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Introduction
7KH�+3 ��*�SURYLGHV�QXPHURXV�WRROV�IRU�FUHDWLQJ��PDQLSXODWLQJ��DQG�
DQDO\]LQJ�YHFWRUV��OLVWV��DUUD\V��DQG�PDWULFHV��9HFWRUV�RI�DQ\�GLPHQVLRQ�
FDQ�EH�FUHDWHG��FRPPDQGV�FDQ�EH�PDGH�WR�RSHUDWH�RYHU�PXOWLSOH�HOHPHQWV�
LQ�D�OLVW��DQG�PDWULFHV�FDQ�EH�XVHG�WR�VSHFLI\�VWDWLVWLFDO�GDWD�DQG�WR�VROYH�
V\VWHPV�RI�OLQHDU�HTXDWLRQV�
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Vectors
$�YHFWRU�LV�D�ZD\�RI�UHSUHVHQWLQJ�TXDQWLWLHV�WKDW�DUH�PHDVXUHG�ERWK�E\�
PDJQLWXGH�DQG�E\�GLUHFWLRQ��$Q�H[DPSOH�LV�YHORFLW\�

0RVW�RIWHQ�\RX�ZLOO�ZRUN�ZLWK����DQG���GLPHQVLRQDO�YHFWRUV��DOWKRXJK�
YHFWRUV�RI�DQ\�GLPHQVLRQ�DUH�SRVVLEOH��7KH�+3 ��*�HQDEOHV�\RX�WR�VSHFLI\��
DQG�ZRUN�ZLWK��YHFWRUV�RI�DQ\�GLPHQVLRQ�

$���GLPHQVLRQDO�YHFWRU�FDQ�EH�GHVFULEHG�LQ�UHFWDQJXODU�QRWDWLRQ�>[��\@¦�
RU�LQ�SRODU�QRWDWLRQ¦>U� θ@��)RU���GLPHQVLRQDO�YHFWRUV��\RX�FDQ�XVH�
UHFWDQJXODU�QRWDWLRQ¦>[��\��]@¦�F\OLQGULFDO�QRWDWLRQ¦>U� θ��]@¦RU�
VSKHULFDO�QRWDWLRQ¦>U, θ��φ@��$OO�WKHVH�QRWDWLRQV�DUH�DYDLODEOH�ZLWK�WKH�
+3 ��*�

Creating vectors

<RX�VKRXOG�ILUVW�GHFLGH�RQ�WKH�QRWDWLRQ�\RX�ZDQW�WR�XVH�

Selecting vector notation

7KH�FXUUHQWO\�VHW�QRWDWLRQ�LV�LQGLFDWHG�E\�WKH�FRRUGLQDWHV�DQQXQFLDWRU��;<=�
LQGLFDWHV�UHFWDQJXODU�QRWDWLRQ��5a=�LQGLFDWHV�F\OLQGULFDO�QRWDWLRQ��DQG�5aa�
LQGLFDWHV�VSKHULFDO�QRWDWLRQ��<RX�QHHG�WR�FKRRVH�D�QHZ�QRWDWLRQ�LI�WKH�
FXUUHQWO\�VHW�QRWDWLRQ�LV�QRW�WKH�RQH�\RX�ZDQW�WR�XVH���1RWH��\RX�PXVW�
FKRRVH�SRODU�QRWDWLRQ�LI�\RX�DUH�FUHDWLQJ�D���'�F\OLQGULFDO�YHFWRU��

�� 3UHVV�h�WR�GLVSOD\�WKH�&DOFXODWRU�0RGHV�LQSXW�IRUP�

�� 6HW�WKH�&RRUGLQDWH�6\VWHP�ILHOG�WR�WKH�QRWDWLRQ�WKDW�\RX�ZDQW���6HH�
SDJH������IRU�LQIRUPDWLRQ�RQ�FKDQJLQJ�WKH�ILHOGV�RQ�DQ�LQSXW�IRUP��

