�\KPE EGNN KU
UJQYP KP (KIWTG ��� 6JKU EGNN JCU CP CPQFG OCFG QH \KPE� +VU ECVJQFG KU OCFG QH C
OCPICPGUG FKQZKFG OKZVWTG� CPF VJG GNGEVTQN[VG KU C OKZ QH COOQPKWO EJNQTKFG CPF \KPE
EJNQTKFG FKUUQNXGF KP YCVGT� # ECTDQP TQF KU WUGF CU C OGCP QH KORTQXKPI EQPFWEVKXKV[
CPF VQ RTQXKFG GNGEVTKECN EQPFWEVKXKV[ HQT ECVJQFG� 6JG ECUG QH VJKU EGNN KU C \KPE ECP� 6JG
VGTOKPCNU HQT KVU GNGEVTQFGU CTG NQECVGF CV VJG VQR CPF CV VJG DQVVQO QH VJG ECUG� 6JG
RQUKVKXG 
� VGTOKPCN JCU C DWVVQP�NKMG VGTOKPCN� 6JG PGICVKXG 
�� VGTOKPCN KU CNUQ C HQTOGF
OGVCN RKGEG� +V PQTOCNN[ JCU CP KPFGPVCVKQP KP KVU EGPVGT�

6JG VGTOKPCN XQNVCIG QH VJG ECTDQP�\KPE EGNN KU ���8 +V OC[ DG RNCEGF KP EQODKPCVKQP VQ
QDVCKP ��� XQNVCIG QH VJG ECTDQP�\KPE EGNN� 6JG .GENCPEJG EGNN KU CXCKNCDNG KP VYQ DCUKE
HQTOU� 1PG QH VJGUG KU VJG RTGXKQWUN[ UJQYP TQWPF EGNN� 6JGUG CTG CXCKNCDNG KP C XCTKGV[
QH UK\GU� 6JG[ OC[ DG CUUGODNGF CPF YKTGF KP EQODKPCVKQP VQ ETGCVG C URGEKHKE DCVVGT[�
6JG UGEQPF HQTO HQT VJKU EGNN KU ECNNGF C HNCV EGNN� 6JG (NCV� %GNN 
DWVVQP EGNNU� EQPUVTWEVKQP
KU UJQYP KP (KIWTG ���� (NCV EGNNU CTG CXCKNCDNG QPN[ CU OWNVKRNG�EGNN DCVVGTKGU� 6JG OCLQT
FKHHGTGPEG DGVYGGP TQWPF CPF HNCV EGNNU KU KP VJGKT RJ[UKECN UK\GU� 6JG[ DQVJ JCXG VJG
UCOG EJGOKECN EQORQUKVKQP�

6JG ECTDQP�\KPE EGNN JCU VJG HQNNQYKPI OCLQT EJCTCEVGTKUVKEU�

%GNN XQNVCIG� ��� 8
6[RG� 2TKOCT[
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(KIWTG ��� %WVCYC[ XKGY QH C ECTDQP�\KPE EGNN� UJQYKPI KVU KPVGTPCN EQPUVTWEVKQP�

%QWTVGU[ 'XGTGCF[ $CVVGT[ %QORCP[� +PE� �

4GEJCTIGCDKNKV[� RQQT

0WODGT QH %[ENGU� �� VQ ��

%CRCEKV[� �� O# VQ �� #J 
#ORGTG�JQWT�

6GORGTCVWTG� RQQT NQY�VGORGTCVWTG GHHKEKGPE[

1RGTCVKPI EQUV� NQY

(KIWTG ��� %WVCYC[ XKGY QH C HNCV EGNN� UJQYKPI KVU
KPVGTPCN EQPUVTWEVKQP 
%QWTVGU[ 'XGTGCF[ $CVVGT[ %QORCP[ KPE��

4GEJCTIKPI QH ECTDQP�\KPE EGNNU KU PQV C PQTOCNN[ CEEGRVGF RTQEGFWTG� 1PG OC[
RWTEJCUG C TGEJCTIKPI WPKV HQT VJGUG EGNNU DWV TGEJCTIKPI ECTDQP�\KPE EGNNU KU PQV EQUV
GHHGEVKXG CPF VJWU KU TCTGN[ TGEJCTIGF� # VGTO VJCV DGVVGT FGUETKDGU VJKU RTQEGUU KU
��TGLWXGPCVKPI		 TCVJGT VJCP ��TGEJCTIKPI 		� +H QPG YKUJGU VQ WVKNK\G QPG QH VJGUG
TGLWXGPCVKPI WPKV� VJG 7�5� 0CVKQPCN $WTGCW QH 5VCPFCTFU JCU OCFG VJG HQNNQYKPI
UVCVGOGPV 
0CVKQPCN $WTGCW QH 5VCPFCTF . % ��� ��
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6JG FT[ EGNN KU EQPUKFGTGF C RTKOCT[ DCVVGT[� +V OC[ DG TGEJCTIGF HQT C NKOKVGF PWODGT QH
E[ENGU WPFGT EGTVCKP EQPFKVKQPU�

�� 1RGP�EKTEWKV XQNVCIG QH VJG EGNN KU PQV WPFGT ��� 8�
�� 6JG DCVVGT[ OWUV DG RNCEGF QP EJCTIG XGT[ UQQP CHVGT KVU TGOQXCN HTQO

UGTXKEG�
�� 4GEJCTIKPI VKOGU UJQWNF DG DGVYGGP �� CPF �� JQWTU�
�� %GNNU OWUV DG TGVWTPGF VQ UGTXKEG 
WUG� UQQP CHVGT VJG[ CTG TGEJCTIGF� CU

VJG[ JCXG C XGT[ UJQTV UVQTCIG� QT UJGNH NKHG�

#U KV ECP DG UGGP HTQO CDQXG RQKPVU VJCV RTCEVKECNKV[ QH TGEJCTIKPI QH VJG ECTDQP�\KPE EGNN
KU XGT[ NKOKVGF� 1PG CNUQ JCU VQ DG CYCTG VJCV ICUGU CTG HQTOGF FWTKPI VJG TGEJCTIG
RGTKQF� 9JGP VJG EGNN	U EQPVCKPGT KU UGCNGF� C NCTIG SWCPVKV[ QH ICU YKNN RTQFWEG C TWRVWTG
QH VJG EQPVCKPGT� 6JKU EQWNF� KP GZVTGOG ECUG� RTQFWEG C OKPQT GZRNQUKQP CPF TGUWNV KP
RCTVU QH VJG ECUG HN[KPI VJTQWIJ VJG CKT� FCOCIKPI RGQRNG QT RTQRGTV[ PGCT VJGO�

#RRNKECVKQPU

6JG \KPE ECTDQP FT[ EGNN KU VJG OQUV YKFGN[ CXCKNCDNG EGNN CPF KU GZVGPUKXGN[ WUGF HQT
EQPUWOGT RTQFWEVU NKMG HNCUJNKIJVU� VQTEJGU� VTCPUKUVQT TCFKQ TGEGKXGTU� YCNN ENQEMU CPF
VQ[U� 6JKU EGNN KU CNUQ WUGF KP KPFWUVT[ HQT DCVVGT[ DCEM WR� TGCN VKOG ENQEM CPF EQPVTQNNGTU
GVE� OCKPN[ FWG VQ GCU[ CXCKNCDKNKV[ CPF NQY RGT WPKV EQUV�

/CLQT CFXCPVCIG QH VJG \KPE ECTDQP DCVVGTKGU QXGT QVJGT RTKOCT[ DCVVGTKGU CTG NQY EGNN
EQUV� NQY RGT WPKV GPGTI[ EQUV� GCU[ QHH VJG UGNH CXCKNCDKNKV[ QH NCTIG XCTKGV[ QH UJCRGU CPF
UK\GU CPF RTQXGP TGNKCDKNKV[� 6JG FKUCFXCPVCIG QH VJGUG EGNNU CTG NQY GPGTI[ FGPUKV[� RQQT
NGCMCIG TGUKUVCPEG WPFGT DCF EQPFKVKQPU� RQQT NQY VGORGTCVWTG RGTHQTOCPEG� NQY
GHHKEKGPE[ WPFGT JKIJ FKUEJCTIG� RQQT UJGNH NKHG CPF UVGCF[ HCNN QH XQNVCIG YKVJ FKUEJCTIG�
6JG #NMCNKPG /CPICPGUG &KQZKFG 
<KPE� 2QVCUUKWO *[FTQZKFG � /CPICPGUG &KQZKFG� EGNN
KU IGVVKPI OQTG RQRWNCT CU VJG EQPUWOGT DCVVGT[ OCKPN[ DGECWUG KVU RGTHQTOCPEG WPFGT
JKIJ FKUEJCTIG EQPFKVKQPU KU OWEJ DGVVGT VJCP VJG \KPE ECTDQP DCVVGT[�

D� <KPE %JNQTKFG %GNN � <KPE EJNQTKFG EGNN KU XGT[ UKOKNCT KP EQPUVTWEVKQP VQ VJG ECTDQP�
\KPE EGNN� 6JG EQPUVTWEVKQP QH VJKU EGNN KU UJQYP KP (KIWTG ����� # FKHHGTGPV KPVGTPCN
EQPUVTWEVKQP

(KIWTG ���� %WVCYC[ XKGY QH C \KPE�

EJNQTKFG EGNN� UJQYKPI KVU KPVGTPCN

EQPUVTWEVKQP� 
%QWTVGU[ 'XGTGCF[

$CVVGT[ %QORCP[� +PE��
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KU TGSWKTGF DGECWUG QH VJG EJCPIG KP VJG GNGEVTQN[VG HQT VJKU V[RG QH EGNN� 4GOQXCN QH VJG
COOQPKWO EJNQTKFG HTQO VJG GNGEVTQN[VG RGTOKVU C JKIJGT EWTTGPV QWVRWV HQT C NQPIGT VKOG
RGTKQF VJCP KU CXCKNCDNG HTQO VJG ECTDQP�\KPE EGNN� #PQVJGT HGCVWTG KU VJG EGNN	U CDKNKV[ VQ
OCKPVCKP KVU QRGTCVKPI XQNVCIG� WPFGT NQCF HQT C ITGCVGT VKOG� 6JG EJCTCEVGTKUVKEU QH VJKU
EGNN CTG UKOKNCT VQ VJQUG QH VJG ECTDQP�\KPE EGNN� GZEGRV HQT VJG HQNNQYKPI�

%CRCEKV[� 5GXGTCN JWPFTGF O # VQ � #J
6GORGTCVWTG� /CKPVCKPU C NQY�VGORGTCVWTG QRGTCVKQP
%QUV� .QY VQ OGFKWO

E� 0KEMGN�%CFOKWO EGNN� 0KEMGN�%CFOKWO EGNNU JCXG VJG TGRWVCVKQP QH DGKPI QPG QH VJG
DGUV QH VJG TGEJCTIGCDNG EGNNU� 6JG EGNNU CTG CUUGODNGF KPVQ C XCTKGV[ QH RCEMCIGU� 6JG
QWVRWV XQNVCIG HQT VJG RCEMCIG TCPIGU HTQO ��� 8 VQ ���� 8� 6JG EQPUVTWEVKQP QH VJG 0K�
%F EGNN� CU KV KU ECNNGF� KU UJQYP KP (KIWTG ���� +V WUGU VYQ UJGGVU QH GNGEVTQFGU� QPG
RQUKVKXG CPF QPG PGICVKXG� TQNNGF VQIGVJGT CPF UGRCTCVGF D[ CP GNGEVTQN[VG�

(KI� ��� %WVCYC[ XKGY QH C PKEMGN�ECFOKWO EGNN� UJQYKPI KVU KPVGTPCN EQPUVTWEVKQP

%QWTVGU[ 'XGTGCF[ $CVVGT[ %QORCP[� +PE ��

6GTOKPCN EQPPGEVKQPU OC[DG UQNFGT VCDU QT VJG RCEMCIG OC[ WUG VJG UVCPFCTF EGNN
EQPHKIWTCVKQP�
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6JG EJGOKUVT[ QH VJG 0K�%F EGNN WUGU PKEMGN J[FTQZKFG HQT VJG RQUKVKXG GNGEVTQFG� 6JG
PGICVKXG GNGEVTQFG KU ECFOKWO J[FTQZKFG CPF VJG GNGEVTQN[VG KU RQVCUUKWO J[FTQZKFG�
6JG EGNN ETGCVGU C PQTOCN VGTOKPCN XQNVCIG QH ��� 8� 6JGUG EGNNU TGRTGUGPV VJG DGUV
HGCVWTGU QH C TGEJCTIGCDNG EJGOKECN EGNN�

6JGTG KU C PGICVKXG EJCTCEVGTKUVKE QH VJG 0K�%F EGNN� 9JGP VJG EGNN KU EQPPGEVGF KP C
UGTKGU XQNVCIG UQWTEG UVTKPI � VJG TCVG QH FKUEJCTIG HQT GCEJ QH VJG EGNNU KP VJG UVTKPI KU
UNKIJVN[ FKHHGTGPV� 9JGP VJG EGNNU CTG EQORNGVGN[ FKUEJCTIGF FWTKPI QRGTCVKQP KV OC[
ETGCVG C TGXGTUG RQNCTKV[ EQPFKVKQP KP VJG HKTUV EGNN YJKEJ VJGP IGVU HWNN[ FKUEJCTIGF�
2QNCTKV[ TGXGTUCN TGUWNVU KP VJG HQTOCVKQP QH ICU KP VJG EGNN CU VJG EWTTGPV KU HQTEGF VJTQWIJ
KV 
VJKU KU C PGICVKXG GHHGEV�� 6JKU EQWNF TGUWNV KP C EGNN TWRVWTG� # UQNWVKQP VQ VJKU RTQDNGO
KU VQ WUG VJG EGNN KP UWEJ C OCPPGT VJCV KV FQGU PQV IGV HWNN[ FKUEJCTIGF�

6JG EJCTCEVGTKUVKEU QH VJG PKEMGN�ECFOKWO EGNN CTG �

8QNVCIG� ���8
6[RG� UGEQPFCT[
4GEJCTIGCDNG� [GU
0WODGT QH E[ENGU� ��� VQ ����
%CRCEKV[� �� O# VQ � #J
6GORGTCVWTG� 8GT[ IQQF GHHKEKGPE[ CV NQY VGORGTCVWTGU� RQQT CV JKIJ VGOR�
1RGTCVKPI EQUV� .QY

/GTEWTKE 1ZKFG %GNNU� /GTEWTKE 1ZKFG %GNNU CTG OCFG WUKPI C /GTEWTKE 1ZKFG %CVJQFG�
<KPE #PQFG� CPF CP GNGEVTQN[VG QH GKVJGT 2QVCUUKWO *[FTQZKFG QT UQFKWO J[FTQZKFG� 6JG
VGTOKPCN XQNVCIG HQT VJKU EGNN KU ���� 8� 6JG EQPUVTWEVKQP QH VJKU EGNN KU UJQYP KP (KIWTG
����� 6JGUG EGNNU CTG EQOOGTEKCNN[ RCEMCIGF KP DCVVGTKGU YKVJ XQNVCIGU TCPIKPI WR VQ
���� 8 # EJCTCEVGTKUVKE QH VJKU EGNN KU VJCV KVU QWVRWV XQNVCIG TGOCKPU CNOQUV EQPUVCPV WPVKN

(KIWTG ���� %WVCYC[ XKGY QH VJG OGTEWTKE QZKFG EGNN� UJQYKPI
KVU KPVGTPCN EQPUVTWEVKQP� 
%QWTVGU[ 'XGTGCF[ $CVVGT[ %QORCP[� +PE� �

KV KU HWNN[ FKUEJCTIGF� 6JG OGTEWTKE QZKFG EGNN KU ENCUUKHKGF CU C RTKOCT[� PQPTGEJCTIGCDNG
V[RG� +VU OCLQT EJCTCEVGTKUVKEU CTG �

%GNN 8QNVCIG� ����8
6[RG� 2TKOCT[
4GEJCTIGCDNG� PQ
%CRCEKV[� �� O# VQ �� #J
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6GORGTCVWTG� 2QQT GHHKEKGPE[ CV NQY VGORGTCVWTGU� IQQF CV JKIJ VGORGTCVWTGU
1RGTCVKPI EQUV� *KIJ

$CVVGTKGU OCFG QH OGTEWTKE�QZKFG EGNNU CTG WUGF KP VGNGXKUKQP TGEGKXGTU� TCFKQU� VGUV
GSWKROGPV� JGCTKPI CKFU� CPF GNGEVTQPKE YCVEJGU� 6JGUG CTG LWUV C HGY QH VJG YKFG TCPIG
QH CRRNKECVKQPU HQT VJKU EGNN�

5KNXGT QZKFG EGNNU CTG CNUQ ENCUUKHKGF CU RTKOCT[ EGNNU� 6JGKT EQPUVTWEVKQP KU VJG UCOG CU
VJG OGTEWTKE QZKFG EGNN GZEGRV VJCV VJG[ JCXG C 5KNXGT 1ZKFG CPQFG� 6JKU EGNN KU ECRCDNG
QH C VGTOKPCN XQNVCIG QH ��� 8� #NOQUV CNN QH VJGUG EGNNU CTG RCEMCIGF KP GKVJGT ��� QT ���
8 QWVRWV DCVVGTKGU� 6JKU EGNN KU XGT[ UKOKNCT KP OCP[ YC[U VQ VJG OGTEWTKE QZKFG EGNN� +V JCU
C HGY EJCTCEVGTKUVKEU VJCV FKHHGT�

6JGUG EJCTCEVGTKUVKEU CTG�
%GNN 8QNVCIG� ��� 8
%CRCEKV[� �� O# VQ ��� #J
6GORGTCVWTG� )QQF GHHKEKGPE[ CV NQY�VGORGTCVWTG�
1RGTCVKPI EQUV� *KIJ

5KNXGT QZKFG EGNNU CTG WUGF KP C PWODGT QH UOCNN GNGEVTQPKE FGXKEGU� 6JGUG KPENWFG
RJQVQGNGEVTKE GZRQUWTG WPKVU� JGCTKPI CKFU� GNGEVTQPKE YCVEJGU� CPF VGUV KPUVTWOGPVU�

F� 9GV %GNN� 1PG QH VJG OQUV EQOOQPN[ WUGF EGNNU YJGTG NCTIG ECRCEKVKGU QH EWTTGPV CTG
TGSWKTGF KU VJG YGV EGNN�

.GCF CEKF DCVVGTKGU

)GPGTCN� 6JG NGCF�CEKF DCVVGT[ KU VJG OQUV YKFGN[ WUGF UGEQPFCT[ DCVVGT[ CPF KVU OCTMGV
KU EQPVKPWQWUN[ GZRCPFKPI� 6JG NGCF CEKF DCVVGT[ KP KVU RTGUGPV HQTO KU VJG TGUWNV QH
KPPQXCVKQPU KP DCVVGT[ � KVU RTQFWEVKQP VGEJPQNQI[ KP NCUV JWPFTGF [GCTU� 6JGUG DCVVGTKGU
CTG GZVGPUKXGN[ WUGF HQT CWVQOQDKNGU� DQCVU� CPF RNCPGU 
 VQ RTQXKFG VJG GPGTI[ HQT
GPIKPG UVCTVKPI� XGJKENG .KIJVKPI� CPF 'PIKPG +IPKVKQP JGPEG VJG VGTO 5.+�� VGNGRJQPG
U[UVGOU� RQYGT VQQNU� EQOOWPKECVKQP FGXKEGU� GOGTIGPE[ NKIJVKPI U[UVGOU� OKPKPI �
OCVGTKCN L JCPFNKPI GSWKROGPV� GNGEVTKE XGJKENGU� GOGTIGPE[ RQYGT U[UVGOU CPF UQNCT
GPGTI[ UVQTCIG GSWKROGPV� 6JG NGCF�CEKF DCVVGTKGU CTG CXCKNCDNG KP OCP[ FGUKIP �UK\GU
CPF ECRCEKVKGU� 5WEJ C YKFG RQRWNCTKV[ QH VJGUG DCVVGTKGU KU FWG VQ VJGKT NQY RTKEG� GCUG
QH OCPWHCEVWTG� CPF GCUG QH OCKPVGPCPEG�

1RGTCVKQP

6JG RQUKVKXG GNGEVTQFG QH VJG NGCF�CEKF DCVVGT[ EQPUKUVU QH NGCF FKQZKFG CU VJG CEVKXG
OCVGTKCN CPF VJG PGICVKXG GNGEVTQFG EQPUKUVU QH JKIJN[ TGCEVKXG RQTQWU HQTO QH OGVCNNKE
NGCF CU VJG CEVKXG OCVGTKCN CPF VJG GNGEVTQN[VG WUGF KU C UWNRJWTKE CEKF UQNWVKQP� &WTKPI
FKUEJCTIG� DQVJ GNGEVTQFGU CTG EQPXGTVGF VQ NGCF UWNRJCVG CPF VJG RTQEGUU TGXGTUGU QP
EJCTIG�

6JKU EGNN KU EQOOQPN[ WUGF KP VJG CWVQOQDKNGU� +VU EQPUVTWEVKQP KU KNNWUVTCVGF KP (KIWTG
���� VJG RNCVGU QH VJKU EGNN CTG OCFG QH CP CNNQ[ QH .GCF CPF #PVKOQP[� 6JG GNGEVTQN[VG KU
EQPEGPVTCVGF 5WNHWTKE #EKF KP YCVGT� 6JG RQUKVKXG RNCVG KU .GCF 2GTQZKFG CPF VJG PGICVKXG
RNCVG KU C URQPI[ NGCF OCVGTKCN� 6JG EJGOKECN KPVGTCEVKQP QH VJGUG OCVGTKCNU HQTOU C
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RQUKVKXG GNGEVTQFG CPF C PGICVKXG GNGEVTQFG� 6JG FKUEJCTIG QH VJG EGNN FKNWVGU VJG YCVGT�
CEKF GNGEVTQN[VG� 6JG EGNN JCU VQ DG TGEJCTIGF YJGP VJKU QEEWTU� 6JG TGEJCTIKPI RTQEGUU
TGXGTUGU VJG EJGOKECN CEVKQP CPF VJG RNCVGU CTG QPEG CICKP EJCTIGF RTQRGTN[� 6JG
VGTOKPCN XQNVCIG HQT C YGV EGNN KU ��� 8�

6[RKECN EGNN EQODKPCVKQP HQT VJG YGV EGNN KU KP�ITQWRU QH VJTGG QT UKZ WPKVU� 6JGUG CTG
UGTKGU EQPPGEVGF CPF VJG TGUWNVKPI DCVVGT[ VGTOKPCN XQNVCIGU CTG � CPF �� 8 TGURGEVKXGN[�
6JG TCVKPIU QH VJGUG EGNN EQODKPCVKQPU CTG KP VGTOU QH VJG #ORGTG�JQWT 
#J�� 6JKU

(KIWTG ���� 7UG QH C EJCTIKPI U[UVGO VQ OCKPVCKP VGTOKPCN XQNVCIG KP VJG YGV EGNN DCVVGT[�

VGTOKPQNQI[ FGUETKDGU VJG SWCPVKV[ QH EWTTGPV CXCKNCDNG HQT � J QH EQPVKPWQWU WUG� #
DCVVGT[ ECRCDNG QH RTQFWEKPI KVU TCVGF XQNVCIG HQT � J OKIJV DG TCVGF CU JCXKPI C ����#J

Figure 7.11 Cutaway view of a we t
cell, showing its interna l
construction (From Joel Goldberg,
Fundamentals of electricity, 1981,
p. 17. Reprinted by permission o f
Prentice Hall, Englewood Cliffs,
New Jers y)
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ECRCEKV[� 6JKU DCVVGT[ EQWNF CNUQ RTQFWEG ��� # HQT ��� J QT �� # HQT � J DGHQTG DGKPI
FKUEJCTIGF�

%JCTIKPI C YGV EGNN YJGP FKUEJCTIGF� VJG DCVVGT[ KU EQPPGEVGF VQ C EJCTIKPI U[UVGO 
(KI
������ 6JG XQNVCIG UQWTEG QH VJG EJCTIGT YKNN ETGCVG C TGXGTUG EWTTGPV HNQY VJTQWIJ VJG
EGNNU QH VJG DCVVGT[� 6JKU CEVKQP TGHQTOU VJG QTKIKPCN EJGOKECN EQORQUKVKQP QH VJG EGNNU�
6JG XCNWG QH VJG EJCTIKPI XQNVCIG JCU VQ DG UNKIJVN[ JKIJGT VJCP VJG VGTOKPCN XQNVCIG QH
VJG DCVVGT[ YJGP KV KU HWNN[ EJCTIGF QT VJKU U[UVGO YKNN PQV YQTM RTQRGTN[� 7UWCNN[� C XCNWG
QH CTQWPF ��8 YKNN TGEJCTIG C ��8 DCVVGT[� 6JG U[UVGO QH EJCTIKPI YKNN QRGTCVG
UWEEGUUHWNN[ WUKPI GKVJGT C FE UQWTEG QT CP CE QRGTCVGF UQWTEG� 6JG FE UQWTEG OQUV
QHVGP WUGF KU VJG IGPGTCVKPI U[UVGO QH VJG CWVQOQDKNG UKPEG OQUV YGV EGNN DCVVGTKGU CTG
WUGF KP CRRNKECVKQP YKVJ CP KPVGTPCN EQODWUVKQP GPIKPG� +V KU RQUUKDNG� CPF QHVGP FQPG� VQ
WUG EJCTIKPI U[UVGO QRGTCVGF HTQO VJG JQOG QT DWUKPGUU RQYGT NKPG� 6JG EJCTIGT KU
CEVWCNN[ CP GNGEVTKECN U[UVGO WUGF VQ EQPXGTV VQ CP CNVGTPCVKPI EWTTGPV HTQO VJG GNGEVTKE
EQORCP[ KPVQ C FKTGEV EWTTGPV CPF HQT EJCTIKPI VJG DCVVGT[�

6JG CDKNKV[ VQ TGEJCTIG C EGNN QT CP[ QVJGT TGEJCTIGCDNG EGNN KU FGRGPFGPV QP KVU
EQPUVTWEVKQP� 6JG CWVQOQDKNG DCVVGT[ KP TGEGPV [GCTU JCU WPFGTIQPG C FGUKIP EJCPIG�
$CVVGTKGU KP PGY RTQFWEVKQP ECTU TGSWKTG C JKIJ EWTTGPV QWVRWV HQT KPKVKCN OQVQT ETCPMKPI�
6JG DCVVGT[OU TGSWKTGOGPVU CHVGT VJKU UVCTVWR CTG OKPKOCN� 6JG EQPUVTWEVKQP QH VJKU DCVVGT[
FQGUPOV RGTOKV KVU TGEJCTIG YJGP KV KU HWNN[ FKUEJCTIGF� 9JGP VJKU EQPFKVKQP QEEWTU� 6JG
DCVVGT[ OWUV DG TGRNCEGF�

$CVVGTKGU FGUKIPGF HQT VTWEM� DQCV QT TGETGCVKQPCN XGJKENGU FQ PQV JCXG VJG UCOG
NKOKVCVKQP CU CWVQOQDKNG DCVVGTKGU� 6JGUG DCVVGTKGU OC[ DG TWP QP� CPF VJGP YJGP
TGEJCTIGF� VJG[ YKNN CEEGRV C HWNN EJCTIG� 6JG DGUV VJKPI VQ FQ KU VQ EJGEM VJG
OCPWHCEVWTGTOU NKVGTCVWTG VQ UGG YJCV EQPFKVKQPU CTG TGSWKTGF HQT TGEJCTIKPI VJG DCVVGT[�

��� %*#4)+0)�6*'�&4;�%'..

6JG RWTRQUG QH CP[ EGNN QT DCVVGT[ KU VQ FGXGNQR C RQVGPVKCN XQNVCKE UQWTEG� 6JG EGNN WUGU
EJGOKECN GPGTI[ RTKPEKRNGU VQ CEEQORNKUJ VJKU RWTRQUG� 6JG GNGEVTKECN GPGTI[ KU VJGP
WUGF VQ RGTHQTO UQOG HQTO QH WUGHWN YQTM� 6JG YQTM KU RGTHQTOGF YJGP C NQCF KU
EQPPGEVGF VQ VJG VGTOKPCNU QH VJG EGNN� 5QOG QH VJG FT[ EGNNU FGUETKDGF KP VJKU EJCRVGT CTG
EQPUVTWEVGF HTQO EJGOKECN U[UVGOU VJCV OC[ DG TGXGTUGF� 6JG TGXGTUCN RTQEGUU YKNN
TGUVQTG VJG QTKIKPCN XQNVCKE EJCTIG VQ EGNN� 9G MPQY VJKU RTQEGUU CU DCVVGT[ QT EGNN
TGEJCTIKPI�

6JG RTKOCT[ TGSWKTGOGPVU HQT CP[ DCVVGT[ TGEJCTIKPI U[UVGO KU C FE XQNVCIG UQWTEG� 6JG
UQWTEG OWUV DG ECRCDNG QH RTQFWEKPI C XQNVCIG VJCV KU JKIJGT VJCP VJG XQNVCIG QDVCKPGF
HTQO C HWNN[ EJCTIGF DCVVGT[� 6JG RWTRQUG QH VJKU FE XQNVCIG KU VQ HQTEG C EWTTGPV VJTQWIJ
VJG DCVVGT[ KP TGXGTUCN HTQO PQTOCN FKTGEVKQP� 6JG GNGEVTKECN EKTEWKV HQT VJKU YCU UJQYP KP
(KI� �����

6JG EJCTIKPI VKOG HQT C FT[ EGNN YKNN FGRGPF QP VJG URGEKHKE EJGOKECN OCMGWR QH VJG EGNN
QT DCVVGT[� 6[RKECNN[� VJG EJCTIKPI TCVG HQT 0K �%CF CPF CNMCNKPG EGNN KU CTQWPF ��J� 6JG
OGVJQFU QH EJCTIKPI KPENWFG C EQPUVCPV XQNVCIG� EQPUVCPV EWTTGPV CPF VCRGT EWTTGPV
RTQEGUUGU� 5RGEKHKE RTQEGFWTGU CTG FKUEWUUGF KP VJG VGEJPKECN OCVGTKCN CXCKNCDNG HTQO
DCVVGT[ OCPWHCEVWTGTU�
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+P IGPGTCN� VJG EQPUVCPV�XQNVCIG RTQEGUU KPFKECVGU VJG RTGUGPEG QH C HKZGF XQNVCIG XCNWG
HTQO VJG EJCTIGT� 6JKU XQNVCIG KU OCKPVCKPGF FWTKPI VJG GPVKTG EJCTIKPI RGTKQF� WUWCNN[
YKVJKP ��� %WTTGPV HNQY YKNN DG JGCX[ FWTKPI VJG GPVKTG EJCTIG RGTKQF� 6JKU V[RG QH
EJCTIGT KU PQV PQTOCNN[ WUGF DGECWUG QH KVU JKIJ EQUV CPF EKTEWKV EQORNGZKV[�

6JG EQPUVCPV � EWTTGPV EJCTIKPI UQWTEG KU VJG UKORNGUV OGVJQF VQ WUG� %WTTGPV DGVYGGP
VJG EJCTIKPI UQWTEG CPF VJG DCVVGT[ KU NKOKVGF D[ RNCEKPI C NCTIG TGUKUVCPEG KP UGTKGU YKVJ
VJG EGNN DGKPI EJCTIGF 
HKI� ������ 6JG CFFKVKQP QH VJG UGTKGU TGUKUVCPEG YKNN CKF KP VJG
OCKPVGPCPEG QH C EQPUVCPV EWTTGPV HNQY HTQO VJG EJCTIGT VQ VJG EGNN�

6JG HKPCN EJCTIKPI OGVJQF KU VJG VCRGT EWTTGPV RTQEGUU 6JKU RTQEGUU JCU C JKIJ EWTTGPV
CV VJG DGIKPPKPI QH VJG EJCTIG� %WTTGPV VCRGTU� QT FGENKPGU� FWTKPI EJCTIKPI RGTKQF� 6JG
EJCTCEVGTKUVKEU QH VJG VCRGT� KVU COQWPV CPF EJCTIG TCVG� FGRGPF QP VJG TGSWKTGOGPVU QH
VJG EGNN QT DCVVGT[� /CP[ QH NGUU GZRGPUKXG V[RGU QH VCRGT EJCTIGTU TGSWKTG CFLWUVOGPVU
D[ VJG RGTUQP FWTKPI VJG EJCTIKPI�

#PQVJGT OGVJQF QH OCKPVCKPKPI DCVVGT[ XQNVCIG KU ECNNGF VTKEMNG EJCTIG RTQEGUU� /QUV
DCVVGTKGU JCXG C VGPFGPE[ VQ FKUEJCTIG YJGP VJG[ CTG PQV KP WUG� 6JKU GHHGEV KU VTWG HQT
DCVVGTKGU KPUVCNNGF KP GSWKROGPV CU YGNN CU PGY DCVVGTKGU UKVVKPI KP C DQZ QT QP C UJGNH
YCKVKPI VQ DG WUGF� +P UQOG UKVWCVKQPU VJG DCVVGTKGU CTG QP C �� UVCPFD[ 		 DCUKU�
'SWKROGPV UWEJ CU GOGTIGPE[ NKIJVKPI U[UVGOU QT VYQ�YC[ TCFKQU PGGF VQ JCXG VJGUG
DCVVGTKGU MGRV KP C HWNN[ EJCTIGF EQPFKVKQP� # VTKEMNG EJCTIG KU EQPPGEVGF VQ VJG VGTOKPCN QH
VJG DCVVGT[� # NQY XCNWG QH XQNVCIG QT EWTTGPV EJCTIGT KU RNCEGF CETQUU VJG DCVVGT[
VGTOKPCNU� 6JKU UNQY EJCTIG YKNN OCKPVCKP VJG DCVVGT[	U HWNN ECRCDKNKVKGU CPF MGGR KV TGCF[
HQT KOOGFKCVG WUG CV CNN VKOGU�

������81.6#)'�#0&�%744'06�+0�#�219'4�5174%'

6JG EQPEGRV QH CP KFGCN RQYGT UQWTEG KU GCU[ VQ WPFGTUVCPF� 6JG KFGCN RQYGT UQWTEG
JCU C EQPUVCPV XQNVCIG QWVRWV� 6JKU UQWTEG CNUQ JCU C EQPUVCPV�EWTTGPV QWVRWV� VJG KFGCN
RQYGT UQWTEG CNUQ JCU WPNKOKVGF SWCPVKVKGU QH DQVJ XQNVCIG CPF EWTTGPV CXCKNCDNG� 6JKU
EQPFKVKQP GZKUVU QPN[ KP VGZVDQQMU� #NOQUV CNN RQYGT UQWTEGU JCXG XQNVCIG CPF EWTTGPV
NKOKVCVKQPU� 6JG VGTO CORGTG�JQWT YCU KPVTQFWEGF GCTNKGT KP VJKU EJCRVGT� 9JCV QEEWTU
YJGP VJG NKOKVU QH VJG UQWTEG CTG TGCEJGF CPF YJCV QEEWTU YJGP NQCF FGOCPFU IQ
DG[QPF VJKU TCVKPI CTG VQRKEU QH VJKU UGEVKQP�

.QCF EWTTGPV XCNWGU YKNN XGT[ FGRGPFKPI QP VJG XCNWG QH NQCF TGUKUVCPEG 
(KIWTG ���� ��
6JKU HCEVQT KU DCUGF QP VJG TGNCVKQPUJKRU KFGPVKHKGF D[ 1JO� %WTTGPV KU �� OC YKVJ C NQCF
QH ��� QJO EQPPGEVGF VQ C ����8 UQWTEG =(KIWTG ���� 
C�?� 6JG EWTTGPV TKUGU VQ C XCNWG QH
��� # YJGP VJG NQCF TGUKUVCPEG KU TGFWEGF VQ ��� QJO =(KIWTG ���� 
D�?� +H VJG UQWTEG KU
TCVGF CV ����#J� VJG ��� QJO NQCF ECP DG WUGF HQT ��� J� 9G ECNEWNCVG VJKU D[ FKXKFKPI
VJG NQCF EWTTGPV KPVQ VJG # J TCVKPI� # NQCF QH ��� YKNN QRGTCVG HQT UNKIJVN[ OQTG VJCP � J�

(KIWTG ���� #FFKVKQP QH C EWTTGPV�NKOKVKPI
UGTKGU TGUKUVCPEG TGFWEGU EWTTGPV HNQY
FWTKPI VJG EJCTIKPI RGTKQF�
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6JG WUGHWN NKHG QH VJKU DCVVGT[ KU FGVGTOKPGF D[ KVU TCVKPI CPF VJG FGOCPFU QH VJG NQCFU KV
UGTXKEGU

(KIWTG ���� .QCF EWTTGPV KP C DCVVGT[ EKTEWKV KU FGVGTOKPGF D[ NQCF TGUKUVCPEG�

6JG NKOKVCVKQPU QH DCVVGTKGU QT CP[ QVJGT V[RG QH RQYGT UQWTEG KPENWFG C OCZKOWO RQYGT
TCVKPI HCEVQT� 2QYGT KP GNGEVTKECN VGTO KU VJG TGNCVKQPUJKR QH XQNVCIG CPF EWTTGPV� 6JG

RQYGT HQTOWNC KU 2 � 8×+

'ZEGGFKPI VJG ECRCDKNKVKGU QH VJG RQYGT UQWTEG YKNN ETGCVG C FGETGCUG KP VJG QWVRWV NGXGN
QH XQNVCIG HTQO VJG UQWTEG� 6JKU HCEVQT KU GZRNCKPGF YJGP QPG EQPUKFGTU VJG KPVGTPCN
TGUKUVCPEG� 6JG EKTEWKV KNNWUVTCVGF KP (KIWTG ���� UJQYU VJKU EQPEGRV� # NQCF KU EQPPGEVGF

VQ C ��8 UQWTEG� 6JG KPVGTPCN TGUKUVCPEG 
4KPV� QH VJG UQWTEG KU C XCNWG QH ���Ω� 6JG
GHHGEV QH XCT[KPI NQCFU QP VJG QWVRWV XQNVCIG QH VJG UQWTEG KU FGUETKDGF CU HQNNQYU� 9JGP

VJG NQCF TGUKUVCPEG KU �� MΩ� VJG EWTTGPV HNQY KP VJG EKTEWKV KU ��� O#� 8QNVCIG FTQR
CETQUU VJG KPVGTPCN TGUKUVCPEG QH VJG UQWTEG KU ����� 8 CPF VJG VGTOKPCN XQNVCIG KU �����
8� CNOQUV VJG UCOG XCNWG CU VJG WPNQCFGF UQWTEG�

9JGP C JGCX[ NQCF 
NQY TGUKUVCPEG�JKIJ EWTTGPV FGOCPF� QH ��Ω KU WUGF� VJG EKTEWKV
EWTTGPV TKUGU VQ ���� #� 7PFGT VJKU EQPFKVKQP VJG +4 XQNVCIG FTQR CETQUU VJG KPVGTPCN
UQWTEG TGUKUVCPEG KU ��8� 5KPEG VJKU KU C UGTKGU EKTEWKV� VJG XQNVCIG FTQR CETQUU VJG NQCF KU
VJG FKHHGTGPEG DGVYGGP VJG UQWTEG XQNVCIG CPF CNN QVJGT XQNVCIG FTQRU� 6JG �� 8 UQWTEG
CPF KVU ���8 KPVGTPCN +4 FTQR IKXGU C XCNWG QH ��� 8 HQT VJG NQCF� 5JQWNF VJG NQCF

TGUKUVCPEG FGETGCUG VQ �Ω� VJG QWVRWV XQNVCIG QH VJG UQWTEG KU TGFWEGF HWTVJGT� 6JG PGY
XCNWG QH QWVRWV XQNVCIG KU PQY NGUU VJCP ��� 8�

(KIWTG ���� 6JG KPVGTPCN TGUKUVCPEG QH VJG DCVVGT[ UQWTEG
KU C HCEVQT KP VJG CXCKNCDKNKV[ QH EWTTGPV HQT NQCF QRGTCVKQP

6JG EQPEGRV QH C XQNVCIG FTQR FWG VQ GZEGUU EKTEWKV EWTTGPV HNQY KU QPG TGSWKTKPI
CEEGRVCPEG D[ VJQUG NGCTPKPI CNN CDQWV GNGEVTKEKV[� #NN RQYGT UQWTEGU RTGUGPVN[ MPQYP VQ
JWOCPMKPF CTG CHHGEVGF D[ VJKU EQPEGRV� 6JG FGUKIP QH C RQYGT UQWTEG HQT CP[ GNGEVTKECN

+ � ����� # + � ��� #

4.

��� Ω
4.

