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Introduction
7KLV�FKDSWHU�H[SODLQV�KRZ�WR�XVH�WKH�PDLQ�IHDWXUHV�RI�WKH�+3 ��*ªV�
FRPSXWHU�DOJHEUD�V\VWHP�WR�ZRUN�ZLWK�H[SUHVVLRQV��

,W�GHVFULEHV�KRZ�WR�

� IDFWRUL]H��H[SDQG��DQG�VLPSOLI\�H[SUHVVLRQV

� XVH�WKH�FDOFXOXV�IXQFWLRQV�WR�SHUIRUP�GLIIHUHQWLDWLRQV�DQG�LQWHJUDWLRQV

� SHUIRUP�D�GLIIHUHQWLDWLRQ�LQ�VWHS�E\�VWHS�PRGH��

<RX�FDQ�XVH�HLWKHU�(TXDWLRQ�:ULWHU�RU�WKH�FRPPDQG�OLQH�WR�FUHDWH�DQG�HGLW�
H[SUHVVLRQV��7KH�H[DPSOHV�LQ�WKLV�FKDSWHU�GR�QRW�H[SODLQ�KRZ�WR�FUHDWH�
WKH�H[SUHVVLRQV��6HH�FKDSWHU����§%DVLF�RSHUDWLRQ¨��DQG�FKDSWHU����§&UHDWLQJ�
DQG�HGLWLQJ�H[SUHVVLRQV¨��IRU�LQIRUPDWLRQ�RQ�KRZ�WR�GR�WKLV�

Configuring the CAS
7KH�+3���*�KDV�SRZHUIXO�V\PEROLF�FDSDELOLWLHV��,W�FDQ�UHWXUQ�QXPHULF�RU�
V\PEROLF�VROXWLRQV�WR�SUREOHPV�LQYROYLQJ�DOJHEUDLF�REMHFWV��<RX�XVH�WKH�
&$6�0RGHV�LQSXW�IRUP�WR�VHW�WKH�ZD\�WKDW�WKH�+3 ��*�GHDOV�ZLWK�
FDOFXODWLRQV��DQG�KRZ�LW�SHUIRUPV�V\PEROLF�PDQLSXODWLRQ�

7R�FRQILJXUH�WKH�&$6�

�� 3UHVV�h�WR�GLVSOD\�WKH�&DOFXODWRU�
0RGHV�LQSXW�IRUP��WKHQ�SUHVV�&$6��7KH�
&$6�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG�

�� 8VH�WKH�DUURZ�NH\V�WR�QDYLJDWH�DURXQG�WKH�
RSWLRQV��

� )RU�WKRVH�RSWLRQV�WKDW�UHTXLUH�D�YDOXH��
HQWHU�WKH�YDOXH�DQG�SUHVV�2.�WR�DSSO\�LW�WR�WKH�RSWLRQ�

� )RU�WKH�RWKHU�RSWLRQV��VHOHFW�RU�GH�VHOHFW�WKHP�E\�SUHVVLQJ�&+.�

�� :KHQ�\RX�KDYH�FRQILJXUHG�WKH�&$6�PRGHV��SUHVV�2.�WZLFH�WR�UHWXUQ�WR�
WKH�GHIDXOW�VFUHHQ�

2Q�WKH�&$6�0RGHV�LQSXW�IRUP��WZR�NH\�VHWWLQJV�GHWHUPLQH�KRZ�WKH�
+3 ��*�KDQGOHV�V\PEROLF�VROXWLRQV��7KHVH�DUH�WKH�1XPHULF�RSWLRQ�DQG�WKH�
$SSUR[�RSWLRQ�
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Numeric option

:KHQ�WKH�1XPHULF�RSWLRQ�LV�VHW��WKH�FDOFXODWRU�UHWXUQV�RQO\�QXPHULF�
VROXWLRQV�WR�FDOFXODWLRQV��2WKHUZLVH��WKH�FDOFXODWRU�UHWXUQV�V\PEROLF�
VROXWLRQV��

:LWK�WKH�QXPHULF�RSWLRQ�VHW��DQ\�YDULDEOHV�WKDW�D�FDOFXODWLRQ�FRQWDLQV�
PXVW�H[LVW�LQ�WKH�FXUUHQW�SDWK��DQG�FRQWDLQ�D�QXPHULF�YDOXH��,I�WKLV�LV�QRW�
WKH�FDVH��WKH�FDOFXODWRU�UHWXUQV�DQ�HUURU��$Q\�FRQVWDQWV�ZLWK�DQ�
DSSUR[LPDWH�QXPHULF�YDOXH��VXFK�DV�π��DUH�HYDOXDWHG�DQG�WKH�DSSUR[LPDWH�
YDOXH�VXEVWLWXWHG�LQWR�WKH�FDOFXODWLRQ�

)RU�H[DPSOH��FRQVLGHU�WKH�FDOFXODWLRQ�SIN(2*π*X + 3*π*X)
� ,I�WKH�1XPHULF�RSWLRQ�LV�VHW��DQG�D�QXPHULF�YDOXH�IRU�;�LV�VWRUHG�LQ�WKH�

FXUUHQW�SDWK��WKH�FDOFXODWRU�UHWXUQV�WKH�DSSUR[LPDWH�DQVZHU��DFFXUDWH�
WR����GHFLPDO�SODFHV��7KDW�LV��LW�VXEVWLWXWHV�WKH�QXPHULF�YDOXH�IRU�;�DQG�
WKH�DSSUR[LPDWH�YDOXH�IRU�π�LQWR�WKH�HTXDWLRQ�

� ,I�WKH�1XPHULF�RSWLRQ�LV�VHW�DQG�WKHUH�LV�QR�QXPHULF�YDOXH�IRU�;�VWRUHG�
LQ�WKH�FXUUHQW�SDWK��WKH�FDOFXODWRU�UHWXUQV�DQ�HUURU��

� ,I�WKH�1XPHULF�RSWLRQ�LV�FOHDU��DQG�QR�YDOXH�IRU�;�LV�VWRUHG�LQ�WKH�
FXUUHQW�SDWK��WKH�FDOFXODWRU�VLPSOLILHV�WKH�H[SUHVVLRQ�DQG�UHWXUQV�
SIN(5.X.π)�

Approx option

7KH�$SSUR[�RSWLRQ�VHWWLQJ�GHWHUPLQHV�KRZ�WKH�+3���*�H[SUHVVHV�DQVZHUV�
WR�FDOFXODWLRQV�

� :KHQ�WKH�$SSUR[�RSWLRQ�LV�FOHDU��WKH�+3���*�ILQGV�H[DFW�VROXWLRQV�WR�
FDOFXODWLRQV�ZKHUH�SRVVLEOH��7KDW�LV��LW�H[SUHVVHV�WKH�VROXWLRQ�DV�DQ�
LUUHGXFLEOH�H[SUHVVLRQ�FRQWDLQLQJ�H[DFW�WHUPV�

� :KHQ�WKH�$SSUR[�RSWLRQ�LV�VHW��WKH�+3���*�H[SUHVVHV�VROXWLRQV�WR�
���GLJLW�DFFXUDF\�

1RWH�WKDW�\RX�FDQ�FKDQJH�WKH�VHWWLQJ�RI�WKH�$SSUR[�RSWLRQ�E\�XVLQJ�WKH�
&$6�0RGHV�LQSXW�IRUP�RU�E\�SUHVVLQJ�VLPXOWDQHRXVO\�> DQG \��

� ,I�WKH�FDOFXODWRU�LV�LQ�H[DFW�PRGH��SUHVVLQJ�>\�FKDQJHV�WR�
DSSUR[LPDWH�PRGH��

� ,I�WKH�FDOFXODWRU�LV�LQ�DSSUR[LPDWH�PRGH��SUHVVLQJ�>\�FKDQJHV�WKH�
VHWWLQJ�WR�H[DFW�PRGH�
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)RU�H[DPSOH��FRQVLGHU�WKH�H[SUHVVLRQ� �

,I�WKH�YDOXH�IRU�YDULDEOH�;�LV�GHILQHG�DV� �LQ�WKH�FXUUHQW�SDWK�

� :KHQ�WKH�$SSUR[�RSWLRQ�LV�VHW��HYDOXDWLQJ�WKH�H[SUHVVLRQ�UHWXUQV�
¥�������������

� :KHQ�$SSUR[LPDWH�PRGH�LV�FOHDU��HYDOXDWLQJ�WKH�H[SUHVVLRQ�UHWXUQV�
6,1�� ��

Other options

,Q�DGGLWLRQ�WR�WKH�DERYH�RSWLRQV��WKH�&$6�0RGHV�LQSXW�IRUP�LV�XVHG�WR�VHW�
WKH�IROORZLQJ�SDUDPHWHUV�

� ,QGHSHQGHQW�YDULDEOH
7KH�LQGHSHQGHQW�YDULDEOH�LV�WKH�GHIDXOW�YDULDEOH�WKDW�WKH�FDOFXODWRU�
XVHV�IRU�RSHUDWLRQV�VXFK�DV�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ��7KH�GHIDXOW�
YDOXH�LV�;�

� 0RGXOR
(QWHU�WKH�PRGXOXV�WKDW�\RX�ZDQW�WR�XVH�LQ�PRGXOR�DULWKPHWLF�
RSHUDWLRQV��7KH�GHIDXOW�YDOXH�LV���

� &RPSOH[
&KHFN�WKLV�RSWLRQ�LI�\RX�ZDQW�WR�ZRUN�ZLWK�FRPSOH[�QXPEHUV��,I�\RX�
GR�QRW�QHHG�WR�XVH�FRPSOH[�QXPEHUV��GH�VHOHFW�WKLV�RSWLRQ��6RPH�
WUDQVIRUPDWLRQV�EHKDYH�GLIIHUHQWO\�LQ�FRPSOH[�PRGH�

,I�FRPSOH[�PRGH�LV�QRW�VHW�DQG�D�FDOFXODWLRQ�UHWXUQV�RQO\�D�FRPSOH[�
VROXWLRQ�IRU�PRVW�FDOFXODWLRQV��WKH�FDOFXODWRU�SURPSWV�IRU�D�VZLWFK�WR�
FRPSOH[�PRGH�

� 9HUERVH
&KHFN�WKLV�RSWLRQ�WR�GLVSOD\�PHVVDJHV�WKDW�LQGLFDWH�SURJUHVV�DV�WKH�
FDOFXODWRU�SHUIRUPV�WKH�RSHUDWLRQV�WKDW�\RX�VSHFLI\�

� 6WHS�VWHS
&KHFN�WKLV�RSWLRQ�WR�SHUIRUP�OLQHDU�DOJHEUD�RSHUDWLRQV��LQWHJUDWLRQV��
DQG�GLIIHUHQWLDWLRQV�LQ�VWHS�E\�VWHS�PRGH��6HH�§'LIIHUHQWLDWLQJ�DQ�
H[SUHVVLRQ�VWHS�E\�VWHS¨�RQ�SDJH������

� ,QFU�3RZ
&KHFN�WKLV�RSWLRQ�WR�GLVSOD\�SRO\QRPLDO�H[SUHVVLRQV�ZLWK�WKH�WHUPV�LQ�
LQFUHDVLQJ�SRZHU�RUGHU��IRU�H[DPSOH� ��7KH�GHIDXOW�LV�WR�
GLVSOD\�SRO\QRPLDOV�ZLWK�WKH�WHUPV�LQ�GHFUHDVLQJ�RUGHU�

x3 2x+( )sin

2

2

x x
2

x
3

+ +
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� 5LJRURXV
&KHFN�WKLV�RSWLRQ�WR�VSHFLI\�WKDW�\RX�GR�QRW�ZDQW�_[_�WHUPV�VLPSOLILHG�
WR�[�

� 6LPS�1RQ�5DWLRQDO
&KHFN�WKLV�RSWLRQ�WR�VSHFLI\�WKDW�QRQ�UDWLRQDO�H[SUHVVLRQV�DUH�
VLPSOLILHG�

Using the computer algebra system
7KH�+3���*�FRPSXWHU�DOJHEUD�V\VWHP�FRQVLVWV�RI�D�FROOHFWLRQ�RI�
FRPPDQGV�DQG�IXQFWLRQV�WKDW�\RX�DSSO\�WR�H[SUHVVLRQV��&RPPDQGV�DQG�
IXQFWLRQV�DSSHDU�LQ�WKH�VDPH�ZD\�RQ�WKH�PHQXV��EXW�WKH\�GLIIHU�LQ�WKH�ZD\�
WKDW�WKH\�RSHUDWH��

&RPPDQGV�KDYH�WKH�IROORZLQJ�SURSHUWLHV�

� 7KH\�SURGXFH�RQH�UHVXOW��

� 7KH\�FDQQRW�EH�LQFOXGHG�LQ�DQ�DOJHEUDLF�REMHFW�

)XQFWLRQV�KDYH�WKH�IROORZLQJ�SURSHUWLHV�

� 7KH\�FDQ�SURGXFH�PRUH�WKDQ�RQH�UHVXOW�

� 7KH\�FDQ�EH�D�SDUW�RI�DQ�DOJHEUDLF�H[SUHVVLRQ��

� <RX�QHHG�WR�HYDOXDWH�IXQFWLRQV�LQ�RUGHU�WR�JHW�UHVXOWV��7KDW�LV��RQFH�\RX�
DSSO\�D�IXQFWLRQ�WR�DQ�REMHFW��\RX�QHHG�WR�SUHVV�ù��RU�XVH�WKH�(9$/�
FRPPDQG��LQ�RUGHU�WR�JHW�D�UHVXOW�

6HH�WKH�$GYDQFHG�8VHUªV�*XLGH�RU�WKH�3RFNHW�*XLGH�IRU�GHWDLOV�RI�ZKHWKHU�
DQ�RSHUDWLRQ�LV�D�IXQFWLRQ�RU�D�FRPPDQG��

,Q�WKLV�FKDSWHU��FRPPDQGV�DQG�IXQFWLRQV�DUH�UHIHUUHG�WR�
FROOHFWLYHO\�DV�FRPPDQGV��
Working with expressions Page 5-5
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7KH�IROORZLQJ�LV�D�OLVW�RI�WKH�FDWHJRULHV�DQG�KRZ�\RX�DFFHVV�FRPPDQGV�LQ�
HDFK�FDWHJRU\��:LWKLQ�HDFK�FDWHJRU\��FRPPDQGV�DUH�GLVSOD\HG�LQ�D�FKRRVH�
OLVW�

>ú 'LVSOD\V�WKH�DOJHEUDLF�FRPPDQGV��IRU�SHUIRUPLQJ�
RSHUDWLRQV�VXFK�DV�IDFWRUL]LQJ�RU�H[SDQGLQJ�

<! 'LVSOD\V�WKH�FRPSOH[��WKH�LQWHJHU��DQG�SRO\QRPLDO�
DULWKPHWLF�FRPPDQGV�

<$ 'LVSOD\V�WKH�FDOFXOXV�FRPPDQGV�IRU�SHUIRUPLQJ�
RSHUDWLRQV�VXFK�DV�LQWHJUDWLQJ�DQG�GLIIHUHQWLDWLQJ��7KLV�
FDWHJRU\�DOVR�LQFOXGHV�FRPPDQGV�IRU�ZRUNLQJ�ZLWK�OLPLWV�
DQG�VHULHV��DQG�IRU�GHDOLQJ�ZLWK�7D\ORU�SRO\QRPLDOV�

>ó 'LVSOD\V�WKH�FRPPDQGV�UHODWLQJ�WR�FRPSOH[�QXPEHUV�

<* 'LVSOD\V�WKH�FRPPDQGV�IRU�PDQLSXODWLQJ�H[SRQHQWLDO�DQG�
ORJDULWKPLF�H[SUHVVLRQV�

<% 'LVSOD\V�WKH�FRPPDQGV�IRU�ZRUNLQJ�ZLWK�PDWULFHV�

<& 'LVSOD\V�WKH�FRPPDQGV�\RX�XVH�WR�VROYH�DQ�HTXDWLRQ�
V\PEROLFDOO\�

>û 'LVSOD\V�WKH�FRPPDQGV�IRU�PDQLSXODWLQJ�WULJRQRPHWULF�
H[SUHVVLRQV�

)RU�H[DPSOH��LI�\RX�ZDQW�WR�VLPSOLI\�D�WULJRQRPHWULF�H[SUHVVLRQ��\RX�
SUHVV�>û�WR�GLVSOD\�WKH�WULJRQRPHWULF�FRPPDQGV��

<RX�FDQ�XVH�WKH�FRPSXWHU�DOJHEUD�V\VWHP�WR�PDQLSXODWH�H[SUHVVLRQV�ERWK�
IURP�WKH�FRPPDQG�OLQH�DQG�IURP�ZLWKLQ�(TXDWLRQ�:ULWHU�

� )URP�WKH�FRPPDQG�OLQH��\RX�SODFH�WKH�H[SUHVVLRQ�EHWZHHQ�WKH�
FRPPDQGªV�SDUHQWKHVHV�

� :LWKLQ�(TXDWLRQ�:ULWHU��\RX�VHOHFW�WKH�H[SUHVVLRQ��RU�SDUW�RI�WKH�
H[SUHVVLRQ��WKHQ�VHOHFW�D�FRPPDQG�IURP�WKH�PHQX��
Page 5-6 Working with expressions
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Working from the command line
�� 8VH�RQH�RI�WKH�OLVWHG�NH\�FRPELQDWLRQV�WR�GLVSOD\�WKH�FKRRVH�OLVW�

FRQWDLQLQJ�WKH�FRPPDQG�WKDW�\RX�ZDQW�

�� 8VH�WKH�DUURZ�NH\V�WR�KLJKOLJKW�WKH�FRPPDQG�WR�XVH��DQG�SUHVV�\�WR�
SODFH�LW�RQ�WKH�FRPPDQG�OLQH��7KH�FRPPDQG�DSSHDUV�ZLWK�D�VHW�RI�
SDUHQWKHVHV�DIWHU�LW��

�� (QVXUH�WKDW�WKH�FXUVRU�LV�EHWZHHQ�WKH�FRPPDQGªV�SDUHQWKHVHV�DQG�
LQVHUW�WKH�H[SUHVVLRQ�WR�RSHUDWH�RQ��DQG�DQ\�RWKHU�DUJXPHQWV�WKH�
FRPPDQG�QHHGV��6HSDUDWH�HDFK�DUJXPHQW�ZLWK�D�FRPPD��>I��

�� 3UHVV�\�WR�DSSO\�WKH�FRPPDQG�

Inserting an expression onto the command line

7KHUH�DUH�WKUHH�ZD\V�WR�LQVHUW�DQ�H[SUHVVLRQ�RQWR�WKH�FRPPDQG�OLQH�

� 8VH�WKH�FRPPDQG�OLQH�HGLWRU�WR�HQWHU�WKH�H[SUHVVLRQ�GLUHFWO\�RQWR�WKH�
FRPPDQG�OLQH�

� 8VH�(TXDWLRQ�:ULWHU�

D� 3ODFH�WKH�FXUVRU�ZKHUH�\RX�ZDQW�WR�LQVHUW�WKH�H[SUHVVLRQ�

D� 3UHVV�o�WR�RSHQ�(TXDWLRQ�:ULWHU�

E� &UHDWH�WKH�H[SUHVVLRQ�

F� 3UHVV�\�WR�H[LW�(TXDWLRQ�:ULWHU�DQG�SODFH�WKH�H[SUHVVLRQ�RQ�WKH�
FRPPDQG�OLQH�DW�WKH�FXUVRU�SRVLWLRQ�

� 5HWULHYH�DQ�H[SUHVVLRQ�VWRUHG�LQ�PHPRU\�RU�IURP�WKH�KLVWRU\��6HH�
&KDSWHU����§%DVLF�RSHUDWLRQ¨��DQG�FKDSWHU����§6WRULQJ�REMHFWV¨��IRU�
GHWDLOV�
Working with expressions Page 5-7
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Command line example

7KLV�H[DPSOH�XVHV�WKH�/,1�FRPPDQG�WR�OLQHDUL]H�D�WULJRQRPHWULF�
H[SUHVVLRQ��DQG�WKH�(;3$1'�FRPPDQG�WR�VLPSOLI\�WKH�UHVXOW��7KH�
H[SUHVVLRQ�WR�OLQHDUL]H�LV�
VLQ�π[�

%HIRUH�\RX�VWDUW��HQVXUH�WKDW�WKH�&$6�0RGHV�LQSXW�IRUP�LV�VHW�WR�WKH�
GHIDXOW�VHWWLQJ��6HH�§&RQILJXULQJ�WKH�&$6¨�RQ�SDJH�����IRU�GHWDLOV�

�� 2SHQ�WKH�(;3	/1�PHQX�DQG�VHOHFW�WKH�
/,1�FRPPDQG�

<*]]\

�� (QWHU�WKH�H[SUHVVLRQ�LQVLGH�WKH�
FRPPDQGªV�EUDFNHWV�

s<��O

�� $SSO\�WKH�FRPPDQG�WR�WKH�H[SUHVVLRQ��

\

�� 6LQFH�WKH�OLQHDUL]DWLRQ�UHWXUQV�D�FRPSOH[�
UHVXOW��WKH�FDOFXODWRU�SURPSWV�WR�VZLWFK�WR�
FRPSOH[�PRGH��$FFHSW�WKH�VZLWFK�WR�
FRPSOH[�PRGH��DQG�OLQHDUL]H�WKH�
H[SUHVVLRQ�

\

�� 2SHQ�WKH�$OJHEUD�PHQX�DQG�SODFH�WKH�
(;3$1'�FRPPDQG�RQ�WKH�FRPPDQG�OLQH�

>ú\

�� 5HWULHYH�WKH�UHVXOW�IURP�KLVWRU\�

m\
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�� $SSO\�WKH�FRPPDQG�WR�VLPSOLI\�WKH�UHVXOW�

\

Working in Equation Writer

,Q�(TXDWLRQ�:ULWHU��\RX�FDQ�DSSO\�D�FRPSXWHU�DOJHEUD�FRPPDQG�WR�WKH�
HQWLUH�H[SUHVVLRQ��RU�\RX�FDQ�VHOHFW�D�SDUW�RI�WKH�H[SUHVVLRQ�WR�DSSO\�D�
FRPPDQG�WR��6HH�FKDSWHU����§&UHDWLQJ�DQG�HGLWLQJ�H[SUHVVLRQV¨��IRU�GHWDLOV�
RQ�KRZ�WR�XVH�(TXDWLRQ�:ULWHU�

7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�KRZ�WR�XVH�(TXDWLRQ�:ULWHU�WR�
HYDOXDWH�WKH�LQWHJUDO�RI�DQ�H[SUHVVLRQ�EHWZHHQ�WZR�LQGHILQLWH�OLPLWV��DQG�
IDFWRUL]H�D�SDUW�RI�WKH�UHVXOW��7KH�H[SUHVVLRQ�WR�HYDOXDWH�LV�

�� 2SHQ�(TXDWLRQ�:ULWHU�DQG�HQWHU�WKH�
H[SUHVVLRQ�

o������

�� 6HOHFW�WKH�H[SUHVVLRQ�

[[

�� (YDOXDWH�WKH�H[SUHVVLRQ

(9$/

,Q�(TXDWLRQ�:ULWHU��\RX�FDQ�XVH�RQO\�WKRVH�FRPPDQGV�WKDW�
UHTXLUH�RQH�DUJXPHQW��DQG�\RX�FDQQRW�XVH�FRPPDQGV�WKDW�UHWXUQ�
PRUH�WKDQ�RQH�UHVXOW��

x
2 3x+( ) xd

t

2t

∫
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�� 6HOHFW�WKH�QXPHUDWRU�FRPSRQHQW�RI�WKH�
H[SUHVVLRQ�

[

�� )DFWRUL]H�WKH�QXPHUDWRU�

)$&72

Performing substitutions
8VH�WKH�68%67�FRPPDQG�LQ�WKH�DOJHEUDLF�FRPPDQG�OLVW��>ú��WR�
SHUIRUP�VXEVWLWXWLRQV��

7KH�IROORZLQJ�H[DPSOH�VXEVWLWXWHV�WKH�YDOXH���IRU�[�LQ�

�� )URP�WKH�$OJHEUD�PHQX��VHOHFW�WKH�68%67�
FRPPDQG�DQG�SODFH�LW�RQ�WKH�FRPPDQG�
OLQH�

>ú�\

�� 8VH�WKH�FRPPDQG�OLQH�HGLWRU�WR�SODFH�WKH�
DUJXPHQWV�EHWZHHQ�WKH�FRPPDQGªV�
SDUHQWKHVHV�

>ïOq�=�}=<UO}
>IO>æ�

�� $SSO\�WKH�FRPPDQG��

\

�� %HFDXVH�WKH�FDOFXODWRU�LV�LQ�H[DFW�PRGH��
WKH�FRPPDQG�SURGXFHV�WKH�IROORZLQJ�
H[DFW�UHVXOW��2EWDLQ�DQ�DSSUR[LPDWH�UHVXOW�

>�\

x2 1+( )ln x( )atan+
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<RX�FDQ�DOVR�XVH�WKH�68%67�FRPPDQG�WR�VXEVWLWXWH�H[SUHVVLRQV��)RU�
H[DPSOH��WR�VXEVWLWXWH�WKH�H[SUHVVLRQ�\���IRU�[�LQ�WKH�SUHYLRXV�H[DPSOH�

�� 5HWULHYH�WKH�RULJLQDO�FRPPDQG�IURP�
KLVWRU\�DQG�HGLW�LW�WR�UHSODFH�WKH�
VXEVWLWXWLRQ�YDOXH�

m [�����\�����{HH`<=�

�� $SSO\�WKH�FRPPDQG�

\

Expanding and factorizing
7KH�+3 ��*�FDQ�H[SDQG�DQG�IDFWRUL]H�PRVW�DOJHEUDLF�H[SUHVVLRQV��7KH�
FRPPDQGV�WKDW�SHUIRUP�WKHVH�IXQFWLRQV�DUH�LQ�WKH�DOJHEUDLF�FDWHJRU\��,I�
WKH�H[SUHVVLRQ�WKDW�\RX�DUH�ZRUNLQJ�RQ�FRQWDLQV�H[SRQHQWLDO�RU�
WULJRQRPHWULF�IXQFWLRQV��\RX�PD\�QHHG�WR�VLPSOLI\�WKH�H[SUHVVLRQ�EHIRUH�
XVLQJ�(;3$1'�RU�)$&725��6HH�§([SRQHQWLDO�DQG�WULJRQRPHWULF�
H[SUHVVLRQV¨�RQ�SDJH������

Expanding expressions

<RX�XVH�WKH�(;3$1'�FRPPDQG�WR�H[SDQG�DQG�VLPSOLI\�DQ�H[SUHVVLRQ��
7KH�IROORZLQJ�H[DPSOH�H[SDQGV�WKH�H[SUHVVLRQ�

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW�DQG�VHOHFW�
(;3$1'�WR�SODFH�LW�RQ�WKH�FRPPDQG�OLQH�

>ú\

�� :LWK�WKH�FXUVRU�EHWZHHQ�WKH�SDUHQWKHVHV��
RSHQ�(TXDWLRQ�:ULWHU�DQG�FUHDWH�WKH�
H[SUHVVLRQ��:KHQ�\RX�KDYH�FUHDWHG�LW��
SUHVV�\�WR�SODFH�LW�RQ�WKH�FRPPDQG�
OLQH�EHWZHHQ�WKH�SDUHQWKHVHV�

o ����� \

x 1+( ) 2x 5–( ) x 7–( )
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�� 3UHVV�\�WR�H[SDQG�WKH�H[SUHVVLRQ�

\

Expanding a part of the expression

7R�H[SDQG�SDUWV�RI�WKH�H[SUHVVLRQ��\RX�PXVW�ZRUN�IURP�ZLWKLQ�(TXDWLRQ�
:ULWHU��)RU�H[DPSOH��WR�H[SDQG�WKH�ILUVW�WZR�FRPSRQHQWV�RI�WKH�
H[SUHVVLRQ�LQ�WKH�SUHYLRXV�H[DPSOH��SHUIRUP�WKH�IROORZLQJ�

�� 2SHQ�(TXDWLRQ�:ULWHU�DQG�FUHDWH�WKH�
H[SUHVVLRQ�

o . . .

�� 8VH�HLWKHU�&XUVRU�PRGH�RU�6HOHFWLRQ�
PRGH�WR�VHOHFW�WKH�ILUVW�WZR�FRPSRQHQW�
H[SUHVVLRQV�RQO\��)RU�H[DPSOH��LI�WKH�
FXUVRU�LV�SRVLWLRQHG�RQ�WKH�ILUVW�WHUP�LQ�
WKH�H[SUHVVLRQ��X��XVH�WKH�IROORZLQJ�
NH\VWURNHV�

[[>}

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW�DQG�VHOHFW�
(;3$1'�WR�H[SDQG�WKH�VHOHFWHG�
FRPSRQHQWV�
>ú\
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Factorizing expressions

<RX�XVH�WKH�)$&725�FRPPDQG�WR�IDFWRUL]H�DQ�H[SUHVVLRQ��$V�ZLWK�
(;3$1'��\RX�FDQ�IDFWRUL]H�DQ�HQWLUH�H[SUHVVLRQ��RU�FRPSRQHQWV�RI�WKH�
H[SUHVVLRQ�

Example

7KLV�H[DPSOH�IDFWRUL]HV�WKH�IROORZLQJ�FXELF�SRO\QRPLDO�H[SUHVVLRQ�

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW�DQG�VHOHFW�
)$&725�

>ú]\

�� :LWK�WKH�FXUVRU�SRVLWLRQHG�EHWZHHQ�WKH�
SDUHQWKHVHV��RSHQ�(TXDWLRQ�:ULWHU��FUHDWH�
WKH�H[SUHVVLRQ��DQG�SUHVV�\ WR�SODFH�LW�
RQ�WKH�FRPPDQG�OLQH�EHWZHHQ�WKH�
SDUHQWKHVHV�

o ��\

�� 3UHVV�\�WR�IDFWRUL]H�WKH�H[SUHVVLRQ��

\

�[� �[� �[– ��–�
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Exponential and trigonometric expressions

:KHQ�ZRUNLQJ�ZLWK�H[SUHVVLRQV�LQYROYLQJ�H[SRQHQWLDO�DQG�WULJRQRPHWULF�
IXQFWLRQV��\RX�RIWHQ�QHHG�WR�VLPSOLI\�WKHP�EHIRUH�\RX�XVH�)$&725�RU�
(;3$1'��7KH�IROORZLQJ�FRPPDQGV��IURP�WKH�H[SRQHQWLDO�DQG�
OLQHDUL]DWLRQ�FDWHJRU\��VLPSOLI\�WULJRQRPHWULF�DQG�H[SRQHQWLDO�
H[SUHVVLRQV��$W�WKH�EHJLQQLQJ�RI�HDFK�GHVFULSWLRQ��WKH�NH\V�\RX�XVH�WR�
DFFHVV�WKH�FRPPDQG�OLVW�DUH�GLVSOD\HG�

(;3/1 ([S�DQG�/LQ�FRPPDQG�OLVW¦<*�

$SSOLHV�(XOHU�LGHQWLW\��7KH�
H[DPSOH�DW�WKH�ULJKW�VKRZV�
WKH�UHVXOW�RI�DSSO\LQJ�WKH�
FRPPDQG�WR�VLQ�[��

+$/)7$1 7ULJRQRPHWU\�FRPPDQG�
OLVW¦>û

5HSODFHV�VLQ�[���FRV�[���DQG�WDQ�[��WHUPV�ZLWK�WHUPV�WKDW�
XVH� ��

/,1 ([S�DQG�/LQ�FRPPDQG�OLVW¦<*

3HUIRUPV�(XOHU�LGHQWLWLHV��WKHQ�OLQHDUL]HV�H[SUHVVLRQV�E\�
DSSO\LQJ�WKH�IROORZLQJ�VXEVWLWXWLRQV�

7KH�H[DPSOH�DW�WKH�ULJKW�
VKRZV�WKH�UHVXOW�RI�DSSO\LQJ�
WKH�FRPPDQG�WR�VLQ�[��

/1&2//(&7 ([S�DQG�/LQ�FRPPDQG�OLVW¦<*

6LPSOLILHV�DQ�H[SUHVVLRQ�E\�FROOHFWLQJ�WHUPV�LQYROYLQJ�
QDWXUDO�ORJDULWKPV��

6,1&26 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

&RQYHUWV�H[SRQHQWLDO�DQG�QDWXUDO�ORJDULWKPLF�
H[SUHVVLRQV�WR�WULJRQRPHWULF�H[SUHVVLRQV�

[
�
���WDQ

e
x

e
y⋅ e

x y+→

e
x( )

n
e

nx→
Page 5-14 Working with expressions



W
orking w

ith expressions
7$1�6& 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ�

7$1�6&� 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQV�

7(;3$1' 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

([SDQGV�H[SUHVVLRQV�RI�WKH�IRUP�([S�Q[���VLQ�Q[���DQG�
FRV�Q[���ZKHUH�Q�LV�DQ�LQWHJHU��,W�DSSOLHV�WKH�IROORZLQJ�
VXEVWLWXWLRQV�

7/,1 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ�

75,* 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

6LPSOLILHV�H[SUHVVLRQV�E\�DSSO\LQJ�WKH�IROORZLQJ�
VXEVWLWXWLRQ�

[( )WDQ
[( )VLQ
[( )FRV

���������������������→

[( )WDQ
2[( )VLQ

1 2[( )FRV+
�������������������������������������→

[( )WDQ
1 2[( )cos–

2[( )sin
�����������������������������������→

H[ \� H[H\→

[\( )OQ [( )OQ \( )OQ�→

[ \�( )VLQ [( ) \( )FRVVLQ \( ) [( )FRVVLQ�→

[ \�( )cos [( )cos \( )FRV x( ) y( )sinVLQ–→

[( ) \( )VLQVLQ �
�
��� [ \–( )FRV [ \�( )FRV–( ) 

sin2
x( ) cos2

x( )+ 1=
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75,*&26 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ��DQG�UHWXUQV�FRVLQH�
WHUPV�LI�SRVVLEOH�

75,*6,1 7ULJRQRPHWU\�FRPPDQG�OLVW¦>û

$SSOLHV�WKH�IROORZLQJ�VXEVWLWXWLRQ��DQG�UHWXUQV�VLQH�WHUPV�

LI�SRVVLEOH�

Example

7KLV�H[DPSOH�XVHV�7/,1��LQ�FRQMXQFWLRQ�ZLWK�(;3$1'��WR�VLPSOLI\�WKH�
IROORZLQJ�WULJRQRPHWULF�H[SUHVVLRQ��DQG�GHGXFH�LWV�YDOXH�

�� 2SHQ�WKH�7ULJ�FRPPDQG�OLVW��DQG�VHOHFW�
7/,1�

>û[[[[[[\

�� :LWK�WKH�FXUVRU�SRVLWLRQHG�EHWZHHQ�WKH�
SDUHQWKHVHV��RSHQ�(TXDWLRQ�:ULWHU�DQG�
FUHDWH�WKH�H[SUHVVLRQ��7KHQ�SUHVV�\�WR�
SODFH�LW�RQ�WKH�FRPPDQG�OLQH�EHWZHHQ�WKH�
SDUHQWKHVHV�

o � \

�� 3UHVV�\�WR�VLPSOLI\�WKH�H[SUHVVLRQ�

\

�� 2SHQ�WKH�$OJHEUD�FRPPDQG�OLVW��DQG�
VHOHFW�(;3$1'�

>ú\

sin2 x( ) 1 c– os2 x( )→

cos2
x( ) 1 sin2

x( )–→

π
��
������FRV 

  �
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�� 5HWULHYH�WKH�UHVXOW�RI�VWHS���IURP�KLVWRU\�

m\

�� 3UHVV�\�WR�H[SDQG�WKH�H[SUHVVLRQ��

�\ 

Calculus commands
8VH�WKH�IROORZLQJ�FRPPDQGV�IURP�WKH�&DOFXOXV�FKRRVH�OLVW�WR�GLIIHUHQWLDWH�
DQG�LQWHJUDWH�H[SUHVVLRQV�

'(59; &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

'LIIHUHQWLDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�GHIDXOW�
LQGHSHQGHQW�YDULDEOH��7KH�GHIDXOW�LQGHSHQGHQW�YDULDEOH�LV�
;��

'(5,9 &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

'LIIHUHQWLDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�
\RX�VSHFLI\�DV�D�SDUDPHWHU�DIWHU�WKH�H[SUHVVLRQ��

,179; &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

,QWHJUDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�GHIDXOW�
LQGHSHQGHQW�YDULDEOH��

5,6&+ &DOFXOXV�FRPPDQG�OLVW¦< $ '(5,9��	�,17(*

,QWHJUDWHV�DQ�H[SUHVVLRQ�ZLWK�UHVSHFW�WR�WKH�YDULDEOH�\RX�
VSHFLI\�DV�D�SDUDPHWHU�DIWHU�WKH�H[SUHVVLRQ�
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Example