�� 3UHVV�2.�WR�VHW�WKH�QRWDWLRQ�\RX�FKRVH�

Selecting an angle unit

7KH�FXUUHQWO\�VHW�DQJOH�XQLW�LV�LQGLFDWHG�E\�WKH�DQJOH�DQQXQFLDWRU��
'(* LQGLFDWHV�GHJUHHV��5$' LQGLFDWHV�UDGLDQV¦WKH�GHIDXOW�VHWWLQJ¦DQG�
*5' LQGLFDWHV�JUDGLDQV��,I�\RX�LQWHQG�WR�XVH�D�YHFWRU�QRWDWLRQ�WKDW�UHTXLUHV�
DQ�DQJOH�PHDVXUHPHQW�DQG�WKH�FXUUHQW�DQJOH�XQLW�LV�QRW�ZKDW�\RX�ZDQW��
UHVHW�WKH�XQLW�EHIRUH�HQWHULQJ�\RXU�YHFWRU��6HH�§&KDQJLQJ�D�PRGH¨�RQ�
SDJH �����IRU�LQVWUXFWLRQV�RQ�UHVHWWLQJ�WKH�DQJOH�XQLW�
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Entering vectors

<RX�HQWHU�D�YHFWRU�E\�VSHFLI\LQJ�LWV�FRPSRQHQWV�EHWZHHQ�VTXDUH�EUDFNHWV�

�� 3UHVV�<�+

�� (QWHU�WKH�ILUVW�FRPSRQHQW�

,I�\RX�DUH�HQWHULQJ�D�UHDO�YHFWRU�UDWKHU�WKDQ�D�V\PEROLF�YHFWRU��
LPPHGLDWHO\�IROORZ�HDFK�FRPSRQHQW�ZLWK�D�GHFLPDO�SRLQW��DV�LQ�WKH�
H[DPSOH�EHORZ��

�� (QWHU�HDFK�VXEVHTXHQW�FRPSRQHQW��
6HSDUDWH�UHFWDQJXODU�FRPSRQHQWV�ZLWK�D�
FRPPD�EXW�SUHFHGH�DQ�DQJXODU�
FRPSRQHQW�ZLWK�WKH�DQJOH�VLJQ��a���7KH�
DQJOH�VLJQ�FDQ�EH�HQWHUHG�E\�SUHVVLQJ�
`>���

�� 3UHVV�\�

<RX�FDQ�DOVR�HQWHU�D�YHFWRU�E\�FUHDWLQJ�D�VLQJOH�URZ�PDWUL[�ZLWK�0DWUL[�
:ULWHU��7KLV�LV�H[SODLQHG�ODWHU�LQ�WKLV�FKDSWHU�

,I�WKH�FRRUGLQDWHV�QRWDWLRQ�GRHV�QRW�PDWFK�
\RXU�HQWU\��WKH�+3 ��*�FRQYHUWV�\RXU�HQWU\�
WR�WKDW�QRWDWLRQ��,Q�WKH�H[DPSOH�DW�WKH�ULJKW��
WKH�VHFRQG�DUJXPHQW¦��¦LV�FRQYHUWHG�WR�
DQ�DQJOH�PHDVXUHPHQW�EHFDXVH�WKH�
FRRUGLQDWHV�QRWDWLRQ�LV�VHW�WR�SRODU�
�LQGLFDWHG�E\�WKH�SRODU�DQQXQFLDWRU���1RWH�WKDW�V\PEROLF�YHFWRUV¦
LQFOXGLQJ�WKRVH�ZLWK�LQWHJHU�HOHPHQWV¦DUH�QRW�FRQYHUWHG�WR�WKH�DQJOH�
PHDVXUHPHQWV�

Vector mathematics

7ZR�YHFWRUV�FDQ�EH�DGGHG�DQG�VXEWUDFWHG�RQ�WKH�+3 ��*�MXVW�DV�UHDO�
QXPEHUV�DUH�DGGHG�DQG�VXEWUDFWHG��)RU�LQVWDQFH��WR�DGG�WZR�YHFWRUV��
HQWHU�WKH�ILUVW�YHFWRU��SUHVV�=��HQWHU�WKH�VHFRQG�YHFWRU�DQG�SUHVV�\�

<RX�FDQ�DOVR�PXOWLSO\�DQG�GLYLGH�D�YHFWRU�E\�D�VFDODU��

7KH�+3 ��*�DOVR�SURYLGHV�D�QXPEHU�RI�VSHFLDO�FRPPDQGV�IRU�ZRUNLQJ�
ZLWK�YHFWRUV��7KUHH�RI�WKHVH�FRPPDQGV¦DEVROXWH�PDJQLWXGH��GRW�
SURGXFW��DQG�FURVV�SURGXFW¦DUH�GHVFULEHG�LQ�GHWDLO�LQ�WKH�QH[W�WKUHH�
VHFWLRQV�
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Absolute magnitude