��� Ω
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FGXKEG KPENWFGU KVU PQTOCN QRGTCVKPI EQPFKVKQPU� 9JGP VJG KPVGTPCN TGUKUVCPEG QH VJG NQCF
GZEGGFU VJG FGUKIP HCEVQTU HQT VJG UQWTEG� VJG QWVRWV XQNVCIG QH VJG UQWTEG FGETGCUGU�
6JG GHHGEV YKNN QEEWT YJGP VJG NQCF EKTEWKV JCU C VQVCN QT RCTVKCN UJQTV EKTEWKV� 6JG TGUWNV KU
C FTQR KP VJG VGTOKPCN XQNVCIG HTQO VJG UQWTEG�

���� 6417$.'5*116+0)

9JGP CVVGORVKPI VQ FKCIPQUG CPF TGRCKT C U[UVGO JCXKPI C NQY QRGTCVKPI XQNVCIG� QPG
JCU VQ HKTUV FGVGTOKPG VJG UQWTEG QH VJG VTQWDNG� 6JG NQCF CPF UQWTEG PGGF VQ DG KUQNCVGF
HTQO GCEJ QVJGT� 9JGP VJG UQWTEG KU C RQYGT UWRRN[ EQPXGTVKPI #�% KPVQ &�%� KV KU
RQUUKDNG VQ OGCUWTG VJG TGUKUVCPEG QH VJG NQCF� #P GZVTGOGN[ NQY TGCFKPI WUWCNN[
KPFKECVGU C UJQTV�EKTEWKV RCVJ KP VJG UGEVKQP QH VJG FGXKEG JCXKPI VJG TGUKUVCPEG XCNWG
DGNQY PQTOCN�

2QYGT 6TCPUHGT # XQNVCIG FTQR FWG VQ VJG XCNWG QH KPVGTPCN TGUKUVCPEG QH VJG UQWTEG ECP
JCXG CP CFXGTUG GHHGEV� 6JG RWTRQUG QH VJG RQYGT UQWTEG KU VQ RTQXKFG C OCZKOWO
SWCPVKV[ QH RQYGT VQ VJG NQCF� 9JGP VJG UQWTEG TGUKUVCPEG KU GSWCN VQ VJG NQCF
TGUKUVCPEG� C OCZKOWO SWCPVKV[ QH RQYGT KU VTCPUHGTTGF HTQO VJG UQWTEG VQ VJG NQCF�

/CZKOWO RQYGT VTCPUHGT QEEWTU YJGP VJG NQCF TGUKUVCPEG CPF VJG UQWTEG TGUKUVCPEG
CTG GSWCN� 6JKU� QH EQWTUG� JCU VQ DG UQOG TGCNKUVKE XCNWG� # DCVVGT[ JCXKPI CP KPVGTPCN

TGUKUVCPEG QH VJG QTFGT QH �Ω YQWNF UQQP DG FGRNGVGF YJGP C �Ω NQCF YCU RNCEGF
CETQUU KVU VGTOKPCNU� #P[ FKHHGTGPEG KP VJG XCNWGU QH VJG VYQ TGUKUVCPEG FGOCPFU VJG WUG
QH RQYGT� 6JG RQYGT EQPUWOGF D[ VJG GZVTC TGUKUVCPEG KU UWDVTCEVGF HTQO VJG VQVCN
RQYGT XCNWG QH VJG EKTEWKV� +H VJG OKUOCVEJ QT WPDCNCPEG QEEWTU KP VJG UQWTEG� VJG
FKHHGTGPEG KU UWDVTCEVGF HTQO VJG VQVCN RQYGT� 6JG FKHHGTGPEG KU VJG SWCPVKV[ TGOCKPKPI VQ
RGTHQTO VJG NQCF	U YQTM� 9JGP VJG KODCNCPEG KU KP VJG NQCF KV CNUQ FKUUKRCVGU RQYGT CPF
KU PQV CXCKNCDNG VQ RGTHQTO VJG TGSWKTGF YQTM� 6JG WPFGUKTCDNG RQYGT NQUU KU QHVGP KP VJG
HQTO QH JGCV� 6JG OKUOCVEJGF WPKVU ETGCVG JGCV CU C HQTO QH GPGTI[� 6JKU JGCV KU
FKUUKRCVGF KPVQ VJG CKT CPF KU PQV CXCKNCDNG HQT WUGHWN YQTM KP VJG NQCF�

1PG GZCORNG QH VJKU KU VJG OCVEJKPI QH VJG QWVRWV QH C TCFKQ VTCPUOKVVGT VQ KVU CPVGPPC
U[UVGO� # RTQRGTN[ OCVEJGF U[UVGO FGNKXGTU CNN VJG RQYGT ETGCVGF KP VJG VTCPUOKVVGT VQ
VJG CPVGPPC� #P KORTQRGTN[ OCVEJGF U[UVGO ��TGHNGEVU		 VJG RQYGT ETGCVGF D[ VJG
OKUOCVEJ DCEM KPVQ VJG VTCPUOKVVGT� +V KU C PGICVKXG HQTEG CPF KVU XCNWG QRRQUGU VJG
FGNKXGT[ QH CNN QH VJG RQYGT VQ VJG CPVGPPC U[UVGO� 6JG TGUWNV KU VJG NQUU KP VJG COQWPV QH
RQYGT TCFKCVGF HTQO VJG CPVGPPC CPF VJG RQUUKDKNKV[ QH QXGTJGCVKPI VJG QWVRWV UVCIG QH
VJG VTCPUOKVVGT� 1XGTJGCVKPI VJG QWVRWV UVCIG QHVGP FGUVTQ[U VJG VTCPUKUVQTU EQORTKUKPI
VJKU UGEVKQP QH VJG VTCPUOKVVGT�

6JG RTQEGUU QH OCZKOWO RQYGT VTCPUHGT KU PGEGUUCT[ HQT CNN V[RGU QH OCEJKPGT[ CPF
GNGEVTKECN FGXKEGU� 6JG HTKEVKQP DGVYGGP OQXKPI RCTVU PQTOCNN[ ETGCVGU RQYGT NQUU KP
OCEJKPG� /CEJKPG FGUKIPGTU CVVGORV VQ OKPKOK\G HTKEVKQP� CU KV RTQFWEGU JGCV� 'PGTI[ KU
TGSWKTGF VQ QXGTEQOG VJG GHHGEVU QH HTKEVKQP� 6JKU GPGTI[ ECPPQV DG EQPUKFGTGF CU FQKPI
WUGHWN YQTM WPFGT VJGUG EKTEWOUVCPEGU�

6JKU GHHGEV KU UGGP KP GNGEVTKECN EKTEWKVT[ KP C XGT[ UKOKNCT OCPPGT�

'PGTI[ KU TGSWKTGF VQ HQTEG GNGEVTQPU VJTQWIJ C EQPFWEVQT� 9JGP VJG EQPFWEVQT KU UOCNN
VJG GNGEVTQPU DWOR KPVQ GCEJ QVJGT CPF ETGCVG JGCV� 6JKU KU C TGUWNV QH YCUVGF GPGTI[�
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1HVGP C NCTIG EQPFWEVKPI RCVJ OKPKOK\GU EQPFWEVQT TGUKUVCPEG CPF TGFWEGU VJG DWKNV WR
JGCV FWG VQ HTKEVKQP� # HKPCN GZCORNG QH VJKU EQPEGRV FGCNU YKVJ VJG CFFKVKQP QH URGCMGTU VQ
CWFKQ CORNKH[KPI U[UVGOU� $QVJ VJG CWFKQ CORNKHKGT CPF VJG URGCMGTU GZJKDKV VJG SWCNKVKGU
QH TGUKUVCPEG� 9JGP VJG XCNWGU QH VJG VYQ FGXKEGU CTG ENQUG VQ OCVEJKPI � UQWPF
TGRTQFWEGF D[ VJG URGCMGTU KU CV KVU NQWFGUV NGXGN� #P[ OKUOCVEJKPI QH XCNWGU DGVYGGP
URGCMGTU CPF CORNKHKGT TGUWNVU KP C NQUU QH NGXGN QH CWFKQ QWVRWV� #P GZEGUU KP OKUOCVEJ
ECP TGUWNV KP FGUVTQ[KPI VJG QWVRWV UVCIG VTCPUKUVQTU KP VJG CORNKHKGT WPKV� 9JCV KU DGKPI
UCKF ECP DG UVCVGF KP VJG HQTO QH C HQTOWNC�

2QWV � 2KP

'KVJGT QH VJG RQYGT 
2� WPKVU OWUV KPENWFG CPCN[UKU FWG VQ HTKEVKQP� 6JKU HQTOWNC EQWNF DG
OQFKHKGF CU HQNNQYU CPF UVKNN DG EQTTGEV �

2QWV  2NQUU � 2KP  2NQCF

VJG NQUU KP VJKU GZCORNG DGKPI VJG RQYGT TGSWKTGF VQ QXGTEQOG GNGEVTKECN HTKEVKQP�

Review Questions
�� 'ZRNCKP VJG HGCVWTGU QH $CVVGTKGU !
�� 'ZRNCKP VJG HQNNQYKPI VGTOU

C� /GCUWTKPI EGNN XQNVCIG�
D� %GNNU KP EQODKPCVKQP�
E� %JCTIKPI QH &T[ EGNN�
F� 8QNVCIG CPF EWTTGPV KP RQYGT UQWTEG�

�� 9JCV CTG VJG FKHHGTGPV V[RGU QH EGNNU! $TKGHN[ GZRNCKP %CTDQP <KPE EGNN!
�� )KXG C UJQTV PQVG QP�

C� 0KEMGN�%CFOKWO %GNN�
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%*#26'4�'+)*6

4'.#;5��59+6%*'5�#0&�2#0'.
%1/210'065

(GCVWTGU�

��� +PVTQFWEVKQP VQ 4GNC[U

��� 4GNC[ %QPUVTWEVKQP

��� 4GNC[U %NCUUKHKECVKQP

��� %JCTCEVGTKUVKEU QH C 4GNC[

��� 6[RGU QH 4GNC[U

��� +PVTQFWEVKQP VQ 5YKVEJGU

��� 6[RGU QH 5YKVEJGU

��� #RRNKECVKQPU QH UYKVEJGU
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4GNC[U

��� +0641&7%6+10

4GNC[ KU CP GNGEVTKECN FGXKEG CPF KV HWPEVKQPU CU CP GNGEVTKECNN[ QRGTCVGF UYKVEJ� /QUV
TGNC[U CTG QRGTCVGF 'NGEVTQ�OCIPGVKECNN[� 9JGP EWTTGPV HNQYU VJTQWIJ C EQKN�
GNGEVTQOCIPGVKE HKGNF KU IGPGTCVGF� 6JG IGPGTCVGF GNGEVTKECN HKGNF CVVTCEVU VJG CTOCVWTG�
YJKEJ KP VWTP QRGPU QT ENQUGU VJG GNGEVTKECN EQPVCEVU� 6JG VKOG VCMGP D[ C TGNC[ HQT VJKU
QRGTCVKQP KU KP OKNNK�UGEQPF TCPIG�

(KI ��� 'NGEVTKECN 4GNC[U

# %QOOQP V[RG QH TGNC[ JCXKPI C PQTOCNN[ QRGP CPF QVJGTYKUG C ENQUGF EQPVCEV KU
UJQYP KP HKI� ��� 6JG PQTOCNN[ ENQUGF EQPVCEV RTQXKFGU C EQPVKPWKV[ DGVYGGP VJG
CTOCVWTG CPF VJG WRRGT EQPVCEV� 6JG URTKPI JQNFU VJG CTOCVWTG CU UJQYP KP HKI� 9JGP C
FGUKTGF XQNVCIG KU CRRNKGF VQ VJG EQKN� VJG CTOCVWTG KU CVVTCEVGF VQ VJG EQKN CPF KV KU FTCYP
FQYPYCTFU�

6JKU DTGCMU VJG PQTOCNN[ ENQUGF EQPVCEV CPF OCMGU VJG EQPVCEV QRGP� 0QY VJG EQPVKPWKV[
GZKUVU DGVYGGP VJG CTOCVWTG CPF VJG PQTOCNN[ QRGP EQPVCEV� # YKFG XCTKGV[ QH UK\GU HQT
TGNC[U CTG CXCKNCDNG�

��� 4'.#;�%105647%6+10

6JG FGHKPKVKQP QH TGNC[ KORNKGU VJCV TGNC[ EQPUKUVU QH VJTGG DCUKE GNGOGPVU�

�� #P CEVWCVKPI QT GZEKVKPI EQKN
�� /GEJCPKECN NKPMCIG VQ VTCPUHGT VJG GZEKVCVKQP �FG�GZEKVCVKQP QH VJG EQKN KPVQ QWVRWV�
�� %QPVCEV UYKVEJKPI�

+V EQPUKUVU QH C EQKN YQWPF QXGT C OCIPGVKE EQTG QT TQF� 1PG HCEG QH VJG EQTG KU CVVCEJGF
VQ C DCUG RNCVG VJCV KU GZVGPFGF VQ VJG QVJGT HCEG QH VJG EQKN� # OQXCDNG RNCVG GZVGPFKPI
VQ VJG QRGP HCEG QH VJG EQTG KU CVVCEJGF VQ VJG DCUG RNCVG UWEJ VJCV C UOCNN ICR TGOCKPU
DGVYGGP VJG OQXCDNG RNCVG CPF VJG EQTG� 6JG OQXCDNG EQPVCEVU CTG CVVCEJGF VQ VJKU
RNCVG� 6JG HKZGF EQPVCEVU CTG EQPUVTWEVGF QRRQUKVG VQ VJG OQXKPI EQPVCEVU� 5WKVCDNG ICR
KU OCKPVCKPGF DGVYGGP VJG VYQ EQPVCEVU� 6JG EQPVCEV CTTCPIGOGPV KU UWEJ VJCV YJGP VJG
OQXCDNG RNCVG KU KP EQPVCEV YKVJ VJG EQTG HCEG� VJG EQPVCEVU CNUQ IGV ENQUGF� 6JG EQKN�
YJGP GPGTIK\GF� RTQFWEGU OCIPGVKE HKGNF KP VJG EQTG� 6JG QRGP HCEG DGEQOGU C RQNG QH
VJG GNGEVTQOCIPGV CPF CVVTCEVU VJG OQXCDNG RNCVG� 6JG OQXCDNG RNCVG EQOGU KP EQPVCEV
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QH VJG RQNG HCEG CPF KU JGNF HKTON[ VJGTG� CU VJG OCIPGVKE EKTEWKV TGOCKPU ENQUG VJTQWIJ
VJG DCUG RNCVG� 6JG EQPVCEVU CVVCEJGF VQ VJG OQXCDNG RNCVG CTG PQY HKTON[ JGNF VQ VJG
HKZGF EQPVCEVU� 6JWU CEVWCVKQP QH VJG EQKN ECWUGU VJG PQTOCNN[ QRGP EQPVCEVU VQ ENQUG�
6JG PQTOCNN[ ENQUGF EQPVCEVU CTG RNCEGF KP UWEJ C YC[ VJCV VJG[ TGOCKP ENQUGF YJGP VJG
EQKN KU PQV GPGTIK\GF CPF IGV QRGP CEVWCVKQP QH VJG EQKN� # URTKPI KU HKVVGF VQ VJG OQXCDNG
RNCVG VJCV DTKPIU VJG OQXCDNG RNCVG CPF VJG EQPVCEVU DCEM VQ VJGKT QTKIKPCN RQUKVKQP YJGP
VJG EQKN KU FG�CEVWCVGF�

���� 4'.#;�%.#55+(+%#6+10

5GXGTCN V[RGU QH TGNC[U JCXG DGGP FGXGNQRGF VQ RGTHQTO FKHHGTGPV V[RGU QH FWVKGU� 6JG[
ECP DG ENCUUKHKGF KP C PWODGT QH YC[U� +P IGPGTCN� VJG[ CTG ENCUUKHKGF CEEQTFKPI VQ VJG
OGEJCPKUO VJCV QRGTCVGU VJG EQPVCEVU� 5QOG QH VJG EQOOQP V[RGU CTG VJG ENCRRGT�
TCVEJGV UVGRRGT� UQNGPQKF� OGVGT� TGGF� VJGTOCN CPF UQNKF UVCVG TGNC[U� 4GNC[U ECP CNUQ DG
ENCUUKHKGF CEEQTFKPI VQ VJGKT EQKN FGUKIP CPF EQPVCEV UVTWEVWTG� (QNNQYKPI HKI� ��� UJQYU
UQOG QH VJG EQOOQP V[RGU QH GNGEVTQOCIPGVKE TGNC[U WUGF KP RTCEVKEG�

4GNC[U ECP CNUQ DG ENCUUKHKGF CEEQTFKPI VQ VJGKT WUG� (QT KPUVCPEG� TGNC[U YKVJ EQPVCEV
VJCV PQTOCNN[ ECTTKGU ��# QH EWTTGPV QT OQTG CTG ECNNGF EQPVTCEVQTU� # TGNC[ WUGF KP OQVQT
EQPVTQN EKTEWKV VQ EQPVTQN VJG UVCTVKPI EWTTGPV KU ECNNGF C OQVQT UVCTVGT� 4GNC[U WUGF CU
RTQVGEVKXG FGXKEG VQ KPVGTTWRV EKTEWKVU� YJGP VJG[ DGEQOG QXGTNQCFGF CTG ECNNGF EKTEWKV
DTGCMGTU� +P HQNNQYKPI HKIWTG�

(KI ��� 8CTKQWU 6[RGU QH 4GNC[U

(KI� ��� # � 1RGP V[RG QH TGNC[ YKVJ UQNFGT EQPVCEVU�

(KI� ��� $ � 2NWI�KP V[RG QH TGNC[ YKVJ C RNCUVKE FWUV EQXGT�

(KI� ��� % � 'PENQUGF V[RG YKVJ UQNFGT EQPVCEVU�

(KI� ��� & � *GTOGVKECNN[ UGCNGF TGNC[ HQT YQTMKPI KP EJGOKECN CVOQURJGTG�
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(KI� ��� ' � 5OCNN &+2 TGNC[ HQT FKTGEVN[ UQNFGTKPI QP C 2TKPVGF %KTEWKV $QCTF�

(KI� ��� ( � *KIJ XQNVCIG TGNC[�

(KI� ��� ) � *GTOGVKECNN[ UGCNGF V[RG QH TGNC[ YKVJ TKIKF URGEKHKECVKQPU HQT OKNKVCT[

CRRNKECVKQP�

��� �%*#4#%6'4+56+%5�1(�4'.#;

5QNKF UVCVG TGNC[U PQY QEEWR[ CP KORQTVCPV RQUKVKQP KP VJG HKGNF QH TGNC[ CRRNKECVKQP� 6JG[
CTG UNQYN[ TGRNCEKPI VJG EQPXGPVKQPCN GNGEVTQOCIPGVKE TGNC[U KP OCP[ CRRNKECVKQPU UWEJ
CU VGNGRJQPG GZEJCPIGU CPF RQYGT UYKVEJKPI� +PURKVG QH VJKU� VJG GNGEVTQOCIPGVKE TGNC[
EQPVKPWGU VQ JQNF C XGT[ KORQTVCPV RNCEG KP GNGEVTQPKEU CPF GNGEVTKECN GPIKPGGTKPI�
(QNNQYKPI CTG UQOG FKHHGTGPV EJCTCEVGTKUVKEU QH TGNC[�


C� 'NGEVTKECN KUQNCVKQP QH KPRWV HTQO QWVRWV� +P GNGEVTQOCIPGVKE TGNC[U VJG

TGUKUVCPEG DGVYGGP VJG KPRWV CPF QWVRWV EKTEWKVU KU CV NGCUV ���/Ω � 6JKU KU CDQWV ����
VKOGU VJCV QH UGOKEQPFWEVQT FGXKEG� CPF KU CNOQUV KPFGRGPFGPV QH UWRRN[ XQNVCIG� VKOG�
VGORGTCVWTG CPF GZRQUWTG VQ TCFKCVKQP� 6JKU KU PQV KP VJG ECUG YKVJ UQNKF�UVCVG TGNC[U�
6JWU� VJG UQNKF�UVCVG TGNC[U CTG C RQQT RGTHQTOGT CU HCT CU VJG KUQNCVKQP EJCTCEVGTKUVKEU
CTG EQPEGTPGF�


D� %QPVCEV TGUKUVCPEG� 6JG EQPXGPVKQPCN GNGEVTQOCIPGVKE TGNC[U CPF TGGF TGNC[U
QHHGT PGCT KPHKPKVG QRGP EKTEWKV TGUKUVCPEG CPF PGCT \GTQ TGUKUVCPEG YJGP EQPVCEVU ENQUG�
+V VJWU QHHGTU FKUVKPEV �QP		 CPF �QHH		 EQPFKVKQPU KPFGRGPFGPV QH VGORGTCVWTG CPF UWRRN[
XQNVCIG� 9KVJ VJG UQNKF UVCVG TGNC[U� VJG �EQPVCEV TGUKUVCPEG		 XCTKGU YKVJ NQCF EWTTGPV�
VGORGTCVWTG GVE�

E� /WNVKRNG EQPVCEV CTTCPIGOGPV� 1HVGP VJGTG KU C TGSWKTGOGPV VQ UYKVEJ OCP[
EKTEWKVU YKVJ QPG TGNC[ ENQUWTG� (QT GZCORNG� QPG UYKVEJ YKNN UVCTV VJG OQVQT� VJG UGEQPF
QPG YKNN EJCPIG VJG KNNWOKPCVGF KPFKECVQT HTQO QHH VQ QP� CPF VJG VJKTF YKNN RTGXGPV QVJGT
EKTEWKV KPFKECVQT HTQO QRGTCVKQP QT KPVGTHGTGPEG� 6JKU ECP DG CEJKGXGF YKVJ C EQPXGPVKQPCN
VJTGG�RQNG GNGEVTQOCIPGVKE TGNC[ GCUKN[ CPF KPGZRGPUKXGN[� 1PG HQTO # EQPVCEV VQ UYKVEJ
QP VJG OQVQT� QPG HQTO % EQPVCEV VQ EJCPIG QXGT VJG KPFKECVQT� CPF QPG HQTO $ EQPVCEV
HQT QRGTCVKQP QH VJG UGEQPF EKTEWKV�


F� %QPVCEV 5GSWGPEG� .KOKVGF QPN[ D[ URCEG CPF GCUG QH YKTKPI VQ CP QRVKOWO
EQODKPCVKQP QH WUWCNN[ WR VQ � EQPVCEVU� VJG GNGEVTQOCIPGVKE TGNC[ QHHGTU VJG HCEKNKV[ QH
CNNQYKPI OGEJCPKECN NC[GTKPI DGVYGGP EQPVCEVU�


G� 6QNGTCPEG VQ QXGTJGCFU� 6JG EQPXGPVKQPCN GNGEVTQOCIPGVKE TGNC[ QHHGTU CP
QRVKOWO UQNWVKQP VQ VJG RTQDNGOU RQUGF D[ VGORQTCT[ QXGTJGCFU� %QKNU ECP DG FGUKIPGF
VQ HWPEVKQP QP XCTKQWU UWRRN[ XQNVCIGU CPF GXGP VCMG EQPVKPWQU QXGTNQCFU FGRGPFKPI QP
VJGKT FGUKIP�


H� 1RGTCVKPI RQYGT TCPIG� 'NGEVTQOCIPGVKE TGNC[U CTG CXCKNCDNG HQT QRGTCVKQP QP
RQYGT TCVKPIU CP[YJGTG HTQO OKNK�YCVVU VQ YCVVU� $QVJ TGGF TGNC[U CPF UQNKF�UVCVG TGNC[U
WUWCNN[ TCVGF HQT NQY RQYGT QRGTCVKQP�


I� 0QKUG HTGG QRGTCVKQP� 'NGEVTQOCIPGVKE TGNC[U OCMG QT DTGCM C�E� EKTEWKV CV CP[
VKOG FWTKPI VJG CE E[ENG� CPF VJKU TCPFQO EJCPIG KP UVCVG ECP TGUWNV KP CP CTE QP EQPVCEV
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QRGPKPI� 'NGEVTQOCIPGVKE TGNC[U CNUQ IGPGTCVG CEQWUVKE PQKUG� YJKEJ UQOGVKOGU
DGEQOGU QDLGEVKQPCDNG� KH C NCTIG PWODGT QH TGNC[U CTG KPXQNXGF UQNKF UVCVG TGNC[U
QRGTCVG UKNGPVN[�

��� 6;2'5�1(�4'.#;5


C� 6JG )GPGTCN 2WTRQUG 4GNC[� 6JG )GPGTCN�RWTRQUG TGNC[ JCU DGGP FGUETKDGF�
6JGUG TGNC[U CTG NQY EQUV CPF CTG TGCFKN[ CXCKNCDNG� 6JG OCLQT FKUCFXCPVCIGU QH VJGUG
V[RGU QH TGNC[U CTG VJCV VJG[ CTG RQUKVKQP UGPUKVKXG� JCXG NQY UGTXKEG NKHG� ECP DG GCUKN[
VGORGTGF YKVJ� CPF JCXG RQQT UJQEM CPF XKDTCVKQP TGUKUVCPEG� )GPGTCN�RWTRQUG TGNC[U
CTG WUGF RTKOCTKN[ KP EQPUWOGT GNGEVTQPKEU IQQFU� XQNVCIG UVCDKNK\GTU CPF JQWUGJQNF
GNGEVTKECN CRRNKCPEGU�


D� 2QYGT 6[RG 4GNC[� 6JG RQYGT V[RG TGNC[U CTG NCTIGT CPF TWIIGF XGTUKQP QH VJG
IGPGTCN�RWTRQUG TGNC[U� 6JG TGNC[ EQPVCEVU CTG FGUKIPGF HQT JGCX[ EWTTGPV 
�� VQ ��
#OR� CPF OQTG� CPF KPFWEVKXG NQCFU RTKOCTKN[ OQVQTU� 6JG OCKP FKUCFXCPVCIGU QH VJGUG
TGNC[U CTG VJCV VJG[ CTG RQUKVKQP UGPUKVKXG� JCXG RQQT TGUKUVCPEG VQ UJQEM QT XKDTCVKQP CPF
CTG NGUU UGPUKVKXG� 6JG OGTKVU CTG VJCV VJG[ ECP JCPFNG JGCX[ NQCFU� CTG GCU[ VQ TGRCKT
CPF VJG EQPFKVKQP QH VJG EQPVCEVU ECP DG FGVGTOKPGF D[ XKUWCN KPURGEVKQP� 2QYGT V[RG
TGNC[U HKPF VJGKT CRRNKECVKQPU KP CKT�EQPFKVKQPKPI CPF JGCVKPI GSWKROGPV� JQWUGJQNF
GNGEVTKECN CRRNKCPEGU� CPF GNGEVTKE RQYGT EQPVTQN�


E� 6JG 6GNGRJQPG 6[RG 4GNC[� 6GNGRJQPG V[RG TGNC[U CTG WUGF HQT CRRNKECVKQPU
YJGTG EQPVCEVU CTG TGSWKTGF VQ QRGTCVG QP QRGP EKTEWKV CU YGNN CU QP VJG ECRCEKV[ RQYGT�
6JGUG TGNC[U CTG PQY CXCKNCDNG KP OCP[ FKHHGTGPV FGUKIPU QHHGTKPI C XCTKGV[ QH EQPVCEV
HQTOU� EQPVCEV OCVGTKCNU CPF XCTKCVKQP KP VKOKPI� 6JG VGNGRJQPG V[RG TGNC[U RTQXKFG JKIJ
OQWPVKPI FGPUKV[� EQPVCEV TGNKCDKNKV[ CPF IQQF UGPUKVKXKV[� 6JGUG TGNC[U CTG IGPGTCNN[
KPUGPUKVKXG VQ OQWPVKPI RQUKVKQP CPF JCXG OQFGTCVG UJQEM CPF XKDTCVKQP TGUKUVCPEG�

6GNGRJQPG V[RG TGNC[U CTG IGPGTCNN[ WUGF HQT OGFKWO RQYGT NQCFU NKMG VGNGRJQPG CPF
YKTGF EQOOWPKECVKQPU U[UVGOU� QHHKEG OCEJKPGU� TCFKQU EQORWVGT RGTKRJGTCNU� FCVC
RTQEGUUKPI GSWKROGPV� NCDQTCVQT[ KPUVTWOGPVU CPF CNUQ OKNKVCT[ U[UVGOU�


F� 6JG &T[�4GGF 4GNC[� +P VJG FT[ TGGF TGNC[� VJG TGNC[ EQKN UWTTQWPFU VJG EQPVCEVU
CPF IGPGTCVGU C HNWZ VJCV CEVU FKTGEVN[ QP VJG EQPVCEVU YKVJQWV VJG WUG QH VJG CTOCVWTG�
6JG EQPVCEVU CTG OCFG QH OCIPGVKE OCVGTKCNU CPF CTG GPENQUGF KP C UGCNGF INCUU
GPXGNQRG� 9JGP VJG EQKN KU GPGTIK\GF VJGUG EQPVCEVU CTG CVVTCEVGF VQ GCEJ QVJGT VQ HQTO
C ENQUGF EQPVCEV� 6JG DCUKE TGGF UYKVEJGU CTG CXCKNCDNG KP FKHHGTGPV HQTOU CPF UK\GU� 6Q
QDVCKP PQTOCNN[ ENQUGF EQPVCEVU� VJG EQPVCEVU CTG DKCUGF WUKPI C RGTOCPGPV OCIPGV�
6JG UK\GU CXCKNCDNG ECP DG FGUETKDGF CU TGIWNCT� OKPKCVWTG CPF OKETQ�OKPKCVWTG� &T[�
TGGF TGNC[U CTG CXCKNCDNG KP C YKFG XCTKGV[ QH CUUGODNKGU NKMG QRGP CUUGODN[� GPENQUGF
TGNC[U� RQVVGF QT OQWNFGF TGNC[U� CPF JGTOGVKECNN[ UGCNGF TGNC[U� 6JG RQVVGF�OQWNFGF QT
UGCNGF TGNC[U CTG CXCKNCDNG KP XCTKQWU UJCRGU CPF UK\GU NKMG DQZ V[RG� &WCN�+P�.KPG
2CEMCIG 
&+2�� 5KPING�+P�.KPG 2CEMCIG�

6JG FT[�TGGF TGNC[U� CU VJG EQPUVTWEVKQP UWIIGUVU� CTG UWUEGRVKDNG VQ GZVGTPCN OCIPGVKE
HKGNFU� (QT VJKU TGCUQP� CPF VQ KORTQXG OCIPGVKE EQWRNKPI QH VJG EQKN VQ VJG UYKVEJGU�
OCP[ TGNC[U KPEQTRQTCVG UQOG HQTO QH OCIPGVKE UJKGNFKPI� /GVCN ECUGU UGTXG VJKU
HWPEVKQP� CU FQ KPVGTPCN YTCRU QT RNCVGU CHHKZGF VQ VJG EQKN� +P UQOG FGUKIPU� VJG OCIPGVKE
UJKGNF KU EQPPGEVGF VQ C VGTOKPCN� YJKEJ OC[ DG ITQWPFGF VQ RTQXKFG GNGEVTQUVCVKE
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UJKGNFKPI� DWV KP OQUV ECUGU VJG GNGEVTQUVCVKE UJKGNF KU PQPHGTTQWU CPF UGRCTCVG HTQO VJG
OCIPGVKE UJKGNF�

5YKVEJGU

��� +0641&7%6+10�61�59+6%*'5

#P GNGEVTKECN UYKVEJ KU C FGXKEG WUWCNN[ WUGF VQ QRGP QT EJQUG CP GNGEVTKECN EKTEWKV� /QUVN[
UYKVEJGU CTG OCPWCNN[ QRGTCVGF FGXKEGU� 5YKVEJGU RNC[ CP KORQTVCPV TQNG KP GNGEVTQPKEU�
VQ UVQR VJG HNQY QH EWTTGPV QT UGPF VJG EWTTGPV�

���� 6;2'5�1(�59+6%*'5


�� 5KPING 2QNG 5KPING 6JTQY 
5256� 5YKVEJ� 6JKU V[RG QH UYKVEJ ECP EQPPGEV QT
FKUEQPPGEV QPN[ C UKPING YKTG EKTEWKV� 6JGUG CTG QH VYQ V[RGU � UNKFG V[RG CPF VQIING V[RG
# V[RKECN UNKFG V[RG QH 5256 KU UJQYP KP HKI� ���� +VU EWTTGPV TCVKPI KU HTQO ��� VQ �# CPF
XQNVCIG HTQO �8 VQ �� 8� +V KU RTKOCTKN[ WUGF CU CP 1P�1HH UYKVEJ KP UOCNN GNGEVTKECN
CRRNKCPEGU�

6JG EQOOQP V[RG VQIING UYKVEJ JCU C EWTTGPV TCVKPI CRRTQZKOCVGN[ CU � # QH ��� 8� +V
JCU YKFG CRRNKECVKQP KP NQY EWTTGPV UQNKF UVCVG FGXKEG� KPUVTWOGPVU� VGUV CRRCTCVWU CPF
EQORWVGTU� +VU HWPEVKQP KU VQ 1P�1HH VJG KPUVTWOGPV�


�� 5KPING 2QNG &QWDNG 6JTQY 
52&6� 5YKVEJ� 6JKU V[RG QH UYKVEJ JCU VYQ 10
RQUKVKQPU� 52&6 CTG CNUQ QH VYQ V[RGU� UNKFG V[RG CPF VQIING 52&6 UYKVEJ�

(KI� ��� 
5256� (KI����
52&6�

6JG UNKFG V[RG 52&6 KU WUGF HQT 2%$ OQWPVKPI DWV VQIING 52&6 KU WUGF KP NQY EWTTGPV
FGXKEGU CU KP 5256� 5NKFG V[RG 52&6 KU CXCKNCDNG KP �#� �# HQT C XQNVCIG TCPIG QH �� 8
VQ �8� 6QIING V[RG 52&6 JCU C EWTTGPV TCVKPI QH �#� ���# HQT C XQNVCIG TCPIG QH ���8
CPF ��8�


�� &QWDNG 2QNG 5KPING 6JTQY 
&256� 5YKVEJ� 5WEJ C V[RG QH UYKVEJ JCU QPN[ QPG
RQUKVKQP QH ENQUWTG DWV VYQ EQPVCEVU UKOWNVCPGQWUN[ CU UJQYP KP HKI�

(KI ��� &256 5YKVEJ
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+V KU UKOKNCT VQ C 5256 UYKVEJ� 6JG OCLQT FKHHGTGPEG KP &256 UYKVEJ KU VJCV DQVJ UKFG QH C

VYQ�YKTG NKPG CTG UYKVEJGF CV QPEG�


�� &QWDNG 2QNG &QWDNG 6JTQY 
&2&6� 5YKVEJ�

6JKU V[RG QH UYKVEJ JCU VYQ RQNGU CPF ECP DG OQXGF QP GKVJGT UKFG VJCV KU VQ VJG TKIJV QT

VQ VJG NGHV CU UJQYP�

(KI� ��� &2&6 5YKVEJ

6YQ &256 UYKVEJGU EQPPGEVGF VQIGVJGT ECP CNUQ DG WUGF CU C &2&6 UYKVEJ� 6JGTG CTG
VYQ V[RGU QH &2&6 UYKVEJGU


K� 6QIING V[RG 
KK� 5NKFG V[RG &2&6�


�� /KETQ 5YKVEJGU� /KETQ UYKVEJGU CTG XCTKQWU V[RGU� $CUKECNN[ VJG[ ECP DG
ENCUUKHKGF CU KNNWOKPCVGF TQEMGT UYKVEJGU CPF UWDOKPKCVWTG TQEMGT UYKVEJ� $WV CNN VJG
UYKVEJGU FKUEWUUGF CDQXG CTG VQIING OKETQ�UYKVEJGU� 6JG[ CTG UWKVCDNG HQT DQVJ NQY NGXGN
CPF JKIJ NGXGN 
RQYGT UYKVEJKPI� CRRNKECVKQPU� 0QTOCNN[ VJGUG UYKVEJGU CTG GPENQUGF KP C
P[NQP ECUG� 6JKU P[NQP EQPUVTWEVKQP RTQXKFGU C FQWDNG KPUWNCVKQP HQT GZVTC UCHGV[� 6JKU

KPUWNCVKQP TGUKUVCPEG KU IGPGTCNN[ ITGCVGT VJCP �� /Ω� 6JG VGORGTCVWTG TCVKPI QH OKETQ�

UYKVEJGU KU DGVYGGP � ���% VQ ���%� (KI� UJQYU FKHHGTGPV V[RGU QH OKETQ UYKVEJGU�

(KI� ���


�� $CPF 5YKVEJGU� 6JGUG UYKVEJGU CTG WUGF KP KPUVTWOGPV UWEJ CU 4CFKQ� 68� CPF
6CRG TGEQTFGT VQ UGNGEV C FGUKTGF EKTEWKV� /QUVN[ C VJTGG�DCPF TCFKQ TGEGKXGT UGV TGSWKTGU
C VJTGG�RQUKVKQP DCPF UYKVEJ� 6JGUG UYKVEJGU CTG QH FKHHGTGPV V[RGU�UNKFG V[RG QT TQVCT[
V[RG (QNNQYKPI HKIWTG UJQYU VJG DCPF UYKVEJGU� +PFWUVTKCN ITCFG TQVCT[ UYKVEJGU CTG
UWKVCDNG HQT CNN V[RGU QH VGUV CPF KPFWUVTKCN GSWKROGPV CPF JGCX[ WUG EQPUWOGT RTQFWEV�

(KI� ���
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�� 2WUJ $WVVQP 5YKVEJGU� $QVJ NQEMKPI QT NCVEJKPI 
EQPVCEVU TGOCKPKPI QRGTCVGF
CHVGT VJG DWVVQP KU RTGUUGF� CPF PQP NQEMKPI 
EQPVCEVU TGNGCUG CHVGT TGOQXCN QH VJG HKPIGT�
FGUKIPU CTG CXCKNCDNG� 1VJGT FGUKIP XCTKCVKQPU JCXG OWNVKRNG EQPVCEVU� UPCR CEVKQP CPF
YKRGT CEVKP� +P OQUV FGUKIPU� UVCVG QH VJG UYKVEJ 
QRGTCVGF QT PQV� KU FGVGTOKPGF D[ XKUWCN
QDUGTXCVKQP QPN[� 5QOG FGUKIPU JCXG CP KPFKECVKQP NKIJV GKVJGT UGNH�EQPVCKPGF QT
UGRCTCVG�


�� -G[DQCTFU� # YKFG XCTKGV[ QH MG[DQCTFU QT MG[ RCFU CTG WUGF HQT RTQXKFKPI
OCPWCN KPRWV VQ GNGEVTQPKE KPUVTWOGPVU UWEJ CU VGNGRJQPG UGVU CPF CFFKPI OCEJKPGU�
6JG OQUV EQOOQPN[ CXCKNCDNG MG[DQCTF JCU C ���DWVVQP 
� TQYU CPF � EQNWOPU�
CTTCPIGOGPV KFGPVKECN VQ VJG VGNGRJQPG KPUVTWOGPVU CNVJQWIJ MG[DQCTFU YKVJ �� CPF ��
DWVVQP CTTCPIGOGPV CTG CNUQ CXCKNCDNG�

��� #22.+%#6+10�1(�6*'�59+6%*'5


�� 5256� � 6JG OCKPU NKPG UYKVEJ WUGF KP VJG JQWUG HQT VJG QP QHH QH VWDG�NKIJVU�

$WNDU GVE� CTG QH VJG V[RG QH 5256�


�� 52&6� � 6JGUG V[RGU QH UYKVEJGU CTG EQOOQPN[ QDUGTXGF KP VCRG�TGEQTFGTU�

6JG[ CTG WUGF HQT VJG EQPPGEVKQP QH VCRG QT TCFKQ CU RGT TGSWKTGOGPV�


�� &256� � 6JKU V[RG KU MPQYP CU C &256� +V KU EQOOQPN[ QDUGTXGF KP FQQTDGNN�


�� /KETQ UYKVEJGU� � 5WEJ V[RGU QH UYKVEJGU CTG IGPGTCNN[ QDUGTXGF KP QWT 6�8�UGVU�

KP RNCEG QH QP�QHH UYKVEJ GVE�


�� $CPF UYKVEJGU� � 6JGUG UYKVEJGU HKPF CP CRRNKECVKQP KP QWT TCFKQ TGEGKXGT UGVU�

9JGP YG YCPV VQ UGNGEV C RCTVKEWNCT DCPF� UC[ /9 QT 59�� QT 59� YG CFLWUV

VJKU DCPF UYKVEJ YKVJ VJG JGNR QH C MPQD�

%CWUGU QH /CNHWPEVKQPKPI QH 5YKVEJGU� &GHGEVU QEEWTTKPI KP XCTKQWU UYKVEJGU WUGF KP
GNGEVTQPKE GSWKROGPV OQUV QHVGP CTG CU HQNNQYU�
C� $TQMGP EQPVCEV
D� $WTPGF EQPVCEV
E� 5JQTVGF EQPVCEV
F� &GHGEVKXG URTKPI
G� $WTPGF UYKVEJ DQF[

Review Questions

�� 9JCV FQ [QW OGCP D[ 4GNC[! )KXG VJG ENCUUKHKECVKQP QH 4GNC[U!

�� 9JCV CTG VJG FKHHGTGPV EJCTCEVGTKUVKEU QH 4GNC[U!

�� $TKGHN[� 'ZRNCKP FKHHGTGPV V[RGU QH UYKVEJGU!

�� 9JCV CTG VJG FKHHGTGPV CRRNKECVKQPU QH UYKVEJGU!



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

101

016'5



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

102

016'5



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

103

016'5



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

104

016'5



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

105

%*#26'4�0+0'

OSCILLATORS

(GCVWTGU�

��� +PVTQFWEVKQP
9.2 Types of Oscillators
9.3 RC Oscillators
9.4 LC Oscillators
9.5 Crystal Oscillators
9.6 Timer Circuit
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��� +0641&7%6+10

#P[ EKTEWKV VJCV IGPGTCVGU CP CNVGTPCVKPI XQNVCIG KU ECNNGF CP QUEKNNCVQT�6Q IGPGTCVG CE
XQNVCIG�VJG EKTEWKV KU UWRRNKGF GPGTI[ HTQO C FE UQWTEG�6JG QUEKNNCVQTU JCXG C XCTKGV[ QH
CRRNKECVKQPU�+P UQOG CRRNKECVKQPU YG PGGF XQNVCIGU QH NQY HTGSWGPEKGU�KP QVJGTU QH XGT[
JKIJ HTGSWGPEKGU�(QT GZCORNG VQ VGUV VJG RGTHQTOCPEG QH C UVGTGQ CORNKHKGT�YG PGGF C
UKIPCN QH XCTKCDNG HTGSWGPE[ KP VJG CWFKQ TCPIG
�� *\���-*\��6JG EQOOGTEKCN QUEKNNCVQT
CXCKNCDNG KP VJG OCTMGV HQT VJKU RWTRQUG KU ECNNGF CWFKQ UKIPCN IGPGTCVQT�

0GZV VQ CORNKHKGTU� QUEKNNCVQTU CTG VJG OQUV KORQTVCPV CPCNQI EKTEWKV DNQEM� 1UEKNNCVQTU ECP
DG HQWPF KP CNOQUV GXGT[ KOCIKPCDNG GNGEVTQPKE U[UVGO� (QT GZCORNG CNN TCFKQ TGEGKXKPI
U[UVGOU OWUV JCXG C NQECN QUEKNNCVQT� #NN VTCPUOKVVKPI U[UVGOU TGSWKTG QUEKNNCVQTU VQ FGHKPG
VJG ECTTKGT HTGSWGPE[� 5KOKNCTN[� OQUV FKIKVCN U[UVGOU CTG ENQEMGF CPF TGSWKTG C OCUVGT
ENQEM QUEKNNCVQT VQ QRGTCVG� 5KIPCN UQWTEGU� YJKEJ CTG GUUGPVKCN HQT VGUVKPI GNGEVTQPKE
U[UVGOU CTG CNUQ RTGEKUG QUEKNNCVQTU YJQUG HTGSWGPE[ CPF CORNKVWFG ECP DG CEEWTCVGN[
UGV CEEQTFKPI VQ VJG TGSWKTGOGPV� # HTGSWGPE[ CPF CORNKVWFG ECP DG CEEWTCVGN[ UGV
CEEQTFKPI VQ VJG TGSWKTGOGPV� # YQTMKPI MPQYNGFIG QH QUEKNNCVQTU� VJGKT EQPUVTWEVKQP CPF
QRGTCVKPI EJCTCEVGTKUVKEU KU VJGTGHQTG GUUGPVKCN VQ CPCNQI GNGEVTQPKEU� 6JKU OQFWNG KU
KPVGPFGF VQ KPVTQFWEG VJG TGCFGT VQ QUEKNNCVQT V[RGU� VJGKT EJCTCEVGTKUVKEU CPF
EQPUKFGTCVKQPU HQT VJGKT DGJCXKQWT�

��� 15%+..#614 6;2'5

#NVJQWIJ UQOG CRRNKECVKQP OC[ TGSWKTG QUEKNNCVQTU YKVJ C XGT[ URGEKHKE V[RG QH QWVRWV�
OQUV CRRNKECVKQPU CTG OGV XKC QUEKNNCVQTU QH VJG HQNNQYKPI V[RGU �

�� 5KPG YCXG QUEKNNCVQTU � 6JKU V[RG QH QUEKNNCVQT KU VJG DCUKE V[RG� CPF KU TGSWKTGF
KP C XGT[ NCTIG TCPIG QH CRRNKECVKQPU� 6JG OCKP TGSWKTGOGPVU HTQO C UKPG YCXG QUEKNNCVQT
CTG � HTGSWGPE[ UVCDKNKV[ CPF UKIPCN RWTKV[ 
NQY JCTOQPKE EQPVGPV�� 5KPG YCXG QUEKNNCVQTU
CTG WUGF HTQO HTGSWGPEKGU QH C HGY *\ VQ VGPU QH )*\ CPF VQ CV RQYGT NGXGNU QH OKNNKYCVVU
VQ JWPFTGFU QH MKNQYCVVU� 6JGTGHQTG� C XCTKGV[ QH EKTEWKV VGEJPKSWGU CTG CXCKNCDNG
FGRGPFKPI QP VJG HTGSWGPE[ TCPIG CPF RQYGT NGXGN TGSWKTGF�

2. 5SWCTG YCXG V[RGU � 5SWCTG QT TGEVCPIWNCT YCXG QUEKNNCVQTU CTG V[RKECNN[
TGSWKTGF HQT VGUVKPI FKIKVCN U[UVGOU� OGCUWTGOGPV QH VTCPUKGPV TGURQPUG QH EKTEWKVU CPF
HQT VKOKPI�EQWPVKPI CRRNKECVKQPU�

�� 6TKCPING CPF HWPEVKQP IGPGTCVQTU � (QT IGPGTCN NCDQTCVQT[ WUG� KV KU QHVGP
TGSWKTGF VQ IGPGTCVG VJTGG EQOOQP YCXGUJCRGU� UKPG� VTKCPING CPF USWCTG� %KTEWKVU VJCV
ECP IGPGTCVG VJGUG YCXGHQTOU UKOWNVCPGQWUN[ CTG IGPGTCNN[ TGHGTTGF VQ C HWPEVKQP
IGPGTCVG VJGUG YCXGHQTOU UKOWNVCPGQWUN[ CTG IGPGTCNN[ TGHGTTGF VQ C HWPEVKQP IGPGTCVQT
EKTEWKVU� /QUV UWEJ EKTEWKVU RTQFWEG C RTKOCT[ VTKCPING YCXG HTQO YJKEJ VJG UKPG CPF
USWCTG YCXGU ECP DG IGPGTCVGF� 5QOG HWPEVKQP EKTEWKVU ECP CNUQ RTQFWEG VJG UCYVQQVJ
QT TCOR YCXGHQTOU�

�� 8QNVCIG EQPVTQNNGF QUEKNNCVQTU �6JGUG CTG UKPG QT USWCTG YCXG QUEKNNCVQTU
YJQUG HTGSWGPE[ ECP DG EJCPIGF KP TGURQPUG VQ C XQNVCIG 
QT EWTTGPV� UKIPCN� 6JGUG
QUEKNNCVQTU JCXG DGEQOG TCVJGT KORQTVCPV KP TGEGPV [GCTU CU VJG[ CTG VJG DCUKE
EQORQPGPV KP CNN OQFGTP TCFKQ�68 CFF EQOOWPKECVKQP U[UVGOU�
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6JG HQNNQYKPI UGEVKQPU YKNN FKUEWUU VJG DCUKE VGEJPKSWGU WUGF HQT EQPUVTWEVKPI GCEJ QH
VJGUG QUEKNNCVQT V[RGU�

��� 4%�15%+..#6145

(QT CRRNKECVKQP CV NQY HTGSWGPEKGU QH WRVQ C HGY JWPFTGF -*\� .% QUEKNNCVQTU CTG PQV
EQPXGPKGPV VQ EQPUVTWEV DGECWUG QH VJG NCTIG KPFWEVQT XCNWGU TGSWKTGF� +P VJKU HTGSWGPE[
TCPIG� QUEKNNCVQTU DCUGF QP 4�% EKTEWKVU ECP DG WUGF� .QY HTGSWGPE[ # XGT[ GZVGPUKXGN[
WUGF EQPHKIWTCVKQP KU VJG 9KGP $TKFIG QUEKNNCVQT VQ DG FKUEWUUGF UJQTVN[� (QT IGPGTCN
CRRNKECVKQPU PQV TGSWKTKPI XGT[ JKIJ RWTKV[ UKPG YCXGU� KV KU OQTG EQPXGPKGPV VQ WUG
HWPEVKQP IGPGTCVQTU� CU XCTKQWU V[RGU QH YCXGHQTOU DGEQOG UKOWNVCPGQWUN[ CXCKNCDNG�
#PQVJGT CFXCPVCIG QH HWPEVKQP IGPGTCVQT KU VJGKT GCU[ XQNVCIG EQPVTQNNGF HTGSWGPE[
OQFWNCVKQP� (QT JKIJ SWCNKV[ UKPG YCXGU� UWEJ CU VJQUG TGSWKTGF VQ VGUV FKUVQTVKQP KP CP
CWFKQ CORNKHKGT� HQT GZCORNG� VJG YKGP DTKFIG QUEKNNCVQT RTQXKFGU UWRGTKQT RGTHQTOCPEG�

9KGP $TKFIG 1UEKNNCVQT �

6JKU QUEKNNCVQT KU DCUGF QP VJG 9KGP DTKFIG HGGFDCEM PGVYQTM UJQYP KP (KI ���� 6JG
EKTEWKV KU GCUKGT VQ CPCN[UG KH VJG VYQ TGUKUVQTU CPF ECRCEKVQTU CTG CUUWOGF GSWCN� +P
CEVWCN EKTEWKVU CNUQ� VJG EQPFKVKQP KU IGPGTCNN[ HQNNQYGF� 5GVVKPI VJG TGCEVCPEG QH VJG VYQ
ECRCEKVQTU VQ :� VJG QICKPR QH VJG PGVYQTM 
K�G� QWVRWV XQNVCIG FKXKFGF D[ KPRWV XQNVCIG�
OC[ DG YTKVVGP CU �

4L:

4  L:� L:4

$ � �
4  L:  4L: 4� � :�  �L:4


4  L:�

(KI� ���

#V NQY HTGSWGPEKGU� : 4� CPF VJG CDQXG GSWCVKQP KPFKECVGU C RJCUG UJKHV QH L��°
KPFKECVKPI NGCFKPI RJCUG� #V JKIJ HTGSWGPEKGU� VJG RJCUG UJKHV KU ��° NCIIKPI� 6JKU KU CNUQ
CRRCTGPV HTQO HKI ��� CU KV ECP DG UGGP VJCV CV NQY HTGSWGPEKGU� VJG UJWPV ECRCEKVQT ECP
DG PGINGEVGF� CPF VJGP VJG HGGFDCEM KU XKC C UGTKGU ECRCEKVQT YJKEJ YKNN IKXG C NGCFKPI
RJCUG UJKHV� 5KOKNCTN[� CV JKIJ HTGSWGPEKGU� VJG UGTKGU ECRCEKVQT ECP DG EQPUKFGTGF CU C
UJQTV CPF VJG UJWPV ECRCEKVQT HQTOU C NQY RCUU HKNVGT YKVJ C NCIIKPI RJCUG� #V C HTGSWGPE[

5�

9 RXW
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UWEJ VJCV :�4� VJG ICKP QH VJG PGVYQTM KU OCZKOWO CPF KU ���� CPF VJG RJCUG UJKHV KU
\GTQ� 6JKU EQTTGURQPFU VQ C HTGSWGPE[ QH �

Y � ��4%

6JG 9KGP PGVYQTM� VJGTGHQTG� UCVKUHKGU VJG PGEGUUCT[ EQPFKVKQPU HQT RTQXKFKPI HGGFDCEM
CTQWPF CP CORNKHKGT VQ EQPUVTWEV CP QUEKNNCVQT� 6JG XQNVCIG VTCPUOKUUKQP QH VJG 9KGP
PGVYQTM EJCPIGU XGT[ UNQYN[ YKVJ HTGSWGPE[� CPF VJGTGHQTG VJG UGNGEVKXKV[ QH VJG PGVYQTM
KU NQY�

# EKTEWKV WUKPI C PQP�KPXGTVKPI QRCOR DCUGF CORNKHKGT VQ ETGCVG CP QUEKNNCVQT KU UJQYP KP
(KI ���� (QT QUEKNNCVKQPU VQ DGIKP� VJG ICKP QH VJG QRCOR OWUV GZEGGF �� *QYGXGT� QPEG
VJG QUEKNNCVKQP CTG KPKVKCVGF� VJG ICKP OWUV DG TGFWEGF VQ GZCEVN[ �� GNUG VJG QUEKNNCVKQP
CORNKVWFG EQPVKPWGU VQ DWKNF WR WPVKN VJG QWVRWV XQNVCIG ENKRU� 6JKU KU C RTQDNGO KP CNN
NKPGCT QUEKNNCVQTU KPENWFKPI .% 6[RGU� 5GRCTCVG EKTEWKV VGEJPKSWGU CTG TGSWKTGF VQ FGCN
YKVJ VJKU RTQDNGO� +P VJG EKTEWKV QH (KI ���� CORNKVWFG UVCDKNKUCVKQP YKNN TGSWKTG VJCV GKVJGT
4� KU KPETGCUGF QT 4� KU TGFWEGF CU VJG QUEKNNCVKQP CORNKVWFG DWKNFU WR�

(KI� ���

*KUVQTKECNN[� VJG OQUV RQRWNCT VGEJPKSWG KU VJG QPG YJGTG 4� EQPVCKPU CP KPECPFGUEGPV
DWND KP UGTKGU YKVJ KV� #U VJG QUEKNNCVKQP CORNKVWFG DWKNFU WR� VJG DWND JGCVU CPF KVU
TGUKUVCPEG KPETGCUGU� 6JG RTQEGUU UVCDKNKUGU CV C UKIPCN CORNKVWFG YJGTG VJG NQQR ICKP
QH VJG EKTEWKV DGEQOGU GZCEVN[ �� 6JKU VGEJPKSWG ECP RTQFWEG QUEKNNCVQTU YKVJ FKUVQTVKQP
NGXGN DGNQY ������ # FKUCFXCPVCIG KU VJCV VJG CORNKHKGT OWUV DG CDNG VQ FTKXG VJG NQY
DWND TGUKUVCPEG� 5VCPFCTF QRCORU ECPPQV FQ VJKU� CPF C DWHHGT CORNKHKGT KU TGSWKTGF� #
UKOKNCT VGEJPKSWG KU VQ CFF C VJGTOKUVQT YKVJ 4�� 6JG JKIJGT UGPUKVKXKV[ QH VJG VJGTOKUVQT
CNNQYU QRGTCVKQP YKVJQWV C DWHHGT CORNKHKGT� DWV CP QRGP VJGTOKUVQT YKNN JCXG C VJGTOCN
VKOG EQPUVCPV QH VGPU QH UGEQPFU� *GPEG VJG CORNKVWFG EQPVTQN YKNN DG TCVJGT UNWIIKUJ�

#PQVJGT VGEJPKSWG YJKEJ KU GCUKN[ KORNGOGPVGF KPXQNXGU CFFKPI C <GPGT FKQFG ENKRRGT
CETQUU 4�� #U VJG QUEKNNCVKQP CORNKVWFG TKUGU DG[QPF VJG <GPGTOU DTGCMFQYP XQNVCIG� 4�
KU UJWPVGF D[ VJG <GPGT UGTKGU TGUKUVCPEG CPF VJG CORNKHKGT ICKP KU VJGTGHQTG TGFWEGF�
6JG CDTWRV QRGTCVKQP QH VJG <GPGTU KPFTQFWEGU C MKPM KP VJG UKPG YCXG� CPF VJGTGHQTG
FKUVQTVKQP EQPPQPV DG IGPGTCNN[ TGFWEGF DGNQY �� YKVJ VJKU VGEJPKSWG� /QTG GNCDQTCVG
VGEJPKSWGU WUKPI ,('6U QT /15('6U HQT ICKP EQPVTQN JCXG CNUQ DGGP WUGF KP OCP[
EKTEWKVU� 0GXGTVJGNGUU� VJG KPECPFGUEGPV DWND VGEJPKSWG UVKNN TGOCKPU C HCXQWTKVG� 5QOG QH
VJGUG VGEJPKSWGU CTG VQ DG KPXGUVKICVGF KP C NCDQTCVQT[ GZRGTKOGPV CVVCEJGF YKVJ VJKU
OQFWNG�
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.CDQTCVQT[ NQY HTGSWGPE[ QUEKNNCVQTU V[RKECNN[ EQXGT VJG HTGSWGPE[ TCPIG HTQO C HGY *\ VQ
CVNGCUV ��� -*\� 9KGP DTKFIGU EKTEWKVU ECP DG OCFG VQ EQXGT VJKU TCPIG D[ WUKPI C FWCN
RQVGPVKQOGVGT HQT VJG VYQ TGUKUVCPEGU CPF TCPIG UGNGEVKQP UYKVEJGU VQ UGNGEV FKHHGTGPV
RCKTU QH ECRCEKVQTU�

��� 5+0' 9#8' 15%+..#6145 L .% 1UEKNNCVQTU�

5KPG YCXG QUEKNNCVQTU ECP DG WPFGTUVQQF D[ CRRTQZKOCVKQP CU NKPGCT U[UVGOU� 6JG
ENCUUKECN GSWKXCNGPV EKTEWKV QH C UKPG YCXG QUEKNNCVQT KU UJQYP KP HKI ���� +P VJKU OQFGN� VJG
QUEKNNCVQT KU EQPUKFGTGF CU CP CORNKHKGT QH ICKP # YKVJ KPVGITCN HGGFDCEM D[ C HCEVQT $�
5KPEG IGPGTCNN[� VJG ICKP # CPF HGGFDCEM HCEVQT $ YKNN CNUQ KPXQNXG RJCUG DCEM HCEVQT $
YKNN CNUQ KPXQNXG RJCUG UJKHVU� VJGUG SWCPVKVKGU ECPPQV DG EQPUKFGTGF VQ DG LWUV TGCN
PWODGTU� # OQTG EQPXGPKGPV YC[ QH WPFGTUVCPFKPI VJG DCUKE PCVWTG QH VJG OQFGN QH (KI�
��� KU CU HQNNQYU �

(KI� ���

+H YG KOCIKPG C UKIPCN ETGCVGF CV VJG KPRWV QH VJG CORNKHKGT 
 UC[ D[ PQKUG VJGP VJKU UKIPCN
KU CORNKHKGF D[ C HCEVQT # CV VJG QWVRWV� 6JKU UKIPCN KU PQY DGKPI HGF DCEM VQ VJG KPRWV
CHVGT TGFWEVKQP D[ C HCEVQT $� +H VJG ICKP CTQWPF VJG NQQR KU OQTG VJCP QPG� VJGP VJG UKIPCN
TGVWTPKPI VQ VJG KPRWV CHVGT VTCXGTUKPI VJG NQQR KP RJCUG YKVJ VJG QTKIKPCN UKIPCN� VJGP VJG
UKIPCN KU TGKPHQTEGF 
 RQUKVKXG HGGFDCEM�� CPF VJG QWVRWV UKIPCN YKNN IQ QP KPETGCUKPI CU KV
VTCXGNU CTQWPF VJG NQQR� 6JKU TGSWKTGOGPV KU QHVGP ECNNGF VJG $CTMJCWUGP ETKVGTKQP CPF
ECP DG UVCVGF CU HQNNQYU �

(QT QUEKNNCVKQPU VQ DG UWUVCKPGF KP CP CORNKHKGT QH ICKP # YKVJ C HGGFDCEM PGVYQTM YKVJ C
HCEVQT $� VJG HQNNQYKPI EQPFKVKQP OWUV DG UCVKUHKGF �

9JGTG # CPF $ CTG PQTOCNN[ EQPUKFGTGF VQ DG EQORNGZ PWODGTU VQ VCMG CEEQWPV QH
RJCUG�

'XGP KH VJG CDQXG KU UCVKUHKGF� VJG UKIPCN ECPPQV IQ QP KPETGCUKPI HQT GXGT� KV YKNN DG
NKOKVGF D[ VJG CXCKNCDNG RQYGT UWRRN[ HQT GZCORNG� 9G FQ PQV YQTT[ CDQWV VJG CORNKVWFG
NKOKVKPI OGEJCPKUOU HQT VJG OQOGPV� +H YG YKUJ VQ RTQFWEG C UKPG YCXG YKVJ NQY
FKUVQTVKQP� VJGP KV OGCPU VJCV VJG CDQXG EQPFKVKQP OWUV DG UCVKUHKGF CV QPN[ QPG
HTGSWGPE[� 6JGTGHQTG� VJG FGUKIP QH C UKPG YCXG QUEKNNCVQT ECP DG XKGYGF CU EQPUKUVKPI QH
VYQ RCTVU � FGUKIP QH CP CORNKHKGT� CPF FGUKIP QH C HGGFDCEM PGVYQTM YJKEJ YKNN UCVKUH[ VJG
QUEKNNCVQT EQPFKVKQP CV QPN[ QPG HTGSWGPE[� +P OQUV QUEKNNCVQT EKTEWKVU� VJG HGGFDCEM
PGVYQTM KU C RCUUKXG EKTEWKV YKVJ HTGSWGPE[ FGRGPFGPV TGCEVKXG EQORQPGPVU� 6JG DGUV
RGTHQTOCPEG KU CEJKGXGF YKVJ .�% VWPGF EKTEWKVU CU VJGUG ECP DG GCUKN[ OCFG YKVJ JKIJ

2XWSXW
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UGNGEVKXKV[ 
OGCPKPI JKIJ 3 XCNWGU�� #V NQY HTGSWGPEKGU� JQYGXGT� VJG EQPUVTWEVKQP QH
KPFWEVQTU DGEQOGU TCVJGT FKHHKEWNV� CPF VJGTGHQTG VJG TGSWKTGF PGVYQTMU OWUV DG
U[PVJGUKUGF YKVJ TGUKUVQTU CPF ECRCEKVQTU� 5KPG YCXG QUEKNNCVQTU OC[ VJGTGHQTG DG
FKXKFGF KPVQ VYQ DCUKE V[RGU � .�% VWPGF CPF 4�% VWPGF� 6JG DCUKE EQPEGRVU� JQYGXGT�
CTG VJG UCOG HQT DQVJ VJGUG V[RGU�

.�% VWPGF QUEKNNCVQTU ECP DG HQWPF KP CP[ U[UVGO QRGTCVKPI CDQXG ��� -*\� 6JWU VJG[
CTG GZENWUKXGN[ WUGF KP CNN TCFKQ VTCPUOKVVKPI CPF TGEGKXKPI GSWKROGPV� /CP[ .�%
QUEKNNCVQT EQPHKIWTCVKQPU JCXG DGGP WUGF QXGT VJG NCUV �� [GCTU QT UQ QH GNGEVTQPKE
EKTEWKVU� *QYGXGT� VJG[ ECP CNN DG XKGYGF KP CN WPKHKGF OCPPGT VQ DG FKUEWUUGF DGNQY� 6Q
DGIKP YKVJ� KV KU VQ DG PQVGF VJCV VJG CORNKHKGT VJCV KU CV VJG JGCTV QH VJG QUEKNNCVQT YKNN
IGPGTCNN[ DG CP KPXGTVKPI QT PQP�KPXGTVKPI V[RG� OGCPKPI VJCV IGPGTCNN[ URGCMKPI� VJG

HGGFDCEM PGVYQTM KU TGSWKTGF VQ RTQXKFG C RJCUG UJKHV QH CTQWPF � QT ���°� 6JKU OGCPU
VJCV UVCPFCTF VWPGF EKTEWKV ECP DG WUGF� CU VJGUG ECP DG GCUKN[ UGV WR HQT UWEJ RJCUG
UJKHVU�

(KI� ��� 6WPGF EKTEWKV EQPHKIWTCVKQPU

6JG DCUKE RCTCNNGN VWPGF EKTEWKV KU UJQYP KP (KI ���� #NN RTCEVKECN VWPGF EKTEWKVU JCXG
RCTCUKVKE NQUU ETGCVKPI EQORQPGPVU ECWUGF D[ VJG TGUKUVCPEG QH VJG KPFWEVQT YKPFKPIU
CPF NQUUGU KP VJG ECRCEKVQT� +V KU EQPXGPKGPV VQ EQODKPG VJGUG NQUUGU KPVQ C UGTKGU
TGUKUVQT T YKVJ VJG KPFWEVQT QT C RCTCNNGN TGUKUVCPEG 4 YKVJ VJG ECRCEKVQT� 6JGUG VYQ
TGRTGUGPVCVKQPU CTG GSWKXCNGPV� CPF QPG ECP HTGGN[ EJCPIG HTQO QPG VQ VJG QVJGT� 5WEJ C
EQPHKIWTCVKQP KU HTGSWGPVN[ WUGF KP QUEKNNCVQT EKTEWKVU HQT RTQXKFKPI HGGFDCEM� #V
TGUQPCPEG� 6JG KORGFCPEG UGGP NQQMKPI KPVQ %� OC[ DG YTKVVGP CU �

<� � �L:� �
�L:�  L:.  T�

�L:� �L:�  L:.  T

#V TGUQPCPEG� . TGUQPCVGU YKVJ UGTKGU EQODKPCVKQP QH %� CPF %�� 6JGTGHQTG

L:. � L:�  L:�

CPF YG IGV�

<� � �L:� 
�L:�  T� � :� WW 
����
T T

9JGTG T KU PGINGEVGF KP EQORCTKUQP YKVJ :�

5KOKNCTN[� VJG KORGFCPEG UGGP NQQMKPI KPVQ %� KU
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<� � :� WW�
����
T

+H VJG NQCFKPI CV %� CPF %� KU UOCNN EQORCTGF YKVJ VJG TGUQPCPV EWTTGPV HNQYKPI VJTQWIJ
VJGO� VJGP KV KU CNUQ GXKFGPV VJCV VJG XQNVCIGU CETQUU %� CPF %� CTG KP VJG TCVKQ QH %�
CPF %��

#NN .�% QUEKNNCVQTU WUG C HGGFDCEM PGVYQTM FGTKXGF HTQO VJG DCUKE VCRRGF VWPGF EKTEWKVU
UJQYP CDQXG� 6JG 2KGTEG EQPHKIWTCVKQP KU RGTJCRU VJG OQUV YKFGN[ WUGF .�% QUEKNNCVQT�

��� 3WCTV\ %T[UVCN 1UEKNNCVQTU

# RKG\Q GNGEVTKE ET[UVCN JCU VJG RTQRGTV[ VJCV OGEJCPKECN UVTCKPU CPF GNGEVTKE HKGNFU KP VJG
ETWUVCN CTG EQWRNGF VQIGVJGT� #U C TGUWNV OGEJCPKECN QT CEQWUVKE TGUQPCPEG KP VJG ET[UVCN
ECP DG GZEKVGF D[ CRRN[KPI CP GNGEVTKE XQNCVCIG QH VJG EWTTGPV HTGSWGPE[ QP VJG ET[UVCN�
6JG FGXKEG VJGTGHQTG CRRGCTU CU CP GNGEVTKE TGUQPCVQT� 3WCTV\ VGEJPQNQI[ JCU GXQNXGF
UWDUVCPVKCNN[ KP VJG NCUV �� [GCTU� +V KU RQUUKDNG VQ EQPUVTWEV SWCTV\ ET[UVCN QUEKNNCVQTU YKVJ
HTGSWGPE[ UVCDKNKVKGU QH � RCTV KP ��� QXGT OQPVJU� $GVVGT UVCDKNKV[ ECP DG QDVCKPGF QPN[ D[
CVQOKE OCUGT DCUGF QUEKNNCVQT� 6JG GNGEVTKECN GSWKXCNGPV EKTEWKV QH C RKG\QGNGEVTKE
TGUQPCVQT KU UJQYP KP HKI ��� � %Q KU GUUGPVKCNN[ VJG RCEMCIG CPF NGCF ECRCEKVCPEG� 4� %
CPF . CTG OQFGNNGF GNGEVTKECN XCTKCDNGU CU VJGTG KU PQ KPFWEVCPEG QT ECRCEKVQT KPUKFG VJG
ET[UVCN� (QT C ��/*\ ET[UVCN �VJG ET[UVCN KORGFCPEG GZJKDKVU C OKPKOWO KORGFCPEG CV C
HTGSWGPE[ DGNQY KVU URGEKHKGF HTGSWGPE[ QH �� /*\� 6JKU HTGSWGPE[ HU EQTTGURQPFU VQ
UGTKGU TGUQPCPEG QH VJG PQVKQPCN KPFWEVCPEG CPF ECRCEKVCPEG . CPF %� 6JG VGTOKPCN
KORGFCPEG KU GUUGPVKCNN[ VJG NQUU TGUKUVCPEG 4�

(KI� ��� %T[UVCN 'SWKXCNGPV %KTEWKV

#V HTGSWGPEKGU CDQXG VJG UGTKGU TGUQPCPV HTGSWGPE[� VJG KORGFCPEG QH VJG ET[UVCN KU
KPFWEVKXG CU UJQYP D[ VJG RJCUG CPING QH �� FGITGG QH VJG ET[UVCN KORGFCPEG� #U VJG
HTGSWGPE[ KU TCKUGF� C RCTCNNGN TGUQPCPEG KU UGGP CU C HTGSWGPE[ HR � 6JKU HTGSWGPE[
EQTTGURQPFU VQ VJG UKVWCVKQP YJGTG VJG VGTOKPCN ECRCEKVCPEG %Q TGUQPCVGU YKVJ VJG
KPFWEVKXG TGUWNV QH VJG UGTKGU EQODKPCVKQP QH . CPF %� #V HTGSWGPEKGU DG[QPF HR� VJG
ET[UVCN KORGFCPEG DGEQOGU ECRCEKVKXG CICKP� RTKOCTKN[ DGECWUG QH VGTOKPCN ECRCEKVCPEG
%Q� 6JG WUGHWN QRGTCVKPI TCPIG QH C SWCTV\ ET[UVCN KU VJG HTGSWGPE[ DCPF DGVYGGP VJG
UGTKGU CPF RCTCNNGN HTGSWGPEKGU YJGTG VJG ET[UVCN KORGFCPEG KU KPFWEVKXG� +P HCEV�
TGRNCEGOGPV QH CP KPFWEVQT KP C VWPGF EKTEWKV YKVJ C ET[UVCN YKNN IGPGTCNN[ TGUWNV KP VJG
EKTEWKV QUEKNNCVKPI CV UQOG HTGSWGPE[ KP VJKU TCPIG� RTQXKFGF GPQWIJ ICKP KU CXCKNCDNG KP
VJG EKTEWKV� 6JG GZCEV HTGSWGPE[ KU FGVGTOKPGF D[ VJG PGV UJWPV ECRCEKVCPEG CRRNKGF
CETQUU VJG ET[UVCN D[ VJG EKTEWKV� %QOOGTEKCN ET[UVCN CTG QPG QH VYQ V[RGU �


C� RCTCNNGN TGUQPCPV CPF 
D� UGTKGU TGUQPCPV�
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6JG HQTOGT V[RGU CTG FGUKIPGF VQ QUEKNNCVG CV VJG URGEKHKGF HTGSWGPE[ YJGP NQCFGF YKVJ C
URGEKHKGF UJWPV ECRCEKVCPEG 
 CP CEEGRVGF UVCPFCTF KU �� R(�� 6JG UGTKGU CTG FGUKIPGF
HQT QRGTCVKQP CV UGTKGU TGUQPCPEG YKVJ GUUGPVKCNN[ \GTQ UJWPV ECRCEKVCPEG� +V OWUV DG
PQVGF VJCV GXGT[ ET[UVCN� KTTGURGEVKXG QH KVU V[RG JCU C UGTKGU CPF RCTCNNGN TGUQPCPEG
HTGSWGPE[� 6JG FKHHGTGPEG KP QPN[ KP VJG YC[ VJG ET[UVCN HTGSWGPE[ KU URGEKHKGF� #NUQ� CV
VJG URGEKHKGF HTGSWGPE[ QH ����� /*\� VJG ET[UVCN KORGFCPEG KU KPFWEVKXG YKVJ C

TGCEVCPEG QH ���Ω� 6JKU TGCEVCPEG EQTTGURQPFU VQ C ECRCEKVCPEG QH �� R( CV �� /*\�
XGT[ ENQUG VQ VJG URGEKHKGF ��R(� +P CP[ RTCEVKECN EKTEWKV� VJG ET[UVCN HTGSWGPE[ PGGFU VQ
DG CFWUVGF VQ KVU PQOKPCN XCNWG XKC C XCTKCDNG ECRCEKVCPEG CETQUU KV� 7UWCNNN[� XCTKCVKQP QH
QPN[ C HGY R( KU CNN VJCV KU TGSWKTGF�

+V KU CRRCTGPV VJCV PQPG QH VJG .�% QUEKNNCVQT EKTEWKVU UJQYP UQ HCT ECP QUEKNNCVQT CV VJG
ET[UVCNOU UGTKGU TGUQPCPV HTGSWGPE[ DGECWUG CNN VJQUG EKTEWKVU TGSWKTG C VCRRGF ECRCEKVQT
VQ DG EQPPGEVGF CETQUU VJG ET[UVCN� 6JKU KU QPG TGCUQP HQT VJG NGUUGT RQRWNCTKV[ QH VJG
UGTKGU TGUQPCPV ET[UVCN V[RGU�

��� 6+/'4 %KTEWKV � ���

0Q FKUEWUUKQP QH QUEKNNCVQTU ECP DG EQORNGVGF YKVJQWV C FKUEWUUKQP QH VJG 0'��� VKOGT
+%� &GXGNQRGF KP VJG GCTN[ UGXGPVKGU� VJKU EJKR TKXCNU VJG ��� QRCOR KP KVU RQRWNCTKV[ YKVJ
IGPGTCVKQPU QH FGUKIPGTU� # UEJGOCVKE FKCITCO QH VJG EJKR KU UJQYP KP HKI� ���� 6JG
EKTEWKV EQPUKUVU GUUGPVKCNN[ QH CP 5�4 HNKR�HNQR� VYQ XQNVCIG EQORCTCVQTU CPF C HGY ICVGU�

6JG KPVGTPCN NQIKE KU QTICPKUGF CU HQNNQYU � 6JG QWVRWV KU JKIJ YJGP 3 KP VJG KPVGTPCN 5�4
HNKR�HNQR KU JKIJ� 6JG HNKR�HNQR ECP DG UGV XKC EQORCTCVQT %� YJGP VJG 6TKIIGT KPRWV IQGU
DGNQY 8EE��� 5KOKNCTN[� VJG HNKR�HNQR ECP DG UGV NQY D[ %� YJGP VJG 6*4'5*1.& KPRWV
IQGU CDQXG �8EE��� 9JGP VJG QWVRWV KU NQY� VJG &+5%*#4)' RKP KU RWNNGF NQY D[
KPVGTPCN VTCPUKUVQT 3�� 6JG 4'5'6 KPRWV YJGP VCMGP DGNQY VJG RQYGT UWRRN[ D[ CDQWV
���8 VWTPU QP VJG KPVGTPCN RPR VTCPUKUVQT YJKEJ HQTEGU VJG HNKR HNQR KPVQ VJG TGUGV UVCVG�
CPF HQTEGU VJG QWVRWV NQY� +P VJKU OQFG� VJG EKTEWKV KU NQEMGF QWV CPF VJG HNKR�HNQR ECPPQV
DG HNKRRGF D[ GZVGTPCN UKIPCNU� 6JG 4'5'6 KPRWV VJGTGHQTG ECP CNUQ DG XKGYGF CU C
Q&+5#$.'R KPRWV�

(KI� ��� 5EJGOCVKE QH ��� VKOGT +%

6JG UKORNGUV WUG QH VJG ��� KU CU C OQPQUVCDNG OWNVKXKDTCVQT UJQYP KP (KI� ���� 0QVKEG
VJCV VJG 6*4'5*1.& CPF &KUEJCTIG RKPU CTG UVTCRRGF VQIGVJGT CPF C ECRCEKVQT %
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EQPPGEVGF VQ ITQWPF� +P VJG TGUGV UVCVG� % KU MGRV FKUEJCTIGF D[ VJG KPVGTPCN VTCPUKUVQT
3�� 9JGP CP GZVGTPCN UKIPCN KU CRRNKGF VQ VJG 64+))'4 KPRWV VJCV VCMGU KV DGNQY 8EE���
VJG HNKR�HNQR KU UGV� VJG QWVRWV IQGU JKIJ CPF 3� KU VWTPGF QHH� % VJGP DGIKPU VQ EJCTIG
VQYCTFU 8EE VJTQWIJ 4� 9JGP VJG ECRCEKVQT XQNVCIG TGCEJGU �8EE��� VJG VJTGUJQNF
EQORCTCVQT %� ENGCTU VJG HNKR�HNQR VJCV UYKVEJGU VJG QWVRWV NQY CPF VWTPU QP 3� YJKEJ
FKUEJCTIGU %� 6JG EKTEWKV VJGP TGVWTPU VQ KVU UVCPF D[ UVCVG� # RWNUG KU VJGTGHQTG RTQFWEGF
CV VJG QWVRWV� 6JG FWTCVKQP QH VJKU RWNUG KU UKORN[ VJG VKOG KVU VCMGU HQT CP 4% EKTEWKV VQ
EJCTIG WR VQ ��� QH KVU UWRRN[ XQNVCIG� 6JKU VKOG KU IKXGP D[ �

�
6 � 4% +P � 4% NP� � ��� 4%

�
� �

�

(KI� ��� /QPQUVCDNG OWNVKXKDTCVQT WUKPI ��� +%

0QVG VJCV VJG RWNUG RGTKQF KU KPFGRGPFGPV QH VJG RQYGT UWRRN[� +P HCEV KV FGRGPFU QPN[
QPG CURGEV QH VJG ���OU KPVGTPCN EKTEWKV� CPF VJCV KU VJG VJTGUJQNF XQNVCIGOU FGXKCVKQP HTQO
��� 8EE� #U UJQYP KP (KI� ���� VJG VJTGUJQNF XQNVCIG KU QDVCKPGF D[ C XQNVCIG FKXKFGT VJCV
WUGU � KFGPVKECN �- TGUKUVQTU QP VJG EJKR� 9JKNG VJG CDUQNWVG XCNWG QH VJGUG TGUKUVQTU
ECPPQV DG EQPVTQNNGF� DGKPI QP VJG UCOG EJKR� VGORGTCVWTG� 6JGTGHQTG� VJG CDQXG
GSWCVKQP HQT VJG RWNUG FWTCVKQP KU IGPGTCNN[ CEEWTCVG VQ YKVJKP CDQWV �� GXGP KH VJG ���
+% KU EJCPIGF� # XGT[ KORQTVCPV TGCUQP HQT VJG ��� EKTEWKVOU EQPVKPWGF RQRWNCTKV[ GXGP
CDQWV �� [GCTU CHVGT KVU FGUKIP KU VJKU RTGFKEVCDKNKV[ QH KVU VKOKPI CV NQY EQUV� 9JGP VJKU
EJKR YCU KPVTQFWEGF CTQWPF ����� KV TGRTGUGPVGF C SWCPVWO LWOR KP VJG FGUKIP QH
CEEWTCVG NQY EQUV VKOGT EKTEWKVU�

6JG �8EE�� TGHGTGPEG XQNVCIG KPUKFG VJG ��� KU CNUQ DTQWIJV QWV VQ RKP � QH VJG +%� 6JKU
UGTXGU VYQ HWPEVKQPU� (KTUVN[� VJG VKOKPI ECP DG OCFG UVCDNG YKVJ TGURGEV VQ UWRRN[
XQNVCIG PQKUG D[ CFFKPI C ECRCEKVQT HTQO VJKU RKP VQ ITQWPF� 5GEQPFN[� VJG KPVGTPCN
VJTGUJQNF CPF VTKIIGT XQNVCIGU ECP DG OQFKHKGF D[ FTKXKPI VJKU RKP XKC CP GZVGTPCN XQNVCIG�
6JG ��� VKOKPI RGTKQFU ECP VJGTGHQTG DG XQNVCIG OQFWNCVGF�

6JG QWVRWV EKTEWKV QH VJG ��� ECP UKPM QT UQWTEG OQTG VJCP ���O# QH EWTTGPV YKVJ C
UWRRN[ XQNVCIG CU NQY CU ���8� 6JG FCVC UJGGVU URGEKH[ VJG FGXKEG HQT QRGTCVKQP HTQO
UWRRN[ XQNVCIGU QH ���8 VQ ��8� DWV KP HCEV VJG EJKR YQTMU TGNKCDN[ FQYP VQ �8 QT UQ� CPF
KU RCTVKCNN[ HWPEVKQPCN GXGP CV ���8�
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$[ VQFC[OU UVCPFCTFU� VJG RQYGT EQPUWORVKQP QH VJG ��� KU TCVJGT JKIJ CU KV EQPUWOGU
UGXGTCN O# QH EWTTGPV HQT KPVGTPCN EKTEWKV QRGTCVKQP� (WTVJGTOQTG� VJG ��� CNUQ JCU C
FTCYDCEM KP VJCV YJGP VJG QWVRWV UVCIG EJCPIGU UVCVG� KV FTCYU C RWNUG QH JKIJ EWTTGPV
HTQO VJG RQYGT UWRRN[ FWG VQ UKOWNVCPGQWU EQPFWEVKQP QH VJG QWVRWV UVCIG UQWTEG CPF
UKPM VTCPUKUVQTU� +P RTCEVKECN EKTEWKVU� VJG ���OU RQYGT UWRRN[ OWUV VJGTGHQTG DG DWHHGTGF

YKVJ C HGY µ( QH ECRCEKVCPEG CETQUU VJG UWRRN[ RNCEGF RJ[UKECNN[ ENQUG VQ VJG ���� 6JGUG
VYQ RTQDNGOU JCXG DGGP QXGTEQOG D[ C PGY IGPGTCVKQP QH ��� QENQPGUR 
 OWEJ NKMG +$/
2% ENQPGU��� 6JGUG EKTEWKVU CTG IGPGTCNN[ %/15 V[RGU CPF VJGTGHQTG EQPUWOG QPN[ C HGY

µ# QH EWTTGPV 
 VJG[ QH EQWTUG NCEM VJG FTKXG ECRCDKNKV[ QH VJG QTKIKPCN ���� CPF CTG HTGG QH
VJG UWRRN[ EWTTGPV RWNUG� $GKPI %/15 FGXKEGU� 6JG 6*4'5*1.& KPRWV FTCYU QPN[

RKEQCORGTGU QH EWTTGPV� JGPEG VKOKPI TGUKUVQTU CU JKIJ CU ���� /Ω ECP DG WUGF NGCFKPI

VQ VKOKPI RQUUKDKNKVKGU QH JQWTU YKVJ ECRCEKVQTU QH C HGY µ(� 4GCNKUCVKQP QH UWEJ EKTEWKVU�
JQYGXGT TGSWKTGU XGT[ ECTGHWN NC[QWV VQ MGGR UVTC[ EWTTGPV NGCMCIGU NQY� # RQRWNCT
%/15 XGTUKQP QH VJG ��� KU VJG ���� KPVTQFWEGF D[ +06'45+. DWV RTGUGPVN[
OCPWHCEVWTGF D[ OCP[ XGPFQTU YQTNFYKFG�

(KI� ��� #UVCDNG OWNVKXKDTCVQT

��� CU CUVCDNG OWNVKXKDTCVQT KU UJQYP KP (KI� ���� +H YG CUUWOG VJCV VJG XQNVCIG CETQUU %
KU \GTQ�� VJG KPRWV KU NQY CPF QWVRWV KU JKIJ� 6JGP VJG KPVGTPCN FKUEJCTIG VTCPUKUVQT KU QHH
CPF % EJCTIGU WR� 6JG QWVRWV IQGU NQY YJGP ECRCEKVQT TGCEJGU � 8EE�� CPF FKUEJCTIG
VTCPUKUVQT VWTPU QP� 6JTQWIJ 4� VJG ECRCEKVQT % FKUEJCTIG CPF YJGP VJG ECRCEKVQT
XQNVCIG TGCEJGU 8EE��� VJG QWVRWV IQGU JKIJ� 6JG ECRCEKVQT XQNVCIG E[ENGU DGVYGGP
8EE�� � � 8EE���

5GVVKPI 8
V� � � 8EE�� CPF UQNXKPI HQT VJG VKOG RGTKQF YG IGV VJG EJTCIKPI VKOG CU �
6� � 
4�  4�� % +P � � ���� 
4�  4�� %

5GVVKPI 8
V� � 8EE��� VJG FKUEJCTIG VKOG ECP DG YTKVVGP CU �

6� � 4�% +P� � ���� 4�%

#FFKPI VJG EJCTIG CPF FKUEJCTIG VKOGU� VJG VQVCN VKOG RGTKQF QH QUEKNNCVKQP KU �

6 � ���� 
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Review Questions
3�� %QPUVTWEV C USWCTG YCXG QUEKNNCVQT WUKPI ��� VKOGT�
3�� 'ZRNCKP VJG GNGEVTKECN EJCTCEVGTKUVKEU QH SWCTV\ ET[UVCNU�
3�� 9JCV KU VJG DCUKE RTKPEKRNG QH QRGTCVKQP QH CP 4% QUEKNNCVQT!
3�� &TCY C ET[UVCN EQPVTQNNGF QUEKNNCVQT EKTEWKV� 5VCVG UQOG QH KVU CRRNKECVKQPU�
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#%6+8'�%1/210'065

(GCVWTGU �

���� 5GOKEQPFWEVQTU

���� 5GOKEQPFWEVQT &KQFGU

���� %CWUGU QH HCKNWTGU KP 5GOKEQPFWEVQTU

���� <GPGT &KQFG

���� +PVTQFWEVKQP VQ $KRQNCT VTCPUKUVQT � +VU #RRNKECVKQP�

���� 7PK� ,WPEVKQP 6TCPUKUVQT

���� (KGNF 'HHGEV 6TCPUKUVQT

���� /GVCN 1ZKFG 5GOKEQPFWEVQT ('6 
/15('6�

���� 5KNKEQP %QPVTQN 4GEVKHKGT

����� 4GEVKHKGT %KTEWKVU

����� 6GUVKPI QH 6TCPUKUVQTU�

����� 6GUVKPI QH 5GOKEQPFWEVQT FKQFG�

����� 1261 &GXKEGU
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)GTOCPKWO 
)G� CPF 5KNKEQP 
5K� CTG GZCORNGU QH UGOKEQPFWEVQT OCVGTKCNU VJCV CTG
PGKVJGT EQPFWEVQTU PQT KPUWNCVQTU� 6JGKT GNGEVTKECN EQPFWEVKXKV[ KU DGVYGGP VJCV QH C
EQPFWEVQT CPF KPUWNCVQT� 9JGP KUQNCVGF IGTOCPKWO CPF 5KNKEQP CVQOU JCXG HQWT XCNGPEG
GNGEVTQPU 
K�G� GNGEVTQPU KP VJG QWVGT QTDKV��

5GOKEQPFWEVQTU CTG FKXKFGF KPVQ VYQ V[RGU�

+064+05+% 5'/+%10&7%6145� # UGOKEQPFWEVQT KP VJG RWTG HQTO KU ECNNGF KPVTKPUKE
UGOKEQPFWEVQT 
HQT GZCORNG RWTG UKNKEQP CPF IGTOCPKWO�� #V TQQO VGORGTCVWTG VJG
PWODGT QH HTGG GNGEVTQPU CPF JQNGU KP CP KPVTKPUKE UGOKEQPFWEVQT KU KPUWHHKEKGPV HQT
RTCEVKECN CRRNKECVKQPU�

':64+05+% 5'/+%10&7%6145� 5KPEG KPVTKPUKE UGOKEQPFWEVQTU CTG QH NKVVNG WUG�
KORWTKVKGU JCXG VQ DG CFFGF HQT DGVVGT TGUWNVU� &QRKPI UGOKEQPFWEVQTU YKVJ KORWTKVKGU
FQGU VJKU�

0�6;2' 5'/+%10&7%614� $[ FQRKPI 5K QT )G YKVJ RGPVCXCNGPV KORWTKV[ HQT GZCORNG�
2JQURJQTWU� #TUGPKE QT #PVKOQP[ YG IGV 0 V[RG UGOKEQPFWEVQTU� $[ FQRKPI YKVJ C
RGPVCXCNGPV KORWTKV[ VJG PWODGT QH GNGEVTQPU KPETGCUG CPF JGPEG VJGTG KU GZEGUU QH
GNGEVTQPU� 6JGUG GZEGUU GNGEVTQPU EQPVTKDWVG VQ VJG HNQY QH EWTTGPV�

2�6;2' 5'/+%10&7%614� $[ CFFKPI VTKXCNGPV KORWTKV[ HQT GZCORNG� $QTQP�
#NWOKPKWO� )CNNKWO QT +PFKWO VQ CP KPVTKPUKE UGOKEQPFWEVQT� YG IGV R�V[RG
UGOKEQPFWEVQT� 6JKU KPETGCUGU VJG PWODGT QH JQNGU CPF VJGTGHQTG VJGUG JQNGU EQPVTKDWVG
VQ VJG EWTTGPV�

2 0 ,70%6+10� # 2 0 LWPEVKQP KU HQTOGF D[ EQODKPKPI C 2�V[RG OCVGTKCN CPF CP 0�V[RG
OCVGTKCN VQIGVJGT�

# 2 0 LWPEVKQP JCU VJG CDKNKV[ VQ EQPFWEV KP QPG FKTGEVKQP QPN[ �+P VJG TGXGTUG FKTGEVKQP KV
QHHGTU XGT[ JKIJ TGUKUVCPEG� #U UQQP CU C 2 0 LWPEVKQP KU HQTOGF� VJG HQNNQYKPI VCMGU
RNCEG�

*QNGU HTQO 2 TGIKQP FKHHWUG KPVQ VJG 0 TGIKQP CPF EQODKPG YKVJ VJG HTGG JQNGU� 6JKU
QEEWTU FWG VQ VJGTOCN GPGTI[ CPF FKHHGTGPEG KP EQPEGPVTCVKQP �6JG FKHHWUKQP QH JQNGU CPF
HTGG GNGEVTQPU QEEWTU HQT C XGT[ UJQTV VKOG�

6JG GNGEVTQPU KP VJG 2�V[RG TGIKQP CPF JQNGU KP VJG 0�V[RG TGIKQP� KP VJG PGKIJDQTJQQF QH
VJG LWPEVKQP HTQO C DCTTKGT�

6JKU KU ECNNGF VJG FGRNGVKQP TGIKQP DGECWUG VJGTG KU C FGRNGVKQP QH OQDKNG EJCTIGU �#P
GNGEVTKE HKGNF KU ETGCVGF CV VJG DCTTKGT� 6JG DCTTKGT RQVGPVKCN KU CDQWV ���8 HQT UKNKEQP
YJGTGCU KV KU ���8 HQT )G� 6JG DCTTKGT FQGU PQV CNNQY VJG OCLQTKV[ ECTTKGTU VQ FKHHWUG CP[
HWTVJGT�
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9JGP C RKGEG QH 2�V[RG 5GOKEQPFWEVQT OCVGTKCN KU EQODKPGF YKVJ 0�V[RG OCVGTKCN VJGP
VJG LWPEVKQP QH VJG VYQ OCVGTKCNU KU MPQYP CU C 2 0 ,WPEVKQP�

(QTYCTF $KCUGF 2 0 ,WPEVKQP� 6JG 2 0 LWPEVKQP HQTOU C XQNVCIG�RQNCTKV[�UGPUKVKXG
TGUKUVCPEG� (KI� ���� UJQYU VJG RQUKVKXG GNGOGPV QH VJG RQYGT UQWTEG EQPPGEVGF VQ VJG
2�V[RG OCVGTKCN CPF VJG PGICVKXG GNGOGPV QH VJG RQYGT UQWTEG EQPPGEVGF VQ VJG 0�V[RG
OCVGTKCN� 6JG PGICVKXG EJCTIGU� MPQYP CU 'NGEVTQPU CTG HQTEGF VQYCTFU VJG 2 0 LWPEVKQP
KP 0�V[RG OCVGTKCN� 9JGTGCU VJG RQUKVKXG EJCTIGU� MPQYP CU *QNGU� CTG HQTEGF VQYCTF VJG
2 0 LWPEVKQP KP 2�V[RG OCVGTKCN� 6JG OGGVKPI QH VJGUG VYQ QRRQUKVG EJCTIGU GHHGEVKXGN[
PGWVTCNK\GU VJG LWPEVKQP� 6JG TGUWNV KU C XGT[ NQY TGUKUVCPEG CETQUU VJG 2 0 LWPEVKQP� 6JKU
V[RG QH LWPEVKQP YKVJ KVU XQNVCIG RQNCTKV[ KU ECNNGF C HQTYCTF DKCUGF LWPEVKQP�

2 0

 �

(+)� ���� (QTYCTF $KCU

6JG HQTYCTF�DKCUGF 2 0 LWPEVKQP GZJKDKVU C XGT[ NQY TGUKUVCPEG� 9JGP C XQNVCIG KU
CRRNKGF VQ VJKU LWPEVKQP� KV HQTEGU C EWTTGPV HNQY VJTQWIJ VJG UGOKEQPFWEVQT FGXKEG� 5KPEG
VJG LWPEVKQP JCU C TGNCVKXGN[ NQY TGUKUVCPEG� C NQY XCNWG QH XQNVCIG YKNN RGTOKV C TGNCVKXGN[
NCTIG EWTTGPV HNQY� 9JGP C UKNKEQP UGOKEQPFWEVQT LWPEVKQP KU HQTYCTF DKCUGF VJG XQNVCIG
FTQR QEEWTTKPI CETQUU KV COQWPVU VQ CDQWV ��� 8� 5KOKNCTN[� C IGTOCPKWO 2 0 ,WPEVKQP
JCU C XQNVCIG FTQR QH CDQWV ��� 8� YJGP KV KU HQTYCTF DKCUGF� 9JGP VJG RQNCTKV[ QH VJG
CRRNKGF XQNVCIG KU TGXGTUGF� VJG EJCTIGU KP DQVJ VJG 2�V[RG OCVGTKCN CPF 0�V[RG OCVGTKCN
OQXG CYC[ HTQO VJG 2 0 LWPEVKQP� 6JG[ OQXG VQYCTFU VJG EQPPGEVKQPU VQ VJG RQYGT
UQWTEG� 6JKU HQTOU CP CTGC CV VJG 2 0 LWPEVKQP VJCV JCU C NCEM QH EJCTIGU� 6JG 2 0
LWPEVKQP DGEQOGU CP KPUWNCVQT WPFGT VJGUG EQPFKVKQPU� 6JKU KU MPQYP CU C TGXGTUG�DKCUGF
LWPEVKQP�

2 0

� 

(+)� ���� 4GXGTUG $KCU
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6JG KPVGTPCN TGUKUVCPEG QH VJKU LWPEVKQP KU GZVTGOGN[ JKIJ� 6JGTG KU NKVVNG� KH CP[ EWTTGPV HNQY
VJTQWIJ VJG 2 0 LWPEVKQP YJGP KV KU TGXGTUG DKCUGF� 6JG XQNVCIG FTQR VJCV FGXGNQRU
CETQUU VJG LWPEVKQP KU XGT[ JKIJ WPFGT VJGUG EQPFKVKQPU�

&KQFG %JCTCEVGTKUVKEU� 6JG UGOKEQPFWEVQT JCU EGTVCKP DCUKE EJCTCEVGTKUVKEU� 6JG
HWPFCOGPVCN EJCTCEVGTKUVKEU CTG 
�� (QTYCTF EWTTGPV CPF 
�� 4GXGTUG XQNVCIG�

(QTYCTF %WTTGPV� &GUETKDGU VJG OCZKOWO SWCPVKV[ QH EWTTGPV VJCV ECP UCHGN[ DG CNNQYGF
VQ HNQY VJTQWIJ VJG FKQFG CPF KVU LWPEVKQP�

4GXGTUG 8QNVCIG� 4GXGTUG XQNVCIG KU C VGTO CRRNKGF VQ EQPFKVKQPU GZKUVKPI YJGP VJG
FKQFG KU TGXGTUG DKCUGF� 6JG FKQFG GZJKDKVU C XGT[ JKIJ TGUKUVCPEG YJGP KV KU TGXGTUG
DKCUGF� 6JG XQNVCIG FTQR FGXGNQRGF CETQUU KVU VGTOKPCNU KU CNUQ XGT[ JKIJ� 6JG FKQFG JCU
C DTGCMFQYP XQNVCIG TCVKPI� 6JKU TCVKPI KU VJG OCZKOWO XQNVCIG VJCV ECP DG CRRNKGF VQ
VJG FKQFG YJGP KV KU TGXGTUG DKCUGF YKVJQWV KVU KPUWNCVKQP DTGCMKPI FQYP� 9JGP VJG
KPUWNCVKQP QH VJG FKQFG DTGCMU FQYP� KV DGEQOGU C EQPFWEVQT�

&KQFG 'NGOGPVU CPF 5[ODQNU� 6JG FKQFG JCU VYQ GNGOGPVU� 6JG VYQ GNGOGPVU QH VJG
FKQFG CTG MPQYP CU VJG CPQFG CPF VJG ECVJQFG� 6JG UEJGOCVKE U[ODQN HQT VJG UQNKF�
UVCVG FKQFG KU UJQYP DGNQY�

#01&' %#6*1&'

(KI ���� 5[ODQN QH &KQFG

9JGP VJG FKQFG ECVJQFG JCU PGICVKXG XQNVCIG EJCTIG QP KV CPF VJG CPQFG JCU C RQUKVKXG
XQNVCIG EJCTIG� VJG FKQFG KU HQTYCTF DKCUGF� 6JG KPVGTPCN TGUKUVCPEG QH VJG FKQFG KU XGT[

NQY� +V KU QH VJG QTFGT QH ��Ω VQ CDQWV ����Ω HQT NQY EWTTGPV TCVGF FKQFGU CPF NGUU HQT
FKQFGU TCVGF �# QT JKIJGT� 9JGP C XQNVCIG KU CRRNKGF VQ VJG FKQFG	U GNGOGPV VJG RQNCTKV[
QH VJG CRRNKGF XQNVCIG FGVGTOKPGU VJG KPVGTPCN TGUKUVCPEG QH VJG FKQFG�

9JGP VJG RQNCTKV[ QH VJG XQNVCIG KU TGXGTUGF� VJG PGICVKXG VGTOKPCN QH VJG UQWTEG KU
CRRNKGF VQ VJG CPQFG QH VJG FKQFG� 6JG FKQFG KU TGXGTUG DKCUGF WPFGT VJKU EQPFKVKQP� 6JG
KPVGTPCN TGUKUVCPEG QH VJG FKQFG DGEQOGU KPHKPKVGN[ JKIJ�

���� %#75'5�1(�(#+.74'5�+0�5'/+%10&7%6145

C� 6JG FGXKEG OC[ JCXG KPJGTGPV YGCMPGUU FWG VQ KORTQRGT OCPWHCEVWTKPI�
D� (CKNWTGU ECP DG ECWUGF D[ OKUWUG�
E� $[ GZEGGFKPI VJG OCZKOWO TCVGF XCNWG QH XQNVCIG� EWTTGPV CPF RQYGT HQT C

RCTVKEWNCT UGOKEQPFWEVQT FGXKEG�
F� 'NGEVTKECN KPVGTHGTGPEG KU QPG QH VJG ECWUGU QH RTGOCVWTG HCKNWTGU�

6GUVKPI 5GOKEQPFWEVQT &KQFGU� 5KPEG VJG UGOKEQPFWEVQT KU C XQNVCIG�FGRGPFGPV
TGUKUVCPEG KV KU RQUUKDNG VQ VGUV KVU TGUKUVCPEG VQ FGVGTOKPG KH KV KU KP YQTMKPI EQPFKVKQP� 6JG
RTQEGUU HQT WUKPI VJG QJOOGVGT VQ VGUV C FKQFG KU XGT[ UKORNG� 6JG RQUKVKXG� QT TGF� NGCF
QH VJG QJOOGVGT KU WUWCNN[ EQPPGEVGF VQ VJG RQUKVKXG NGCF QH KVU KPVGTPCN DCVVGT[� 9JGP
VJG VYQ NGCFU QH VJG QJOOGVGT CTG EQPPGEVGF CETQUU VJG VGTOKPCNU QH VJG FKQFG� C DKCU
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XQNVCIG KU CRRNKGF VQ VJG FKQFG� +H VJG FKQFG KU HQTYCTF DKCUGF VJG TGUKUVCPEG TGCFKPI YKNN

DG WPFGT � -Ω. 6JG URGEKHKE XCNWG FGRGPFU QP VJG TCPIG UGVVKPI QH VJG QJOOGVGT�

7UWCNN[� C TCPIG QH 4×� -Ω KU WUGF HQT VJKU VGUV� +H VJG FKQFG KU HQTYCTF DKCUGF� VJG
XQNVCIG CV VJG VGUV NGCFU QH VJG QJOOGVGT YKNN RTQFWEG C EWTTGPV HNQY CPF VJG OGVGT YKNN
TGCF C TGUKUVCPEG XCNWG�

9JGP VJG VGUV NGCFU� QT VJG FKQFG NGCFU� CTG TGXGTUGF� VJG FKQFG KU TGXGTUG DKCUGF� +VU
KPVGTPCN TGUKUVCPEG KU XGT[ JKIJ� DWV YJGP EWTTGPV HNQY QEEWTU KV IGVU NQY WPFGT VJG
EQPFKVKQP YJGP VJG VGUV NGCFU CTG EQPPGEVGF� 6JG QJOOGVGT YKNN KPFKECVG CP KPHKPKVGN[
JKIJ XCNWG QH TGUKUVCPEG� +P OCP[ VGUVU VJG QJOOGVGT YKNN PQV KPFKECVG CP[ TGCFKPI QH
TGUKUVCPEG� 6JG FKQFG VGUV KU VJGTGHQTG C VGUV QH KVU TGUKUVCPEG WPFGT HQTYCTF CPF TGXGTUG�
DKCUGF EQPFKVKQPU� +H VJG FKQFG UJQYU VJG UKOKNCT TGUKUVCPEG XCNWGU KP DQVJ FKTGEVKQPU� VJG
FKQFG JCU HCKNGF�

�����<'0'4�&+1&'5

9JGP C EQPUVCPV�XQNVCIG QWVRWV HTQO C &% RQYGT UQWTEG KU TGSWKTGF� C FGXKEG MPQYP CU
<GPGT FKQFG OC[ DG WUGF� 6JKU FGXKEG NQQMU VJG UCOG CU CP[ QVJGT FKQFG� +V KU FGPQVGF

(KI ���� <GPGT &KQFG

D[ VJG URGEKCN UEJGOCVKE U[ODQN� UJQYP YKVJKP VJG DCUKE EKTEWKV FKCITCO QH VJG CDQXG
HKIWTG ����� 6Q OCMG C &% XQNVCIG TGIWNCVQT� VJG <GPGT FKQFG KU EQPPGEVGF KP TGXGTUG
DKCU� +VU CPQFG KU EQPPGEVGF VQ EKTEWKV EQOOQP CPF KVU ECVJQFG KU EQPPGEVGF VJTQWIJ C
UGTKGU TGUKUVCPEG VQ VJG RQUKVKXG VGTOKPCN QH VJG RQYGT UQWTEG� 6JG TGUKUVCPEG QH VJG
<GPGT FKQFG YKNN XCT[ FWTKPI EKTEWKV QRGTCVKQP� +V CVVGORVU VQ OCKPVCKP C EQPUVCPV XQNVCIG
CETQUU KVU VGTOKPCNU WPFGT XCT[KPI EWTTGPV EQPFKVKQPU KP VJG EKTEWKV� +P VJKU OCPPGT KV CEVU
CU C XQNVCIG TGIWNCVQT� 6JG <GPGT FKQFG KU RNCEGF KP RCTCNNGN YKVJ VJG NQCF� 9JGP VJG NQCF
TGUKUVCPEG FGETGCUGU� VJG <GPGT FKQFG	U KPVGTPCN TGUKUVCPEG YKNN KPETGCUG� 6JKU YKNN
TGUVQTG VJG XQNVCIG VQ KVU QTKIKPCN XCNWG� 9JGP VJG NQCF TGUKUVCPEG KPETGCUGU� VJG <GPGT
TGUKUVCPEG YKNN FGETGCUG� 6JKU CNUQ TGUVQTGU VJG QWVRWV XQNVCIG VQ KVU QTKIKPCN XCNWG�

<GPGT FKQFGU %JCTCEVGTKUVKEU� +V KU LWUV NKMG CP QTFKPCT[ UKNKEQP FKQFG� +P VJG NGCMCIG
TGIKQP 
DGVYGGP \GTQ CPF DTGCMFQYP�� KV JCU QPN[ C UOCNN NGCMCIG QT TGXGTUG EWTTGPV
VJTQWIJ <GPGT FKQFG� VJG DTGCMFQYP JCU C XGT[ UJCTR MPGG� HQNNQYGF D[ CP CNOQUV
XGTVKECN KPETGCUG KP EWTTGPV� 0QVG VJCV XQNVCIG KU CNOQUV EQPUVCPV� #RRTQZKOCVGN[ KV GSWCNU
8\ QXGT OQUV QH VJG DTGCMFQYP TGIKQP�
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(KI� ���� <GPGT &KQFGU %JCTCEVGTKUVKEU

6JG 5EJQVVM[ &KQFG� #V NQYGT HTGSWGPEKGU CP QTFKPCT[ FKQFG ECP GCUKN[ VWTP QHH YJGP
DKCU EJCPIGU HTQO HQTYCTF VQ TGXGTUG� #V JKIJGT HTGSWGPEKGU� KV ECP PQV VWTP QHH HCUV
GPQWIJ VQ RTGXGPV PQVKEGCDNG EWTTGPV FWTKPI RCTV QH VJG TGXGTUG JCNH E[ENG� 6JG CDQXG
RTQDNGO ECP DG UQNXGF WUKPI 5EJQVVM[ FKQFG�

6JG 5EJQVVM[ FKQFG WUGU C OGVCN NKMG IQNF� UKNXGT QT RNCVKPWO QP QPG UKFG QH VJG LWPEVKQP
CPF FQRGF UKNKEQP 
V[RKECNN[ �0� V[RG� QP VJG QVJGT UKFG� 9JGP VJG FKQFG KU HQTYCTF
DKCUGF� HTGG GNGEVTQPU QP VJG 0 V[RG UGOKEQPFWEVQT UKFG ECP ICKP GPQWIJ GPGTI[ VQ
VTCXGN KP NCTIGT QTDKVU� $GECWUG QH VJKU HTGG GNGEVTQPU ECP ETQUU VJG LWPEVKQP CPF GPVGT VJG
OGVCN RTQFWEKPI C NCTIG HQTYCTF EWTTGPV� 5KPEG VJG OGVCN JCU PQ JQNGU� VJGTG KP PQ
EJCTIG UVQTCIG CPF PQ TGXGTUG TGEQXGT[ VKOG� 5Q NCEM QH EJCTIG UVQTCIG OGCPU VJCV
5EJQVVM[ FKQFG ECP DG UYKVEJGF QHH HCUVGT VJCP 2�0 ,WPEVKQP FKQFG�

6JG KORQTVCPV CRRNKECVKQP QH 5EJQVVM[ FKQFG KU KP FKIKVCN EQORWVGT YJGTG HCUV UYKVEJKPI QH
NQIKE EKTEWKV KU TGSWKTGF� 6JG HQNNQYKPI HKI� UJQYU VJG U[ODQNU HQT 5EJQVVM[ FKQFG�

(KI ���� 5[ODQN QH 5EJQVVM[ &KQFG

����+0641&7%6+10�61�$+21.#4�64#05+5614���+65�#22.+%#6+10

9JGP C VJKTF FQRGF GNGOGPV KU CFFGF VQ C ET[UVCN FKQFG KP UWEJ C YC[ VJCV VYQ 2 0
LWPEVKQP CTG HQTOGF� VJG TGUWNVKPI FGXKEG KU MPQYP CU C VTCPUKUVQT� 6JG VTCPUKUVQT KU
ECRCDNG QH CEJKGXKPI CORNKHKECVKQP QH YGCM UKIPCNU� 6TCPUKUVQTU CTG HCT UOCNNGT VJCP
XCEWWO VWDGU� JCXG PQ HKNCOGPV CPF JGPEG FQ PQV PGGF RQYGT VQ JGCV VJG HKNCOGPV� 6JG[
CTG OGEJCPKECNN[ UVTQPI� JCXG RTCEVKECNN[ OQTG NKHG CPF ECP FQ UQOG LQDU DGVVGT VJCP
XCEWWO VWDGU�
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6TCPUKUVQTU� # VTCPUKUVQT EQPUKUVU QH VYQ 2 0 LWPEVKQPU HQTOGF D[ UCPFYKVEJKPI GKVJGT
2�V[RG QT 0�V[RG UGOKEQPFWEVQT DGVYGGP C RCKT QH QRRQUKVG V[RGU� #EEQTFKPIN[ VJGTG CTG
VYQ V[RGU QH VTCPUKUVQTU�

K� 0�2�0 VTCPUKUVQT KK� 2�0�2 VTCPUKUVQT

#P 0�2�0 VTCPUKUVQT KU EQORQUGF QH VYQ 0�V[RG UGOKEQPFWEVQTU UGRCTCVGF D[ C VJKP
UGEVKQP QH 2�V[RG CU UJQYP� *QYGXGT� C 2�0�2 VTCPUKUVQT KU HQTOGF D[ VYQ 2�UGEVKQPU
UGRCTCVGF D[ C VJKP UGEVKQP QH 0�V[RG UGOKEQPFWEVQT�

(KI ���� 0�2�0 6TCPUKUVQT � 2�0�2 6TCPUKUVQT

+P GCEJ V[RG QH VTCPUKUVQT� VJG HQNNQYKPI RQKPVU OC[ DG PQVGF�

K� 6JGTG CTG VYQ 2 0 LWPEVKQPU� 6JGTGHQTG� C VTCPUKUVQT OC[ DG TGICTFGF CU C

EQODKPCVKQP QH VYQ FKQFGU EQPPGEVGF DCEM VQ DCEM�

KK� 6JGTG CTG VJTGG VGTOKPCNU� QPG GCEJ VCMGP HTQO GCEJ V[RG QH UGOKEQPFWEVQT�

KKK� 6JG OKFFNG UGEVKQP KU C XGT[ VJKP NC[GT� 6JKU NC[GT KU XGT[ KORQTVCPV�

0COKPI VJG VTCPUKUVQT VGTOKPCN� # VTCPUKUVQT 
2�0�2 QT 0�2�0� JCU VJTGG UGEVKQPU QH
FQRGF UGOKEQPFWEVQTU� 6JG UGEVKQP QP QPG UKFG KU VJG GOKVVGT CPF VJG UGEVKQP QP VJG
QRRQUKVG UKFG KU VJG EQNNGEVQT� 6JG OKFFNG UGEVKQP KU ECNNGF VJG DCUG CPF HQTOU VYQ
LWPEVKQPU DGVYGGP VJG GOKVVGT CPF EQNNGEVQT�


K� 'OKVVGT� 6JG UGEVKQP QP QPG UKFG VJCV UWRRNKGU EJCTIG ECTTKGU 
GNGEVTQPU CPF JQNGU�
KU ECNNGF VJG GOKVVGT� 6JG GOKVVGT KU CNYC[U HQTYCTF DKCUGF YKVJ TGURGEV VQ VJG DCUG UQ
VJCV KV ECP UWRRN[ NCTIG PWODGT QH OCLQTKV[ ECTTKGTU� +P HKI� 
C� VJG GOKVVGT 
2�V[RG� QH 202
VTCPUKUVQT KU HQTYCTF DKCUGF CPF UWRRNKGU JQNG EJCTIGU VQ KVU LWPEVKQP YKVJ VJG DCUG�
5KOKNCTN[ KP HKI� 
D�� VJG GOKVVGT 
0�V[RG� QH 020 VTCPUKUVQT JCU HQTYCTF DKCU CPF UWRRNKGU
HTGG GNGEVTQPU VQ KVU LWPEVKQP YKVJ VJG DCUG�


KK� %QNNGEVQT� 6JG UGEVKQP QP VJG QVJGT UKFG VJCV EQNNGEVU VJG EJCTIGU KU ECNNGF VJG
EQNNGEVQT� 6JG EQNNGEVQT KU CNYC[U TGXGTUG DKCUGF� +VU HWPEVKQP KU VQ TGOQXG EJCTIGU HTQO
EQNNGEVQT�DCUG LWPEVKQP� +P HKI� ���� VJG EQNNGEVQT 
2�V[RG� QH 202 VTCPUKUVQT JCU TGXGTUG
DKCU CPF TGEGKXGU JQNG EJCTIGU VJCV HNQY KP VJG QWVRWV EKTEWKV� 5KOKNCTN[ KP HKI ���� VJG
EQNNGEVQT 
0�V[RG� QH 020 VTCPUKUVQT JCU TGXGTUG DKCU CPF TGEGKXGU GNGEVTQPU�

(KI ����
R P R
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KKK� $CUG� 6JG OKFFNG UGEVKQP YJKEJ HQTOU VYQ 20 LWPEVKQPU DGVYGGP GOKVVGT CPF
EQNNGEVQT KU ECNNGF DCUG� 6JG DCUG GOKVVGT LWPEVKQP KU HQTYCTF DKCUGF� CNNQYKPI NQY
TGUKUVCPEG HQT VJG GOKVVGT EKTEWKV� 6JG DCUG EQNNGEVQT LWPEVKQP KU TGXGTUG DKCUGF CPF
RTQXKFGU JKIJ TGUKUVCPEG KP VJG EQNNGEVQT EKTEWKV�

(KI ����

6TCPUKUVQT�CU�C�5YKVEJ

5CVWTCVKQP� +P VJKU ECUG VJG GOKVVGT LWPEVKQP CU YGNN CU VJG EQNNGEVQT LWPEVKQP CTG HQTYCTF
DKCUGF� 6JG EQNNGEVQT EWTTGPV DGEQOGU KPFGRGPFGPV QH VJG DCUG EWTTGPV� +P UWEJ C ECUG
VJG VTCPUKUVQT CEVU NKMG C ENQUGF UYKVEJ� +V KU ECNNGF UCVWTCVKQP TGIKQP DGECWUG PQY
EQNNGEVQT EWTTGPV PQ NQPIGT FGRGPFU QP KPRWV EWTTGPV 
DCUG EWTTGPV��

%WV 1HH 1RGTCVKQP� +P VJKU V[RG QH QRGTCVKQP VJG GOKVVGT CPF EQNNGEVQT LWPEVKQPU CTG
TGXGTUG DKCUGF CU UJQYP KP HKI� 6JG GOKVVGT FQGU PQV GOKV ECTTKGTU KPVQ VJG DCUG� 6JGTG
CTG PQ ECTTKGTU VQ DG EQNNGEVGF D[ VJG EQNNGEVQT� 6JG EQNNGEVQT EWTTGPV KU VJWU \GTQ� 6JG
VTCPUKUVQT KP VJKU ECUG CEVU NKMG CP QRGP UYKVEJ�

6TCPUKUVQT CU CP CORNKHKGT�

# VTCPUKUVQT TCKUGU VJG UVTGPIVJ QH C YGCM UKIPCN CPF VJWU CEVU CU CP CORNKHKGT� 6JG YGCM
UKIPCN KU CRRNKGF DGVYGGP GOKVVGT�DCUG LWPEVKQP CPF QWVRWV KU VCMGP CETQUU VJG NQCF 4 %
EQPPGEVGF KP VJG EQNNGEVQT EKTEWKV� +P QTFGT VQ CEJKGXG CORNKHKECVKQP� VJG KPRWV EKTEWKV
UJQWNF CNYC[U TGOCKP HQTYCTF DKCUGF� 6Q FQ UQ� C &�%� XQNVCIG 8'' KU CRRNKGF KP VJG

KPRWV EKTEWKV CV DCUG KP CFFKVKQP VQ VJG UKIPCN CU UJQYP� 6JKU &�%� XQNVCIG KU MPQYP CU
DKCU XQNVCIG CPF KVU OCIPKVWFG KU UWEJ VJCV KV CNYC[U MGGRU VJG KPRWV EKTEWKV HQTYCTF
DKCUGF� TGICTFNGUU QH VJG RQNCTKV[ QH VJG UKIPCN�

#U VJG KPRWV EKTEWKV JCU NQY TGUKUVCPEG� VJGTGHQTG C UOCNN EJCPIG KP UKIPCN XQNVCIG ECWUGU
CP CRRTGEKCDNG EJCPIG KP GOKVVGT EWTTGPV� 6JKU ECWUGU CNOQUV VJG UCOG EJCPIG KP
EQNNGEVQT EWTTGPV FWG VQ VTCPUKUVQT CEVKQP� 6JG EQNNGEVQT EWTTGPV HNQYKPI VJTQWIJ C JKIJ
NQCF TGUKUVCPEG 4 % RTQFWEGU C NCTIG XQNVCIG CETQUU KV� 6JWU� C YGCM UKIPCN CRRNKGF KP

(KI� ����� 6TCPUKUVQT CU %' #ORNKHKGT
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VJG KPRWV EKTEWKV CRRGCTU KP VJG CORNKHKGF HQTO KP VJG EQNNGEVQT EKTEWKV� +P VJKU VTCPUKUVQT CEVU
CU CP CORNKHKGT� 6TCPUKUVQT KU C EWTTGPV CORNKHKECVKQP FGXKEG�

+% � β +$

9JGTG +% � %QNNGEVQT EWTTGPV� β � #ORNKHKECVKQP HCEVQT� +$ � $CUG EWTTGPV

6TCPUKUVQT &CVC 5JGGVU� 6Q CPCN[\G QT FGUKIP C VTCPUKUVQT EKTEWKV QPG OWUV JCXG

UWHHKEKGPV KPHQTOCVKQP CDQWV VJG VTCPUKUVQT� 6JKU KPHQTOCVKQP KU QDVCKPGF HTQO VJG

OCPWHCEVWTGT	U &#6# 5*''65� 6JG FCVC UJGGVU CNUQ IKXG KPHQTOCVKQP QP OCZKOWO

RQYGT FKUUKRCVKQP� OCZ� CNNQYCDNG EQNNGEVQT DCUG XQNVCIG� EWTTGPV ICKP GVE�

6JG[ CNUQ IKXG VJG QTKGPVCVKQP QH NGCFU KP C VTCPUKUVQT� 9JKNG UWDUVKVWVKPI HQT VTCPUKUVQTU�

HQNNQYKPI RQKPVU CTG VQ DG EQPUKFGTGF�

� 6JG 020 VTCPUKUVQT TGRNCEGU C 020 VTCPUKUVQT�

� # )G VTCPUKUVQT TGRNCEGU C )GTOCPKWO 
)G� VTCPUKUVQT�

� 6JG OQUV KORQTVCPV EJCTCEVGTKUVKE KU VJG VTCPUKUVQT EWTTGPV ICKP YJKEJ OWUV DG

PGCTN[ UCOG�

� 6JG VTCPUKUVQT ECUKPI CPF UK\G UJQWNF OCVEJ KP QTFGT VQ HKV DCEM KPVQ VJG EKTEWKV�

6*'4/#.�470#9#;�#0&�*'#6�5+0-

+H VJG VGORGTCVWTG QH VJG EQNNGEVQT DCUG LWPEVKQP KPETGCUG� VJG EQNNGEVQT NGCMCIG EWTTGPV

+%$1 KPETGCUG� $GECWUG QH VJKU� EQNNGEVQT EWTTGPV KPETGCUGU� 6JG KPETGCUG KP EQNNGEVQT

EWTTGPV RTQFWEGU CP KPETGCUG KP VJG RQYGT FKUUKRCVGF CV VJG EQNNGEVQT LWPEVKQP� 6JKU KP
VWTP HWTVJGT KPETGCUGU VJG VGORGTCVWTG QH VJG LWPEVKQP CPF UQ IKXGU HWTVJGT KPETGCUG KP
EQNNGEVQT EWTTGPV �6JG RTQEGUU KU EWOWNCVKXG� +V OC[ NGCF VQ VJG GXGPVWCN FGUVTWEVKQP QH
VJG VTCPUKUVQT� 6JKU KU FGUETKDGF CU VJG VJGTOCN TWPCYC[ QH VJG VTCPUKUVQT� +P RTCEVKEG�
VJGTOCN TWPCYC[ KU RTGXGPVGF KP C YGNN�FGUKIPGF EKTEWKV D[ VJG WUG QH UVCDKNK\CVKQP
EKTEWKVT[�

(QT VTCPUKUVQTU JCPFNKPI UOCNN UKIPCNU� VJG RQYGT FKUUKRCVGF CV VJG EQNNGEVQT KU UOCNN�
5WEJ VTCPUKUVQTU JCXG NKVVNG EJCPEGU QH VJGTOCN TWPCYC[� *QYGXGT KP RQYGT VTCPUKUVQTU�
VJG RQYGT FKUUKRCVGF CV VJG EQNNGEVQT LWPEVKQP KU NCTIGT� 6JKU OC[ ECWUG VJG LWPEVKQP
VGORGTCVWTG VQ TKUG VQ C FCPIGTQWU NGXGN� 9G ECP KPETGCUG VJG RQYGT JCPFNKPI ECRCEKV[
QH C VTCPUKUVQT KH YG OCMG C UWKVCDNG RTQXKUKQP HQT TCRKF EQPFWEVKQP QH JGCV CYC[ HTQO VJG
LWPEVKQP� 6JKU KU CEJKGXGF D[ WUKPI C UJGGV QH OGVCN ECNNGF JGCV UKPM� %QPPGEVKPI C JGCV
UKPM VQ C VTCPUKUVQT KPETGCUGU VJG CTGC HTQO YJKEJ JGCV KU VQ DG VTCPUHGTTGF VQ VJG
CVOQURJGTG� *GCV OQXGU HTQO VJG VTCPUKUVQT VQ VJG JGCV UKPM D[ EQPFWEVKQP CPF VJGP KV KU
TGOQXGF HTQO VJG UKPM VQ VJG CODKGPV D[ EQPXGEVKQP CPF TCFKCVKQP�

6417$.'5*116+0)�#�64#05+5614

/CP[ VJKPIU IQ YTQPI YKVJ C VTCPUKUVQT� 5KPEG KV EQPVCKPU VYQ FKQFGU� GZEGGFKPI CP[ QH
VJG DTGCMFQYP TCVKPIU� OCZKOWO EWTTGPV FCOCIG GKVJGT QT DQVJ FKQFGU �6JG VTQWDNGU
ECP KPENWFG UJQTVU� QRGPU� JKIJ NGCMCIG EWTTGPVU GVE�
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1PG YC[ VQ VGUV C VTCPUKUVQT KU YKVJ CP QJOOGVGT� ;QW ECP DGIKP OGCUWTKPI VJG
TGUKUVCPEG DGVYGGP VJG EQNNGEVQT CPF GOKVVGT� 6JKU UJQWNF DG XGT[ JKIJ 
QH VJG QTFGT QH /
QJOU� KP DQVJ FKTGEVKQPU DGECWUG VJG EQNNGEVQT CPF GOKVVGT FKQFGU CTG DCEM VQ DCEM
EQPPGEVGF� 1PG QH VJG EQOOQP VTQWDNGU KU EQNNGEVQT GOKVVGT UJQTV� RTQFWEGF D[
GZEGGFKPI VJG RQYGT TCVKPI� +H VJG TGCFKPI KU DGVYGGP \GTQ VQ HGY VJQWUCPFU 1JOU VJG
VTCPUKUVQT KU PQ NQPIGT WUCDNG CPF UJQWNF DG VJTQYP QHH�

+H VJG EQNNGEVQT GOKVVGT TGCFKPI KU XGT[ JKIJ 
/ QJOU� KP DQVJ VJG FKTGEVKQPU� [QW OWUV PQY
EJGEM VJG HQTYCTF CPF TGXGTUG TGUKUVCPEG QH VJG GOKVVGT CPF EQNNGEVQT FKQFGU
TGURGEVKXGN[� 6JG HQTYCTF TGUKUVCPEG KP ECUG QH VJG GOKVVGT FKQFG UJQWNF DG NQY YJKNG VJG
EQNNGEVQT FKQFG UJQYU C JKIJ TGUKUVCPEG YJGP KV KU TGXGTUG DKCUGF�

5QOG CPCNQI OGVGTU RTQFWEG GPQWIJ EWTTGPVU QP NQY TCPIGU QH TGUKUVCPEG YJKEJ ECP
FCOCIG VJG VTCPUKUVQT� JGPEG YJKNG EJGEMKPI UOCNN UKIPCN VTCPUKUVQTU QPG OWUV WUG C
JKIJGT TCPIG UWEJ CU 4�����+P VJKU TCPIG VJG KPVGTPCN TGUKUVCPEG QH QJOOGVGT RTGXGPVU
GZEGUUKXG EWTTGPVU VJTQWIJ VJG VTCPUKUVQT�

#HVGT CNN VJGUG EJGEMU CNUQ VJG VTCPUKUVQT OC[ JCXG UQOG HCWNVU� DGECWUG VJG QJOOGVGT
QPN[ VGUVU GCEJ LWPEVKQP WPFGT FE EQPFKVKQPU� %GTVCKP HCWNVU NKMG VQQ OWEJ NGCMCIG

EWTTGPV� NQY $FE ECP DG VGUVGF WUKPI EQOOGTEKCN VTCPUKUVQT VGUVGTU�

+P� EKTEWKV VGUVU � ;QW ECP VGUV VJG VTCPUKUVQT XQNVCIGU YKVJ TGURGEV VQ ITQWPF �(QT

KPUVCPEG OGCUWTKPI VJG EQNNGEVQT XQNVCIG 8E CPF VJG GOKVVGT XQNVCIG 8G �6JG FKHHGTGPEG

8E� 8G UJQWNF DG OQTG VJCP �8 DWV NGUU VJCP 8EE � +H VJG TGCFKPI KU NGUU VJCP � 8 VJG

VTCPUKUVQT OC[ DG UJQTVGF �+H VJG TGCFKPI GSWCNU 8EE VJG VTCPUKUVQT OC[ DG QRGP� 5WEJ

VGUVU WUWCNN[ RKP FQYP VJG RTQDNGO KH KV GZKUVU � 1PG ECP CNUQ VGUV VJG XQNVCIG 8DG CU

HQNNQYU� /GCUWTG VJG DCUG XQNVCIG 8D YKVJ TGURGEV VQ ITQWPF CPF VJG GOKVVGT XQNVCIG 8G

YKVJ TGURGEV VQ ITQWPF �6JG FKHHGTGPEG QH VJKU TGCFKPI KU 8DG YJKEJ UJQWNF DG GSWCN ���

VQ ���8 HQT UOCNN UKIPCN VTCPUKUVQTU QRGTCVKPI KP VJG CEVKXG TGIKQP�

�����
7,6��70+,70%6+10�64#05+5614

+PVTQFWEVKQP� # WPKLWPEVKQP VTCPUKUVQT KU C VJTGG VGTOKPCN UGOKEQPFWEVQT�UYKVEJKPI FGXKEG�
6JKU FGXKEG JCU C WPKSWG EJCTCEVGTKUVKE VJCV YJGP KV KU VTKIIGTGF� VJG GOKVVGT EWTTGPV
KPETGCUGU TGIGPGTCVKXGN[ WPVKN KV KU NKOKVGF D[ GOKVVGT RQYGT UWRRN[� &WG VQ VJKU
EJCTCEVGTKUVKE� VJG WPKLWPEVKQP VTCPUKUVQT ECP DG GORNQ[GF KP C XCTKGV[ QH CRRNKECVKQPU G�I�
UYKVEJKPI� RWNUG IGPGTCVQTU� UCY�VQQVJ YCXGHQTO IGPGTCVQT�

%QPUVTWEVKQP� (KI� UJQYU VJG DCUKE UVTWEVWTG QH C WPKLWPEVKQP VTCPUKUVQT� +V EQPUKUVU QH CP
0�V[RG UKNKEQP DCT YKVJ CP GNGEVTKECN EQPPGEVKQP QP GCEJ GPF� 6JG NGCFU VQ VJGUG
EQPPGEVKQPU CTG ECNNGF DCUG NGCFU � DCUG QPG $� CPF DCUG VYQ $�� 2CTV YC[ CNQPI VJG

DCT DGVYGGP VJG VYQ DCUGU PGCTGT VQ $� VJCP $�� C 2 0 LWPEVKQP KU HQTOGF DGVYGGP C 2�

V[RG GOKVVGT CPF VJG $CT� 6JG NGCF VQ VJKU LWPEVKQP KU ECNNGF VJG GOKVVGT NGCF '� (KI� �����
UJQYU VJG U[ODQN QH WPKLWPEVKQP VTCPUKUVQT� 0QVG VJCV GOKVVGT KU ENQUGT VQ $� VJCP $��
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(KI �����

2TKPEKRNG QH 1RGTCVKQP� (QNNQYKPI HKI������ UJQYU VJG DCUKE EKTEWKV QRGTCVKQP QH
WPKLWPEVKQP VTCPUKUVQT� 6JG FGXKEG JCU PQTOCNN[ $� RQUKVKXG YKVJ TGURGEV VQ $��


K� +H VJG XQNVCIG KU CRRNKGF CV 8$$ YKVJ VJG GOKVVGT NGHV QRGP� C XQNVCIG ITCFKGPV KU

GUVCDNKUJGF CNQPI VJG 0�V[RG DCT� 5KPEG VJG GOKVVGT KU NQECVGF PGCTGT VQ $� � OQTG VJCP

JCNH QH 8$$ CRRGCTU DGVYGGP VJG GOKVVGT CPF $� � 6JG XQNVCIG 8� DGVYGGP GOKVVGT CPF

$� GUVCDNKUJGU C TGXGTUG DKCU QP VJG 2 0 LWPEVKQP CPF VJG GOKVVGT EWTTGPV KU EWV QHH� 1H

EQWTUG� C UOCNN NGCMCIG EWTTGPV HNQYU HTQO $� VQ GOKVVGT FWG VQ OKPQTKV[ ECTTKGTU�

(KI �����


KK� +H C RQUKVKXG XQNVCIG KU CRRNKGF CV VJG GOKVVGT� VJG 2 0 LWPEVKQP YKNN TGOCKP
TGXGTUG DKCUGF UQ NQPI CU VJG KPRWV XQNVCIG KU NGUU VJCP 8� � +H VJG KPRWV

XQNVCIG VQ VJG GOKVVGT GZEGGFU 8� � VJG 2 0 LWPEVKQP DGEQOGU HQTYCTF

DKCUGF� 7PFGT VJGUG EQPFKVKQPU� JQNGU CTG KPLGEVGF HTQO 2�V[RG OCVGTKCN KPVQ
0�V[RG DCT� 6JGUG JQNGU CTG TGRGNNGF D[ RQUKVKXG $� VGTOKPCN CPF VJG[ CTG

CVVTCEVGF VQYCTFU $� VGTOKPCN QH VJG $CT� 6JKU CEEWOWNCVKQP QH JQNGU KP VJG

GOKVVGT VQ $� TGIKQP TGUWNVU KP VJG FGETGCUG QH TGUKUVCPEG KP VJKU UGEVKQP QH

VJG DCT� VJKU TGUWNVU KP C KPVGTPCN XQNVCIG FTQR HTQO GOKVVGT VQ $� CPF JGPEG

VJG GOKVVGT EWTTGPV N' KPETGCUGU� #U OQTG JQNGU CTG KPLGEVGF� C EQPFKVKQP QH

n

B1

B2 (Base Two)
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UCVWTCVKQP YKNN WNVKOCVGN[ DG TGCEJGF� #V VJKU RQKPV� VJG GOKVVGT EWTTGPV KU

NKOKVGF D[ GOKVVGT RQYGT UWRRN[ QPN[� 6JG FGXKEG KU PQY KP VJG 10 UVCVG�


KKK� +H C PGICVKXG RWNUG KU CRRNKGF VQ VJG GOKVVGT� VJG 2 0 LWPEVKQP KU TGXGTUG

DKCUGF CPF VJG GOKVVGT EWTTGPV KU EWV QHH� 6JG FGXKEG KU VJGP UCKF VQ DG KP VJG

1(( UVCVG�

7,6 %JCTCEVGTKUVKEU� (KI� UJQYU VJG EWTXG DGVYGGP VJG GOKVVGT XQNVCIG 
8' � CPF

GOKVVGT EWTTGPV 
N'� QH C 7,6 CV C IKXGP XQNVCIG 8$$ DGVYGGP DCUG� 6JKU KU MPQYP CU

GOKVVGT EJCTCEVGTKUVKEU QH 7,6�

(KI ����� 7,6 %JCTCEVGTKUVKEU

#RRNKECVKQPU QH 7,6� 7PKLWPEVKQP VTCPUKUVQTU CTG WUGF GZVGPUKXGN[ KP QUEKNNCVQT EKTEWKVU�
RWNUG CPF XQNVCIG UGPUKPI EKTEWKVU�


�� 7,6 CU C TGNCZCVKQP QUEKNNCVQT � # 7,6 TGNCZCVKQP QUEKNNCVQT� YJGTG VJG FKUEJCTIKPI
QH C ECRCEKVQT VJTQWIJ 7,6 ECP FGXGNQR C UCY�VQQVJ QWVRWV YCXGHQTO KU UJQYP DGNQY�

(KI� ����� 
C� 7,6 4GNCZCVKQP 
D� 5CY VQQVJ YCXG HQTO QUEKNNCVQT

VC

VBB

VC
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9JGP DCVVGT[ 8$$ KU VWTPGF QP� VJG ECRCEKVQT % EJCTIGU VJTQWIJ TGUKUVQT 4�� &WTKPI VJG

EJCTIKPI RGTKQF� VJG XQNVCIG CETQUU VJG ECRCEKVQT TKUGU KP CP GZRQPGPVKCN OCPPGT WPVKN KV

TGCEJGU VJG RGCM�RQKPV XQNVCIG� #V VJKU KPUVCPV QH VKOG� VJG 7,6 UYKVEJGU VQ KVU NQY
TGUKUVCPEG�EQPFWEVKPI OQFG CPF VJG ECRCEKVQT KU FKUEJCTIGF DGVYGGP ' CPF $�� #U VJG

ECRCEKVQT XQNVCIG EQOGU DCEM VQ \GTQ� VJG GOKVVGT EGCUGU VQ EQPFWEV CPF VJG 7,6 KU

UYKVEJGF QHH� 6JG PGZV E[ENG VJGP DGIKPU� CNNQYKPI VJG ECRCEKVQT % VQ EJCTIG CICKP� 6JG
HTGSWGPE[ QH VJG QWVRWV UCY�VQQVJ YCXG ECP DG XCTKGF D[ EJCPIKPI VJG XCNWG QH 4� UKPEG

KV EQPVTQNU VJG VKOG EQPUVCPV 4�% QH VJG ECRCEKVQT EJCTIKPI EKTEWKV�

��������(+'.&�'(('%6�64#05+5614

# (KGNF 'HHGEV 6TCPUKUVQT KU C VJTGG VGTOKPCN UGOKEQPFWEVQT FGXKEG KP YJKEJ EWTTGPV
EQPFWEVKQP KU D[ QPG V[RG QH ECTTKGT K�G� GNGEVTQPU QT JQNGU� +P ('6� VJG EWTTGPV
EQPFWEVKQP KU GKVJGT D[ GNGEVTQPU QT JQNGU CPF KU EQPVTQNNGF D[ OGCPU QH CP GNGEVTKE HKGNF
DGVYGGP VJG ICVG GNGEVTQFG CPF VJG EQPFWEVKPI EJCPPGN QH VJG FGXKEG� 6JG ('6 JCU JKIJ
KPRWV KORGFCPEG CPF NQY PQKUG NGXGN�

%QPUVTWEVKQP� # ('6 EQPUKUVU QH 2�V[RG CPF 0�V[RG UKNKEQP DCT EQPVCKPKPI VYQ 2 0
LWPEVKQPU CV VJG UKFGU CU UJQYP� 6JG DCT HQTOU VJG EQPFWEVKPI EJCPPGN HQT VJG EJCTIG
ECTTKGTU� +H VJG DCT KU QH 0�V[RG� KV KU ECNNGF 0�EJCPPGN ('6 CPF KH VJG DCT KU QH 2�V[RG� KV KU
ECNNGF C 2�EJCPPGN ('6� 6JG VYQ 2 0 LWPEVKQP�HQTOKPI FKQFGU CTG EQPPGEVGF KPVGTPCNN[
CPF C EQOOQP VGTOKPCN ECNNGF ICVG KU VCMGP QWV� 1VJGT VGTOKPCNU CTG UQWTEG CPF FTCKP
VCMGP QWV HTQO VJG DCT CU UJQYP� 6JKU ('6 JCU GUUGPVKCNN[ VJTGG VGTOKPCNU� )CVG 
)��
5QWTEG 
5� CPF &TCKP 
&��

(KI� ����� 
+� (KI � ����� 
++�

1WVRWV %JCTCEVGTKUVKEU QH ('6 � 6JG EWTXG DGVYGGP FTCKP EWTTGPV 
+&� CPF FTCKP UQWTEG
XQNVCIG 
8&5 QH C ('6 CV EQPUVCPV ICVG�UQWTEG XQNVCIG 
8)5� KU MPQYP CU QWVRWV
EJCTCEVGTKUVKEU QH ('6� (QNNQYKPI HKIWTG UJQYU VJG EKTEWKV HQT FGVGTOKPKPI VJG QWVRWV
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EJCTCEVGTKUVKEU QH ('6 MGGRKPI 8)5 HKZGF CV CU UQOG XCNWG� UC[ �8� VJG FTCKP UQWTEG
XQNVCIG KU EJCPIGF KP UVGRU� %QTTGURQPFKPI VQ GCEJ XCNWG QH 8&5� VJG FTCKP EWTTGPV +& KU
PQVGF� # RNQV QH VJGUG XCNWGU IKXGU VJG QWVRWV EJCTCEVGTKUVKEU QH ('6 CV 8)5��8�
4GRGCVKPI UKOKNCT RTQEGFWTG� QWVRWV EJCTCEVGTKUVKEU CV QVJGT ICVG�UQWTEG XQNVCIGU ECP DG
FTCYP�

(KI ����� 
C� (KI ����� 
D�

#RRNKECVKQP��

('6 CU CP CORNKHKGT � (KIWTG UJQYU ('6 CORNKHKGT %KTEWKV� 6JG YGCM UKIPCN KU CRRNKGF
DGVYGGP ICVG CPF UQWTEG CPF CORNKHKGF QWVRWV KU QDVCKPGF KP VJG FTCKP UQWTEG EKTEWKV�
6JG KPRWV EKTEWKV KU CNYC[U TGXGTUG DKCUGF� # UOCNN EJCPIG KP VJG TGXGTUG DKCU QP VJG
ICVG RTQFWEGU C NCTIG EJCPIG KP FTCKP EWTTGPV� 6JKU HCEV OCMGU ('6 ECRCDNG QH TCKUKPI
VJG UVTGPIVJ QH C YGCM UKIPCN� &WTKPI VJG RQUKVKXG JCNH QH UKIPCN� VJG TGXGTUG DKCU QP VJG
ICVG FGETGCUGU� 6JKU KPETGCUGU VJG EJCPPGN YKFVJ CPF JGPEG VJG FTCKP EWTTGPV� &WTKPI
VJG �XG JCNH E[ENG QH VJG UKIPCN� VJG TGXGTUG XQNVCIG QP VJG ICVG KPETGCUGU� %QPUGSWGPVN[
VJG FTCKP EWTTGPV FGETGCUGU� 6JG TGUWNV KU VJCV UOCNN EJCPIG KP XQNVCIG CV VJG ICVG
RTQFWEGU C NCTIG EJCPIG KP FTCKP EWTTGPV� 6JGUG NCTIG XCTKCVKQPU KP FTCKP EWTTGPV RTQFWEG
NCTIG QWVRWV CETQUU VJG NQCF 4.� +P VJKU YC[ ('6 CEVU CU CP CORNKHKGT�

(KI� ����� ('6 
#ORNKHKGT�

VGS= 1V

VGS= 2V

VGS= 3V

VDS
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������/'6#.��1:+&'�5'/+%10&7%614�('6�
/15('6�

/15('6 KU CP KORQTVCPV UGOKEQPFWEVQT FGXKEG CPF KU YKFGN[ WUGF KP OCP[ EKTEWKV
CRRNKECVKQPU� 6JG KPRWV KORGFCPEG QH C /15('6 KU OWEJ OQTG VJCP VJCV QH C ('6
DGECWUG QH XGT[ UOCNN ICVG NGCMCIG EWTTGPV� 6JG /15('6 ECP DG WUGF KP CP[ QH VJG
EKTEWKVU CU VJG ('6� 6JGTGHQTG� CNN VJG GSWCVKQPU CRRN[ GSWCNN[ YGNN VQ VJG /15('6 CPF
('6 KP CORNKHKGT EQPPGEVKQP�

%QPUVTWEVKQP �

(KIWTG ����� UJQYU VJG EQPUVTWEVKQP FGVCKNU QH 0�EJCPPGN /15('6� +V KU UKOKNCT VQ ('6
GZEGRV YKVJ HQNNQYKPI OQFKHKECVKQPU�


K� 6JGTG KU QPN[ C UKPING 2�TGIKQP� 6JKU TGIKQP KU ECNNGF UWDUVTCVG�

KK� # VJKP NC[GT QH OGVCN QZKFG 
WUWCNN[ UKNKEQP FKQZKFG� KU FGRQUKVGF QXGT VJG NGHV

UKFG QH VJG EJCPPGN� # OGVCNNKE ICVG KU FGRQUKVGF QXGT VJG QZKFG NC[GT� #U
UKNKEQP FKQZKFG KU CP KPUWNCVQT� VJGTGHQTG� ICVG KU KPUWNCVGF HTQO VJG EJCPPGN�
(QT VJKU TGCUQP� /15('6 KU UQOGVKOGU ECNNGF KPUWNCVGF ICVG ('6�


KKK� .KMG ('6� C /15('6 JCU VJTGG VGTOKPCNU XK\� 5QWTEG� )CVG CPF &TCKP�

(KI� ����� 5[ODQN QH /15('6

6'56+0)�1(�/15('6

$GHQTG VGUVKPI C /15('6 QPG OWUV MPQY VJG HQNNQYKPI

C� +U KV C ,('6 QT /15('6�
D� +U KV P�EJCPPGN QT R�EJCPPGN
E� +U KV GPJCPEGOGPV V[RG QT FGRNGVKQP V[RG�

2TGECWVKQPU VQ DG VCMGP YKVJ C /15('6

C� $GHQTG VJG /15('6 KU KPUGTVGF KPVQ VJG EKTEWKV� VJG FGXKEG NGCF UJQWNF DG UJQTVGF�
6JG ICVG NGCF UJQWNF PQV DG QRGP CU KV ECP KPFWEG UVCVKE EJCTIGU HTQO HNQTGUEGPV
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NKIJV� &WG VQ VJKU VJG ECRCEKVQT DGVYGGP VJG ICVG CPF EJCPPGN ECP IGV EJCTIGF � UQ
CNYC[U UJQTV VJG NGCFU QH VJG /15('6�

D� 5QNFGTKPI OWUV DG FQPG ECTGHWNN[� #P QJOOGVGT ECP DG WUGF VQ EJGEM VJG /15('6
6JG ICVG VQ UQWTEG KPUWNCVKQP KU EJGEMGF YKVJ VJG JKIJGUV TCPIG QH VJG QJOOGVGT �#
KPHKPKVG TGCFKPI KU PQTOCNN[ QDVCKPGF HQT DQVJ RQNCTKVKGU QH VGUV XQNVCIG�

������5+.+%10�%10641.�4'%6+(+'4

+V KU C UGOKEQPFWEVQT FGXKEG YJKEJ CEVU CU C VTWG GNGEVTQPKE UYKVEJ� +V ECP EJCPIG
CNVGTPCVKPI EWTTGPV KPVQ FKTGEV EWTTGPV CPF CV VJG UCOG VKOG ECP EQPVTQN VJG COQWPV QH
RQYGT HGF VQ NQCF� +V KU C 2�0�2�0 FGXKEG� +V ECP DG EQPUKFGTGF CU EQODKPCVKQP QH VYQ
VTCPUKUVQT�

6JG FKHHGTGPEG DGVYGGP ICVG EQPVTQN QH VJG EWTTGPV KP C VJ[TKUVQT CPF VJG EQPVTQN QH EWTTGPV
KP C VTCPUKUVQT CORNKHKGT KU VJCV VJG VJ[TKUVQT ICVG GNGEVTQFG UGTXGU QPN[ CU VTKIIGT VQ UVCTV
VJG EWTTGPV�

6JKU GNGEVTQFG ECP PQV XCT[ VJG CPQFG EWTTGPV� +P HCEV� CHVGT VJG HQTYCTF EWTTGPV JCU
UVCTVGF� TGFWEKPI VJG ICVG XQNVCIG YKNN PQV VWTP QHH EQPFWEVKQP� 6JG EWTTGPV ECP DG VWTPGF
QHH QPN[ YJGP VJG CPQFG XQNVCIG KU TGFWEGF QT DGEQOG PGICVKXG�

6JG 5%4 KU EQPUKFGTGF CU C TGXGTUG DNQEMKPI VTKQFG VJ[TKUVQT� OGCPKPI VJCV KV FQGU PQV
EQPFWEV YKVJ PGICVKXG XQNVCIG CV VJG CPQFG� YJKEJ ECP EQPFWEV HQT GKVJGT RQNCTKV[ QH
CRRNKGF XQNVCIG�

6JG ICVG XQNVCIG KU WUWCNN[ C VTCKP QH RWNUGU� 1PEG VJG 5%4 KU VWTPGF QP� KV UVC[U QP GXGP
CHVGT VJG ICVG RWNUG JCU DGGP TGOQXGF� 6JG 5%4 JQNFU VJG CPQFG EWTTGPV WPVKN VJG

CPQFG XQNVCIG KU NQY GPQWIJ VQ TGFWEG VJG EWTTGPV VQ � VQ �� O# HQT CDQWV �� µU HQT C
OGFKWO RQYGT 5%4� 6JKU OKPKOWO XCNWG QH CPQFG EWTTGPV PGGFGF VQ UWUVCKP EQPFWEVKQP
KU VJG JQNFKPI EWTTGPV� 6JG NCVEJKPI EWTTGPV KU VJG XCNWG PGGFGF VQ UYKVEJ VJG CPQFG
EKTEWKV QP HTQO VJG QHH EQPFKVKQPU� 6JG NCVEJKPI EWTTGPV KU V[RKECNN[ CDQWV VJTGG VKOGU OQTG
VJCP JQNFKPI EWTTGPV�

&KCE� 6JKU VJ[TKUVQT KU C VYQ VGTOKPCN FGXKEG YKVJQWV C ICVG GNGEVTQFG� CU UJQYP KP
HQNNQYKPI HKI� 6JG &KCE KU WUGF CU C DK�FKTGEVKQPCN VTKIIGT FKQFG� %WTTGPV ECP HNQY GKVJGT
YC[ YJGP GPQWIJ XQNVCIG KU UWRRNKGF HQT DTGCM�QXGT� 6[RKECNN[� VJG HKTKPI RQVGPVKCN KU
CDQWV �� 8� KP GKVJGT FKTGEVKQP� 6JG &KCE KU KP KVU QHH UVCVG WPVKN VJG XQNVCIG CETQUU /6�
CPF /6� GZEGGFU VJG DTGCM�QXGT XQNVCIG� +P RQYGT EQPVTQN EKTEWKVU C &KCE ECP DG WUGF

HQT OQTG GHHGEVKXG EQPVTQN QH VJG VWTP�QP RQKPV HQT VJG ICVG GNGEVTQFG QH C 6TKCE QT VJG
5%4�

(KI� ����� 
C� 5[ODQN
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(KI� ����� 
D� (KI� ����� 
E�

8�+ %JCTCEVGTKUVKEU QH 5%4 � +V KU VJG EWTXG DGVYGGP CPQFG VQ ECVJQFG XQNVCIG CPF

CPQFG EWTTGPV QH CP 5%4�

(KI� ����� %JCTCEVGTKUVKEU QH 5%4

�� (QTYCTF %JCTCEVGTKUVKEU � 9JGP CPQFG KU RQUKVKXG YKVJ TGURGEV VQ ECVJQFG� VJG
EWTXG DGVYGGP 8 CPF + KU ECNNGF HQTYCTF EJCTCEVGTKUVKEU� +P HKI� 1#$% KU VJG HQTYCTF
EJCTCEVGTKUVKEU QH 5%4 CV )CVG %WTTGPV 
+) � ���

�� 4GXGTUG %JCTCEVGTKUVKEU � 9JGP CPQFG KU PGICVKXG YKVJ TGURGEV VQ ECVJQFG VJG
EWTXG DGVYGGP 8 CPF + KU MPQYP CU TGXGTUG EJCTCEVGTKUVKEU� 6JG TGXGTUG XQNVCIG FQGU PQV
EQOG CETQUU 5%4 YJGP KV KU QRGTCVGF YKVJ C�E� UWRRN[�

&KHHGTGPEG $GVYGGP ('6 CPF $KRQNCT 6TCPUKUVQT �

�� 6JG ICVG KU TGXGTUG DKCUGF KP ECUG QH ('6 YJKNG VJG DCUG KU HQTYCTF DKCUGF KP C $,6

$KRQNCT ,WPEVKQP 6TCPUKUVQT�
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�� 6JG ,('6 KU C XQNVCIG EQPVTQNNGF FGXKEG DGECWUG VJG KPRWV XQNVCIG CNQPG EQPVTQNU
VJG QWVRWV EWTTGPV�

�� 6JG KPRWV TGUKUVCPEG QH C ,('6 KU SWKVG NCTIG� QH VJG QTFGT QH ��/ QJO� 6JWU
CRRNKECVKQPU KP YJKEJ C JKIJ KPRWV TGUKUVCPEG KU PGGFGF� VJG ,('6 KU RTGHGTTGF QXGT
VJG DKRQNCT VTCPUKUVQT� (QT GZCORNG VJG KPRWV UVCIG QH C OGCUWTKPI KPUVTWOGPV NKMG
CP QUEKNNQUEQRG QT GNGEVTQPKE XQNV OGVGT QHVGP WUGU C ,('6�

�� 6JG ,('6 KU NGUU UGPUKVKXG VQ EJCPIGU KP KPRWV XQNVCIG VJCP C DKRQNCT VTCPUKUVQT� +P C
,('6� CP KPRWV XQNVCIG EJCPIG QH ���8 RTQFWEGU CP QWVRWV EWTTGPV EJCPIG QH NGUU
VJCP ��/#� +P C DKRQNCT VTCPUKUVQT� C EJCPIG QH ���8 KP 8$' ECP GCUKN[ RTQFWEG C
EJCPIG QH OQTG VJCP ��/# KP EQNNGEVQT EWTTGPV� 6JKU OGCPU VJCV ,('6 RTQFWEGU
NGUU XQNVCIG ICKP VJCP C DKRQNCT VTCPUKUVQT�

�� ,('6 KU NGUU PQKU[ VJCP $KRQNCT 6TCPUKUVQTU�
�� ,('6 KU UKORNGT VQ HCDTKECVG CPF QEEWR[ NGUU URCEG�

��������4'%6+(+'4�%+4%7+65

(QT TGCUQPU CUUQEKCVGF YKVJ GEQPQOKEU QH IGPGTCVKQP CPF VTCPUOKUUKQP� VJG GNGEVTKE
RQYGT CXCKNCDNG KU WUWCNN[ CP #�%� UWRRN[� 6JG UWRRN[ XCTKGU UKPWUQKFCN CPF JCU C
HTGSWGPE[ QH �� *\� +V KU WUGF HQT KPFWUVTKCN CPF FQOGUVKE RWTRQUGU UWEJ CU NKIJVKPI�
JGCVKPI CPF TWPPKPI GNGEVTKECN OQVQTU� $WV VJGTG CTG OCP[ CRRNKECVKQPU 
G�I� GNGEVTQPKE
EKTEWKV� YJGTG &�%� UWRRN[ KU PGGFGF� 9JGP UWEJ C &�%� UWRRN[ KU TGSWKTGF� VJG OCKPU
C�E� UWRRN[ KU TGEVKHKGF D[ WUKPI ET[UVCN FKQFGU� 6JG HQNNQYKPI VYQ TGEVKHKGT EKTEWKV ECP DG
WUGF�


K� *CNH YCXG TGEVKHKGT 
KK� (WNN YCXG TGEVKHKGT�

+P JCNH YCXG TGEVKHKECVKQP� VJG TGEVKHKGT EQPFWEVU EWTTGPV QPN[ FWTKPI VJG RQUKVKXG JCNH
E[ENGU QH KPRWV #�%� UWRRN[� 6JG PGICVKXG JCNH�E[ENG QH #�%� UWRRN[ CTG UWRRTGUUGF K�G�
FWTKPI PGICVKXG JCNH�E[ENGU� PQ EWTTGPV KU EQPFWEVGF CPF JGPEG PQ XQNVCIG CRRGCTU
CETQUU VJG NQCF� 6JGTGHQTG� EWTTGPV CNYC[U HNQYU KP QPG FKTGEVKQP 
K�G� F�E� � VJTQWIJ VJG
NQCF VJQWIJ CHVGT GXGT[ JCNH�E[ENG�

%KTEWKV FGVCKNU � (KI� UJQYU VJG EKTEWKV YJGTG C UKPING ET[UVCN FKQFG CEVU CU C JCNH�YCXG
TGEVKHKGT� 6JG C�E� UWRRN[ VQ DG TGEVKHKGF KU CRRNKGF KP UGTKGU YKVJ VJG FKQFG CPF NQCF
TGUKUVCPEG 4 N� )GPGTCNN[� C�E� UWRRN[ KU IKXGP VJTQWIJ C VTCPUHQTOGT RGTOKVU VYQ
CFXCPVCIGU� +V CNNQYU WUG VQ UVGR�WR QT UVGR FQYP VJG C�E� KPRWV XQNVCIG CU VJG UKVWCVKQP
FGOCPFU�

(KI ����� *CNH 9CXG TGEVKHKGT 5EJGOCVKE
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12'4#6+10 � 6JG C�E� XQNVCIG CETQUU VJG UGEQPFCT[ YKPFKPIU #$ EJCPIGU RQNCTKVKGU
CHVGT GXGT[ JCNH�E[ENG� &WTKPI VJG RQUKVKXG JCNH E[ENG QH KPRWV C�E� XQNVCIG� GPF # DGEQOGU
RQUKVKXG YKVJ TGURGEV VQ GPF $� 6JKU OCMGU VJG FKQFG HQTYCTF DKCUGF CPF JGPEG KV
EQPFWEVU EWTTGPV� &WTKPI VJG PGICVKXG JCNH E[ENG� GPF # KU PGICVKXG YKVJ TGURGEV VQ GPF $
WPFGT VJKU EQPFKVKQP� VJG FKQFG KU TGXGTUG DKCUGF CPF KV EQPFWEVU PQ EWTTGPV� VJGTGHQTG�
EWTTGPV HNQYU VJTQWIJ VJG FKQFG FWTKPI RQUKVKXG JCNH E[ENGU QH KPRWV C�E� XQNVCIG QPN[� +V KU
DNQEMGF FWTKPI VJG PGICVKXG JCNH�E[ENGU� +P VJKU YC[� EWTTGPV HNQYU VJTQWIJ NQCF 4%
CNYC[U KP VJG UCOG FKTGEVKQP� *GPEG F�E� QWVRWV KU QDVCKPGF CETQUU 4%� +V OC[ DG PQVGF
VJCV QWVRWV CETQUU NQCF KU RWNUCVKPI F�E�

(KI� ����� 9CXG HQTO QH *CNH YCXG 4GEVKHKGT

(WNN YCXG TGEVKHKGT � +P HWNN YCXG TGEVKHKECVKQP� EWTTGPV HNQYU VJTQWIJ VJG NQCF KP VJG UCOG
FKTGEVKQP HQT DQVJ JCNH �E[ENGU QH KPRWV C�E� XQNVCIG� 6JKU ECP DG CEJKGXGF YKVJ VYQ FKQFGU
YQTMKPI CNVGTPCVKXGN[� (QT VJG RQUKVKXG JCNH�E[ENG QH KPRWV XQNVCIG� QPG FKQFG UWRRNKGU
EWTTGPV VQ VJG NQCF CPF HQT VJG PGICVKXG JCNH E[ENG� VJG QVJGT FKQFG FQGU U� EWTTGPV DGKPI
CNYC[U KP VJG UCOG FKTGEVKQP VJTQWIJ VJG NQCF� 6JGTGHQTG� C HWNN YCXG TGEVKHKGT WVKNK\GU
DQVJ JCNH�E[ENG QH KPRWV C�E� XQNVCIG VQ RTQFWEG VJG C�E� QWVRWV� 6JG HQNNQYKPI VYQ EKTEWKVU
CTG EQOOQPN[ WUGF HQT HWNN YCXG TGEVKHKECVKQP�


K� %GPVTG�VCR (WNN�YCXG TGEVKHKGT

KK� (WNN YCXG DTKFIG TGEVKHKGT EGPVTG�VCR (WNN YCXG TGEVKHKGT�

6JG EKTEWKV GORNQ[GGU VYQ FKQFGU &� CPF &� CU UJQYP� # EGPVGT VCRRGF UGEQPFCT[
YKPFKPIU #$ KU WUGF YKVJ VYQ FKQFGU EQPPGEVGF UQ VJCV GCEJ WUG QPG JCNH�E[ENG QH KPRWV
C�E� XQNVCIG� &KQFG %� WVKNK\GU VJG C�E� XQNVCIG CRRGCTKPI CETQUU VJG WRRGT JCNH 
1# � QH
UGEQPFCT[ YKPFKPIU HQT TGEVKHKECVKQP YJKNG FKQFG F&� WUGU VJG NQYGT JCNH YKPFKPI 1$�

(KI ����� C� (WNN YCXG 4GEVKHKGT D� 9CXG HQTO QH HWNN YCXG 4GEVKHKGT
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1RGTCVKQP � &WTKPI VJG RQUKVKXG JCNH E[ENG QH UGEQPFCT[ XQNVCIG� VJG GPF # QH VJG
UGEQPFCT[ YKPFKPIU DGEQOGU RQUKVKXG CPF GPF $ PGICVKXG� 6JKU OCMGU VJG FKQFG &�
HQTYCTF DKCUGF CPF FKQFG &� TGXGTUG DKCUGF� 6JGTGHQTG� FKQFG &� EQPFWEVU YJKNG FKQFG
&� FQGU PQV� 6JG EQPXGPVKQPCN EWTTGPV HNQY KU VJTQWIJ FKQFG & � NQCF TGUKUVGT 4 . CPF
VJG WRRGT JCNH QH UGEQPFCT[ YKPFKPIU CU UJQYP D[ FQVVGF CTTQYU� &WTKPI VJG PGICVKXG
JCNH E[ENG� GPF # QH VJG UGEQPFCT[ YKPFKPIU DGEQOGU PGICVKXG CPF $ RQUKVKXG� 6JGTGHQTG
FKQFG & � EQPFWEVU YJKNG FKQFG & � FQGU PQV� 6JG EQPXGPVKQPCN EWTTGPV HNQY KU VJTQWIJ
FKQFG &� NQCF 4 . CPF NQYGT JCNH YKPFKPIU�

(KI� �����

(WNN YCXG DTKFIG TGEVKHKGT� 6JG PGGF HQT C EGPVTG VCRRGF RQYGT VTCPUHQTOGT KU
GNKOKPCVGF KP VJG DTKFIG TGEVKHKGT� +V EQPVCKPU HQWT FKQFG &�� &�� &� CPF & � EQPPGEVGF VQ
HQTO DTKFIG CU UJQYP KP �

(KI ����� 
C� $TKFIG 9CXG 4GEVKHKGT 
$� 9CXG HQTO QH $TKFIG 9CXG 4GEVKHKGT

6JG C�E� UWRRN[ VQ DG TGEVKHKGF KU CRRNKGF VQ VJG FKCIQPCNN[ QRRQUKVG GPFU QH VJG DTKFIG
VJTQWIJ VJG VTCPUHQTOGT DGVYGGP QVJGT VYQ GPFU QH VJG DTKFIG VJG NQCF TGUKUVCPEG 4 . KU
EQPPGEVGF�

1RGTCVKQP� &WTKPI VJG RQUKVKXG JCNH E[ENG QH UGEQPFCT[ XQNVCIG� VJG GPF 2 QH VJG
UGEQPFCT[ YKPFKPI DGEQOGU RQUKVKXG CPF GPF 3 PGICVKXG� 6JKU OCMGU FKQFGU &� CPF &�
HQTYCTF DKCUGF YJKNG FKQFGU &� CPF &� CTG TGXGTUG DKCUGF� 6JGTGHQTG� QPN[ FKQFGU &�
CPF &� EQPFWEV� 6JGUG VYQ FKQFGU YKNN DG KP UGTKGU VJTQWIJ VJG NQCF 4 . CU UJQYP�

&QVVGF CTTQYU UJQY VJG EQPXGPVKQPCN EWTTGPV HNQY� +V OC[DG UGGP VJCV EWTTGPV HNQYU HTQO
# CPF $ VJTQWIJ NQCF 4 .
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K� 
KK�
(KIWTG �����

&WTKPI VJG PGICVKXG JCNH�E[ENG QH UGEQPFCT[ XQNVCIG� GPF 2 DGEQOGU PGICVKXG CPF GPF 3
RQUKVKXG� 6JKU OCMGU FKQFG & � CPF &� HQTYCTF DKCUGF YJGTGCU FKQFGU &� CPF &� CTG
TGXGTUGF DKCUGF� 6JGTGHQTG QPN[ FKQFGU &� CPF &� EQPFWEV� 6JGUG VYQ FKQFGU YKNN DG KP
UGTKGU VJTQWIJ VJG NQCF 4 .� +V OC[DG UGGP VJCV CICKP EWTTGPV HNQYU HTQO # VQ $ VJTQWIJ
VJG NQCF� K�G� KP VJG UCOG FKTGEVKQP CU HQT VJG RQUKVKXG JCNH�E[ENG� 6JGTGHQTG� F�E� QWVRWV KU
QDVCKPGF CETQUU NQCF 4 .�

����� 6'56+0)�1(�64#05+56145

6TQWDNGUJQQVKPI #RRNKECVKQP � 6JG DKRQNCT VTCPUKUVQT OC[ DG EJGEMGF D[ WUG QH CP
QJOOGVGT� 5KPEG VJKU FGXKEG KU EQPUVTWEVGF QH VYQ FKQFGU� KV ECP DG VGUVGF WUKPI VJG
UCOG VGEJPKSWGU CU VJQUG WUGF HQT VJG FKQFG� 6JG QJOOGVGT EQPPGEVGF DGVYGGP VJG
GOKVVGT CPF DCUG YKNN VGUV HQT VJG XCNKFKV[ QH VJKU LWPEVKQP� 4GUKUVCPEG XCNWGU UJQWNF DG NQY
KP QPG FKTGEVKQP CPF JKIJ YJGP VJG QJOOGVGT NGCFU CTG TGXGTUGF� VJKU KU CNUQ VTWG HQT VJG
DCUG�VQ�EQNNGEVQT LWPEVKQP� 4GCFKPIU VJCV CTG VJG UCOG QJOKE XCNWG YJGP VJG NGCFU CTG
TGXGTUGF CV QPG LWPEVKQP KPFKECVG FGHGEVKXG VTCPUKUVQT�

9JGP VJG QJOKE XCNWG KU NQY KP DQVJ FKTGEVKQPU CETQUU QPG LWPEVKQP� VJG LWPEVKQP KU UJQTV�
EKTEWKVGF� 9JGP VJG QJOKE XCNWG KU JKIJ KP DQVJ FKTGEVKQPU CETQUU VJG UCOG LWPEVKQP� VJG
LWPEVKQP KU QRGP� +P GKVJGT QH VJG VGUVU� VJG VTCPUKUVQT OWUV DG TGRNCEGF YKVJ C HWPEVKQPCNN[
IQQF WPKV�

#PQVJGT VGUV QPG OC[ OCMG QP VJG DKRQNCT VTCPUKUVQT KU QPG WUKPI C XQNVOGVGT� 6JKU VGUV KU
EQPFWEVGF YKVJ VJG QRGTCVKPI XQNVCIG VWTPGF QP HQT VJG U[UVGO� 6JG FKHHGTGPEG KP XQNVCIG
OGCUWTGF DGVYGGP VJG GOKVVGT CPF VJG DCUG QH VJG VTCPUKUVQT YQWNF DG CDQWV ���� 8 KH VJG
VTCPUKUVQT KU C UKNKEQP V[RG 
CPF OQUV QH VJGO CTG�� 6JKU KU PQV CP GZCEV XCNWG� +V OC[ XCT[
D[ CU OWEJ CU ���8 KP GKVJGT FKTGEVKQP HTQO VJG KFGCN XQNVCIG XCNWG� +H VJKU XQNVCIG KU \GTQ�
VJG VTCPUKUVQT	U GOKVVGT�VQ�DCUG LWPEVKQP KU UJQTVGF� +H VJG XQNVCIG KU OWEJ JKIJGT� VJG
VTCPUKUVQT JCU CP KPVGTPCN EQPFKVKQP MPQYP CU NGCMCIG� .GCMCIG ETGCVGU CP CDPQTOCNN[
JKIJ TGUKUVCPEG DGVYGGP GOKVVGT CPF DCUG� 6JG CDPQTOCNN[ JKIJ XQNVCIG OGCUWTGF
DGVYGGP VJGUG VYQ GNGOGPVU ECP KFGPVKH[ VJKU�

6JGTG CTG VYQ YC[U QH OGCUWTKPI VJG XQNVCIG FTQR DGVYGGP GOKVVGT CPF DCUG 
HKI�C��
1PG QH VJGUG RNCEGU VJG PGICVKXG NGCF QH VJG XQNVOGVGT FKTGEVN[ QP VJG GOKVVGT NGF QT KVU
EQPPGEVKQP VQ VJG EKTEWKV DQCTF� 6JG QVJGT OGVGT NGCF KU RNCEGF QP VJG DCUG NGCF QT KVU
EQPPGEVKQP VQ VJG EKTEWKV DQCTF� 6JKU OGVJQF RTQXKFGU C FKTGEV TGCFKPI QH VJG GOKVVGT�VQ�
DCUG XQNVCIG FTQR 
HKI�C�� 6JG UGNGEVKQP OGVJQF TGSWKTGU VYQ TGCFKPI CPF C UNKIJV COQWPV
QH OCVJGOCVKEU� 1PG TGCFKPI KU OCFG DGVYGGP VJG GOKVVGT GNGOGPV CPF EKTEWKV EQOOQP�
6JKU TGCFKPI KU PQVGF CPF VJG UGEQPF TGCFKPI OGCUWTGU VJG XQNVCIG FTQR DGVYGGP VJG
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DCUG CPF EKTEWKV EQOOQP� 6JG FKHHGTGPEG DGVYGGP VJGUG VYQ XQNVCIG XCNWGU KU VJG
GOKVVGT�VQ�DCUG XQNVCIG FTQR� 
5GG (KI�
D� 6JG UGNGEVKQP QH VJG URGEKHKE OGVJQF KU NGHV VQ
VJG RGTUQP EQPFWEVKPI VJG VGUV�

����� 6'56+0)�5'/+%10&7%614�&+1&'5

6TQWDNGUJQQVKPI #RRNKECVKQPU� 5KPEG VJG UGOKEQPFWEVQT FKQFG KU C XQNVCIG�FGRGPFGPV
TGUKUVCPEG KV KU RQUUKDNG VQ VGUV KVU TGUKUVCPEG VQ FGVGTOKPG KH KV KU KP YQTMKPI EQPFKVKQP� 6JG
QJOOGVGT KU C XGT[ FGRGPFCDNG FGXKEG HQT VJKU RWTRQUG� 6JG QJOOGVGT JCU C DWKNV�KP
RQYGT UQWTEG� 6JKU KU C F�E UQWTEG CPF JCU C EQPUVCPV RQNCTKV[� 6JG RTQEGUU HQT WUKPI VJG
QJOOGVGT VQ VGUV C FKQFG KU XGT[ UKORNG� 6JG RQUKVKXG� QT TGF� NGCF QH QJOOGVGT KU WUWCNN[
EQPPGEVGF VQ VJG RQUKVKXG NGCF QH KVU KPVGTPCN DCVVGT[� 9JGP VJG VYQ NGCFU QH QJOOGVGT
CTG EQPPGEVGF CETQUU VJG VGTOKPCNU QH VJG FKQFG� C DKCU XQNVCIG KU CRRNKGF VQ VJG FKQFG� +H
VJG FKQFG KU HQTYCTF DKCUGF VJG TGUKUVCPEG TGCFKPI YKNN DG WPFGT � M 1JO� 6JG URGEKHKE
XCNWG FGRGPFU QP JG TCPIG UGVVKPI QH VJG QJOOGVGT� 7UWCNN[� C TCPIG QH 4 Z � - 1JO KU
WUGF HQT VJKU VGUV� +H VJG FKQFG KU HQTYCTF DKCUGF� VJG XQNVCIG CV VJG VGUV NGCFU QH VJG
QJOOGVGT YKNN RTQFWEG C EWTTGPV HNQY CPF VJG OGVGT YKNN TGCF C TGUKUVCPEG XCNWG�

9JGP VJG VGUV NGCU� QT VJG FKQFG NGCF� CTG TGXGTUGF� VJG FKQFG KU TGXGTUG DKCUGF� +VU
KPVGTPCN TGUKUVCPEG DGEQOGU C XGT[ JKIJ� .KVVNG� KH CP[� EWTTGPV HNQY QEEWTU WPFGT VJKU
EQPFKVKQP� 6JG QJOOGVGT YKNN KPFKECVG CP KPHKPKVGN[ JKIJ XCNWG QH TGUKUVCPEG� +P OCP[ VGUVU
VJG QJOOGVGT YKNN PQV KPFKECVG CP[ NGCFKPI QH TGUKUVCPEG�

6JG FKQFG VGUV KU VJGTGHQTG C VGUV QH KVU TGUKUVCPEG WPFGT HQTYCTF CPF TGXGTUG DKCUGF
EQPFKVKQPU� +H VJG FKQFG VGUV KPFKECVG VJG UCOG TGUKUVCPEG XCNWGU KP DQVJ FKTGEVKQPU� VJG
FKQFG JCU HCKNGF� +V OWUV DG TGRNCEGF KH KVU KPVGTPCN TGUKUVCPEG KU VJG UCOG YJGP KV KU
HQTYCTF DKCUGF CPF YJGP KV KU TGXGTUG DKCUGF� 6JKU KU VTWG YJGP VJG TGUKUVCPEG KU NQY KP
DQVJ FKTGEVKQPU CPF CNUQ YJGP KV KU JKIJ KP DQVJ FKTGEVKQPU�

����� 1261&'8+%'5��.'&���1RVQEQWRNGTU

.'&� # NKIJV GOKVVKPI FKQFG KU DCUKECNN[ C 20 LWPEVKQP VJCV GOKVU NKIJV YJGP HQTYCTF
DKCUGF �6JG UEJGOCVKE U[ODQN HQT C NKIJV GOKVVKPI FKQFG KU CU UJQYP KP HKI�����

(KI ����� .KIJV 'OKVVKPI &KQFG�5[ODQN

(KI� ����� /GCUWTGOGPV QH VJG
XQNVCIG FKHHGTGPEG DGVYGGP DCUG
CPF GOKVVGT KU CEEQORNKUJGF
WUKPI GKVJGT QH VJGUG OGVJQFU


C� 
D�
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9*;�&1'5�#��.'&�4#&+#6'�.+)*6

9JGP C FKQFG KU HQTYCTF DKCUGF �HTGG GNGEVTQPU TGEQODKPG YKVJ JQNGU PGCT VJG
LWPEVKQP�5KPEG VJG HTGG GNGEVTQPU HCNN HTQO C JKIJ GPGTI[ NGXGN VQ NQY GPGTI[ NGXGN �VJG[
TCFKCVG GPGTI[�+P ECUG QH C TGEVKHKGT FKQFG VJG TCFKCVGF GPGTI[ KU KP VJG HQTO QH JGCV YJKNG
KP .'&OU VJG GPGTI[ TCFKCVGU CU NKIJV �.'&OU JCXG TGRNCEGF KPECPFGUEGPV NCORU KP OCP[
CRRNKECVKQPU DGECWUG VJG .'&OU JCXG C NQY QRGTCVKPI XQNVCIG �NQPI NKHG CPF HCUV QP�QHH
UYKVEJKPI URGGF�.'& GOKV XKUKDNG TCFKCVKQP YJGP VJG 20 LWPEVKQP KU FKHHWUGF KP
)C#U2�KPHTCTGF KH KV KU EQPUVTWEVGF HTQO )C#U�

1261%172.'4 � +P CP QRVQEQWRNGT VJG GOKVVGT CPF VJG UGPUQT CTG RNCEGF KP VJG UCOG
RCEMCIG � RTQXKFGU CP QWVRWV EWTTGPV RTQRQTVKQPCN VQ KPRWV EWTTGPV � YKVJ C JKIJ FGITGG QH
KUQNCVKQP� 6[RKECN KUQNCVKQP TGUKUVCPEG DGVYGGP GOKVVGT CPF FGVGEVQT KU ���� QJOU YKVJ
KUQNCVKQP XQNVCIGU WRVQ ���� 8�1WVRWV EWTTGPV KP RJQVQVTCPUKUVQT�EQWRNGF RCKTU KU V[RKECNN[
��� QH VJG .'& KPRWV EWTTGPV YKVJ C NKPGCT TGNCVKQP DGVYGGP VJG VYQ�6JG U[ODQN QH VJG
QRVQEQWRNGT YJGP GOKVVGT KU .'& CPF FGVGEVQT KU RJQVQVTCPUKUVQT KU UJQYP KP HKI�

(KI� ����� 1RVQEQWRNGT U[ODQN

6JG QRVQEQWRNGT KU OQUV EQOOQPN[ WUGF VQ EQWRNG QPG EKTEWKV VQ CPQVJGT RTQXKFKPI C JKIJ
NGXGN QH KUQNCVKQP�

Review Questions

�� $TKGHN[ 'ZRNCKP VJG QRGTCVKQP QH C HWNN YCXG DTKFIG TGEVKHKGT EKTEWKV !
�� 'ZRNCKP VJG FKQFG EJCTCEVGTKUVKE !
�� )KXG VJG UJQTV PQVG QP <GPGT FKQFG YKVJ EJCTCEVGTKUVKE !
�� 'ZRNCKP� VTCPUKUVQT CEV CU CP CORNKHKGT !
�� )KXG VJG UJQTV PQVG QP

C� 7PKLWPEVKQP 6TCPUKUVQT�
D� (KGNF 'HHGEV 6TCPUKUVQT�
%� /15('6�
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(GCVWTGU�

���� +PVTQFWEVKQP

���� 2QYGT #ORNKHKGT � %NCUU #�$ � RWUJ 2WNN
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���� +0641&7%6+10

#U YG JCXG UVWFKGF VTCPUKUVQT CU CP CORNKHKGT� 6TCPUKUVQT KU WUGF HQT VJG RWTRQUG QH
XQNVCIG CORNKHKECVKQP KP CWFKQ CORNKHKGTU� +P VJKU ECUG VJG UOCNN XQNVCIG UKIPCN CTG WUGF
YJGTGCU VJG RQYGT CORNKHKGTU CTG NCTIG UKIPCN CORNKHKGTU�

#NOQUV PQ GNGEVTQPKE U[UVGO ECP YQTM YKVJQWV CP CORNKHKGT� 0Q ICVJGTKPI ECP DG
CFFTGUUGF QT GPVGTVCKPGF KH VJG 2# 
2WDNKE #FFTGUU� U[UVGO HCKNU� +V KU QPN[ DGECWUG QH
VJG CORNKHKECVKQP QH VJG UKIPCN RKEMGF WR D[ OKETQRJQPG VJCV YG ECP GPLQ[ C OWUKE
QTEJGUVTC� 9G CTG CDNG VQ JGCT VJG PGYU QT VJG ETKEMGV EQOOGPVCT[ QP QWT TCFKQ� UKORN[
DGECWUG VJG CORNKHKGT KP VJG TCFKQ CORNKHKGU VJG YGCM UKIPCNU TGEGKXGF D[ KVU CPVGPPC�
6JG UKIPCN ECP QPN[ DG QH CP[ WUG KH KV KU CORNKHKGF VQ IKXG C UWKVCDNG QWVRWV�

1PEG VJG VTCPUKUVQT KU DKCUGF KP VJG CEVKXG TGIKQP� KV ECP YQTM CU CP CORNKHKGT� 9G CRRN[
CP CE XQNVCIG DGVYGGP VJG DCUG CPF GOKVVGT VGTOKPCNU VQ RTQFWEG HNWEVWCVKQPU KP VJG
EQNNGEVQT EWTTGPV� #P CORNKHKGF QWVRWV UKIPCN KU QDVCKPGF YJGP VJKU HNWEVWCVKPI EQNNGEVQT
EWTTGPV HNQYU VJTQWIJ C EQNNGEVQT TGUKUVQT 4%� 9JGP VJG KPRWV UKIPCN KU UQ YGCM CU VQ
RTQFWEG UOCNN HNWEVWCVKQPU KP VJG EQNNGEVQT EWTTGPV EQORCTGF VQ KVU SWKGUEGPV XCNWG� VJG
CORNKHKGT KU ECNNGF UOCNN UKIPCN CORNKHKGT
XQNVCIG CORNKHKGT��5WEJ CP CORNKHKGT KU WUGF
CU VJG HKTUV UVCIG QH VJG CORNKHKGT WUGF KP TGEGKXGTU
68 CPF TCFKQ��VCRG TGEQTFGTU� UVGTGQU
CPF OGCUWTKPI KPUVTWOGPVU�

6Q YJCV GZVGPV CP CORNKHKGT GPNCTIGU UKIPCNU KU GZRTGUUGF KP VGTOU QH KVU XQNVCIG
ICKP�6JG XQNVCIG ICKP QH CP CORNKHKGT KU IKXGP CU

QWVRWV CE XQNVCIG 8Q

#X� �
+PRWV CE XQNVCIG 8K

6JG QVJGT SWCPVKVKGU QH KPVGTGUV HQT C XQNVCIG CORNKHKGT CTG EWTTGPV ICKP 
#K��KPRWV
KORGFCPEG 
<K��CPF QWVRWV KORGFCPEG 
<Q��

/WNVK 5VCIG #ORNKHKGTU

#P CORNKHGT KU VJG DCUKE DWKNFKPI DNQEM QH OQUV GNGEVTQPKE U[UVGOU� ,WUV CU QPG DTKEM FQGU
PQV OCMG C JQWUG� C UKPING UVCIG CORNKHKGT KU PQV UWHHKEKGPV VQ DWKNF C RTCEVKECN GNGEVTQPKE
U[UVGO� #NVJQWIJ VJG ICKP QH CP CORNKHKGT FQGU FGRGPF QP VJG FGXKEG RCTCOGVGTU CPF
EKTEWKV EQORQPGPVU� VJGTG GZKUVU CP WRRGT VJGQTGVKECN NKOKV HQT VJG ICKP QDVCKPCDNG HTQO
QPG UVCIG� 6JG ICKP QH UKPING UVCIG KU PQV UWHHKEKGPV HQT RTCEVKECN CRRNKECVKQPU� 6JG XQNVCIG
NGXGN QH C UKIPCN ECP DG TCKUGF VQ VJG FGUKTGF NGXGN KH YG WUG OQTG VJCP QPG UVCIG� 9JGP
C PWODGT QH CORNKHKGT UVCIGU CTG WUGF KP UWEEGUUKQP KV KU ECNNGF C OWNVK�UVCIG CORNKHKGT QT
C ECUECFGF CORNKHKGT� /WEJ JKIJGT ICKPU ECP DG QDVCKPGF HTQO VJG OWNVK UVCIG CORNKHKGTU�

���� 219'4 #/2.+(+'4

+P CNOQUV CNN GNGEVTQPKE U[UVGOU� VJG NCUV UVCIG JCU VQ DG C RQYGT CORNKHKGT� (QT GZCORNG�
KP C RWDNKE CFFTGUU U[UVGO� KV KU VJG RQYGT CORNKHKGT VJCV FTKXGU VJG NQWFURGCMGTU� 9JGP
C RGTUQP URGCMU KPVQ C OKETQRJQPG� VJG UQWPF YCXGU CTG EQPXGTVGF D[ KV KPVQ GNGEVTKECN
UKIPCN� 6JKU GNGEVTKECN UKIPCN KU XGT[ NQY XQNVCIG 
C HGY O8�� 6JKU UKIPCN� KH HGF FKTGEVN[�
ECPPQV FTKXG NQWFURGCMGTU� VQ IKXG UQWPF QWVRWV� 6JG XQNVCIG NGXGN QH VJKU UKIPCN KU HKTUV
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TCKUGF VQ UWHHKEKGPVN[ JKIJ XCNWGU D[ RCUUKPI KV VJTQWIJ C OWNVKUVCIG XQNVCIG CORNKHKGT�
6JKU XQNVCIG KU VJGP WUGF VQ FTKXG VJG RQYGT CORNKHKGT�

6JGTG CTG VJTGG ENCUUGU QH RQYGT CORNKHKGTU � %NCUU #� %NCUU $� %NCUU % � 2WUJ 2WNN�

%.#55 # �6JG ENCUU # RWUJ�RWNN CORNKHKGT TGFWEGU VJG JCTOQPKE FKUVQTVKQP VQ C NCTIGT
GZVGPV� YJGTGCU VJG EQPXGTUKQP GHHKEKGPE[ KU UVKNN QPN[ ���� # OGVJQF QH KPETGCUKPI VJKU
GHHKEKGPE[ CPF CNUQ VJG KPRWV RQYGT HQT C IKXGP VTCPUKUVQT FKUUKRCVKQP ECRCDKNKV[ KU HQWPF KP
VJG ENCUU $ RWUJ�RWNN CORNKHKGT�

%NCUU # CORNKHKGT KU WUGF KP VJG HQNNQYKPI VJTGG EQPHKIWTCVKQPU �
�� %NCUU # FKTGEV�EQWRNGF TGUKUVKXG NQCF�
�� 6TCPUHQTOGT�%QWRNGF 4GUKUVKXG .QCF�
�� %NCUU # 2WUJ�2WNN�

�� %NCUU # &KTGEV�EQWRNGF 4GUKUVKXG .QCF � 6JKU CORNKHKGT UJQYU VJG EQPXGTUKQP

GHHKEKGPE[ η QH QPN[ ���� %QPXGTUKQP GHHKEKGPE[ JCU DGGP FGHKPGF CU HQNNQYU �

η � × ����

� × ����

# ENCUU # CORNKHKGT YKVJ C FKTGEV�EQWRNGF NQCF ECP UWRRN[ QPN[ QPG�JCNH VJG COQWPV QH CE
RQYGT VQ VJG NQCF VJCV KVU VTCPUKUVQT ECP FKUUKRCVG� CPF VJG FE RQYGT KPRWV KU HQWT VKOGU
VJG COQWPV QH CE UKIPCN RQYGT KP VJG NQCF�

�� 6TCPUHQTOGT�%QWRNGF 4GUKUVKXG .QCF �6JG EQPXGTUKQP GHHKEKGPE[ ECP DG
KPETGCUGF D[ C HCEVQT QH VYQ D[ GNKOKPCVKPI VJG FE RQYGT FKUUKRCVGF KP VJG NQCF� 6JKU KU
CEEQORNKUJGF D[ EQWRNKPI VJG NQCF TGUKUVQT VQ VJG VTCPUKUVQT EQNNGEVQT EKTEWKV D[ OGCPU QH
C VTCPUHQTOGT� 5KPEG VJG RTKOCT[ QH VJKU VTCPUHQTOGT JCU PGINKIKDNG FE TGUKUVCPEG� VJGTG KU
PGINKIKDNG FE RQYGT NQUV CV VJKU RQKPV� 6JG CE RQYGT KU� JQYGXGT� EQWRNGF OCIPGVKECNN[
CETQUU VJG VTCPUHQTOGT KPVQ VJG NQCF 4.� 6JKU EQWRNKPI OGVJQF CNUQ RTGXGPVU C NCTIG FE
EWTTGPV HTQO HNQYKPI KP VJG NQCF� YJKEJ QVJGTYKUG EQWNF DG JCTOHWN KH VJG NQCF YGTG C
NQWFURGCMGT� UKPEG VJKU YQWNF ECWUG UCVWTCVKQP QH VJG OCIPGVKE EKTEWKV CPF KORCKT VJG
TGRTQFWEVKQP QH VJG CWFKQ UKIPCN� 4GHGT (KI� ����

(KI ����

CE RQYGT FGNKXGTGF VQ NQCF

FE RQYGT UWRRNKGF D[ DCVVGT[

2.