7KLV�H[DPSOH�LOOXVWUDWHV�KRZ�WR�XVH�WKH�'(59;�FRPPDQG�WR�GLIIHUHQWLDWH�
DQ�H[SUHVVLRQ�DQG�WR�XVH�WKH�(;3$1'�FRPPDQG�WR�VLPSOLI\�WKH�UHVXOW�

�� 2SHQ�(TXDWLRQ�:ULWHU�DQG�FUHDWH�WKH�
H[SUHVVLRQ�

o>P>POq�}=�

�� 6HOHFW�WKH�H[SUHVVLRQ�

[[[[

�� 2SHQ�WKH�&DOFXOXV�FRPPDQG�OLVW��VHOHFW�
'(5,9�	�,17(*�DQG�KLJKOLJKW�WKH�'(59;�
FRPPDQG�

<$\]]

�� $SSO\�WKH�FRPPDQG�WR�WKH�VHOHFWLRQ��1RWH�
WKDW�DV�'(59;�LV�D�IXQFWLRQ��LW�GRHV�QRW�
GLIIHUHQWLDWH�WKH�H[SUHVVLRQ�LPPHGLDWHO\�

\

�� 'LIIHUHQWLDWH�WKH�H[SUHVVLRQ�

>ù

�� 8VH�WKH�(;3$1'�FRPPDQG�IURP�WKH�
$OJHEUD�FKRRVH�OLVW�WR�VLPSOLI\�WKH�UHVXOW��
1RWH�WKDW��DV�(;3$1'�LV�D�FRPPDQG��LW�
H[SDQGV�WKH�H[SUHVVLRQ�LPPHGLDWHO\�

>ú\
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Differentiating an expression step-by-step
<RX�FDQ�XVH�WKH�+3���*�WR�GLIIHUHQWLDWH�H[SUHVVLRQV�LQ�VWHS�E\�VWHS�PRGH��
7KH�FRPSXWHU�DOJHEUD�V\VWHP�GLVSOD\V�WKH�UHVXOWV�RI�HDFK�VWDJH�RI�WKH�
GLIIHUHQWLDWLRQ�SURFHVV��7KH�UHVXOWV�RI�HDFK�VWHS�RI�WKH�RSHUDWLRQ�DUH�
ZULWWHQ�WR�+LVWRU\�

Setting step-by-step mode

<RX�XVH�WKH�&$6�0RGHV�LQSXW�IRUP�WR�VHW�VWHS�E\�VWHS�PRGH�

�� 3UHVV�h�

7KH�&DOFXODWRU�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG��

�� 3UHVV�&$6�

7KH�&$6�0RGHV�LQSXW�IRUP�LV�GLVSOD\HG�

�� 3UHVV�]]]�WR�PRYH�WKH�FXUVRU�WR�WKH�
6WHS�6WHS�ILHOG�DQG�SUHVV�&+.��

$�FKHFN�PDUN�DSSHDUV�QH[W�WR�WKH�PRGH�
VHWWLQJ�

�� 3UHVV�\�WZLFH�WR�UHWXUQ�WR�WKH�GHIDXOW�
VFUHHQ��

Performing step-by-step operations

<RX�FDQ�SHUIRUP�VWHS�E\�VWHS�RSHUDWLRQV�IURP�ZLWKLQ�(TXDWLRQ�:ULWHU�

�� 8VH�WKH�DERYH�PHWKRG�WR�VHW�VWHS�E\�VWHS�PRGH�

�� $FFHVV�(TXDWLRQ�:ULWHU�DQG�HLWKHU�FUHDWH�RU�LPSRUW�WKH�H[SUHVVLRQ�WKDW�
\RX�ZDQW�WR�ZRUN�RQ�

�� 8VH�WKH�DUURZ�NH\V�WR�VHOHFW�WKH�H[SUHVVLRQ�

�� 3UHVV�ù�WR�SHUIRUP�WKH�ILUVW�VWHS�LQ�WKH�RSHUDWLRQ��

7KH�UHVXOW�RI�WKH�ILUVW�VWHS�LV�GLVSOD\HG�

�� 3UHVV�ù�WR�SHUIRUP�WKH�QH[W�VWHS�LQ�WKH�RSHUDWLRQ��(DFK�WLPH�\RX�
SUHVV�ù��WKH�FDOFXODWRU�SHUIRUPV�WKH�QH[W�VWHS�LQ�WKH�SURFHVV��DQG�
GLVSOD\V�WKH�UHVXOW��
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Step-by-step example

7KLV�H[DPSOH�GLIIHUHQWLDWHV�WKH�IROORZLQJ�H[SUHVVLRQ�LQ�VWHS�E\�VWHS�
PRGH�

�� 8VH�WKH�PHWKRG�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WR�HQVXUH�WKDW�VWHS�
E\�VWHS�PRGH�LV�VHW�

�� 3UHVV�o�WR�RSHQ�(TXDWLRQ�:ULWHU�

�� &UHDWH�WKH�H[SUHVVLRQ

�sO}}=�tO}q�}}}>
O

�� 6HOHFW�WKH�H[SUHVVLRQ�

[[

�� (YDOXDWH�WKH�ILUVW�VWHS�

>ù�

�� (YDOXDWH�WKH�QH[W�VWHS�

>ù�

�� (YDOXDWH�WKH�QH[W�VWHS�

>ù

�� (YDOXDWH�WKH�ODVW�VWHS��7KLV�UHWXUQV�WKH�
ILQDO�UHVXOW�RI�WKH�GHULYDWLRQ�

>ù�

� [VLQ �FRV�[�
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