7KH�DEVROXWH�PDJQLWXGH�RI�D�YHFWRU¦DOVR�NQRZQ�DV�WKH�VFDODU�
PDJQLWXGH¦LV�WKH�VTXDUH�URRW�RI�WKH�VXP�RI�WKH�VTXDUHV�RI�WKH�YDOXH�RI�
HDFK�HOHPHQW��

7R�FDOFXODWH�WKH�DEVROXWH�PDJQLWXGH�RI�>�����@�

�� 3UHVV�<Z�

�� 3UHVV�<+�

�� (QWHU���>I���>I��

�� 3UHVV\�

7KH�UHVXOW�LV� �

$Q�H[DPSOH�ZKHUH�\RX�QHHG�WR�FDOFXODWH�WKH�DEVROXWH�PDJQLWXGH�LV�LQ�
ILQGLQJ�WKH�XQLW�YHFWRU��7KH�XQLW�YHFWRU�LV�IRXQG�E\�GLYLGLQJ�WKH�JLYHQ�
YHFWRU�E\�LWV�PDJQLWXGH�

6XSSRVH�\RX�ZDQW�WR�ILQG�WKH�XQLW�YHFWRU�RI�>���@�

�� 3UHVV�< + � >I � }�WR�HQWHU�WKH�
QXPHUDWRU�

�� 3UHVV�z�

�� 3UHVV�<Z�

�� 3UHVV�<+���>I���WR�FRPSOHWH�WKH�
GHQRPLQDWRU�

�� 3UHVV�\�WR�REWDLQ�WKH�XQLW�YHFWRU��ZKLFK�LQ�WKLV�FDVH�LV�
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Dot product

7KH�GRW�SURGXFW�RI�WZR�YHFWRUV�RI�HTXDO�GLPHQVLRQV�LV�WKH�VXP�RI�WKH�
SURGXFWV�RI�HDFK�FRUUHVSRQGLQJ�SDLU�RI�HOHPHQWV��7KH�GRW�SURGXFW�LV�DOVR�
NQRZQ�DV�WKH�LQQHU�RU�VFDODU�SURGXFW��

7R�ILQG�WKH�GRW�SURGXFW�RI�>��¥���@�DQG�>¥�����@�

�� 3UHVV�<P�WR�VHOHFW�WKH�0$7+�PHQX�

�� 3UHVV�2.�RU \�WR�VHOHFW�WKH�9(&725�PHQX�

�� 3UHVV�]�WR�KLJKOLJKW�WKH�'27�FRPPDQG�DQG�SUHVV�2.�RU \�

�� 3UHVV�<+�WR�HQWHU�D�SDLU�RI�VTXDUH�EUDFNHWV�WR�HQFORVH�WKH�ILUVW�
YHFWRU�

�� (QWHU�� > I � w > I ��

�� 3UHVV�}�WR�PRYH�\RXU�FXUVRU�RXWVLGH�WKH�VTXDUH�EUDFNHWV��WKHUHE\�
LQGLFDWLQJ�WKDW�WKH�ILUVW�YHFWRU�LV�FRPSOHWH�

�� 3UHVV�>�I�WR�LQGLFDWH�WKH�HQG�RI�WKH�ILUVW�DUJXPHQW�

�� 3UHVV�< +�WR�HQWHU�D�SDLU�RI�VTXDUH�
EUDFNHWV�WR�HQFORVH�\RXU�VHFRQG�YHFWRU�

�� (QWHU�� w > I � > I ��

��� 3UHVV \�WR�UHWXUQ�WKH�GRW�SURGXFW�RI�
WKH�WZR�YHFWRUV��LQ�WKLV�FDVH�����

Cross product

)RU�WZR�YHFWRUV�>D�E�F@�DQG�>G�H�I@��WKH�FURVV�SURGXFW�LV�>�EI�¥�FH���FG�¥�DI��
�DH�¥�EG�@��7KH�FURVV�SURGXFW�RI�WZR�YHFWRUV�LV�DOVR�NQRZQ�DV�WKH�YHFWRU�
SURGXFW�RU�RXWHU�SURGXFW��

7R�ILQG�WKH�FURVV�SURGXFW�RI�>�����@�DQG�>�����@�

�� 3UHVV�<P�WR�VHOHFW�WKH�0$7+�PHQX�

�� 3UHVV�2.�RU \�WR�VHOHFW�WKH�9(&725�PHQX�

�� 3UHVV�]�WZLFH�WR�KLJKOLJKW�WKH�&5266�FRPPDQG�DQG�SUHVV�2.�RU \�

�� (QWHU�WKH�WZR�YHFWRUV��VHSDUDWLQJ�WKHP�
ZLWK�D�FRPPD�

�� 3UHVV \�WR�UHWXUQ�WKH�FURVV�SURGXFW�RI�
WKH�WZR�YHFWRUV��LQ�WKLV�FDVH��>¥��¥���@�
Vectors, lists, arrays, and matrices Page 8-5