2$

5�

5�
9V

5H &H

1� � 1�

�9FF

5/
5/
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%QPXGTUKQP GHHKEKGPE[ η �

YJGTG� 2.O � 8%+% � 2$O � 8%%+%

8%% � √�8%� +% � √�+c

*GPEG� η � × ����

� ���

&KUCFXCPVCIGU QH C 5KPING�'PFGF 6TCPUHQTOGT�%QWRNGF #ORNKHKGT

K� 6JG QWVRWV VTCPUHQTOGT KU UWDLGEV VQ UCVWTCVKQP RTQDNGOU FWG VQ VJG FE EWTTGPV KP
VJG RTKOCT[�

KK� 6JG CORNKHKGT KU FGUKIPGF VQ YQTM KPVQ C NQCF VJCV OKPKOK\GU FKUVQTVKQP YKVJ C
TGUWNVKPI UCETKHKEG KP QWVRWV RQYGT�

KKK� 6JG VQVCN JCTOQPKE FKUVQTVKQP KU WPCEEGRVCDN[ JKIJ�

�� 2WUJ�2WNN #ORNKHKGTU �

# OGVJQF VQ CEEQORNKUJ VJKU UGEQPF JCTOQPKE ECPEGNNCVKQP KU HQWPF KP VJG RWUJ�RWNN

EKTEWKV� YJKEJ GORNQ[U VYQ CEVKXG FGXKEGU� TGSWKTGU VYQ KPRWV UKIPCNU ���° QWV QH RJCUG
YKVJ GCEJ QVJGT� CPF WUWCNN[ PGGFU C EGPVGT�VCRRGF QWVRWV VTCPUHQTOGT� 6JKU V[RG QH
EKTEWKV GHHGEVKXGN[ GNKOKPCVGU CNN QH VJG VJTGG FKUCFXCPVCIGU� (KI� ���� KU C EKTEWKV QH C ENCUU
# RWUJ�RWNN CORNKHKGT� $[ ENCUU #� YG OGCP VJCV EWTTGPV HNQYU KP VJG QWVRWV QH VJG CEVKXG
FGXKEG 
GCEJ VTCPUKUVQT� HQT VJG YJQNG QH VJG KPRWV E[ENG�

(KI� ���� %NCUU # RWUJ�RWNN CORNKHKGT

%.#55 $ � +P %NCUU $ CORNKHKGT GCEJ VTCPUKUVQT QNQQMU CHVGTR QPG�JCNH QH VJG UKIPCN� $QVJ
VTCPUKUVQTU CTG DKCUGF CV EWVQHH� 6JG QWVRWV XQNVCIG KU CICKP FGRGPFGPV WRQP VJG
FKHHGTGPEG QH VJG EQNNGEVQT EWTTGPVU� UQ VJCV GXGP JCTOQPKEU YKNN UVKNN ECPEGN�

2. N

2$

8%+%

�8%+%

�

�

��

5�

5�

5�

9V

5V
7�

9V�

9V�

4�

L&�

1� 5/

7�

1�

1�9FF

L&�
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(KI� ���� %NCUU $ RWUJ�RWNN CORNKHKGT

4GHGT HKI� ����

%QPXGTUKQP GHHKEKGPE[ η �

6JG CE RQYGT FGNKXGTGF VQ VJG TGHNGEVGF TGUKUVCPEG 4.O KU IKXGP D[ 2.O � 8%+%�
6JG FE RQYGT UWRRNKGF D[ VJG DCVVGT[ KU IKXGP D[ 2$ � 8%%+%� YJGTG +% KU VJG CXGTCIG

XCNWG QH K%�K%�� 6JG RGCM XCNWG QH VJG EWTTGPV FGNKXGTGF D[ VJG DCVVGT[ KU √�+c 
UGG (KI��

+CXI �

6JG CXGTCIG EWTTGPV FGNKXGTGF D[ 8%% KU

+% � +CXI �

2$ � 8%%+% � √�8c × �

$WV 8cIc � 2.O �

∴ 2$ � 2.O �

%QPXGTUKQP GHHKEKGPE[� η � × ����

� × ���� � �����

2. N

2$

�ION

π

�√�IcN

π

�√�IcN

π

�8cIc

π

�

π
2.O

2$

π

�

� ��

�

5V

5/

4�

,�
7�

9FF

4� ,�

7�
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&KHHGTGPEG DGVYGGP 8QNVCIG #ORNKHKGT CPF 2QYGT #ORNKHKGT

6JG RTKOCT[ HWPEVKQP QH VJG XQNVCIG CORNKHKGT KU VQ TCKUG VJG XQNVCIG NGXGN QH VJG UKIPCN� +V
KU FGUKIPGF VQ CEJKGXG VJG NCTIGUV RQUUKDNG XQNVCIG ICKP� 1PN[ XGT[ NKVVNG RQYGT ECP DG
FTCYP HTQO KVU QWVRWV� 1P VJG QVJGT JCPF� C RQYGT CORNKHKGT KU OGCPV VQ DQQUV VJG RQYGT
NGXGN QH VJG KPRWV UKIPCN� 6JKU CORNKHKGT ECP HGGF C NCTIG COQWPV QH RQYGT VQ VJG NQCF� 6Q
QDVCKP NCTIG RQYGT CV VJG QWVRWV QH VJG RQYGT CORNKHKGT� KVU KPRWV UKIPCN XQNVCIG OWUV DG
NCTIG� 6JCV KU YJ[� KP CP GNGEVTQPKE U[UVGO� C XQNVCIG CORNKHKGT KPXCTKCDN[ RTGEGFG VJG
RQYGT CORNKHKGT� #NUQ VJCV KU YJ[ VJG RQYGT CORNKHKGTU CTG ECNNGF NCTIG UKIPCN CORNKHKGTU�

6JG VTCPUKUVQT UKPING GPFGF RQYGT CORNKHKGT KU FKHHGTGPV HTQO RWUJ�RWNN CORNKHKGT� 6JG
RQYGT CORNKHKGT OCMGU VJG HKPCN UVCIG CPF KV FTKXGU VJG QWVRWV� 9G CNTGCF[ MPQY VJCV
OCZKOWO RQYGT YKNN DG VTCPUHGTTGF QPN[ KH KVU QWVRWV KORGFCPEG KU VJG UCOG CU VJG
KORGFCPEG QH VJG NQCF� +H KV KU PQV UQ� VJG NQCF IGVU NGUU RQYGT� VJQWIJ VJG CORNKHKGT KU
ECRCDNG QH FGNKXGTKPI OQTG RQYGT� 6Q JCXG OCZKOWO RQUUKDNG RQYGT QWVRWV� VJG NQCF
KORGFCPEG OWUV OCVEJ VJG QWVRWV KORGFCPEG QH VJG CORNKHKGT�

Review Questions

�� 9JCV KU VJG FKHHGTGPEG DGVYGGP XQNVCIG CORNKHKGT � RQYGT CORNKHKGT !

�� *QY RWUJ RWNN %NCUU # CORNKHKGT KORTQXGU VJG EQPXGTUKQP GHHKEKGPE[

�� +P YJKEJ RCTV QH VJG EKTEWKV VJG RQYGT CORNKHKGT KU WUGF!
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(GCVWTGU�

���� +PVTQFWEVKQP

���� 12�#/2 � +VU %QPHKIWTCVKQP

���� %JCTCEVGTKUVKEU

���� #RRNKECVKQPU
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���� +0641&7%6+10

.KPGCT KPVGITCVGF EKTEWKVU CTG EJCTCEVGTK\GF D[ CP QWVRWV VJCV KU RTQRQTVKQPCN VQ KVU KPRWV�
6JG ECVGIQTKGU QH NKPGCT KPVGITCVGF EKTEWKV KU NKUVGF DGNQY�

�� 8QNVCIG TGIWNCVQTU
�� 8QNVCIG TGHGTGPEGU
�� 1RGTCVKQPCN #ORNKHKGTU
�� +PUVTWOGPVCVKQP #ORNKHKGTU
�� 8QNVCIG EQORCTCVQTU
�� #PCNQIWG UYKVEJGU
�� 5CORNG CPF JQNF EKTEWKV
�� #PCNQI �VQ�FKIKVCN CPF FKIKVCN�VQ�CPCNQI EQPXGTVGTU
�� +PFWUVTKCN�CWVQOQVKXG�HWPEVKQPCN DNQEMU CPF VGNGEQOOWPKECVKQPU
��� #WFKQ�TCFKQ� CPF 68 EKTEWKVU
��� 6TCPUKUVQT�FKQFG CTTC[

6JGUG V[RG QH NKPGCT EKTEWKVU CTG GPENQUGF KP HNCV RCEM� FWCN KPNKPG� QT OGVCN ECP RCEMCIGU�
/CP[ NKPGCT +%U CTG OQPQNKVJKE KPVGITCVKQPU� YJKNG C HGY CTG J[DTKF EKTEWKVU� #NVJQWIJ
OQUV CTG DKRQNCT� UQOG WUG /15 VGEJPQNQI[� 5QOG NKPGCT +%U EQODKPG DKRQNCT CPF HKGNF
GHHGEV FGXKEGU QP VJG UCOG UWDUVTCVG�

#P KORQTVCPV ENCUU QH NKPGCT KPVGITCVGF EKTEWKVU KU QRGTCVKQPCN CORNKHKGTU
QR�CORU��6JGUG
CORNKHKGTU YGTG QTKIKPCNN[ WVKNKUGF KP CPCNQI EQORWVGTU VQ RGTHQTO XCTKQWU OCVJGOCVKECN
QRGTCVKQPU�

������1RGTCVKQPCN�#ORNKHKGT���+VU�%QPHKIWTCVKQP

1PG QH VJG OQUV RTQOKPGPV CRRNKECVKQP HQT VJG KPVGITCVGF EKTEWKV KU YJGP KV KU WUGF CU CP
QRGTCVKQPCN CORNKHKGT� 6JKU FGXKEG KH HQWPF KP C ITGCV OCP[ FKHHGTGPV CRRNKECVKQP� 6JG
QRGTCVKQPCN CORNKHKGT� QT 12#/2 CU KV KU WUWCNN[ ECNNGF� KU QHVGP WUGF CU VJG UQNG CEVKXG
FGXKEG HKNVGT EKTEWKV� +V KU CNUQ WVKNK\GF CU C FKHHGTGPVKCN CORNKHKGT KPUVTWOGPVCVKQP CORNKHKGT�
XQNVCIG CORNKHKGT� CPF KORGFCPEG�OCVEJKPI FGXKEG CU YGNN KP OCP[ QVJGT CRRNKECVKQPU�

(KI ���� $NQEM &KCITCO QH 12#/2

6JG DCUKE EKTEWKV EQPHKIWTCVKQP EQPUKUVU QH VYQ RQYGT UQWTEGU� VYQ KPRWVU� CPF UKPING
QWVRWV EQPPGEVKQPU� #NN QRGTCVKQPCN CORNKHKGTU JCXG VJKU V[RG QH EKTEWKV EQPHKIWTCVKQP�

6JG 12�#/2 OC[ DG FGHKPGF CU C FKTGEV EQWRNGF UGOKEQPFWEVQT FGXKEG JCXKPI C XGT[
JKIJ ICKP HCEVQT� +V KU C XQNVCIG CORNKHKGT CPF KU HCDTKECVGF QP C UKPING RKGEG QH UKNKEQP
OCVGTKCN�
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2QYGT UWRRN[ TGSWKTGOGPVU HQT QRGTCVKQPCN CORNKHKGT FGXKEGU FGOCPF C FWCN RQNCTKV[
XQNVCIG UQWTEG� 6JG V[RKECN RQYGT UWRRN[ EQPPGEVKQPU HQT CP 12�#/2 KU UJQYP KP HKIWTG
����� 1PG OWUV WUG GKVJGT C FWCN XQNVCIG QT CU CP CNVGTPCVKXG� FGUKIP C XQNVCIG FKXKFGT
PGVYQTM YKVJ EKTEWKV EQOOQP CV VJG OKFRQKPV QH VJG XQNVCIG�FKXKFGT EKTEWKV�

(KI ����

+PRWV CPF QWVRWV EQPPGEVKQPU HQT VJG 12�#/2 CTG UJQYP DGNQY� 6JG 12�#/2 TGSWKTGU
VYQ KPRWV EQPPGEVKQPU CPF JCU DWV QPG QWVRWV EQPPGEVKQP� 1PG QH VJG KPRWV VGTOKPCNU KU
FGUKIPCVGF CU C PQP�KPXGTVKPI KPRWV CPF VJG QVJGT KU KFGPVKHKGF CU CP KPXGTVKPI KPRWV� 6JG
PQP�KPXGTVKPI KPRWV VGTOKPCN KU CNUQ UJQYP CU VJG RQUKVKXG 
� VGTOKPCN YJKNG VJG KPXGTVKPI
VGTOKPCN KU UJQYP CU VJG 
�� EQPPGEVKQPU� # EKTEWKV EQOOQP� QT ITQWPF� KU CNUQ TGSWKTGF�
6JG 12�#/2 JCU C UKPING QWVRWV VGTOKPCN KP CFFKVKQPU VQ EKTEWKV EQOOQP�

(KI� ����
6JG WUG QH VJG 
� CPF 
�� UKIPU HQT VJG VYQ KPRWVU JCU C FKTGEV TGNCVKQP VQ VJG RQNCTKV[ QH
VJG QWVRWV UKIPCN� 6JG XQNVCIG� QT UKIPCN� CRRNKGF VQ VJG RQUKVKXG� CU VJG KPRWV UKIPCN� #
UKIPCN QT XQNVCIG CRRNKGF VQ VJG PGICVKXG� QT KPXGTVKPI� KPRWV VGTOKPCN YKNN CRRGCT CV VJG

QWVRWV KP CP KPXGTVGF� QT ���° RJCUG UJKHVGF UKIPCN QRGTCVKQP EJCTCEVGTKUVKEU�

���� %JCTCEVGTKUVKEU

#P KFGCN 12#/2 JCU VJG HQNNQYKPI EJCTCEVGTKUVKEU �

(KI� ����

8�

8�

+

−
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�� +PHKPKVG ICKP #����� �
�� +PHKPKVG KPRWV KORGFCPEG <K � ��
�� <GTQ QWVRWV KORGFCPEG <Q � �
�� <GTQ QWVRWV XQNVCIG <Q � � K�G� \GTQ QHHUGV�
�� +PHKPKVG DCPFYKFVJ�

6JG QR�COR KU C JKIJ ICKP FKTGEV�EQWRNGF CORNKHKGT� +V KU DCUKECNN[ C FKHHGTGPVKCN CORNKHKGT
CPF JGPEG KU CNUQ ECNNGF VJG 	FKHHGTGPEG CORNKHKGT	� +V KU OQUVN[ QRGTCVGF YKVJ HGGFDCEM
RTQXKFGF HTQO QWVRWV VQ KPRWV� 1VJGTYKUG VJG QR�COR YKNN IQ KPVQ UCVWTCVKQP HQT VJG
UNKIJVGUV XQNVCIG CV VJG KPRWV� 6JG ICKP QH VJG EKTEWKV KU FGVGTOKPGF D[ VJG PCVWTG QH
HGGFDCEM�

12�#/2�)GPGTCVKQPU���#NOQUV ��� QH NKPGCT +%U CTG QR�CORU� #P QR�COR KU C JKIJ
ICKP FE CORNKHKGT WUCDNG HTQO � VQ QXGT UGXGTCN /*\� $[ EQPPGEVKPI GZVGTPCN TGUKUVQTU VQ
CP QR�COR� VJG ICKP CPF DCPFYKFVJ ECP DG CFLWUVGF CEEQTFKPI VQ VJG TGSWKTGOGPV�

(KTUV�)GPGTCVKQP�QH�1RCORU��6JG SWCNKV[ +% QRCOR ECOG QWV KP ���� CPF YCU VJG
HCOQWU (CKTEJKNF W#���� 5KOKNCT QRCORU HQNNQYGF� 0CVKQPCN	U ./���� /QVQTQNC	U
/%����� 6+	U 50����� CPF QVJGTU� #NN VJGUG QRCORU JCXG VJG UCOG URGEKHKECVKQPU
CPF YGTG TGHGTTGF VQ CU VJG ��� UGTKGU� ��� JCU XGTUKQPU NKMG ���#� ���$ CPF ���%�
6JGUG JCXG KPETGCUKPI VQNGTCPEGU CPF FGETGCUKPI RTKEG K�G�� ��� JCU DGUV VQNGTCPEG
CPF EQUVU OQTG YJKNG ���% JCU YQTUV VQNGTCPEG CPF EQUVU NGUU�

��� V[RKHKGU VJG HKTUV IGPGTCVKQP QH QRCORU� 6JG FKUCFXCPVCIGU QH VJKU CTG K� RQUUKDNG
NCVEJ WR KK� PQ UJQTV EKTEWKV RTQVGEVKQP CPF KKK� PGGF HQT GZVGTPCN NCI PGVYQTMU� .CVEJ WR
OGCPU VJG QWVRWV XQNVCIG ECP DG NCVEJGF QT UVWEM CV UQOG XCNWG� TGICTFNGUU QH VJG
XCNWG QH KPRWV XQNVCIG CPF QEEWTU HQT NCTIG XCNWGU QH EQOOQP OQFG KPRWV XQNVCIG� 0Q
UJQTV EKTEWKV RTQVGEVKQP OGCPU VJCV CEEKFGPVCNN[ UJQTVKPI VJG QWVRWV VGTOKPCNU OC[
FGUVTQ[ VJG QRCORU� VJKU ECP GCUKN[ JCRRGP YKVJ ��� CPF QVJGT HKTUV IGPGTCVKQP
QRCORU� (KPCNN[ GZVGTPCN NCI PGVYQTMU OGCP GZVTC YQTM� KFGCNN[ VJGUG UJQWNF DG
KPVGITCVGF KP VJG QRCOR�

5GEQPF )GPGTCVKQP QH 1RCORU� 6JG ��� KU V[RKECN QH UGEQPF IGPGTCVKQP QRCORU� +V
JCU PQ NCVEJ WR RTQDNGOU� KPENWFGU UJQTV EKTEWKV RTQVGEVKQP CPF JCU KVU QYP KPVGITCVGF
NCI PGVYQTM� 6JG ��� JCU CP KPVGITCVGF ��R( /15 ECRCEKVQT HQT XQNVCIG ICKP TQNN�QHH�
1VJGT KORTQXGOGPVU CTG K� JKIJ <KP

�����#RRNKECVKQPU

/QUV QH VJG CPCNQI U[UVGOU QH VQFC[ CTG EQPUVTWEVGF WUKPI QRCOR CU VJG DWKNFKPI
DNQEM� 6JGUG +%U CWIOGPVGF D[ C HGY GZVGTPCN FKUETGVG EQORQPGPVU� GKVJGT UKPIN[ QT
KP EQODKPCVKQP CTG WUGF KP C XCTKGV[ QH CRRNKECVKQPU� DQVJ NKPGCT CPF PQP�NKPGCT�
0GICVKXG CPF RQUKVKXG HGGFDCEM RTKPEKRNGU CTG CRRNKGF VQQ VQ FGTKXG C PWODGT QH
EKTEWKVU� 8QNWOGU ECP DG YTKVVGP QP VJG CRRNKECVKQPU QH QRCORU� +P VJG KPVGTGUV QH
DTGXKV[ CPF MGGRKPI KP XKGY QWT QDLGEVKXGU� UGNGEV GZRGTKGOGPVU CTG NKUVGF� *QYGXGT
YG JCXG KV VQ VJG WUGT	U KOCIKPCVKQP� VJG KPPWOGTQWU CRRNKECVKQPU VJCV CTG RQUUKDNG YKVJ
QRCORU�
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+PXGTVKPI #ORNKHKGT � 6JG KPRWV XQNVCIG FTKXGU VJG KPXGTVKPI VGTOKPCN QH VJG CORNKHKGT
CPF VJG PQP�KPXGTVKPI VGTOKPCN KU ITQWPFGF� 6JG CORNKHKGF CPF KPXGTVGF QWVRWV UKIPCN
KU VJGP CRRNKGF VQ VJG KPXGTVKPI KPRWV� *GPEG VJG HGGFDCEM KU PGICVKXG�6JG EKTEWKV QH CP
QRGTCVKQPCN CORNKHKGT CU CP KPXGTVKPI CORNKHKGT KU UJQYP DGNQY KP (KI ����

(KI ���� 1RGTCVKQPCN CORNKHKGT CU CP KPXGTVKPI CORNKHKGT�

0QP�+PXGTVKPI #ORNKHKGT� 6JG KPRWV XQNVCIG FTKXGU VJG PQP�KPXGTVKPI VGTOKPCN� (GGFDCEM
KU CRRNKGF VQ VJG KPXGTVKPI VGTOKPCN� # RQTVKQP QH VJG QWVRWV UKIPCN KU HGF DCEM� 6JG
HGGFDCEM PGVYQTM FGVGTOKPGU VJG QXGTCNN ENQUGF�NQQR VTCPUHGT HWPEVKQP� 6JG HGGFDCEM
PGVYQTM ECP DG C XQNVCIG FKXKFGT CPF YKVJ RTGEKUKQP TGUKUVQTU� KV ECP DG CEEWTCVG CPF
UVCDNG� 6JGTGHQTG VJG ENQUGF NQQR ICKP YKNN DG JKIJN[ UVCDNG�

/CVJGOCVKECN 1RGTCVKQPU WUKPI 1RCORU � 9G ECP WUG 1RCORU VQ TGCNK\G VJG DCUKE
OCVJGOCVKECN QRGTCVKQPU QH CFFKVKQP� UWDVTCEVKQP OWNVKRNKECVKQP CPF FKXKUKQP� #NUQ
KPVGITCVKQP CPF FKHHGTGPVKCVKQP ECP DG RGTHQTOGF� 6JGUG HQTO VJG DCUKU HQT 	#PCNQI
%QORWVCVKQP	 � C VGEJPKSWG D[ YJKEJ RJ[UKECN GPVKVKGU ECP DG TGCNK\GF WUKPI C
OCVJGOCVKECN OQFGN� #U VJG PCOG KORNKGU CPCNQI EQORWVGTU QRGTCVG QP C EQPVKPWQWUN[
XCT[KPI UKIPCN� WPNKMG FKIKVCN EQORWVGT YJKEJ QRGTCVGU QP FKUETGVG UVGRU�

1RCOR CU #FFGT� #NUQ ECNN CU VJG N5WOOKPI #ORNKHKGTO� KV KU VJG UCOG CU VJG KPXGTVKPI
CORNKHKGT� DWV YKVJ OQTG VJCP QPG KPRWV� /CP[ KPRWVU ECP DG JCPFNGF QP CEEQWPV QH VJG
XKTVWCN ITQWPF GZKUVKPI CV VJG KPXGTVKPI VGTOKPCN�

1RCOR CU 5WDUVTCEVQT � 5WDUVTCEVKQP ECP DG TGCFKN[ RGTHQTOGF KH KV KU EQPUKFGTGF
CU CFFKVKQP QH PGICVKXG XCNWGU� *GPEG WUG PGICVKXG XQNVCIGU HQT VJQUG SWCPVKVKGU
VQ DG UWDVTCEVGF�

1RCOR HQT /WNVKRNKECVKQP � (TQO GSWCVKQP 8Q ��
4H�4U� 8K� 6JKU ECP DG TGYTKVVGP CU 8Q
��-8K YJGTG -�4H�4U K�G� VJG QWVRWV XQNVCIG KU M VKOGU VJG KPRWV XQNVCIG� 5Q D[
RTQRGTN[ EJQQUKPI 4H CPF 4U CP[ XCNWG QH OWNVKRNKECVKQP HCEVQT ECP DG QDVCKPGF�

1RCOR HQT &KXKUKQP � 5KPEG FKXKUKQP KU GSWCN VQ OWNVKRN[KPI YKVJ VJG TGEKRTQECN QH
VJG FKXKUQT� KV ECP DG TGCFKN[ CEJKGXGF D[ RTQRGTN[ EJQQUKPI 4H CPF 4U� 5WRRQUG KV KU
TGSWKTGF VQ FKXKFG D[ ���� VJGP VJKU KU GSWCN VQ OWNVKRN[KPI D[ ��� *GPEG EJQQUG C
OWNVKRNKECVKQP HCEVQT QH �� YKVJ UC[ 4H � �� 4U� 1P VJG EQPVTCT[ KH KV KU TGSWKTGF VQ
FKXKFG D[ ��� VJGP EJQQUG C OWNVKRNKECVKQP HCEVQT QH ��� QT 4U � ��4H�
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&KXKUKQP ECP CNUQ DG RGTHQTOGF D[ CFFKPI C RQVGPVKQOGVGT KP VJG QWVRWV� 6JKU KU DGUV
UWKVGF YJGP KV KU TGSWKTGF VQ FKXKFG D[ C HTCEVKQP�

1RCOR CU +PVGITCVQT � 6JG CPCNQI KPVGITCVQT KU WUGF KP OCP[ CRRNKECVKQPU YJKEJ
TGSWKTG VJG EQORWVKPI QT RTQEGUUKPI QT IGPGTCVKQP QH CPCNQI UKIPCNU� +V WUGU CP QRCOR
KP VJG KPXGTVKPI OQFG �6JG HGGFDCEM TGUKUVCPEG KU TGRNCEGF D[ ECRCEKVCPEG�

1RCOR CU &KHHGTGPVKCVQT � $[ KPVGTEJCPIKPI VJG TGUKUVQT CPF ECRCEKVQT QH VJG KPVGITCVQT
EKTEWKV� VJG KPXGTUG HWPEVKQP XK\ FKHHGTGPVKCVKQP ECP DG RGTHQTOGF� +V CNUQ WUGU VJG QRCOR
KP VJG KPXGTVKPI OQFG �

1RCOR (KNVGTU � 0QKUG RNC[U CP KORQTVCPV RCTV KP GNGEVTQPKE U[UVGOU� #V VKOGU KV
OKIJV QXGTUJCFQY VJG YCPVGF UKIPCN� 5KIPCNU CTG EJCTCEVGTKUGF D[ VJGKT HTGSWGPE[� +V
OKIJV JGPEG DG OCPFCVQT[ VQ GZVTCEV VJG YCPVGF UKIPCN HTQO PQKUG WUKPI� UQOG HTQO
QH C HTGSWGPE[ UGNGEVKXG EKTEWKV QT 	HKNVGT	� (KNVGTU ECP DG OCFG WUKPI RCUUKXG EQORQPGPVU
QT CEVKXG EQORQPGPVU� #EVKXG HKNVGTU WUG VJG QRCOR KP EQPLWPEVKQP YKVJ CP 4% PGVYQTM�
6JG CFXCPVCIGU CTKUKPI QWV QH WUKPI CEVKXG HKNVGTU CTG GNKOKPCVKQP QH KPFWEVQTU YJKEJ CTG
NCTIG� GZEGNNGPV ICKP CPF KUQNCVKQP RTQRGTVKGU� IQQF TCPIG QH 3	U 
VQ C HGY JWPFTGFU� CPF
KPRWVU CPF QWVRWVU FQ PQV HNQCV Y�T�V� RQYGT UWRRN[�

.QY 2CUU (KNVGT � +V WUGU VJG QRCOR KP VJG KPXGTVKPI OQFG�

#V NQY HTGSWGPEKGU� VJG ECRCEKVKXG TGCEVCPEG KU XGT[ JKIJ CPF UQ KV CRRGCTU CU QRGP�
6JG EKTEWKV DGJCXGU NKMG CP KPXGTVKPI CORNKHKGT� #U VJG HTGSWGPE[ KPETGCUGU� VJG
TGCEVCPEG FGETGCUGU CPF ICKP FTQRU� #V JKIJ HTGSWGPEKGU� VJG ECRCEKVQT CEVU CU C UJQTV�
#V VJG EWV QHH HTGSWGPE[ HE� VJG ICKP KU FQYP� .QY 2CUU (KNVGT	 CNNQYU QPN[ NQY
HTGSWGPEKGU VQ RCUU VQ VJG QWVRWV YJKNG UKOWNVCPGQWUN[ CVVGPWCVKPI VJG JKIJ HTGSWGPEKGU�
6JG EWV QHH HTGSWGPE[ HE ECP DG UJQYP VQ DG HE � ��� 4�%�

*KIJ 2CUU (KNVGT � +V CNUQ WUGU VJG QRCOR KP VJG KPXGTVKPI OQFG� #V NQY HTGSWGPEKGU�
VJG ECRCEKVQT CRRGCTU QRGP CPF VJG XQNVCIG ICKP CRRTQCEJGU \GTQ� #V JKIJ HTGSWGPEKGU�
VJG ECRCEKVQT CRRGCTU UJQTVGF CPF VJG EKTEWKV DGJCXGU CU CP KPXGTVKPI CORNKHKGT YKVJ ICKP
GSWCN VQ �4��4�� 6JWU VJG EKTEWKV CNNQYU QPN[ JKIJ HTGSWGPEKGU VQ CRRGCT CV KVU QWVRWV�
6JG EWV QHH HTGSWGPE[ HE ECP DG UJQYP VQ DG HE � ��� 4�%�

1RCOR CU 9CXGHQTO )GPGTCVQTU � 6JG CRRNKECVKQPU EQPUKFGTGF UQ HCT CTG CNN NKPGCT
CRRNKECVKQPU KPEQTRQTCVKPI PGICVKXG HGGFDCEM� 9G UJCNN PQY UGG EGTVCKP PQP�NKPGCT
CRRNKECVKQPU QH QRCORU GORNQ[KPI RQUKVKXG HGGFDCEM� 6JG QRCOR ECP DG WUGF VQ
IGPGTCVG C USWCTG YCXG� C RWNUG QT C VTKCPIWNCT YCXGHQTO� )GPGTCVKQP QH PQP�NKPGCT
9CXGHQTO IGPGTCNN[ TGSWKTGU CU KPVGITCVQT� C EQORCTCVQT CPF C NCVEJKPI NQIKE EKTEWKV�

1R�COR CU 5EJOKVV 6TKIIGT � 6JG 5EJOKVV 6TKIIGT QT 4GIGPGTCVKXG %QORCTCVQT WUGU
VJG 1R�COR KP VJG RQUKVKXG HGGFDCEM NQQR� 9KVJ RQUKVKXG HGGFDCEM� YJGP VJG NQQR ICKP
GSWCNU WPKV[� VJGP VJG QXGTCNN ICKP CRRTQCEJGU KPHKPKV[� 5WEJ CP KFGCN UKVWCVKQP TGUWNVU
KP CP CDTWRV VTCPUKVKQP DGVYGGP VJG GZVTGOG XCNWGU QH QWVRWV XQNVCIG� +H C NQQR ICKP KP
GZEGUU QH WPKV[ KU %JQUGP� VJGP VJG EKTEWKV GZJKDKVU C RJGPQOGPQP ECNNGF 	*[UVGTGUKU	 QT
	$CEMNCUJ	�
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Review Questions

�� 9JCV CTG VJG XCTKQWU EJCTCEVGTKUVKEU QH CP 1RCOR
�� 'ZRNCKP VJG EQPHKIWTCVKQP QH CP 1RCOR�
�� 'ZRNCKP VJG 1RCOR CU VJG KPXGTVKPI CORNKHKGT�
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%*#26'4�6*+46''0

219'4�5722.;

(GCVWTGU�

���� +PVTQFWEVKQP

���� .KPGCT 2QYGT 5WRRN[

���� 5/25

���� %QPXGTVGT 6QRQNQIKGU�(N[DCEM� 2WUJRWNN� *CNH�$TKFIG� (WNN $TKFIG

���� 6JTGG 6GTOKPCN 4GIWNCVQTU
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���� +0641&7%6+10

6JG RQYGT UWRRN[ KU GUUGPVKCN HQT GXGT[ GNGEVTQPKE RTQFWEV� [GV QHVGP VCMGP HQT ITCPVGF�
9JGP YG VCNM QH 2QYGT UWRRNKGU YG TCTGN[ OGCP C DCVVGT[ QT IGPGTCVKPI UQWTEG� 6JG
DCUKE RQYGT KU HTQO VJG #% OCKPU UWRRN[� 9G CTG VCNMKPI QH CNVGTKPI� EQPVTQNNKPI QT
TGIWNCVKPI C RQYGT UQWTEG� 4GIWNCVKQP KPXQNXGU C GTTQT EQTTGEVKQP RTQEGUU CPF KPXQNXGU
EKTEWKVU VJCV ECP OQPKVQT VJG QWVRWV CPF OCMG PGEGUUCT[ EQTTGEVKQPU VQ MGGR VJCV QWVRWV
XQNVCIG YKVJKP VJG URGEKHKGF NKOKVU�

4GIWNCVGF RQYGT UWRRNKGU CTG C XKVCN RCTV QH CNN GNGEVTQPKE EKTEWKVT[� 7PHQTVWPCVGN[ VJKU KU
UQOGVKOGU PGINGEVGF D[ VJG FGUKIP GPIKPGGT YJQ FGXGNQRU JKU EKTEWKVU WUKPI JKIJ SWCNKV[
NCDQTCVQT[ RQYGT UWRRNKGU CPF NGCXGU VJG FGUKIP QH VJG RQYGT UWRRN[ VKNN VJG NCUV OKPWVG�

# DCFN[ FGUKIPGF RQYGT UWRRN[ ECP ECWUG RTQDNGOU KP VJG HWPEVKQPKPI CPF GHHKEKGPE[ QH C
EKTEWKV CU UJQYP KP VJG HKIWTG YJGTG YG EQORCTG VJG EJCTCEVGTKUVKEU QH CP CWFKQ CORNKHKGT
YKVJ CPF YKVJQWV C TGIWNCVGF RQYGT UWRRN[�

6JGTG CTG RQYGT UWRRNKGU VJCV CTG XQNVCIG TGIWNCVGF WPVKN C EGTVCKP NQCF EWTTGPV KU
FGOCPFGF HTQO VJGO� 6JGP VJG[ CDTWRVN[ EJCPIG VQ C EQPUVCPV EWTTGPV OQFG� 5WEJ C
FWCN RGTHQTOCPEG RQYGT UWRRN[ CWVQOCVKECNN[ RTQVGEVU KVUGNH HTQO QXGTNQCF� 1HVGP
KPFGRGPFGPV EQPVTQNU CTG RTQXKFGF HQT VJG TGIWNCVGF XQNVCIG NGXGN CPF VJG EWTTGPV NGXGN CV
YJKEJ VJG UWRRN[ DGEQOGU C EWTTGPV UQWTEG� 6JG VCUM QH RQYGT UWRRN[ FGUKIP KU CP
GPQTOQWU RTQLGEV KP KVUGNH� .KPGCT RQYGT UWRRN[ JCU DGGP WUGF UKPEG VJG FCYP QH
GNGEVTQPKEU� 6JGUG UWRRNKGU CTG DWNM[ FWG VQ JGCX[ KUQNCVKQP VTCPUHQTOGT� JGCV UKPMU CPF
EQQNKPI HCPU� $WV YKVJ VJG CFXCPEGOGPV KP VGEJPQNQI[� VJG FGOCPF KU HQT UOCNNGT� JKIJGT
GHHKEKGPV RQYGT UWRRNKGU JKIJ HTGSWGPE[ UYKVEJKPI HTGSWGPEKGU CDQXG VJG VTCFKVKQPCN ��
M*\ � WR VQ VJG /GICJGTV\ TGIKQP�

���� 6JG .KPGCT 2QYGT 5WRRN[ �

# NKPGCT RQYGT UWRRN[ GUUGPVKCNN[� QRGTCVGU QP NKPG HTGSWGPE[ CPF JCU VJG HQNNQYKPI
DNQEMU CU UJQYP KP (KI� ����


C� +UQNCVKQP CPF UVGR FQYP RQYGT VTCPUHQTOGT

D� 4GEVKHKGT � HKNVGT

E� 5GTKGU RCUU GNGOGPV

F� (GGFDCEM � EQPVTQN

+UQNCVKQP 4GEVKHKGT 5GTKGU
+�2 C�E� � � 2CUU

5VGR &QYP (KNVGT 'NGOGPV
6TCPUHQTOGT

(GGFDCEM
�

%QPVTQN %KTEWKV

(KI ����
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6JG KUQNCVKQP VTCPUHQTOGT RTQXKFGU VJG PGEGUUCT[ KUQNCVKQP QH RQYGT UWRRN[ EKTEWKV HTQO
VJG KPRWV OCKPU CE� CPF UVGRU FQYP VJG XQNVCIG VQ VJG TGSWKTGF NGXGN� 6JKU UGEQPFCT[
XQNVCIG KU VJGP TGEVKHKGF CPF HKNVGTGF VQ IKXG WPTGIWNCVGF F�E� YJKEJ KU HGF VQ VJG UGTKGU
RCUU GNGOGPV QRGTCVKPI KP VJG CEVKXG TGIKQP�

$[ UCORNKPI C RQTVKQP QH VJG QWVRWV XQNVCIG CPF EQORTKUKPI KV VQ C HKZGF TGHGTGPEG
XQNVCIG� VJG UGTKGU RCUU GNGOGPV KU WUGF KP VJG HQTO QH QXCTKCDNG TGUKUVQTR VQ EQPVTQN CPF
TGIWNCVG VJG QWVRWV XQNVCIG� 5KPEG VJG UGTKGU�RCU VTCPUKUVQT QRGTCVGU KP VJG CEVKXG TGIKQP�
KV FKUUKRCVGU NQV QH RQYGT CU JGCV� PGEGUUKVCVKPI WUG QH JGCX[ JGCV UKPMU � TGUWNVKPI KP NQY
GHHKEKGPE[ DGVYGGP �� VQ ���� .KPGCT RQYGT UWRRNKGU JCXG VKIJV TGIWNCVKQP DCPF� NQY
QWVRWV PQKUG � TKRRNG� 6JGTG CTG QDXKQWU FKUCFXCPVCIGU QH NQY GHHKEKGPE[� DWNM[ � JGCX[
JGCV UKPMU� NCTIG RQYGT VTCPUHQTOGT� EQQNKPI HCP� #NN VJKU OCMGU VJGO CNOQUV WPHKV HQT
VQFC[OU EQORCEV GNGEVTQPKE U[UVGOU�

��������5/25

+PVTQFWEVKQP� 5YKVEJ OQFG RQYGT UWRRN[ 
5/25� JCU DGEQOG VJG UVCVG QH VJG CTV KP
RQYGT UWRRN[ FGUKIP� 5OCNN UK\G� NQY EQUV CPF JKIJ GHHKEKGPE[ CTG VJG VJTGG OCLQT
HGCVWTGU QH 5/25� 6JCV JCU TGRNCEGF VJG EQPXGPVKQPCN NKPGCT RQYGT UWRRN[ WUGF GCTNKGT
KP GNGEVTQPKE GSWKROGPV�

$CUKE 2TKPEKRNG QH 5/25 WPKV� 6YQ FKHHGTGPV V[RGU QH UYKVEJKPI NQIKE EQPVTQN CTG
HQNNQYGF KP 5/25 FGUKIPU� 1PG CRRTQCEJ KU RWNUG YKFVJ OQFWNCVKQP 
29/� VGEJPKSWG
CPF VJG UGEQPF CRRTQCEJ KU TGUQPCPV OQFG CRRTQCEJ� 6JG 29/ UYKVEJ OQFG VGEJPKSWG
KU EQOOQPN[ HQNNQYGF KU 5/25 WUGF KP 2%U� +P VJG 29/ RTKPEKRNG� C FE XQNVCIG KU
EJQRRGF CV JKIJ HTGSWGPE[� 6JG TGUWNVCPV USWCTG YCXG XQNVCIG KU UVGRRGF WR QT UVGRRGF
FQYP D[ WUKPI C VTCPUHQTOGT� 6JG VTCPUHQTOGT	U UGEQPFCT[ QWVRWV KU TGEVKHKGF CPF HKNVGTGF�
6JG TGIWNCVKQP QH VJG QWVRWV XQNVCIG KU CEJKGXGF D[ XCT[KPI VJG FWV[ E[ENG QH VJG USWCTG
YCXG� 6JWU KP CP 5/25� VJG QWVRWV XQNVCIG KU EQORCTGF VQ C TGHGTGPEG CPF D[
EQPVTQNNKPI VJG FWV[ HCEVQT QH VJG UKPING CRRNKGF VQ VJG UYKVEJKPI EKTEWKV� VJG QWVRWV XQNVCIG
KU OCKPVCKPGF EQPUVCPV� VJG XQNVCIG EQPVTQN EKTEWKV ECP DG KPEQTRQTCVGF GKVJGT KP VJG
RTKOCT[ QT UGEQPFCT[ UKFG QH VJG VTCPUHQTOGT� CU UJQYP KP HKIWTG ���� CPF �����

6JG $TKFIG TGEVKHKGT EQPXGTVU VJG C�E� KPRWV XQNVCIG KP VQ F�E� XQNVCIG� 6JG HKNVGT TGOQXGU
TKRRNG CV VJG QWVRWV XQNVCIG� 6JG UYKVEJKPI VTCPUKUVQT EQPXGTVU VJG F�E� XQNVCIG KPVQ USWCTG
YCXG C�E� # HWNN YCXG TGEVKHKGT TGEVKHKGU VJG C�E� USWCTG YCXG� 6JG F�E� QWVRWV XQNVCIG KU
EQORCTGF YKVJ C TGHGTGPEG XQNVCIG D[ VJG EQORCTCVQT� 6JG GTTQT XQNVCIG CV VJG
EQORCTCVQT QWVRWV KU HGF VQ VJG RWNUG YKFVJ OQFWNCVQT� 6JG QRVQ�KUQNCVQT RTQXKFGU
KUQNCVKQP HQT VJG EQPVTQN NQQR CICKPUV CP[ RKEM WR HTQO VJG OCKP RCVJ� 6JG QWVRWV QH VJG
QRVQ�KUQNCVQT KU CORNKHKGF D[ VJG FTKXG UVCIG� 6JG FTKXGT QWVRWV EQPVTQNU
VJG UYKVEJKPI VTCPUKUVQT�
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5/25 YKVJ RTKOCT[ UKFG EQPVTQN

Bridge
 AC Rectifier &      DC Switching       AC Transformer        AC      Full Wave      DC                 Filter             DC Input

Filter                   Transistor                                                            Rectifier

Pulse Width Opto Comparator
Modulator Isolator Feed Back Voltage

(KI� ����

5/25 YKVJ 5GEQPFCT[ UKFG EQPVTQN�

Bridge
 AC Rectifier &      DC Switching       AC Transformer        AC      Full Wave      DC                 Filter             DC Input

Filter                   Transistor                                                            Rectifier

  Opto Pulse width
 Isolator Modulator Feed Back Volt

           Pulse Transformer

(KI� ����

%QORCTKUQP 6CDNG QH .KPGCT 2QYGT 5WRRN[ CPF 5/25

2CTCOGVGT .KPGCT 25 5/25

�� 'HHKEKGPE[ ������ ������

�� 5K\G ������� 9CVVU�KPEJ� � 9CVVU�KPEJ�

�� 9GKIJV �� 9CVVU�ND ��9CVVU�ND
�� .KPG � .QCF 4GI� ���� ����
�� 1�2 4KRRNG � O8 �� O8

�� 0QKUG 
8
R�R

� � ������ O8

�� 6TCPUKGPV 4GURQPUG �� µUGE � OU
�� *QNF�WR VKOG ��� OU ����� OU

#NN 5/25 EKTEWKVU KP WUG VQFC[ ECP DG ENCUUKHKGF KPVQ QPG QH VJG VJTGG OCLQT ECVGIQTKGU�
PCOGN[ HN[DCEM� HQTYCTF CPF RWUJ�RWNN� 6JG HKTUV VYQ ECP DG EQPHKIWTGF DQVJ KP KUQNCVGF
CPF PQPKUQNCVGF EKTEWKVU� 6JG �PQP�KUQNCVGF XGTUKQPU CTG EQOOQPN[ TGHGTTGF VQ CU $WEM�
$QQUV CPF $WEM EQPXGTVGTU TGURGEVKXGN[� 2WUJ�RWNN EKTEWKVU CTG CNOQUV KPXCTKCDN[ DWKNV YKVJ
KUQNCVKQP DGVYGGP KPRWV � QWVRWV�

���� $#5+% %108'46'4 6121.1)+'5

#NN EQPXGTVGTU KP WUG VQFC[ CTG FGTKXGF HTQO VJTGG DCUKE VQRQNQIKGU PCOGN[ VJG $WEM�
$QQUV CPF VJG $WEM�DQQUV� 6JG DCUKE CTTCPIGOGPV HQT GCEJ QH VJGUG VQRQNQIKGU KU UJQYP

Voltage
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DGNQY� 9JKNG VJG EQPEGRVWCN EKTEWKVU CTG SWKVG UKORNG CPF WUG NKPGCT EQORQPGPVU� VJG
UYKVEJKPI QH VJG UYKVEJ OCMGU VJGUG EKTEWKVU PQP�NKPGCT�

6JG DQQV CPF $WEM�DQQUV EQPXGTVGTU UVQTG GPGTI[ KP VJG KPFWEVQT YJGP VJG UYKVEJ KU QP
CPF NCVGT VTCPUHGT KV VQ VJG TGUGTXQKT ECRCEKVQT YJGP VJG UYKVEJ KU QHH� 6JG $WEM EQPXGTVGT�
KP EQPVTCUV VTCPUHGTU GPGTI[ VQ VJG QWVRWV FWTKPI DQVJ UVCVGU� 6JWU VJG QWVRWV EWTTGPV KU
EQPVKPWQWU HQT VJG EQPXGTVGT YJKEJ NGCFU VQ NQYGT TKRRNG CPF TGFWEGF UVTGUU QP QWVRWV
ECRCEKVQT� +P EQPVTCUV� VJG DQQUV EQPXGTVGT FTCKPU EQPVKPWQWU EWTTGPV HQT KPRWV CPF
FGNKXGTU RWNUGF VQ VJG QWVRWV� VJGTGD[ RTQXKFKPI C DGVVGT KPRWV EWTTGPV YCXGHQTO� 6JG
$WEM�DQQUV EQPXGTVGT JCU C RWNUGF KPRWV QWVRWV EWTTGPV YCXGHQTO� 6JG $WEM�DQQUV
EQPXGTVGT JCU C RWNUGF KPRWV QWVRWV EWTTGPV YCXGHQTO� 6JGUG DCUKE EJCTCEVGTKUVKEU ECP
UQOGVKOGU DG KORQTVCPV KP UGNGEVKQP C EQPXGTVGT VQRQNQI[�

&'4+8'& 6121.1)+'5� #NN VJG RQRWNCT EMVU KP WUG VQFC[ CTG FGTKXGF HTQO VJG CDQXG
VJTGG DCUKE EQPHKIWTCVKQPU CPF UQOG QH VJGUG CTG FKUEWUUGF DGNQY�

(.;$#%- %108'46'4� 6JG HN[DCEM EQPXGTVGT CESWKTGU KVU PCOG HTQO KVU YKFG�URTGCF
WUG KP 68 FGHNGEVKQP EKTEWKVU� 6JKU EKTEWKV KU FGTKXGF HTQO VJG DWEM DQQUV EQPXGTVGT D[
TGRNCEKPI VJG KPFWEVQT YKVJ C VTCPUHQTOGT�

275* 27.. %108'46'4 �6JG PGZV OCLQT FGTKXGF EQPXGTVGT KU VJG RWUJ RWNN EKTEWKV
YJKEJ JCU DGGP C YQTMJQTUG EKTEWKV HQT OCP[ [GCTU� GURGEKCNN[ HQT GSWKROGPV QRGTCVKPI
HTQO NQY &% XQNVCIG� (QT QHH�NKPG CRRNKECVKQP KVU WUG KU UQOGYJCV NKOKVGF D[ VJG
TGSWKTGOGPV QH VJG VTCPUKUVQT XQNVCIG TCVKPI QH CV NGCUV VJTGG VKOGU VJG KPRWV XQNVCIG�

6JKU EQPXGTVGT KU GCUKN[ ECRCDNG QH FGNKXGTKPI RQYGT KP VJG TCPIG QH HGY YCVVU VQ UGXGTCN
MKNQYCVVU� +V FQGU TGSWKTG ECTGHWN FGUKIP� HQT JKIJ RQYGTU GURGEKCNN[�

6JG RWUJ�RWNN EQPXGTVGT JCU XCTKQWU CFXCPVCIGU NKMG PQPKUQNCVGF CPF UKORNG
DCUG FTKXG EKTEWKVU HQT VJG VYQ VTCPUKUVQTU� DWV JCU EGTVCKP FKUCFXCPVCIGU YJKEJ
OCMG KV	U WUG CU CP QHH�NKPG EQPXGTVGT XGT[ KORTCEVKECN�


K� (KTUV NKOKVCVKQP KU VJG XQNVCIG TCVKPI QH VJG VTCPUKUVQT YJKEJ UJQWNF JCPFNG
VYKEG VJG KPRWV XQNVCIG VQ VJG EQPXGTVGT RNWU CP[ XQNVCIG VQ VJG EQPXGTVGT RNWU
CP[ XQNVCIG URKMG YJKEJ OKIJV TGUWNV DGECWUG QH VTCPUHQTOGT NGCMCIG
KPFWEVCPEG


KK� 6JG UGEQPF RTQDNGO QH EQTG UCVWTCVKQP KU OQTG UGXGTG�

6*' *#.(�$4+&)' %108'46'4 � 6JKU EKTEWKV KU CP CFCRVCVKQP QH VJG RWUJ�RWNN EMV
VJCV TGFWEGU VJG RGCM XQNVCIG CRRNKGF VQ GCEJ RQYGT UYKVEJ� 6JG JCNH�DTKFIG EMV KU VJG
WPFKURWVGF EJQKEG HQT QHH�NKPG 5/25 KP VJG ��� VQ ��� YCVV TCPIG CPF KU JGPEG VJG OQUV
RQRWNCT EQPHKIWTCVKQP KP VJG KPFWUVT[ VQFC[�

6*' (7..�$4+&)' %108'46'4 � 6JG HWNN�DTKFIG KU CP GZVGPUKQP QH VJG JCNH�DTKFIG
EQPXGTVGT CPF KP OQFGTP FGUKIP UJQWNF PQV DG TGCNN[ EQPUKFGTGF HQT RQYGT NGXGNU DGNQY
���9� 1P VJG QVJGT JCPF� KVU XGT[ RQRWNCT KP 725 EMVU DGECWUG QH GZEGNNGPV RQYGT
JCPFNKPI ECRCDKNKVKGU�



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

170

(149#4& %108'46'4� 6JKU EKTEWKV KU NCUV QH VJG DWEM�FGTKXGF EQPXGTVGTU VJCV CTG
EQOOQPN[ WUGF� +P VJG ��� VQ ��� 9 TCPIG VJKU EQPHKIWTCVKQP KU C UGTKQWU EQORGVKVQT VQ
VJG JCNH�DTKFIG�

���� 6*4''�6'4/+0#.�4')7.#6145

(QT OQUV PQP�ETKVKECN CRRNKECVKQPU VJG DGUV EJQKEG HQT C XQNVCIG TGIWNCVQT KU VJG UKORNG ��
VGTOKPCN V[RG� +V JCU QPN[ VJTGG EQPPGEVKQPU 
KPRWV� QWVRWV CPF ITQWPF� CPF KU HCEVQT[�
VTKOOGF VQ RTQXKFG C HKZGF QWVRWV� 6[RKECN QH VJKU V[RG KU VJG ��ZZ�

6JG XQNVCIG KU URGEKHKGF D[ VJG NCUV VYQ FKIKVU QH VJG RCTV PWODGT CPF ECP DG CP[ QH VJG
HQNNQYKPI ��� ��� ��� ��� ��� ��� ��� QT ��� (KIWTG ���� UJQYU JQY GCU[ KV KU VQ OCMG C
� XQNV TGIWNCVQT� HQT KPUVCPEG� YKVJ QPG QH VJGUG TGIWNCVGU� 6JG ECRCEKVQT CETQUU VJG
QWVRWV KORTQXGU VTCPUKGPV TGURQPUG CPF MGGRU VJG KORGFCPEG NQY CV JKIJ HTGSWGPEKGU

CP KPRWV ECRCEKVQT QH CV NGCUV ���� O( UJQWNF DG WUGF KP CFFKVKQP KH VJG TGIWNCVQT KU
NQECVGF C EQPUKFGTCDNG FKUVCPEG HTQO VJG HKNVGT ECRCEKVQTU��

6JG ���� UGTKGU KU CXCKNCDNG KP RNCUVKE QT OGVCN RQYGT RCEMCIGU 
UCOG CU RQYGT
VTCPUKUVQTU�� # NQY�RQYGT XGTUKQP� VJG ��.ZZ� EQOGU KP VJG UCOG RNCUVKE CPF OGVCN
RCEMCIGU CU UOCNN�UKIPCN VTCPUKUVQTU� 6JG ���� UGTKGU ECP RTQXKFG WR VQ � COR NQCF
EWTTGPV CPF JCU QP�EJKR EKTEWKVT[ VQ RTGXGPV FCOCIG KP VJG GXGPV QH QXGTJGCVKPI QT
GZEGUUKXG NQCF EWTTGPV�� VJG EJKR UKORN[ UJWVU FQYP� TCVJGT VJCP DNQYKPI QWV� +P CFFKVKQP�
QP�EJKR EKTEWKVT[ RTGXGPVU QRGTCVKQP QWVUKFG VJG VTCPUKUVQT UCHG QRGTCVKPI CTGC D[
TGFWEKPI CXCKNCDNG QWVRWV EWTTGPV HQT NCTIG KPRWV�QWVRWV XQNVCIG FKHHGTGPVKCN�

(KI� ����

#FFKVKQPCN�EQOOGPVU�CDQWV���VGTOKPCN�TGIWNCVQTU���6JG HQNNQYKPI URGEKHKECVKQPU
CTG V[RKECN HQT OQUV � VGTOKPCN TGIWNCVQTU� DQVJ HKZGF CPF CFLWUVCDNG� CPF VJG[ OC[ DG
WUGHWN CU C TQWIJ IWKFG VQ VJG RGTHQTOCPEG [QW ECP GZEGRV�

1WVRWV 8QNVCIG 6QNGTCPEG ����
&TQRQWV 8QNVCIG �� ��� 8QNVU /CZKOWO +PRWV

8QNVCIG �� 8QNVU 
GZEGRV 6.��� VQ
��� 8QNVU�

4KRRNG 4GLGEVKQP ���������

5RKMG 4GLGEVKQP ���������

.QCF 4GIWNCVKQP ��������� HWNN NQCF EJCPIG

&% +PRWV 4GLGEVKQP ����

6GORGTCVWTG 5VCDKNKV[ ����� QXGT HWNN VGOR TCPIG

��::
8QWV�
XG�8KP

��::
8QWV�
−XG�8KP
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Review Questions

�� 'ZRNCKP 5/25 YKVJ VJG DNQEM FKCITCO�
�� /CMG VJG DNQEM FKCITCO HQT VJG NKPGCT RQYGT UWRRN[�
�� 9JKEJ VJTGG VGTOKPCN TGIWNCVQT YKNN DG WUGF HQT �8�

C� ���� D� ���� E� ����
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016'5
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016'5
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016'5
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%*#26'4�(1746''0

6'56�#0&�/'#574+0)
'37+2/'06��51.&'4+0)

6'%*0+37'5

(GCVWTGU�

���� +PVTQFWEVKQP

���� 5QNFGTKPI � &G�5QNFGTKPI 6GEJPKSWGU

���� 6[RGU QH 6GUV � /GCUWTKPI 'SWKROGPV
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���� +0641&7%6+10

# UQNFGTGF EQPPGEVKQP GPUWTGU OGVCN EQPVKPWKV[� 6JG UQNFGTKPI RTQEGUU KPXQNXGU�


K� /GNVKPI QH VJG HNWZ YJKEJ KP VWTP TGOQXGU VJG QZKFG HKNO QP VJG OGVCN VQ DG
UQNFGTGF�


KK� /GNVKPI VJG UQNFGT YJKEJ TGOQXGU VJG KORWTKVKGU�

KKK� 6JG UQNFGT RCTVKCNN[ FKUUQNXGU UQOG QH VJG OGVCN KP VJG EQPPGEVKQP�

KX� 6JG UQNFGT EQQNU CPF HWUGU YKVJ VJG OGVCN�

6JG UQNFGTKPI VGEJPKSWG KPXQNXGU MPQYNGFIG QH�


K� 5QNFGTKPI KTQP�

KK� 5QNFGTKPI YKTG

KKK� 5QNFGTKPI RTQEGFWTG

KX� 4GRNCEKPI EQORQPGPVU

X� 2TGECWVKQPU YJGP WUKPI %�/15� FGXKEGU�

XK� -PQYNGFIG QH IQQF CPF DCF UQNFGTKPI LQKPVU�

XKK� &GUQNFGTKPI VGEJPKSWGU�

���� 51.&'4+0)���&'�51.&'4+0)�6'%*0+37'5


K� 5QNFGTKPI +TQP� 5QNFGTKPI KTQP KU CP GUUGPVKCN VQQN HQT UQNFGTKPI� # UQNFGTKPI KTQP
UJQWNF IKXG UWHHKEKGPV JGCV VQ OGNV UQNFGT D[ JGCV VTCPUHGT YJGP VJG KTQP VKR KU CRRNKGF VQ C
EQPPGEVKQP VQ DG UQNFGTGF�

6JG UGNGEVKQP QH VJG UQNFGTKPI KTQP ECP DG OCFG CU TGICTF VQ KVU VKR UK\G� UJCRG CPF
YCVVCIG� 5QNFGTKPI KTQP VGORGTCVWTG KU UGNGEVGF CPF EQPVTQNNGF CEEQTFKPI VQ VJG YQTM VQ
DG RGTHQTOGF� )GPGTCNN[ VYQ V[RGU QH UQNFGTKPI KTQPU CTG CXCKNCDNG� 5QNFGTKPI 2GPEKN CPF
5QNFGTKPI )WP�

5QNFGTKPI 2GPEKNU� 6JGUG CTG NKIJV YGKIJV UQNFGTKPI KTQP YJKEJ ECP IGPGTCVG CTQWPF ��
YCVVU VQ �� YCVVU QH JGCV� /QFWNCT UQNFGTKPI KTQPU WUG KPVGTEJCPIGCDNG JGCVKPI GNGOGPVU
CPF VKRU� YJKEJ CTG KP C OCKP RGPEKN DQF[� # XCTKGV[ QH VKRU CTG CXCKNCDNG VQ JCPFNG OQUV
UQNFGTKPI VCUMU� 8GT[ HKPG � TQWPFGF VKRU CTG WUGF QP 2%$U YKVJ +% EQORQPGPVU CPF
5/&	U ENQUGN[ URCEGF�

5QNFGTKPI )WP� 6JKU UQNFGTKPI KTQP KU JGCXKGT CPF IGPGTCVGU OQTG JGCV VJCP VJG RGPEKN
V[RG QH KTQP� 5QNFGTKPI QH DKI ECRCEKVQTU QT EQPPGEVQTU KU FQPG VJTQWIJ VJG WUG QH VJKU
MKPF QH IWP� 6JKU IWP ECP IGPGTCVG GPQWIJ JGCV VQ SWKEMN[ DTKPI C JGCX[ OGVCN LQKPV WR
VQ VJG RTQRGT UQNFGTKPI VGORGTCVWTG� 6JG[ CTG ECNNGF UQNFGTKPI IWPU DGECWUG VJG[
TGUGODNGU C IWP�


KK� 5QNFGTKPI #NNQ[

5QNFGTKPI /CVGTKCN� 6JG UQNFGTKPI OCVGTKCN KU WUGF VQ LQKP VQIGVJGT VYQ QT OQTG OGVCNU
CV VGORGTCVWTGU DGNQY VJGKT OGNVKPI RQKPV� 6JG UQNFGT CNNQ[ EQPUKUVU QH .GCF 
���� CPF
6KP 
����� 6JG EQPVKPWQWU EQPPGEVKQP DGVYGGP VYQ OGVCN LQKPVU KU OCFG D[ UQNFGT
OCVGTKCN�
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/QUV EQOOQPN[ WUGF UQNFGT YKTG EQPUKUVU QH ��� QH 6KP CPF ��� .GCF� 6JKU KU KP VJG
HQTO QH C JQNNQY YKTG YJQUG EGPVTG KU HKNNGF YKVJ CP QTICPKE RCUVG NKMG OCVGTKCN ECNNGF
TQUKP� +VU OGNVKPI VGORGTCVWTG KU ����% 
��� FGITGG EGPVKITCFG��

(NWZ� (NWZ KU C OCVGTKCN WUGF VQ CKF UQNFGTKPI RTQEGUU� (NWZ KU PGGFGF VQ UETCVEJ CYC[
VJG UOCNN HKNO QH QZKFGU QP VJG UWTHCEGU QH OGVCNU VQ DG UQNFGTGF� 6JKU HNWZ HQTOU C
RTQVGEVKXG HKNO VJCV RTGXGPVU TG�QZKFCVKQP YJKNG VJG EQPPGEVKQP KU JGCVGF VQ VJG RQKPV CV
YJKEJ VJG UQNFGT OGNVU� (NWZ KU XGT[ JGNRHWN QP C QNF� FWUV[� GTQFGF LQKPV�

(NWZ KU PQTOCNN[ CXCKNCDNG KP VJG EQTG QH VJG UQNFGTKPI YKTG� +V KU CNUQ CXCKNCDNG RCEMGF
KPFGRGPFGPVN[�


KKK� 5QNFGTKPI 2TQEGFWTG

6JG UQNFGTKPI RTQEGFWTG KPXQNXGU UGNGEVKQP QH UQNFGTKPI KTQP� ENGCPKPI QH EQORQPGPV VQ
DG UQNFGTGF CPF ENGCPKPI QH VJG 2%$ VQ DG UQNFGTGF�

6JG UQNFGTKPI KTQP UJQWNF DG UGNGEVGF CEEQTFKPI VQ VJG LQD CPF UJQWNF DG RQYGTHWN
GPQWIJ VQ RTQXKFG JGCV� 6JG VKR QH VJG UQNFGTKPI KTQP UJQWNF DG UGNGEVGF CU RGT VJG URCEG
CXCKNCDNG HQT UQNFGTKPI�

6JG EQORQPGPV VJCV JCU VQ DG UQNFGTGF UJQWNF DG RTQRGTN[ DGPV CPF KVU NGCFU UJQWNF DG
RTQRGTN[ KPUGTVGF KP VJG 2%$� $GHQTG KPUGTVKQP KP VJG 2%$� VJG NGCF UJQWNF DG RTQRGTN[
ENGCPGF� #HVGT EQORQPGPV JCU DGGP KPUGTVGF KV ECP DG UQNFGTGF�

6JG QZKFG QP VJG 2%$ ECP DG TGOQXGF D[ WUKPI HNWZ� UCPFRCRGT� 6JG VKR QH VJG UQNFGTKPI
KTQP UJQWNF DG ENGCP CPF UJQWNF JCXG RTQRGT UJCRG� 6JG UJCRG QH VJG VKR PQTOCNN[ IGVU
DCF QXGT C RGTKQF QH VKOG� 6JG UJCRG ECP DG OCFG RTQRGT D[ HKNKPI�

&WTKPI UQNFGTKPI GZEGUUKXG JGCV KU IGPGTCVGF CV VJG UQNFGTKPI KTQP VKR� +H VJG UQNFGTKPI
KTQP VKR KU KP EQPVCEV YKVJ EQORQPGPV HQT C NQPIGT VKOG VJGP VJGTG KU C RQUUKDKNKV[ QH
FCOCIG QH VJG EQORQPGPV� 6JG EQORQPGPV ECP GKVJGT DG RGTOCPGPVN[ FCOCIGF QT OC[
NQQUG KVU EJCTCEVGTKUVKEU� 5WEJ GHHGEVU OC[ PQV DG PQVKEGF FWTKPI CUUGODN[ DWV OC[ UJQY
WR YJGP VJG GSWKROGPV KU KP WUG�


KX� <GTQ &GHGEV 5QNFGTKPI

# IQQF UQNFGTKPI VGEJPKSWG UJQWNF GPUWTG HQNNQYKPI�

K� 6JG UQNFGT HQTOU C UVTQPI LQKPV CPF EQXGTU CNN VJG GNGOGPVU QH VJG LQKPV�

KK� 6JG UQNFGT UJQWNF CRRGCT EQPXGZ� URJGTKECN UJCRGF�

KKK� 6JG UQNFGT YJGP DGEQOGU UQNKF� CRRGCTU CU C DTKIJV UQNKF YKVJQWV CP[ ETCEMU�

6Q DTKPI CDQWV VJKU TGUWNV HQNNQYKPI RTQEGFWTG UJQWNF DG FQPG�


K� 2NCEG KTQP VKR CV ��� VQ VJG 2%$ CPF EQORQPGPV LQKPV�

KK� 2NCEG VJG UQNFGT PGCT VJG KTQP CPF NGV KV HNQY�

KKK� 5OQQVJGP VJG CTGC QH LQKPV D[ VJG UQNFGTKPI KTQP VKR� $[ FQKPI VJKU� VJG

OQNVGP UQNFGT CNNQ[ HNQYU KPVQ VJG 2%$ JQNG�

KX� 5QNFGTKPI UJQWNF DG FQPG YJGP VJG GSWKROGPV KU QHH�
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X� 4GRNCEGOGPV QH %QORQPGPVU

+P ECUG QH UKPING UKFGF 2%$� VJG EQORQPGPV VQ DG TGOQXGF ECP DG FGUQNFGTGF YKVJ VJG
JGNR QH KTQP CPF HNWZ� 6JG QPN[ RTGECWVKQP VJCV JCU VQ DG VCMGP KU VJCV VJG VTCEM UJQWNF PQV
DTGCM YJKNG TGOQXKPI�

+P ECUG QH 6JTQWIJ *QNG 2%$� ECTG JCU VQ DG VCMGP UQ VJCV VJG EQORQPGPV YJKNG
TGOQXKPI FQGU PQV FCOCIG VJG 6JTQWIJ *QNG� +P VJKU ECUG VJG EQORQPGPV KU UQNFGTGF QP
QPG UKFG CPF VJG NGCF HNQYU VJTQWIJ VJG JQNG VQ VJG QVJGT UKFG� UQ &GUQNFGTKPI CPF
TGOQXKPI DGEQOGU XGT[ FKHHKEWNV CPF TGSWKTGU RTCEVKEG� +H QPG JCU CNTGCF[ KFGPVKHKGF VJG
HCWNV[ EQORQPGPV� VJGP QPG UJQWNF PQV VT[ VQ TGOQXG QT FGUQNFGT VJG EQORQPGPV� 6JG
EQORQPGPV UJQWNF UKORN[ DG EWV CPF VCMGP QWV�


XK� %QPUKFGTCVKQPU HQT JCPFNKPI %/15 &GXKEGU

%/15 &GXKEGU CTG UGPUKVKXG VQ UVCVKE EJCTIGU� 5Q ECTG JCU VQ DG VCMGP YJKNG JCPFNKPI
VJGUG FGXKEGU� 5VCVKE EJCTIG KU IGPGTCVGF D[ TWDDKPI ENQVJ YKVJ JWOCP DQF[ QT D[ CP[
QVJGT HTKEVKQP QH JWOCP DQF[�


K� $GHQTG UVQTKPI QT JCPFNKPI %/15 &GXKEGU� UVCVKE EJCTIG UJQWNF DG
FKUEJCTIGF D[ VQWEJKPI VJG ITQWPF QT OGVCNNKE EJCUUKU QH VJG GSWKROGPV�


KK� 1PG ECP YGCT C OGVCNNKE DCPF KP JCPF� YJKEJ KU EQPPGEVGF VQ ITQWPF�

KKK� 6JG YQTMKPI VCDNG UJQWNF DG GKVJGT QH YQQF QT UJQWNF JCXG TWDDGT UJGGV�

KX� 6JG UQNFGTKPI KTQP VKR UJQWNF DG UVCVKE EJCTIG HTGG�


XKK� &GUQNFGTKPI 6GEJPKSWG� &GUQNFGTKPI ECP DG FQPG D[ HQNNQYKPI VYQ YC[U �


K� $[ WUKPI C FGUQNFGTKPI YKEM�

KK� $[ WUKPI C FGUQNFGTKPI RWOR�

&GUQNFGTKPI YKEM KU OCFG QH HKPG EQRRGT YKTG OGUJ� 9JGP VJKU KU CRRNKGF VQ VJG JGCVGF
EQORQPGPV� VJG OQNVGP UQNFGT IGVU CVVCEJGF VQ VJG YKTG OGUJ D[ ECRKNNCT[ CEVKQP�

&GUQNFGTKPI RWOR JCU C UWEVKQP RWOR� 6JG PQ\\NG QH VJG FGUQNFGTKPI RWOR KU MGRV
ENQUG VQ VJG JGCVGF EQORQPGPV� 6JG OQNVGP UQNFGT KU UWEMGF D[ C URTKPI CEVKQP�

���� 6;2'5�1(�6'56���/'#574+0)�'37+2/'06

6JG VCUM QH VTQWDNGUJQQVKPI KU GUUGPVKCNN[ ECTTKGF QWV D[ WUKPI VGUV KPUVTWOGPVU� #
OCLQTKV[ QH VJG U[UVGO HCWNVU ECP DG NQECVGF CPF TGEVKHKGF D[ WUKPI VJG HQNNQYKPI VYQ
KPUVTWOGPVU�

�� /WNVKOGVGT
C� #PCNQI D� &KIKVCN

�� 1UEKNNQUEQRG

6*'�#0#.1)�/7.6+/'6'4

6JG V[RG QH OGCUWTGOGPVU WUWCNN[ ECTTKGF QWV KP GNGEVTQPKE EKTEWKVU KU DCUKECNN[ F�E� CPF
C�E XQNVCIGU� EWTTGPV CPF TGUKUVCPEG OGCUWTGOGPVU�



$#5+% '.'%6410+% %1/210'065 � *#4&9#4' ��

179

$GUKFGU� VJGTG CTG C XCTKGV[ QH OGCUWTGOGPVU KP VGTOU QH CORNKVWFG� HTGSWGPE[� RJCUG
CPF C FGVCKNGF YCXGHQTO CPCN[UKU VJCV PGGFU VQ DG RGTHQTOGF QP EQORNGZ EKTEWKV HQT
VTQWDNGUJQQVKPI�

# OWNVKOGVGT KU VJG OQUV EQOOQP CPF OQUV WUGHWN VQQN QH VJG GNGEVTQPKEU VTCFG� 6JKU
KPUVTWOGPV CNNQYU OCMKPI OGCUWTGOGPV QH F�E XQNVCIG� C�E XQNVCIG� F�E EWTTGPV CPF
TGUKUVCPEG XCNWGU� 6JG OWNVKOGVGT KU RCTVKEWNCTN[ WUGHWN HQT VJG HQNNQYKPI VGUVU�


K� /GCUWTGOGPV QH VJG KP�EKTEWKV TGUKUVCPEG K�G� EJGEMKPI HQT FT[ LQKPVU� VCMKPI
TGUKUVCPEG TGCFKPIU CNQPIYKVJ QVJGT FKUETGVG EQORQPGPVU G�I� VTCPUKUVQTU CPF
FKQFGU�


KK� /GCUWTGOGPV QH F�E XQNVCIGU CTQWPF FQWDVHWN VTCPUKUVQT VQ FGVGTOKPG YJGVJGT VJG
VTCPUKUVQT KU EQPFWEVKPI QT PQP�EQPFWEVKPI�


KKK� /GCUWTGOGPV QH F�E XQNVCIGU CTQWPF VJG FQWDVHWN VTCPUKUVQTU VQ HKPF YJGVJGT VJG
VTCPUKUVQT KU EQPFWEVKPI QT PQV�


KX� /GCUWTGOGPV QH VJG +%U UWRRN[ XQNVCIG�

6JG CPCNQI OWNVKOGVGT	U CEEWTCE[ 
��� KU UWHHKEKGPV HQT OCLQTKV[ QH TGSWKTGOGPVU
URGEKHKECNN[ KP YJKEJ� VJG RTGUGPEG QH C XCNWG PGCT VJG QPG URGEKHKGF KU TGSWKTGF� 5WEJ
TGSWKTGOGPVU CTG IGPGTCNN[ OGV YKVJ CP CPCNQI OGVGT KP EQORCTKUQP VQ C FKIKVCN TGCFKPI
V[RG KPUVTWOGPV DGECWUG CRRTQZKOCVG XQNVCIG NGXGN KU OQTG SWKEMN[ QDUGTXGF QP VJKU
KPUVTWOGPV� # FKIKVCN OWNVKOGVGT KU RTGHGTTGF YJGPGXGT JKIJ CEEWTCE[ KU TGSWKTGF
GURGEKCNN[ YJGP CP[ UOCNN EJCPIG KP C NGXGN PGGFU VQ DG OGCUWTGF�

6JG NQCFKPI GHHGEV QH FKIKVCN OWNVKOGVGT KU PGINKIKDNG KP VJG EKTEWKV� UKPEG KV JCU JKIJ KPRWV
KORGFCPEG 
V[RKECNN[ ���/ QJO�� # FKIKVCN OWNVKOGVGT YKVJ � VQ ��� 8 XQNVCIG TCPIG CPF �
VQ ���/ QJO TGUKUVCPEG TCPIG CPF CP CEEWTCE[ QH �� KU CFGSWCVG HQT OQUV QH VJG VGUV
CRRNKECVKQPU� 6GUV RTQDGU CTG WUWCNN[ KPUWNCVGF VQ RTGXGPV CEEKFGPVCN UJQTVKPI�

#PCNQI OWNVKOGVGT KU PQTOCNN[ C OQXKPI EQKN OGVGT� YJKEJ D[ UYKVEJKPI QH VJG UGNGEVKQP
RTQDG LCEMU� ECP DG EJCPIGF VQ C FE XQNVOGVGT� CP CE XQNVOGVGT CPF FE OKNNK�COOGVGT QT
CP QJOOGVGT�

*19�61�75'�/7.6+/'6'4

/'#574'/'06 1( %744'06� (QT VJG OGCUWTGOGPV QH EWTTGPV� VJG COOGVGT KU
RNCEGF KP UGTKGU KP VJG CRRNKECDNG EKTEWKV� (QT FQKPI VJKU VJG EKTEWKV OWUV DG DTQMGP VQ
EQPPGEV VJG COOGVGT �6JG COOGVGT� VJWU DGEQOGU C RCTV QH VJG EKTEWKV� 6JG COOGVGT
JCU UOCNN KPVGTPCN TGUKUVCPEG� KVU KPUGTVKQP KPVQ VJG EKTEWKV YKNN FGETGCUG VJG EWTTGPV
PGINKIKDN[�

/'#574'/'06 1( 81.6#)'���6JG RQVGPVKCN FKHHGTGPEG DGVYGGP CP[ VYQ RQKPVU KP C
EKTEWKV KU OGCUWTGF D[ EQPPGEVKPI VJG VYQ XQNVOGVGT NGCFU CETQUU VJGUG RQKPVU� 6JG
XQNVOGVGT KU EQPPGEVGF CETQUU QT KP RCTCNNGN YKVJ VJG EKTEWKV YJGTG XQNVCIG KU VQ DG
OGCUWTGF�

6Q OGCUWTG C�E XQNVCIG� VJG UKIPCN PGGFU VQ DG TGEVKHKGF HKTUV� #U KP VJG C�E EWTTGPV
OGVGTU� CP C�E XQNVOGVGT CNUQ TGURQPFU VQ VJG CXGTCIG XCNWG QH VJG TGEVKHKGF XQNVCIG DWV
CTG ECNKDTCVGF KP XQNV TOU� HQT C UKPG�YCXG�
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/'#574'/'06 1( 4'5+56#0%' � 6JG 1JOOGVGT� OWNVKOGVGT KU WUWCNN[ WUGF VQ
OGCUWTG VJG TGUKUVCPEG� YJGP VJG EKTEWKV KU PQV RQYGTGF QP� 6JG TGUKUVCPEG QH VJG
EQORQPGPV KU OGCUWTGF D[ EQPPGEVKPI VJG NGCFU CETQUU VJG EQORQPGPV� (QT OQTG
RTGEKUG OGCUWTGOGPV QH XCNWGU � QPG ECP UGNGEV VJG CRRTQRTKCVG TCPIG HQT VJG TGUKUVCPEG
OGCUWTGOGPV�

2TGECWVKQPU KP VJG WUG QH /WNVKOGVGT

�� 6JG DCVVGTKGU KP VJG OWNVKOGVGT UJQWNF DG EJGEMGF HTGSWGPVN[ HQT NQY DCVVGT[ HQT
EQTTGEV QRGTCVKQP GURGEKCNN[ KP VJG TGUKUVCPEG TCPIGU�

�� 6JG KPUVTWOGPV UJQWNF DG UVQTGF CYC[ HTQO VJG EQTTQUKXG CVOQURJGTG HQT VJG
UCMG QH VJG UYKVEJ EQPVCEVU�

�� 6JG HWPEVKQP UYKVEJ QH VJG OWNVKOGVGT UJQWNF CNYC[U DG MGRV QP C JKIJ F�E XQNVU
UECNG VQ CXQKF

C� &TCKPKPI QH DCVVGTKGU D[ CEEKFGPVCN UJQTV�EKTEWKVKPI QH NGCFU FWTKPI UVQTCIG�
D� $WTPKPI QWV VJG TGEVKHKGT D[ CEEKFGPVCNN[ EQPPGEVKPI VQ VJG F�E XQNVCIG YJGP QP VJG

C�E UECNG�

&+)+6#.�/7.6+/'6'4

+P EQORCTKUQP VQ #PCNQIWG /WNVKOGVGT� &KIKVCN /WNVKOGVGT JCU JKIJ KPRWV KORGFCPEG�
DGVVGT CEEWTCE[ CPF TGUQNWVKQP� 6JG[ WUWCNN[ JCXG HGCVWTGU CWVQ TCPIKPI� CWVQ RQNCTKV[
CPF CWVQ \GTQ HCEKNKVKGU� YJKEJ OGCPU VJG WUGT PGGF QPN[ CFLWUV VJG HWPEVKQP UYKVEJ CPF
VCMG VJG TGCFKPI�

6JG FKIKVCN OWNVKOGVGT EQPXGTVU CP CPCNQI UKIPCN KPVQ KVU FKIKVCN GSWKXCNGPV CPF FKURNC[U KV�
6JG CPCNQI UKIPCN KPRWV ECP DG C F�E XQNVCIG� CP C�E XQNVCIG� C TGUKUVCPEG QT CP C�E QT F�E
EWTTGPV�

6JG JGCTV QH VJG &// KU VJG CPCNQI VQ FKIKVCN 
#�&� EQPXGTVGT� 6JGTG CTG FKHHGTGPV
RTKPEKRNGU QP YJKEJ VJG #�& EQPXGTVGTU ECP DG FGUKIPGF� *QYGXGT VJG OQUV RQRWNCT CPF
YKFGN[ WUGF OGVJQF KU VJG FWCN UNQRG VGEJPKSWG�

6JG HTQPV GPF QH VJG &// EQPVCKPU EKTEWKV DNQEMU� YJKEJ IQXGTP KVU DCUKE EJCTCEVGTKUVKEU
UWEJ CU KVU PWODGT QH FKIKVU� TCPIGU� UGPUKVKXKV[ GVE� 5KPEG VJG KPRWV VQ VJG #�& EQPXGTVGT
OWUV DG F�E XQNVCIG� CNN QVJGT SWCPVKVKGU UJQWNF DG TGFWEGF VQ F�E� 6JGTGHQTG� HQT
OGCUWTGOGPV QH C�E XQNVCIG� KV KU HKTUV TGEVKHKGF VQ FGTKXG C F�E XQNVCIG RTQRQTVKQPCN VQ VJG
CXGTCIG XCNWG QH VJG C�E YCXGHQTO ECNKDTCVGF VQ VJG TOU XCNWG HQT C UKPG YCXG� CPF VJG
TGUWNVKPI F�E XQNVCIG KU CRRNKGF VQ VJG KPVGITCVQT�

4GUKUVCPEG KU PQTOCNN[ OGCUWTGF D[ HGGFKPI ��XQNV TGHGTGPEG UKIPCN VQ VJG KPRWV CORNKHKGT
VJTQWIJ C TCPIG TGUKUVQT CPF EQPHKIWTKPI VJG CORNKHKGT VQ RNCEG VJG WPMPQYP CU VJG HGGF
DCEM TGUKUVQT�

6JG CORNKHKGT QWVRWV KU RTQRQTVKQPCN VQ VJG TCVKQ QH VJG WPMPQYP TGUKUVCPEG QH VJG TCPIG
TGUKUVQT�
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6JG ECVJQFG TC[ QUEKNNQUEQRG KU VJG OQUV XGTUCVKNG VQQN HQT VJG FGXGNQROGPV QH VJG
GNGEVTQPKE EKTEWKVU CPF U[UVGOU� 6JG ECVJQFG TC[ QUEKNNQUEQRG KU C FGXKEG VJCV CNNQYU VJG
CORNKVWFG QH GNGEVTKE UKIPCNU� YJGVJGT VJG[ DG XQNVCIG� EWTTGPV� RQYGT GVE VQ DG FKURNCEGF
RTKOCTKN[ CU VJG HWPEVKQP QH VKOG� 6JG QUEKNNQUEQRG FGRGPFU QP VJG OQXGOGPV QH CP
GNGEVTQP DGCO� YJKEJ KU VJGP OCFG XKUKDNG D[ CNNQYKPI VJG DGCO VQ KORKPIG QP C
RJQURJQT UWTHCEG� YJKEJ RTQFWEGU C XKUKDNG URQV� +H VJG GNGEVTQP DGCO KU FGHNGEVGF KP
GKVJGT FKTGEVKQP UWEJ CU : QT ;�CZKU� VJG NWOKPQWU URQV ECP DG WUGF VQ ETGCVG C VYQ
FKOGPUKQPCN FKURNC[U� 6JG Z�CZKU QH VJG QUEKNNQUEQRG KU FGHNGEVGF CV C EQPUVCPV TCVG
TGNCVKXG VQ VKOG CPF VJG XGTVKECN QT [� CZKU KU FGHNGEVGF KP TGURQPUG VQ CP KPRWV UVKOWNWU
UWEJ CU XQNVCIG�

(KI� ���� $NQEM &KCITCO QH )GPGTCN 2WTRQUG 1UEKNNQUEQRG

6JG JGCTV QH VJG QUEKNNQUEQRG KU VJG ECVJQFG TC[ VWDG YJKEJ IGPGTCVGU VJG GNGEVTQPKE
DGCO� CEEGNGTCVGU VJG GNGEVTQP DGCO VQ C JKIJ XGNQEKV[ FGHNGEVU VJG DGCO VQ ETGCVG VJG
KOCIG� CPF EQPVCKPU VJG RJQURJQT UETGGP YJGTG VJG GNGEVTQP DGCO GXGPVWCNN[ DGEQOGU
XKUKDNG� 6Q CEEQORNKUJ VJGUG VCUMU XCTKQWU GNGEVTKE CPF XQNVCIGU CTG TGSWKTGF CU UJQYP KP
HKI�����6JG RQYGT UWRRN[ RTQXKFGU VJG XQNVCIG TGSWKTGF D[ VJG ECVJQFG TC[ VWDG VQ
IGPGTCVG CPF CEEGNGTCVG VJG GNGEVTQP DGCO CU YGNN CU VQ UWRRN[ VJG TGSWKTGF QRGTCVKPI
XQNVCIGU HQT VJG QVJGT EKTEWKVU QH VJG QUEKNNQUEQRG� 4GNCVKXGN[ JKIJ XQNVCIGU CTG TGSWKTGF
D[ VJG ECVJQFG TC[ VWDGU� QH VJG QTFGT QH VJG HGY VJQWUCPF XQNVU� HQT CEEGNGTCVKQP CU YGNN
CU NQY XQNVCIG HQT VJG JGCVGT QH VJG GNGEVTQP IWP� YJKEJ GOKVU VJG GNGEVTQPU� 6JG
QUEKNNQUEQRG JCU C VKOG DCUG� YJKEJ IGPGTCVGU VJG EQTTGEV XQNVCIG VQ UWRRN[ VJG ECVJQFG
TC[ VWDG VQ FGHNGEV VJG URQV CV C EQPUVCPV VKOG FGRGPFGPV TCVG� 6JG UKIPCN VQ DG XKGYGF KU
HGF VQ C XGTVKECN CORNKHKGT� YJKEJ KPETGCUGU VJG RQVGPVKCN QH VJG KPRWV UKIPCN VQ C NGXGN VJCV
YKNN RTQXKFG WUGCDNG FGHNGEVKQP QH VJG GNGEVTQP DGCO� 6Q U[PEJTQPK\G VJG JQTK\QPVCN
FGHNGEVKQP YKVJ VJG XGTVKECN KPRWV C U[PEJTQPK\KPI QT VTKIIGTKPI EKTEWKV KU WUGF� 6JKU EKTEWKV
KU C NKPM DGVYGGP VJG XGTVKECN KPRWV CPF JQTK\QPVCN VKOG DCUG�
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6JG ECVJQFG TC[ VWDG OWUV DG UWRRNKGF YKVJ UGXGTCN FE RQVGPVKCNU VQ RTQXKFG VJG RTQRGT
EQPVTQN� CEEGNGTCVKQP� CPF HQEWUUKPI CEVKQP� (KI ���� UJQYU C ECVJQFG TC[ VWDG CPF VJG
CUUQEKCVG EKTEWKVU VJCV RTQXKFG VJG TGSWKTGF RQVGPVKCNU HQT QRGTCVKQP� 6JG HKTUV TGSWKTGOGPV
KU C NQY XQNVCIG HQT VJG ECVJQFG� 6JKU KU WUWCNN[ UWRRNKGF HTQO C YGNN�KPUWNCVGF CPF
UGRCTCVG YKPFKPI QP VJG ECVJQFG VQ RTGXGPV DTGCMFQYP DGVYGGP VJGUG VYQ GNGOGPVU�
6JG VQVCN CEEGNGTCVKPI XQNVCIG YKNN DG CRRNKGF VQ VJG ECVJQFG TC[ VWDG KP VYQ JCNXGU� (KTUV�
C JKIJ PGICVKXG RQVGPVKCN YKNN DG CRRNKGF VQ VJG ECVJQFG ITKF CPF HQEWUUKPI GNGEVTQFGU�
5GEQPF� C JKIJ RQUKVKXG RQVGPVKCN YKNN DG CRRNKGF VQ VJG RQUV FGHNGEVKQP CEEGNGTCVKQP
GNGEVTQFG� TGUWNVKPI KP VJG FGHNGEVKQP RNCVGU DGKPI CV CRRTQZKOCVGN[ ITQWPF RQVGPVKCN� 6JKU
RTGXGPVU VJG QWVRWV QH VJG FGHNGEVKQP CORNKHKGT HTQO DGKPI CV C JKIJ RQVGPVKCN CPF
UKORNKHKGU VJG FGUKIP QH VJG EKTEWKV�

8GT[ HGY QH VJG GNGOGPVU QH VJG ECVJQFG TC[ VWDG TGSWKTG CP[ UKIPKHKECPV RQYGT� CPF VJG
TGSWKTGF QRGTCVKPI XQNVCIGU CTG FGTKXGF HTQO UKORNG XQNVCIG FKXKFGTU� CU UJQYP KP
HKI����� 6JTGG EQPVTQNU CTG CUUQEKCVGF YKVJ VJG QRGTCVKPI XQNVCIGU QH VJG ECVJQFG TC[
VWDG� +06'05+6;� (1%75� CPF #56+)/#6+5/� 6JG KPVGPUKV[ EQPVTQN XCTKGU VJG
RQVGPVKCN DGVYGGP VJG ECVJQFG CPF VJG EQPVTQN ITKF CPF UKORN[ CFLWUVU VJG DGCO EWTTGPV
KP VJG VWDG� 6JG KPETGCUGF DGCO EWTTGPV KPETGCUGU VJG PWODGT QH GNGEVTQPU NCPFKPI QP
VJG RJQURJQT CPF VJWU CFLWUVU VJG NKIJV QWVRWV� 6JG HQEWU EQPVTQN CFLWUVU VJG HQECN NGPIVJ
QH VJG GNGEVTQUVCVKE NGPU� 6JG CUVKIOCVKUO EQPVTQN CFLWUVU VJG RQVGPVKCN DGVYGGP VJG
FGHNGEVKQP RNCVGU CPF VJG HKTUV CEEGNGTCVKPI GNGEVTQFG CPF KU WUGF VQ RTQFWEG C TQWPF
URQV�

(KI ����� %46 5JQYKPI VJG 'NGEVTQFG 8QNVCIGU � #FLWUVOGPVU

6JG FGHNGEVKQP UGPUKVKXKV[ CPF VJWU VJG CEEWTCE[ QH VJG QUEKNNQUEQRG KU FGRGPFGPV QP VJG
XCNWG QH VJG CEEGNGTCVKPI XQNVCIG DGHQTG VJG FGHNGEVKQP RNCVG� CPF WUWCNN[ VJKU XQNVCIG KU
TGIWNCVGF� &GHNGEVKQP UGPUKVKXKV[ KU PQV C HWPEVKQP QH VJG RQUV FGHNGEVKQP CEEGNGTCVKQP
XQNVCIG� CPF VJKU UWRRN[ KU PQV WUWCNN[ TGIWNCVGF�

#NVJQWIJ PQV C RCTV QH VJG TGSWKTGF VWDG XQNVCIGU� C EQPUVCPV EWTTGPV� CU CFLWUVGF D[ VJG
VTCEG TQVCVKQP EQPVTQN� KU UWRRNKGF VQ VJG YKTG UWRRN[KPI VJG VTCEG TQVCVKQP OCIPGVKE HKGNF�
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6JG HWPEVKQP QH VJG XGTVKECN FGHNGEVKQP KU TCVJGT UVTCKIJVHQTYCTF� KV OWUV RTQXKFG CP
CORNKHKGF UKIPCN QH VJG RTQRGT NGXGN VQ FTKXG VJG XGTVKECN FGHNGEVKQP RNCVGU YKVJQWV
KPVTQFWEKPI CP[ CRRTGEKCDNG FKUVQTVKQP KPVQ VJG U[UVGO�

#NVJQWIJ VJG QUEKNNQUEQRG ECP GXGPVWCNN[ DG WUGF VQ FKURNC[ RTCEVKECNN[ CP[ RCTCOGVGT�
VJG KPRWV VQ VJG QUEKNNQUEQRG KU XQNVCIG� 6JG IGPGTCN NCDQTCVQT[ QUEKNNQUEQRG ECP CEEGRV
CU NQY CU C HGY OKNNK XQNVU RGT EGPVKOGVGT QH FGHNGEVKQP WR VQ JWPFTGFU QH XQNVU WUKPI VJG
DWKNV KP CVVGPWCVG QT CPF GZVGTPCN RTQDGU� (KI ���� UJQYU VJG DNQEM FKCITCO QH C
EQORNGVG XGTVKECN FGHNGEVKQP U[UVGO� 6JG KPRWV EQPPGEVQT HGGFU KPRWV CVVGPWCVG CHVGT
YJKEJ HQNNQYU VJG XGTVKECN CORNKHKGT� 6JG KPRWV KORGFCPEG QH CP QUEKNNQUEQRG KU TCVJGT JKIJ
�DGKPI QH VJG QTFGT QH �/QJO�YJKEJ KU FGUKTCDNG HQT OGCUWTKPI XQNVCIGU KP JKIJ
KORGFCPEG EKTEWKVU� 6JG CVVGPWCVQT UGVU VJG UGPUKVKXKV[ QH VJG QUEKNNQUEQRG KP VJG EQOOQP
����� UGSWGPEG� #U CP GZCORNG� VJG KPRWV CVVGPWCVQT EQWNF RTQXKFG HQT ����������������
O8� GVE RGT EGPVKOGVGT� 6JG KPRWV CVVGPWCVQT OWUV RTQXKFG VJG EQTTGEV ����� UGSWGPEG
CVVGPWCVKQP YJKNG OCKPVCKPKPI C EQPUVCPV KPRWV KORGFCPEG� CU YGNN CU OCKPVCKPKPI DQVJ
VJG KPRWV KORGFCPEG CPF CVVGPWCVKQP QXGT VJG HTGSWGPE[ TCPIG HQT YJKEJ VJG QUEKNNQUEQRG
YCU FGUKIPGF�

(KI ���� $NQEM &KCITCO QH VJG 8GTVKECN 5GEVKQP QH CP 1UEKNNQUEQRG

2TCEVKECNN[ CNN QUEKNNQUEQRGU RTQXKFG C UYKVEJCDNG KPRWV EQWRNKPI ECRCEKVCPEG� 6JKU KU
RTQXKFGF UQ VJCV OGCUWTGOGPVU QH C�E UKIPCNU OC[ DG XKGYGF KP VJG RTGUGPEG QH JKIJ FE
XQNVCIGU D[ KPENWFKPI VJG EQWRNKPI ECRCEKVQT� 9JGP F�E OGCUWTGOGPVU CTG VQ DG OCFG�
VJG ECRCEKVQT OC[ DG TGOQXGF� 6JG XCNWG QH VJG ECRCEKVQT KU EJQUGP UQ VJCV VJG
HTGSWGPE[ TGURQPUG QH VJG QUEKNNQUEQRG KU RTGUGTXGF FQYP VQ C HGY JGTV\�

6JG KPRWV KORGFCPEG QH CP QUEKNNQUEQRG KU �/ QJO UJWPVGF YKVJ DGVYGGP �� CPF �� R(�
+H C RTQDG YGTG EQPPGEVGF VQ VJG QUEKNNQUEQRG� VJG KPRWV KORGFCPEG QH VJG RTQDG VKR
YQWNF JCXG ITGCVGT ECRCEKVCPEG DGECWUG QH VJG CFFGF ECRCEKVCPEG QH VJG RTQDG
CUUGODN[ CPF QH VJG EQPPGEVKPI UJKGNFGF ECDNG� +V KU FGUKTCDNG� GURGEKCNN[ HQT JKIJ
HTGSWGPE[ QUEKNNQUEQRG� VQ JCXG KPRWV ECRCEKVCPEG OWEJ NGUU VJCP �� QT �� R(� CPF VJKU
KU CEJKGXGF D[ VJG WUG QH CP CVVGPWCVQT RTQDG�

$GECWUG VJG KPRWV ECRCEKVCPEG QH CP QUEKNNQUEQRG ECPPQV DG IWCTCPVGGF HTQO WPKV VQ
WPKV� VJG �� VQ � RTQDG KU RTQXKFGF YKVJ CP GCUKN[ CFLWUVCDNG EQORGPUCVKPI ECRCEKVQT� +H
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VJG TCVKQ QH VJG UGTKGU VQ UJWPV ECRCEKVCPEG KU PQV CFLWUVGF VQ DG RTGEKUGN[ �� VQ�� VJG
HTGSWGPE[ TGURQPUG QH VJG QUEKNNQUEQRG YKNN PQV DG HNCV�

6JG GHHGEVU QH KPEQTTGEV UGVVKPI QH CP QUEKNNQUEQRG EQORGPUCVKQP ECP TGCFKN[ DG UGGP D[
QDUGTXKPI C HCUV TKUG VKOG RWNUG +H VJG HTGSWGPE[ TGURQPUG QH VJG QUEKNNQUEQRG KU PQV
EQTTGEV� VJG RWNUG YKNN DG FKUVQTVGF CPF VJG EQORGPUCVKQP ECP DG CFLWUVGF VQ CEJKGXG VJG
NGCUV COQWPV QH FKUVQTVKQP�

/7.6+2.' 64#%'

+P VJG CPCN[UKU QH GNGEVTQPKE EKTEWKVU CPF U[UVGOU� KV KU XGT[ WUGHWN VQ DG CDNG VQ XKGY VJG
DGJCXKQWT QH VYQ QT OQTG XQNVCIG UKOWNVCPGQWUN[� 6JKU EQWNF DG CEEQORNKUJGF D[ WUKPI
VYQ QUEKNNQUEQRGU� #UKFG HTQO VJG GZRGPUG� KV KU FKHHKEWNV VQ VTKIIGT VJG UYGGR QH GCEJ
QUEKNNQUEQRG CV RTGEKUGN[ VJG UCOG VKOG VQ KPUWTG VJCV VJG UYGGR IGPGTCVQTU QRGTCVG
RTGEKUGN[ VJG UCOG� 'XGP KH CNN VJKU UJQWNF DG CEJKGXGF� VJG VYQ VTCEGU VQ DG XKGYGF YKNN
DG QP VYQ FKHHGTGPV QUEKNNQUEQRG VWDGU� CPF PQV QPG C VQR VJG QVJGT YJGTG VJG
EQORCTKUQP ECP DG OCFG GCUKN[�

6JGTG KU CP GNGICPV UQNWVKQP VQ VJKU RTQDNGO� YJKEJ TGSWKTGU C URGEKCN ECVJQFG TC[ VWDG
VJCV JCU VYQ UGRCTCVG GNGEVTQP IWPU IGPGTCVKPI VYQ UGRCTCVG DGCOU� 'CEJ GNGEVTQP
DGCO JCU KVU QYP XGTVKECN FGHNGEVKQP RNCVGU� DWV VJG VYQ DGCOU CTG FGHNGEVGF KP VJG
JQTK\QPVCN FKTGEVKQP D[ C EQOOQP UGV QH FGHNGEVKQP RNCVGU CPF FGHNGEVKQP IGPGTCVQT� 6JKU
KU ECNNGF C FWCN�DGCO ECVJQFG TC[ VWDG CPF KU QPN[ WUGF KP U[UVGOU YJGTG CDUQNWVG
KPFGRGPFGPEG QH VJG XGTVKECN EJCPPGNU KU TGSWKTGF�

# OQTG EQOOQP CPF NGUU EQUVN[ OGVJQF KU VQ WUG VJG FWCN VTCEG� CU QRRQUGF VQ FWCN
DGCO� OGVJQF� +P VJKU OGVJQF� VJG UCOG GNGEVTQP DGCO KU WUGF VQ IGPGTCVG VYQ VTCEGU
VJCV ECP DG FGHNGEVGF HTQO VYQ KPFGRGPFGPV XGTVKECN UQWTEGU� 1PG OGVJQF KU VQ FGHNGEV
VJG QUEKNNQUEQRG CPF FKURNC[ VJG HKTUV QT # XGTVKECN KPRWV� 6JGP VJG QUEKNNQUEQRG KU
VTKIIGTGF CPF VJG $ XGTVKECN KPRWV KU FKURNC[GF CV C FKHHGTGPV RQUKVKQP QP VJG QUEKNNQUEQRG
UETGGP� # DNQEM FKCITCO QH VJKU U[UVGO KU UJQYP KP HKI������ #P GNGEVTQPKE UYKVEJ KU WUGF
VQ UYKVEJ DGVYGGP VJG VYQ XGTVKECN UQWTEGU� YJKEJ CTG RTQEGUUGF KP UGRCTCVG XGTVKECN
CORNKHKGTU VJCV KPENWFG UGRCTCVG RQUKVKQP EQPVTQNU� 'CEJ VKOG VJG UYGGR IGPGTCVQT KU
VTKIIGTGF� VJG GNGEVTQPKE UYKVEJ KU EJCPIGF VQ VJG QVJGT EJCPPGN� 6JG FKUCFXCPVCIG QH VJKU
U[UVGO KU VJCV VJG FKURNC[ KU PQV CEVWCNN[ C TGRTGUGPVCVKQP QH VYQ UKOWNVCPGQWU GXGPVU�
VJG GXGPVU YGTG CV VYQ FKHHGTGPV VKOGU� +H VJG GXGPVU CTG E[ENKECN� VJKU OC[ PQV RQUG C
RTQDNGO� *QYGXGT� KH VJG GXGPVU CTG C UKPING QEEWTTGPEG VJKU CNVGTPCVG UYGGR OGVJQF YKNN
PQV RTQXKFG C VTWG RKEVWTG�

(KI� ���� $NQEM &KCITCO QH C &WCN 6TCEG 1UEKNNQUEQRG
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# UGEQPF OGVJQF KU VQ UYKVEJ HTQO QPG XGTVKECN EJCPPGN VQ VJG QVJGT CV UWEJ C TCRKF TCVG
VJCV VJG FKURNC[ KU ETGCVGF HTQO UOCNN UGIOGPVU QH VJG CEVWCN YCXGHQTO� 6JKU TGSWKTGU
VJCV VJG EJQRRKPI HTGSWGPE[ DG OWEJ ITGCVGT VJCP VJG KPRWV YCXGHQTO KP QTFGT VQ RTGXGPV
VJG FKURNC[ HTQO DGKPI WPTGEQIPK\CDNG� 6JG RTCEVKECN UYKVEJKPI URGGF QH CP GNGEVTQPKE
UYKVEJ YKNN NKOKV VJG HTGSWGPE[ ECRCDKNKV[ QH VJKU OGVJQF� CPF EJQRRKPI HTGSWGPEKGU CTG
WUWCNN[ NGUU VJCP ��� M*\� 6JG GNGEVTQPKE EKTEWKVU TGSWKTGF VQ IGPGTCVG VJG EJQR OGVJQF
QH FWCN VTCEG IGPGTCVKQP CTG RTGEKUGN[ VJG UCOG CU VJQUG WUGF VQ IGPGTCVG VJG
CNVGTPCVG OGVJQF� GZEGRV VJG GNGEVTQPKE UYKVEJ KU C JKIJ HTGSWGPE[ ENQEM TCVJGT VJCP VJG
VTKIIGT IGPGTCVQT�

$GECWUG VJGTG CTG UKIPKHKECPV CFXCPVCIGU CPF FKUCFXCPVCIGU YKVJ GCEJ U[UVGO� OQUV
QUEKNNQUEQRGU JCXG C UYKVEJ VJCV KU ECRCDNG QH UGNGEVKPI GKVJGT OGVJQF�

*14+<106#. &'(.'%6+10 5;56'/

+V KU VJG RWTRQUG QH OQUV NCDQTCVQT[ QUEKNNQUEQRGU VQ FGHNGEV VJG JQTK\QPVCN RQTVKQP QH VJG
VTCEG CV VJG EQPUVCPV TCVG TGNCVKXG VQ VKOG� YJKEJ KU QHVGP TGHGTTGF VQ CU NKPGCT UYGGR� 6JG
JQTK\QPVCN FGHNGEVKQP U[UVGO EQPUKUVU QH C VKOG DCUG IGPGTCVQT� C VTKIIGT EKTEWKV� CPF C
JQTK\QPVCN CORNKHKGT CU UJQYP KP HKI����� 6JG VKOG DCUG IGPGTCVQT EQPVTQNU VJG TCVG CV
YJKEJ VJG DGCO KU UECPPGF CETQUU VJG HCEG QH VJG ECVJQFG TC[ VWDG CPF KU CFLWUVGF HTQO
VJG HTQPV RCPGN� 6JG VTKIIGT EKTEWKV CU RTGXKQWUN[ FGUETKDGF � KPUWTGU VJCV VJG JQTK\QPVCN
UYGGR UVCTVU CV VJG UCOG RQKPV QH XGTVKECN KPRWV UKIPCN� 6JG JQTK\QPVCN CORNKHKGT KU UKOKNCT
VQ VJG XGTVKECN CORNKHKGT CPF KU TGSWKTGF VQ KPETGCUG VJG CORNKVWFG QH VJG UKIPCNU
IGPGTCVGF KP VJG UYGGR IGPGTCVQT VQ VJG NGXGN TGSWKTGF D[ VJG JQTK\QPVCN FGHNGEVKQP RNCVGU
QH VJG ECVJQFG TC[ VWDG�

6JG UYGGR IGPGTCVQT WUGU VJG EJCTIKPI EJCTCEVGTKUVKEU QH C ECRCEKVQT VQ IGPGTCVG NKPGCT
TKUG VKOG XQNVCIG VQ HGGF VQ VJG JQTK\QPVCN CORNKHKGT� 6JGTG CTG HQWT DCUKE V[RGU QH
UYGGRU�

C� (4'' 4700+0) 14 4'%744'06 59''2� +P VJG HTGG TWPPKPI QT TGEWTTGPV UYGGR�
VJG UYCVEJ YCXGHQTO KU TGRGVKVKXG� # PGY UYGGR KU UVCTVGF KOOGFKCVGN[ CHVGT VJG
RTGXKQWU UYGGR KU VGTOKPCVGF CPF VJG EKTEWKV KU PQV KPKVKCVGF D[ CP[ GZVGTPCN UKIPCN�

D� 64+))'4'& 59''2� # YCXGHQTO VQ DG QDUGTXGF QP %41 OC[ PQV DG RGTKQFKE DWV
OC[ RGTJCRU QEEWT CV KTTGIWNCT KPVGTXCNU� +P VJKU ECUG KV KU FGUKTCDNG VJCV VJG UYGGR
EKTEWKV TGOCKP KPQRGTCVKXG CPF VJG UYGGR DG KPKVKCVGF D[ VJG YCXGHQTO WPFGT
GZCOKPCVKQP� +P UQOG ECUGU VJG YCXGHQTO OC[ DG RGTKQFKE� DWV KV OC[ DG VJCV VJG
KPVGTGUVKPI RCTV QH VJG YCXGHQTO KU QH XGT[ UJQTV FWTCVKQP EQORCTGF VQ VJG RGTKQF QH
VJG YCXGHQTO� 7PFGT UWEJ ECUGU C VTKIIGTGF UYGGR KU WUGF�

+P VJG VTKIIGTGF UYGGR QT UKPING UYGGR� VJG URQV UYGRV QPEG CETQUU VJG UETGGP KP
TGURQPUG VQ C VTKIIGT UKIPCN� 6JG VTKIIGTGF UYGGR KU WUGF HQT GZCOKPCVKQP QH VTCPUKGPVU QT
QPG VKOG UKIPCN CPF VJG YCXGHQTO KU RJQVQITCRJGF HQT TGEQTF� 6JG VTKIIGT ECP DG
QDVCKPGF HTQO VJG UKIPCN WPFGT KPXGUVKICVKQP QT D[ CP GZVGTPCN UQWTEG�


C� &4+8'0 59''2� +P OQUV ECUGU� C FTKXGP UYGGR KU WUGF YJGTG VJG UYGGR KU
TGEWTTGPV DWV VTKIIGTGF D[ VJG UKIPCN WPFGT VGUV�
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D� 010 5#9 6116* 59''2�

(QT UQOG CRRNKECVKQPU NKMG EQORCTKUQP QH VYQ HTGSWGPEKGU QT HQT HKPFKPI RJCUG UJKHV
DGVYGGP VYQ XQNVCIGU� PQP�UCY VQQVJ UYGGR XQNVCIGU CTG WVKNK\GF HQT VJG UYGGR EKTEWKV�
5YGGR HTGSWGPEKGU XCT[ YKVJ VJG V[RG QH QUEKNNQUEQRG� # NCDQTCVQT[ QUEKNNQUEQRG OC[
JCXG YGGR HTGSWGPE[ WR VQ UGXGTCN /*\� C UKORNG QUEKNNQUEQRG HQT CWFKQ YQTM JCU CP
WRRGT NKOKV QH ��� M*\� /QUV 68 UGTXKEG TGSWKTG C UYGGR XQNVCIG HTGSWGPE[ WR VQ � /*\�

64+))'4+0)

6JG UYGGR FQGU PQV UVCTV WPVKN C VTKIIGTKPI RWNUG KU TGEGKXGF HTQO VJG VTKIIGTKPI EKTEWKV�
6JG TGNCVKQP DGVYGGP VJG UYGGR IGPGTCVQT CPF VJG VTKIIGT RWNUGU� YJKEJ TGRTGUGPV VJG
UCOG RQKPV QH VJG KPRWV YCXGHQTO� KU UJQYP KP HKI������ 6JG UYGGR FQGU PQV WUWCNN[
VTKIIGT HQT GCEJ E[ENG QH VJG XGTVKECN KPRWV YCXGHQTO WPNGUU VJG UYGGR RNWU VJG JQNF QHH
VKOG KU NGUU VJCP VJG RGTKQF QH VJG KPRWV� +P UQOG QUEKNNQUEQRGU VJG JQNF QHH VKOG ECP DG
CFLWUVGF HTQO VJG HTQPV RCPGN VQ HCEKNKVCVG UVCDNG VTKIIGTKPI HTQO EQORNGZ YCXGHQTOU�

(KI� ���� 4GNCVKQP $GVYGGP VJG 6TKIIGT 2WNUG � 5YGGR KP CP 1UEKNNQUEQRG

9JGP VJG QUEKNNQUEQRG JCU PQV DGGP VTKIIGTGF� VJG GNGEVTQP DGCO KP VJG ECVJQFG TC[
VWDG KU VWTPGF QHH QT DNCPMGF� 1VJGTYKUG� C DTKIJV URQV YKNN CRRGCT CV VJG NGHV UKFG QH VJG
UETGGP CPF YKNN KP C UJQTV RGTKQF QH VKOG FGUVTQ[ VJG RJQURJQT EQCVKPI CV VJCV RQKPV� +P
CFFKVKQP� VJG GNGEVTQP DGCO KU VWTPGF QHH QT DNCPMGF FWTKPI VJG TGVTCEG� 6JG KOCIG
RCKPVGF D[ VJG TGVTCEG KU TGXGTUGF KP VKOG CPF QH C FKHHGTGPV TCVG� +V VJGTGHQTG RTQXKFGU PQ
WUGHWN KPHQTOCVKQP CPF ENWVVGTU VJG FGUKTGF VTCEG� )GPGTCNN[� KP CP QUEKNNQUEQRG VJG VTCEG
KU DNCPMGF CPF UKIPCNU CTG CRRNKGF VQ WPDNCPM VJG VTCEG� 9JGP VJG VTKIIGTKPI EKTEWKV
UWRRNKGU C PGICVKXG IQKPI RWNUG VQ CNNQY VJG ECRCEKVQT KP VJG UYGGR EKTEWKV VQ EJCTIG CPF
UVCTV VJG UYGGR� VJG UCOG RWNUG KU WUGF VQ WPDNCPM VJG DGCO�

5;0%*410+<#6+10

9JCVGXGT V[RG QH UYGGR KU WUGF KV OWUV DG U[PEJTQPK\GF YKVJ VJG UKIPCN DGKPI
OGCUWTGF� 5[PEJTQPK\CVKQP JCU VQ DG FQPG VQ QDVCKP C UVCVKQPCT[ RCVVGTP� 6JKU TGSWKTGU
VJCV VJG VKOG DCUG DG QRGTCVGF CV C UWD�OWNVKRNG HTGSWGPE[ QH VJG UKIPCN WPFGT
OGCUWTGOGPV 
CRRNKGF VQ ; RNCVGU��+H U[PEJTQPK\CVKQP KU PQV FQPG� VJG RCVVGTP KU PQV
UVCVKQPCT[� DWV CRRGCTU VQ FTKHV CETQUU VJG UETGGP KP C TCPFQO HCUJKQP�
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5174%'5 1( 5;0%*410+<#6+10

6JGTG CTG VJTGG WUWCN UQWTEGU HQT U[PEJTQPK\CVKQP� YJKEJ ECP DG UGNGEVGF� 5[PEJTQPK\KPI
UGNGEVQTU�
K� +PVGTPCN� +P VJKU V[RG QH U[PEJTQPK\CVKQP� VJG VTKIIGT KU QDVCKPGF HTQO VJG UKIPCN

DGKPI OGCUWTGF VJTQWIJ VJG XGTVKECN CORNKHKGT�
KK� 'ZVGTPCN� +P VJKU OGVJQF� CP GZVGTPCN VTKIIGT UQWTEG KU CNUQ WUGF VQ VTKIIGT QT

KPKVKCVG VJG UKIPCN DGKPI OGCUWTGF�

.+0'

+P VJKU ECUG �VJG VTKIIGT KU QDVCKPGF HTQO VJG RQYGT UWRRN[ VQ VJG %41�

$.#0-+0) %+4%7+6

6JG UCYVQQVJ UYGGR XQNVCIG CRRNKGF VQ VJG : RNCVGU OQXGU VJG DGCO CETQUU VJG %46
VWDG KP C UVTCKIJV JQTK\QPVCN NKPG HTQO NGHV VQ TKIJV FWTKPI VJG UYGGR QT VTCEG VKOG 6� #
EQORCTCVKXGN[ UNQY OQXGOGPV QH VJG URQV YKNN CRRGCTU CU C UQNKF NKPG� RTQXKFGF VJG TCVG
QH VJG OQXGOGPV GZEGGFU VJG VJTGUJQNF QH RGTUKUVGPEG QH XKUKQP� $GNQY VJKU VJTGUJQNF
NKOKV� C OQXKPI URQV KU RGTEGKXGF�

1P VJG QVJGT JCPF� VJG EQORCTCVKXGN[ TCRKF OQXGOGPV QH URQV YKNN CRRGCT CU C VJKP CPF
FKO NKPG� QT OC[ DG KPXKUKDNG� 6JWU KH VJG TGVTCEG QT HN[DCEM VKOG KU XGT[ UOCNN� VJG URQV
TGOCKPU KPXKUKDNG� +P CP KFGCN ECUG VJG HN[DCEM VKOG 6� KU \GTQ CPF JGPEG VJG URQV YJKNG
OQXKPI HTQO TKIJV VQ NGHV TGOCKPU KPXKUKDNG� *QYGXGT KP CEVWCN RTCEVKEG VJG HN[DCEM VKOG KU
PQV \GTQ CPF VJGTGHQTG VJG TGVTCEG OC[ ECWUG EQPHWUKQP� 6JWU VJG TGVTCEG UJQWNF DG
GNKOKPCVGF QT DNCPMGF QWV� 6JG TGVTCEG KU DNCPMGF QWV D[ CRRN[KPI C JKIJ PGICVKXG XQNVCIG
VQ VJG ITKF FWTKPI VJG HN[DCEM RGTKQF 6� 6JG DNCPMKPI XQNVCIG KU WUWCNN[ FGXGNQRGF D[
UYGGR IGPGTCVQT�

+06'05+6; /1&7.#6+10

+PVGPUKV[ OQFWNCVKQP 
\�CZKU OQFWNCVKQP� KU FQPG D[ KPUGTVKPI C UKIPCN DGVYGGP VJG
ITQWPF CPF VJG ECVJQFG 
QT EQPVTQN ITKF�� <�CZKU OQFWNCVKQP KU CRRNKGF PQTOCNN[ FWTKPI
XKUKDNG RQTVKQP QH VJG VTCEG�

6JG \�CZKU OQFWNCVKQP ECP DG WUGF HQT DTKIJVGPKPI VJG FKURNC[� 2GTKQFKE RQUKVKXG RWNUGU
CTG CRRNKGF VQ VJG ITKF CNVGTPCVGN[ PGICVKXG RWNUGU CTG CRRNKGF VQ VJG ECVJQFG VQ DTKIJVGP
VJG DGCO FWTKPI KVU UYGGR RGTKQF� 6JGUG RGTKQFKECNN[ DTKIJVGPGF URQVU OC[ DG WUGF CU
OCTMGTU HQT VKOG ECNKDTCVKQP QH VJG VTCEG�

215+6+10+0) %10641.5

+V KU PGEGUUCT[ VQ RTQXKFG UQOG OGCPU QH RQUKVKQPKPI VJG VTCEG QP VJG UETGGP� 6JG
RQUKVKQPKPI QH VJG VTCEG KU FQPG D[ CRRN[KPI UOCNN KPFGRGPFGPV� KPVGTPCN F�E XQNVCIG VQ VJG
FGHNGEVKPI RNCVGU CPF EQPVTQN ECP DG GZGTEKUGF D[ XCT[KPI VJG XQNVCIG YKVJ JGNR QH
RQVGPVKQOGVGTU�
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(1%75 %10641.

#U OGPVKQPGF GCTNKGT� VJG HQEWUUKPI GNGEVTQFG CEVU NKMG C NGPU YJQUG HQECN NGPIVJ ECP DG
EJCPIGF� 6JKU EJCPIG ECP DG DTQWIJV CDQWV D[ EJCPIKPI VJG RQVGPVKCN QH VJG HQEWUKPI
CPQFG�

+06'05+6; %10641.

6JG KPVGPUKV[ QH VJG DGCO KU XCTKGF D[ VJG KPVGPUKV[ EQPVTQN RQVGPVKQOGVGT� YJKEJ EJCPIGU
VJG ITKF RQVGPVKCN YKVJ TGURGEV VQ ECVJQFG� 6JG ITKF RQVGPVKCN FGVGTOKPGU VJG COQWPV QH
GNGEVTQPU NGCXKPI VJG ECVJQFG CPF VJWU EQPVTQNU VJG KPVGPUKV[ QH VJG DGCO�

%#.+$4#6+10 %+4%7+6

.CDQTCVQT[ QUEKNNQUEQRGU PQTOCNN[ JCXG CP KPVGTPCNN[ IGPGTCVGF CPF UVCDKNK\GF XQNVCIG QH
MPQYP CORNKVWFG� YJKEJ KU WUGF HQT ECNKDTCVKQP RWTRQUGU� 7UWCNN[ VJG ECNKDTCVKPI XQNVCIG
JCU C USWCTG YCXGHQTO�

#56+)/#6+5/

+P OQUV OQFGTP QUEKNNQUEQRGU VJGTG KU CP CFFKVKQPCN HQEWUKPI EQPVTQN OCTMGF
CUVKIOCVKUO� 6JKU KU WUGF VQ EQTTGEV CP GHHGEV� YJKEJ GZCEVN[ KU CPCNQIQWU VQ CUVKIOCVKUO
KP QRVKECN NGPUGU� 6Q HQEWU VJG URQV EQTTGEVN[� UYKVEJKPI QHH VJG VKOG DCUG CPF CFLWUVKPI
VJG : CPF ; RQUKVKQPKPI EQPVTQNU� 6JG URQV KU VJGP OCFG CU UJCTR CU RQUUKDNG D[
UWEEGUUKXG CFLWUVOGPV QH HQEWU CPF CUVKIOCVKUO EQPVTQNU�

Review Questions

�� 9TKVG C UJQTV PQVG QP UQNFGTKPI RTQEGUU�
�� 9JCV CTG VJG EQPUKFGTCVKQPU HQT JCPFNKPI VJG %/15 FGXKEGU!
�� 9JKEJ RCTCOGVGTU ECP DG OGCUWTGF D[ /WNVKOGVGT!
�� 9TKVG UJQTV PQVG QP %41�
�� 9JCV CTG VJG XCTKQWU EQPVTQNU QP %41!
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%*#26'4�(+(6''0

611.5�#0&�#+&5

(GCVWTGU�

���� +PVTQFWEVKQP

���� 6[RGU QH 6QQNU
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���� +0641&7%6+10

6JG V[RG CPF XCTKGV[ QH VQQNU CPF VGUV GSWKROGPV VJCV C RTQHGUUKQPCN VGEJPKEKCP
RQUUGUUGU JCXG C FKTGEV KORCEV QP JKU GHHKEKGPE[ VQ FQ VJG LQD�

���� 6;2'5�1(�611.5

6JG VQQNU YJKEJ CTG IGPGTCNN[ WUGF KP GNGEVTQPKE GSWKROGPV UGTXKEKPI RTCEVKEG CTG �


C� 2NKGTU� VYGG\GTU� YKTG UVTKRRGTU�

D� %WVVGT

E� 5ETGY FTKXGTU � XCTKQWU UK\GU�

F� $TWUJGU � UQHV CPF JCTF�

G� 5QNFGTKPI KTQPU

H� &GUQNFGTKPI RWOR� FGUQNFGTKPI YKTG�

#NN VJGUG VQQNU CTG KORQTVCPV KP CP GNGEVTQPKE YQTMUJQR�

2NKGTU� 2NKGTU CTG HTGSWGPVN[ WUGF VQ JQNF YKTGU KP RNCEG FWTKPI UQNFGTKPI� CEVKPI CU C
JGCV UKPM VQ RTQVGEV C FGNKECVG EQORQPGPV� DGPFKPI EQORQPGPV NGCFU VQ HKV OQWPVKPI
JQNGU QP C EKTEWKV DQCTF CPF RWNNKPI YKTGU VJTQWIJ C 2%$ JQNG�

1PG UKPING FGUKIP KP RNKGTU ECPPQV OGGV CNN VJG FGOCPFU� 6JWU VJGTG CTG OCP[ V[RGU QH
RNKGTU� 5QOG RNKGTU JCXG EWVVKPI MPKXGU CNUQ� # NQPI PQUG RNKGTU KU OQUV WUGHWN CPF
CFGSWCVG HQT OQUV QH VJG LQDU�

2NKGTU JCXG FKHHGTGPV UJCRGU QH JCPFNGU� VJG OQUV EQOOQP CTG YKVJ EWTXGF JCPFNGU�
'ZVGPFGF JCPFNGU CTG RTQXKFGF QP UQOG NQPI PQUG RNKGTU HQT NQPIGT TGCEJ�

%WVVGTU� %WVVGTU CTG GUUGPVKCN VQQNU HQT EQORQPGPV NGCF EWVVKPI CPF TGOQXKPI KPUWNCVKQP
RTKQT VQ UQNFGTKPI� %WVVGTU UJQWNF DG QH UKFG EWVVGT 
HNWUJ EWVVGT�UWTHCEG EWVVGT�� 2TGHGTCDN[
EWVVGT UJQWNF JCXG KPUWNCVGF ITKRU� 6JG[ UJQWNF DG UNKO NKPG CPF NKIJV YGKIJV HQT RTGEKUKQP
YQTM�

6JG VKRU QH VJG EWVVGTU UJQWNF DG VCRGTGF VQ CNNQY VJG WUGT VQ TGCEJ C RCTVKEWNCT YKTG KP C
ETQYFGF CTGC� %WVVGT DNCFGU UJQWNF DG XGT[ YGNN CNKIPGF UQ VJCV EWVVKPI GFIGU OGGV
USWCTGN[ CPF CNNQY NKVVNG QT PQ NKIJV VQ RCUU VJTQWIJ YJGP JGNF VQIGVJGT� %WVVGT CEVKQP
UJQWNF DG UOQQVJ CPF ENGCP� %WVVGT UJQWNF PQTOCNN[ DG WUGF VQ EWV EQRRGT YKTG QT NGCFU
QH EQORQPGPVU�

9KTG 5VTKRRGT� +V KU FKHHKEWNV VQ UVTKR VJG YKTG YKVJ VJG EWVVGTU� 6JWU 9KTG 5VTKRRGTU CTG
WUGF VQ TGOQXG KPUWNCVKQP HTQO VJG YKTGU� 6JG OQUV EQOOQPN[ WUGF UVTKRRGTU CTG QH
EWVVKPI V[RG� +P UVTKRRGTU VJGTG CTG VYQ UGVU QH LCYU� QPG UGV QH LCYU JQNFU VJG YKTG CPF
CPQVJGT UGV QH LCYU JQNF VJG UNGGXG QH YKTG CPF RWNN KV CRCTV� +V JCU VYQ JCPFNGU� 6JG UGV
QH LCYU QRGTCVG YJGP VJG LCY	U JCPFNG KU RTGUUGF VQIGVJGT�

9TGPEJGU� 6JG XCTKQWU V[RGU QH YTGPEJGU CTG � EQODKPCVKQP� QRGP�GPF CPF DQZ
YTGPEJGU� CFLWUVCDNG YTGPEJGU� UQEMGV YTGPEJGU� EQODKPCVKQP YTGPEJ UGV� VQTSWG
YTGPEJGU CPF RKRG YTGPEJ�
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+P ECUG QH GNGEVTQPKE GSWKROGPV� #NNGP 9TGPEJ CPF $TKUVQN 9TGPEJGU CTG EQOOQPN[
WUGF� 6JG YTGPEJ KU CP GZEGNNGPV VQQN HQT CRRN[KPI VQTSWG VQ VJG VCUM QH VWTPKPI DQNVU� PWVU
CPF UJCHVU� *GZCIQPCN MG[U 
#NNGP MG[U� FQ VJG UCOG LQD CU YTGPEJ CPF CTG ECNNGF
*GZCIQPCN 9TGPEJGU QT #NNGP 9TGPEJGU� #NNGP 9TGPEJGU CTG OQUV WUGHWN HQT QRGPKPI
OCP[ EQPVTQN MPQDU�

5ETGY &TKXGTU� # XCTKGV[ QH UK\GU CPF V[RGU QH UETGYFTKXGTU CTG TGSWKTGF KP VJG
GSWKROGPV UGTXKEKPI RTCEVKEG� 6JG JCPFNG QH VJG UETGYFTKXGT KU WUWCNN[ OCFG QH VQWIJ
VTCPURCTGPV RNCUVKE� +VU UOQQVJ CPF UGOK TQWPFGF EQTPGTU HKV VJG RCNO EQOHQTVCDN[ HQT
CRRN[KPI VJG RQYGT PGGFGF VQ QRGP C UETGY� 6JG DNCFG QH VJG UETGYFTKXGT KU OCFG QH
UVGGN� YJKEJ KU JGCV VTGCVGF CPF VCORGTGF VQ CRRN[ VQTSWG VQ VJG UETGY JGCF� 0QTOCNN[
VJG DNCFG KU EJTQOG RNCVGF�

5ETGYFTKXGT V[RGU CTG�


C� 6KR UJCRG�NKMG 2JKNKRU 
� 
D� $NCFG V[RG TGIWNCT�

$NCFG UETGYFTKXGTU EQOG KP C PWODGT QH UK\GU� 0QTOCNN[ HKXG UK\GU CTG RTQXKFGF KP C
UETGYFTKXGT UGV�

2JKNKRU UETGYU CTG VJQUG YKVJ UVCT�UJCRGF JQNGU KP VJGKT JGCF CU QRRQUGF VQ UVTCKIJV
UNQVU� (QT QRGPKPI VJGUG UETGYU UVCT�UJCRGF 
� UETGY FTKXGT KU WUGF� YJKEJ KU ECNNGF C
2JKNKRU 5ETGY &TKXGT�

%JGOKECNU TGSWKTGF HQT UGTXKEKPI� %JGOKECN VQQNU� YJKEJ CTG IGPGTCNN[ GORNQ[GF�
KPENWFG�


C� 5QNXGPVU

D� #FJGUKXGU

E� .WDTKECPVU

5QNXGPVU� 5QNXGPVU CTG WUGF HQT ENGCPKPI RWTRQUGU� 5QNXGPVU EQOG GKVJGT CU CGTQUQNU

URTC[ UQNXGPVU� QT CU NKSWKFU� 8CTKQWU V[RGU QH UQNXGPVU VJCV CTG CXCKNCDNG CTG 0QP�
.WDTKECVKPI %NGCPGTU� .WDTKECVKPI %NGCPGTU� (QCO�V[RG %NGCPGTU�

0QP�.WDTKECVKPI %NGCPGTU CTG WUGF VQ TGOQXG FWUV HTQO EKTEWKV DQCTFU� OGEJCPKECN
CUUGODNKGU CPF RCTVU NKMG OCIPGVKE VCRG JGCFU�

.WDTKECVKPI %NGCPGTU UJQWNF PQV DG WUGF HQT CRRNKECVKQPU KP YJKEJ VJG NWDTKECPV KU NKMGN[ VQ
CVVTCEV FWUV CHVGT KVU CRRNKECVKQP� CU VJG FWUV ETGCVGU HTKEVKQP KP OQXKPI RCTVU� .WDTKECVKPI
ENGCPGTU CTG RTGHGTTGF KP RQVGPVKQOGVGTU CPF UYKVEJGU�

(QCO V[RG %NGCPGTU CTG URGEKCNN[ OCFG EQORQWPFU� YJKEJ CTG RCEMGF CU URTC[� 6JGUG
EQORQWPFU EQPVCKP OKNF CDTCUKXGU KP C VJKEM XKUEQWU 
JKIJ�FGPUKV[� DCUG�

#FJGUKXGU� #FJGUKXGU CTG WUGF VQ HCUVGP VYQ RKGEGU VQIGVJGT TGNKCDN[ CPF SWKEMN[� 6JG[
ECP DG WUGHWN KH VJG DTQMGP RCTVU CTG WPCXCKNCDNG QT KP ECUGU NKMG ECDKPGVU�

'RQZ[� 'RQZ[ KU WPKXGTUCN CFJGUKXGU VJCV JCXG C XCTKGV[ QH UGVVKPI VKOG � XKUEQUKV[�
'RQZ[ DKPFU OQUV OCVGTKCNU� KPENWFKPI OGVCNU� INCUU� EGTCOKEU� TWDDGT� HKDGT CPF OQUV
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RNCUVKEU 
GZEGRV P[NQP CPF UKOKNCT EQORQWPFU�� 'RQZ[ DQPF UVTGPIVJ KU IGPGTCNN[ UCOG
CU VJG UVTGPIVJ QH DQPFGF OCVGTKCNU VJGOUGNXGU�

.WDTKECPVU� .WDTKECPVU CTG TGSWKTGF VQ NWDTKECVG OQXKPI RCTVU QH GSWKROGPV� 2CTVU VJCV
UNKFG CICKPUV GCEJ QVJGT TGSWKTG HTGSWGPV NWDTKECVKQP� 9JGP� NWDTKECVKPI UOCNN
OGEJCPKUOU� VJG NGUUGT SWCPVKV[ QH NWDTKECPV UJQWNF DG WUGF�

(QT IGCT VTCKPU� DGCTKPIU C IQQF ITCFG QH NKIJV�DQFKGU ITGCUGU UJQWNF DG WUGF� 6JKU
RTQXKFGU NQPI NCUVKPI NWDTKECVKQP� 6JG ITGCUG FQGU PQV QZKFK\G QT DGEQOGU IWOO[ HQT C
NQPI VKOG�

(TGG\G 5RTC[U� (TGG\G 5RTC[U CU VJG PCOG IQGU� CTG URTC[U� 6JGUG URTC[U CTG WUGF VQ
EQQN UWURGEVGF EQORQPGPVU� YJKEJ IGV JGCVGF FWTKPI VJG QRGTCVKQP QH VJG GSWKROGPV�

9JGP CP[ EQORQPGPV IGVU JGCVGF DG[QPF TGCUQPCDNG CNNQYGF NKOKVU� KV UVCTVU DGJCXKPI
GTTCVKECNN[� 6JKU NGCFU VQ VJG VQVCN GSWKROGPV DGJCXKPI CDPQTOCNN[ QT VQVCNN[ UJWV FQYP�
6Q VTQWDNG UJQQV VJG RTQDNGO� YG PQTOCNN[ EQQN VJG UWURGEVGF EQORQPGPV YKVJ HTGG\G
URTC[U� VJG GSWKROGPV VJGP UVCTVU DGJCXKPI PQTOCNN[ HQT UQOGVKOG� #HVGT VJG RCUUCIG QH
UQOG VKOG KH CICKP VJG GSWKROGPV DGJCXGU GTTCVKECNN[� VJGP KV KU ENGCT VJCV KV YCU DGECWUG
QH VJG JGCVGF EQORQPGPV�

(TGG\G URTC[U FQ PQV JCTO VJG 2%$� *QYGXGT� VJGKT WUG UJQWNF DG CXQKFGF CTQWPF ENGCT
RNCUVKE QT ECDKPGV RNCUVKE QT CP[ RCKPVGF HKPKUJ�

#PQVJGT WUG QH HTGG\G URTC[U KU VQ FKUCUUGODNG VKIJV HKVVKPI OGVCN RCTVU� CU EQQNKPI VJG
KPUKFG RKGEG YKNN TGFWEG KVU UK\G VGORQTCTKN[�

Review Questions

�� 9JCV KU VJG FKHHGTGPEG DGVYGGP C EWVVGT CPF YKTG UVTKRRGT!
�� 9JCV CTG VJG EJGOKECN VQQNU!
�� 9JCV KU VJG WUG QH HTGG\G URTC[U!
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$+$.+1)4#2*;

�� $CUKE�'NGEVTQPKEU

����)TQDG

����2WDNKECVKQP���/E)TCY�*KNN

�� $CUKE�'NGEVTQPKEU

����(N[QF���'FDCTI

- 2WDNKECVKQP��/E)TCY�*KNN

�� /QFGTP�'NGEVTQPKE�'SWKROGPV���6TQWDNGUJQQVKPI�
��4GRCKT�CPF�/CKPVGPCPEG

- -JCPFRWT��4�5�

�����2WDNKECVKQP���6CVC�/E)TCY�*KNN

�� +$/�CPF�%NQPGU���*CTFYCTG�6TQWDNGUJQQVKPI�CPF
��/CKPVGPCPEG

����)QXKPFCTCLCNW

����2WDNKECVKQP���6CVC�/E)TCY�*KNN�

�� 2TKPEKRNG�QH�'NGEVTQPKEU

����8��-��/GJVC