Ve
ct

or
s, 

lis
ts

, a
rr

ay
s, 

m
at

ric
es

chapter8.fm  Page 6  Thursday, November 25, 1999  4:03 PM
Lists
$�OLVW�LV�D�FROOHFWLRQ�RI�DQ\�QXPEHU�RI�REMHFWV��7KH�REMHFWV�FDQ�EH�RI�DQ\�
W\SH¦QXPEHUV��FKDUDFWHU�VWULQJV��DQG�VR�RQ¦DQG�REMHFWV�RI�GLIIHUHQW�
W\SHV�FDQ�DSSHDU�LQ�WKH�RQH�OLVW��$�OLVW�LV�UHSUHVHQWHG�RQ�WKH�+3 ��*�E\�D�
SDLU�RI�EUDFHV��^`��VXUURXQGLQJ�D�FROOHFWLRQ�RI�REMHFWV�

Creating a list
�� 3UHVV�<�� 

7KLV�LQGLFDWHV�WKDW�\RX�ZDQW�WR�FUHDWH�D�OLVW�

�� (QWHU�WKH�HOHPHQWV�\RX�ZDQW�WR�LQFOXGH�LQ�WKH�OLVW��VHSDUDWLQJ�HDFK�ZLWK�
D�FRPPD��WKDW�LV��>�I��

�� 3UHVV�\�

Working with lists

Single-argument commands

&RPPDQGV�WKDW�UHTXLUH�RQO\�RQH�DUJXPHQW�FDQ�EH�DSSOLHG�WR�HDFK�HOHPHQW�
LQ�D�OLVW�LQ�D�VLQJOH�RSHUDWLRQ�

)RU�H[DPSOH��WR�ILQG�WKH�VTXDUH�URRW�RI�������DQG���

�� 3UHVV�r�

�� 3UHVV< ����>�I���>�I���

�� 3UHVV�\�

7KH�SRVLWLYH�VTXDUH�URRW�RI�HDFK�RI�WKH�WKUHH�QXPEHUV�LQ�WKH�OLVW�LV�
UHWXUQHG��ZLWK�WKH�WKUHH�UHVXOWV�GLVSOD\HG�LQ�D�OLVW�

Multiple-argument commands

&RPPDQGV�WKDW�UHTXLUH�PRUH�WKDQ�RQH�DUJXPHQW�FDQ�EH�DSSOLHG�WR�HDFK�
HOHPHQW�LQ�D�OLVW�LQ�D�VLQJOH�RSHUDWLRQ�

)RU�H[DPSOH��VXSSRVH�\RX�ZDQW�WR�FDOFXODWH�KRZ�PDQ\�VDPSOHV�RI���
REMHFWV�FDQ�EH�PDGH�IURP�SRSXODWLRQV�RI�������DQG���REMHFWV�

�� 3UHVV�<P�WR�VHOHFW�WKH�0$7+�PHQX�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�352%$%,/,7<�PHQX�

�� 3UHVV�2.�RU \�

�� 3UHVV�2.�RU \�WR�VHOHFW�WKH�&20%�FRPPDQG�
Page 8-6 Vectors, lists, arrays, and matrices
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�� 3UHVV�< ����>I���>I���

�� 3UHVV�}

7KH�FXUVRU�LV�QRZ�RXWVLGH�WKH�OLVW�RI�WKH�SRSXODWLRQV�WR�EH�VDPSOHG�

�� 3UHVV�>I��

�� 3UHVV�\�

7KH�DQVZHUV�DUH�UHWXUQHG�LQ�D�OLVW��^�������`�

1RWH�WKDW�WKH�FRPPDQG�ZDV�DSSOLHG�WR�WZR�SDUDPHWHUV¦WKH�OLVW�RI�WKH�
YDULRXV�SRSXODWLRQV��DQG�WKH�VL]H�RI�WKH�VDPSOH¦HDFK�VHSDUDWHG�E\�D�
FRPPD�ZLWKLQ�D�SDLU�RI�EUDFHV�

Arrays and matrices
$Q�DUUD\�LV�DQ\�UHFWDQJXODU�DUUDQJHPHQW�RI�REMHFWV��$Q�DUUD\�RI�
QXPEHUV¦UHDO�RU�FRPSOH[¦LV�XVXDOO\�UHIHUUHG�WR�DV�D�PDWUL[�

<RX�FDQ�FUHDWH�DUUD\V�IURP�PDQ\�W\SHV�RI�REMHFWV��UHDO�QXPEHUV��FRPSOH[�
QXPEHUV��V\PEROLF�H[SUHVVLRQV��FKDUDFWHU�VWULQJV��SURJUDPV�DQG�VR�RQ��
<RX�FRXOG��IRU�H[DPSOH��FUHDWH�D�GDWDEDVH¦VXFK�DV�D�OLVW�RI�FRQWDFWV�DQG�
WKHLU�WHOHSKRQH�QXPEHUV¦DV�D�W\SH�RI�DUUD\�

Creating arrays

Using Matrix Writer

<RX�FUHDWH�DQ�DUUD\�ZLWK�D�VSHFLDO�WRRO�FDOOHG�0DWUL[�:ULWHU��<RX�RSHQ�
0DWUL[�:ULWHU�E\�SUHVVLQJ�< O�

:KHQ�\RX�RSHQ�WKH�0DWUL[�:ULWHU��WKH�
GLVSOD\�EHFRPHV�D�WDEOH��ZLWK�WKH�URZV�DQG�
FROXPQV�QXPEHUHG�OLNH�D�VSUHDGVKHHW��7KH�
VL]H�RI�WKH�DUUD\�LV�LQGLFDWHG�E\�WKH�ILJXUHV�
LQ�WKH�WRS�OHIW�KDQG�FRUQHU�RI�WKH�WDEOH��
�7KH�VL]H�LV���á���DW�WKH�VWDUW��EXW�WKLV�
LQFUHDVHV�DV�\RX�HQWHU�REMHFWV�LQWR�WKH�DUUD\���7KH�URZ¥FROXPQ�
FRRUGLQDWHV�RI�WKH�FXUUHQWO\�DFWLYH�FHOO�DUH�VKRZQ�DW�WKH�ERWWRP�OHIW�KDQG�
FRUQHU�RI�WKH�GLVSOD\�

7R�FUHDWH�DQ�DUUD\�XVLQJ�0DWUL[�:ULWHU�

�� 3UHVV�< O�WR�RSHQ�0DWUL[�:ULWHU�

�� (QWHU�WKH�REMHFW�WKDW�LV�WR�DSSHDU�LQ�WKH�ILUVW�FHOO�RI�WKH�DUUD\�

7KLV�REMHFW�DSSHDUV�RQ�WKH�FRPPDQG�OLQH�DV�\RX�W\SH�LW�
Vectors, lists, arrays, and matrices Page 8-7
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�� 3UHVV�\�WR�PRYH�WKH�REMHFW�IURP�WKH�FRPPDQG�OLQH�WR�WKH�ILUVW�FHOO�
RI�WKH�DUUD\�

7KH�DFWLYH�FHOO�QRZ�EHFRPHV��¥���WKDW�LV��WKH�FHOO�DW�URZ���DQG�FROXPQ�
���

�� (QWHU�WKH�UHPDLQLQJ�REMHFWV�WKDW�DUH�WR�JR�LQWR�URZ���RI�WKH�DUUD\��
SUHVVLQJ�\�DIWHU�HDFK�WR�PRYH�LW�IURP�WKH�FRPPDQG�OLQH�WR�WKH�QH[W�
DYDLODEOH�FHOO�

�� :KHQ�\RX�KDYH�W\SHG�WKH�ODVW�REMHFW�LQ�WKH�ILUVW�URZ�RI�WKH�DUUD\��SUHVV�
]�WR�PRYH�WR�WKH�VHFRQG�URZ�RI�WKH�DUUD\�DQG�WKHQ�SUHVV�{�XQWLO�FHOO�
�¥��EHFRPHV�WKH�DFWLYH�FHOO��WKDW�LV��WKH�ILUVW�FHOO�LQ�WKH�VHFRQG�URZ��

�� (QWHU�WKH�REMHFWV�WKDW�DUH�WR�DSSHDU�LQ�WKH�VHFRQG�URZ�RI�\RXU�DUUD\��
SUHVVLQJ�\�DIWHU�HDFK�REMHFW�

1RWH�WKDW�WKH�FXUVRU�QRZ�DXWRPDWLFDOO\�PRYHV�WR�WKH�ILUVW�FHOO�RI�WKH�
QH[W�URZ�DIWHU�\RX�HQWHU�DQ�REMHFW�LQ�WKH�ODVW�FROXPQ�RI�D�URZ�

,I�\RX�QHHG�WR�DGG�PRUH�REMHFWV�WR�D�URZ�\RX�KDYH�DOUHDG\�FUHDWHG��XVH�
WKH�DUURZ�NH\V�WR�SRVLWLRQ�\RXU�FXUVRU�LQ�WKH�DSSURSULDWH�EODQN�FHOO�
DQG�HQWHU�D�QHZ�REMHFW��6HH�§4XLFNO\�PRYLQJ�WKURXJK�DQ�DUUD\¨�EHORZ�
WR�OHDUQ�KRZ�WR�TXLFNO\�PRYH�WKURXJK�ODUJH�DUUD\V�

�� :KHQ�\RX�KDYH�HQWHUHG�DOO�WKH�REMHFWV�WKDW�ZLOO�FRPSULVH�\RXU�DUUD\��
SUHVV�\�

0DWUL[�:ULWHU�FORVHV�DQG�WKH�DUUD\�\RX�KDYH�FUHDWHG�DSSHDUV�RQ�WKH�
GHIDXOW�GLVSOD\�VFUHHQ�

7KH�0DWUL[�:ULWHU�IXQFWLRQ�NH\�PHQX�LV�H[SODLQHG�LQ�GHWDLO�LQ�WKH�3RFNHW�
*XLGH�DQG�WKH�$GYDQFHG�8VHUªV�*XLGH�

Using the command line

7KLV�PHWKRG�LV�VXLWDEOH�RQO\�IRU�FUHDWLQJ�VPDOO�DUUD\V��)RU�ODUJH�DUUD\V��
XVH�0DWUL[�:ULWHU��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��

�� 3UHVV�< +�WR�HQWHU�DUUD\�GHOLPLWHUV�

�� 3UHVV�< +�WR�HQWHU�URZ�GHOLPLWHUV�

�� (QWHU�WKH�URZ�RI�HOHPHQWV��SUHVVLQJ�>�I�WR�VHSDUDWH�HDFK�HOHPHQW�

�� ,I�\RX�ZDQW�WR�HQWHU�PRUH�URZV��FRQWLQXH�IURP�VWHS���EHORZ��RWKHUZLVH�
SUHVV \�WR�FUHDWH�WKH�DUUD\�

�� 3UHVV�}�WR�PRYH�WKH�FXUVRU�WR�WKH�ULJKW�RI�WKH�URZ�GHOLPLWHU�

�� 5HSHDW�IURP�VWHS���
Page 8-8 Vectors, lists, arrays, and matrices
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Quickly moving through an array

.H\�FRPELQDWLRQV�DUH�SURYLGHG�WR�KHOS�\RX�TXLFNO\�PRYH�WKURXJK�DQ�DUUD\�
WKDW�LV�WRR�ODUJH�WR�EH�GLVSOD\HG�LQ�IXOO�

> ��PRYHV�WR�WKH�ODVW�FROXPQ�

>���PRYHV�WR�WKH�ILUVW�FROXPQ�

>���PRYHV�WR�WKH�ILUVW�URZ�

>���PRYHV�WR�WKH�ODVW�URZ�

< ��PRYHV�WR�WKH�QH[W�GLVSOD\DEOH�VHW�RI�FROXPQV�

<���PRYHV�WR�WKH�SUHYLRXV�GLVSOD\DEOH�VHW�RI�FROXPQV�

>���PRYHV�WR�WKH�SUHYLRXV�GLVSOD\DEOH�VHW�RI�URZV�

>���PRYHV�WR�WKH�QH[W�GLVSOD\DEOH�VHW�RI�URZV�

Editing an array
�� +LJKOLJKW�WKH�DUUD\�LQ�KLVWRU\�DQG�SUHVV�(',7�

0DWUL[�:ULWHU�RSHQV�ZLWK�\RXU�DUUD\�GLVSOD\HG�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�FHOO�\RX�ZDQW�WR�HGLW�

�� (QWHU�WKH�QHZ�YDOXH��

�� 3UHVV�\�WR�XSGDWH�WKH�DUUD\�

�� ,I�\RX�ZDQW�WR�HGLW�RWKHU�YDOXHV��UHSHDW�IURP�VWHS���

�� 3UHVV�\�WR�SODFH�WKH�HGLWHG�DUUD\�LQ�KLVWRU\�

�� 3UHVV�\�DJDLQ�WR�VDYH�WKH�HGLWHG�DUUD\�

,I�WKH�DUUD\�\RX�ZDQW�WR�HGLW�LV�WKH�ODVW�REMHFW�LQ�KLVWRU\��\RX�FDQ�
DOVR�SUHVV�]�WR�RSHQ�WKH�DUUD\�LQ�0DWUL[�:ULWHU�
Vectors, lists, arrays, and matrices Page 8-9
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Matrix arithmetic

,Q�PDWUL[�DULWKPHWLF��\RX�QHHG�WR�HQWHU�RQH�RU�PRUH�PDWULFHV��<RX�FDQ�
HQWHU�D�PDWUL[�

� XVLQJ�0DWUL[�:ULWHU

� E\�W\SLQJ�LW�RQ�WKH�FRPPDQG�OLQH

� E\�VHOHFWLQJ�LW�IURP�KLVWRU\��RU�

� E\�UHFDOOLQJ�WKH�YDULDEOH�QDPH�DVVRFLDWHG�ZLWK�LW�

Adding or subtracting two matrices

�� (QWHU�WKH�ILUVW�PDWUL[�

�� 3UHVV�=�RU�-�

�� (QWHU�WKH�VHFRQG�PDWUL[�

7KH�VHFRQG�PDWUL[�PXVW�KDYH�WKH�VDPH�GLPHQVLRQV�DV�WKH�ILUVW�

�� 3UHVV�\�

(DFK�HOHPHQW�LQ�WKH�VHFRQG�PDWUL[�LV�DGGHG��RU�VXEWUDFWHG��IURP�WKH�
FRUUHVSRQGLQJ�HOHPHQW�LQ�WKH�ILUVW�PDWUL[�

Multiplying or dividing a matrix by a scalar

�� (QWHU�WKH�PDWUL[�

6HH�SDJH�����IRU�LQIRUPDWLRQ�RQ�VHOHFWLQJ�D�PDWUL[�IURP�KLVWRU\�

�� 3UHVV���RU�z�

�� (QWHU�WKH�VFDODU�

�� 3UHVV�\�

(DFK�HOHPHQW�LQ�WKH�PDWUL[�LV�PXOWLSOLHG�E\��RU�GLYLGHG�E\��WKH�VFDODU�
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Multiplying two matrices

6LQFH�WKH�PXOWLSOLFDWLRQ�RI�PDWULFHV�LV�QRW�FRPPXWDWLYH��WKH�RUGHU�LQ�
ZKLFK�\RX�VSHFLI\�WKH�PDWULFHV�LV�LPSRUWDQW��7KH�QXPEHU�RI�FROXPQV�LQ�
WKH�ILUVW�PDWUL[�PXVW�HTXDO�WKH�QXPEHU�RI�URZV�LQ�WKH�VHFRQG�PDWUL[�

�� (QWHU�WKH�ILUVW�PDWUL[�

�� 3UHVV���

�� (QWHU�WKH�VHFRQG�PDWUL[�

�� 3UHVV�\�

7KH�UHVXOW�LV�D�PDWUL[�ZLWK�WKH�VDPH�QXPEHU�RI�URZV�DV�WKH�ILUVW�PDWUL[�
DQG�WKH�VDPH�QXPEHU�RI�FROXPQV�DV�WKH�VHFRQG�PDWUL[��(DFK�HOHPHQW�LQ�
WKH�PDWUL[�LV�WKH�SURGXFW�RI�WKH�FRUUHVSRQGLQJ�WZR�HOHPHQWV�LQ�WKH�
RULJLQDO�PDWULFHV�

Finding the determinant of a square matrix

�� (QWHU�'(7�RQ�WKH�FRPPDQG�OLQH�

�� 3UHVV�< _�

�� �(QWHU�WKH�PDWUL[�

�� 3UHVV�\�

7KH�GHWHUPLQDQW�RI�D�PDWUL[�FDQ�EH�XVHG�WR�VROYH�D�V\VWHP�RI�OLQHDU�
HTXDWLRQV��$QRWKHU�PHWKRG�LV�WR�XVH�*DXVVLDQ�HOLPLQDWLRQ�WR�JHQHUDWH�WKH�
URZ�UHGXFHG�HFKHORQ�IRUP�RI�D�PDWUL[��7KLV�LV�GLVFXVVHG�LQ�WKH�QH[W�
VHFWLRQ�

Solving a system of linear equations

$�PHWKRG�RI�VROYLQJ�D�V\VWHP�RI�OLQHDU�HTXDWLRQV�LV�H[SODLQHG�LQ�FKDSWHU����
7KLV�PHWKRG�XVHV�WKH�QXPHULF�VROYHU��7KH�+3 ��*�DOVR�KDV�D�PDWUL[�
FRPPDQG�IRU�VROYLQJ�D�V\VWHP�RI�OLQHDU�HTXDWLRQV��7KLV�FRPPDQG¦
55()¦XVHV�*DXVVLDQ�HOLPLQDWLRQ�WR�JHQHUDWH�WKH�URZ�UHGXFHG�HFKHORQ�
IRUP�RI�DQ�DXJPHQWHG�PDWUL[�

<RX�FDQ�XVH�WKH�55()�FRPPDQG�LQ�GLUHFW�PRGH�RU�LQ�VWHS�E\�VWHS�PRGH��
�6HH�§6HWWLQJ�VWHS�E\�VWHS�PRGH¨�RQ�SDJH������IRU�LQVWUXFWLRQV�RQ�VHWWLQJ�
VWHS�E\�VWHS�PRGH���,Q�WKLV�PRGH��WKH�+3 ��*�SHUIRUPV�WKH�*DXVVLDQ�
HOLPLQDWLRQ�RQH�VWHS�DW�D�WLPH��%HIRUH�LW�SHUIRUPV�HDFK�VWHS��WKH�+3 ��*�
GLVSOD\V�D�GHVFULSWLRQ�RI�WKH�DFWLRQ�LW�LV�DERXW�WR�SHUIRUP��<RX�SUHVV�2.�WR�
DFWLRQ�HDFK�VWHS�

)RU�H[DPSOH��VXSSRVH�\RX�KDYH�WR�VROYH�WKH�IROORZLQJ�V\VWHP�
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�[����\� ���

�[�¥��\� ��

7R�VROYH�VXFK�D�V\VWHP��\RX�FDQ�

�� (QWHU�55()�RQ�WKH�FRPPDQG�OLQH�

§55()¨�VWDQGV�IRU�WKH�52:�5('8&('�(&+(/21�)250�FRPPDQG�

�� 3UHVV < _�

�� (QWHU�RU�VHOHFW�WKH�DXJPHQWHG�PDWUL[�

7KH�DXJPHQWHG�PDWUL[�LV�D�PDWUL[�RI�WKH�V\VWHPªV�FRHIILFLHQWV�DQG�
FRQVWDQWV��ZLWK�WKH�FRQVWDQWV�VHW�RXW�LQ�WKH�ULJKWPRVW�FROXPQ�RI�WKH�
PDWUL[���,Q�WKLV�H[DPSOH��WKH�DXJPHQWHG�PDWUL[�ORRNV�OLNH�WKLV�

�� 3UHVV�\�

� ,I�\RX�DUH�LQ�VWHS�E\�VWHS�PRGH��D�GHVFULSWLRQ�RI�WKH�ILUVW�VWHS�LQ�WKH�
SURFHVV�LV�GLVSOD\HG��3UHVV�2.�WR�VHH�WKH�UHVXOW�RI�WKDW�VWHS��.HHS�
SUHVVLQJ�2.�XQWLO�\RX�KDYH�VWHSSHG�WKURXJK�WKH�HQWLUH�UHGXFWLRQ�
SURFHVV�DQG�WKH�URZ�UHGXFHG�HFKHORQ�IRUP�RI�WKH�DXJPHQWHG�
PDWUL[�LV�GLVSOD\HG�

� ,I�VWHS�E\�VWHS�PRGH�LV�QRW�VHW��WKH�URZ�UHGXFHG�HFKHORQ�IRUP�RI�WKH�
DXJPHQWHG�PDWUL[�LV�LPPHGLDWHO\�GLVSOD\HG�

7KH�URZ�UHGXFHG�HFKHORQ�IRUP�RI�WKH�DXJPHQWHG�PDWUL[�LQ�RXU�
H[DPSOH�LV�

7KH�DQVZHU�WR�WKH�V\VWHP�RI�OLQHDU�HTXDWLRQV�LV�LQ�WKH�ULJKWPRVW�FROXPQ�RI�
WKH�URZ�UHGXFHG�HFKHORQ�PDWUL[��LQ�RXU�H[DPSOH��[� ���DQG�\� ���

<RX�FDQ�VSHHG�XS�WKH�SURFHVVLQJ�RI�ODUJH�PDWULFHV�E\�VHWWLQJ�WKH�
/$5*(�0$75,&(6�V\VWHP�IODJ��¥�����

3 4 25

5 3– 3

1 0 3

0 1 4
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