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� ² � � � Ó �� � �

{�[ar�~M�N� � ² n � ² �
rTPW\-~M�N� ² � ² n � ²

¤�¥§¦£¨WÛ-¥ !Ð±-~�= � ¬ Ï �d5Su`aUWURQ%�k��l mo�]PWUW^�j
2N! {V[]r1~D��¼ � � �?�¶{V[]r1~M�N� ³ rTPW\-~M��¼ � � �)�årTPW\-~M�N�º)! {�[]r¯~M��¼ � �?�Ënk{�[]r1~D�N� ³ rsPR\-~D��¼ � �)� n�rTPW\-~M�N�
®.! {V[]r1~D�N�Ç�¶rTPR\ C � � nÑ� E ³ rsPR\-~D�N�?�¶{�[ar C � � n�� E �
¤�¥§¦£¨WÛ+Û !Ð±-~�= � ¬ �k8<434°HV/¯,.434M,.*��+(+* {�[]r 8<*:; rsPR\
2N! �k��l moj {�[]r¯~M�N�?�æ² ��î � � � ¹c¹ j���� � � ¼ � �
º)! ����l moj rsPR\-~D�N�?�æ² ��î � � � ¹c¹ j���� � � �� B125&:E �][a\G{V[]r�d5\5t rTPW\£j�O�PWQ Ï d5\5ef^gPW[]\5Q�\�rsPR\ d5\5t {V[]r�rTPR\zt�\x`a{}| ~ �tuz���.� `]� &),_B�0M(';<0°H�®�E �][]\ t5QVS
�:QVSTPW[.t5Q � � � O�`a|5QVS¿rTQw^g�w^)rTPW{}|�t5Q�S:�]Q��VQ�PW{}|5\5QV^TQ���Sg`aZ5|Ð`adzbAt5QV êlJ\_^TQ�SÂ�a`�URU��T² ³i� � � \x`�{}|��NQVPRt5QV\�¢.Q�Pc^gQV\PR\zruÚ�\5QV\5t5URPW{}|5Q�bM[]Ss^ �

1

–1

3π/2π/2 2ππ0

cossin

¤�¥§¦£¨WÛ+á !ÐÜ�#�±�¬ 2N! O�PWQ ªÔ25*<@A,§*:H}6'±-8<*<KN/103(+*
^}`�\"j]l mV�0� � � ¼ � � ps� � ¹c¹���nLpql moPWrs^ut5Qwvx\5PRQVSs^yt5d5Ss{}| ^g`a\-~M�N��j�� rTPW\'~D�N�

{V[]r1~M�N� �
º)! O�PWQ Y (x/�2x*-@+,§*<Hi6£±-8:*-KL/10M(+* {V[a^Áj×l m���� � � ps� � ¹c¹�� nNp l m PRrs^�t5Qwvx\5PWQ�Ss^"t5d5Ss{}|
{�[�^1~M�N��j�� {�[ar�~M�N�

rTPW\-~M�N� �
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������������� m
� B125&:E �][a\"^}`�\�dz\5t"{V[a^¯j

1

cot tan

−3π/2 3π/2−π π−π/2 π/20

¤�¥§¦£¨WÛ�� !�©£ ×ª�«­¬ 2+! O�PRQ��Ô[]rsPR\_d5r%x Ï dz\5ef^gPR[a\èPWrs^Ý`adzb�t5QV qlJ\_^TQ�SÂ�a`�URU�� ² ³ � � rÂ^gQw^gPR�Gd5\5tèrs^TSTQV\5�
 �[]\5[a^T[]\kb3`aUWURQ�\zt£âNdz\5t Q�r��]PWUW^ì{�[]r1~	� ² ³ � � �y�w� n �]³¯�T�Ô� X)r�QwY.PRrÂ^gPRQVSs^�tzPRQ�Úy Ýe�Q�|5SÂbMd5\5ef^gPW[]\ {�[]r Æ » �
`aSs{�{�[aryj�� n �]³¯�T� nNpql m ~  ÙBC®f8<H¯®](+H¯03*£8:H}6'±-8<*<KN/103(+* � � O�PRQ�rsQ­PRrÂ^�ÃuPRQVt5Q�S)rÂ^gQV^TPR��d5\5t�rÂ^gSTQV\5�× Ý[]\z[a^g[]\
b3`aUWURQ�\zt �
º)! O�PWQÐ¢§PR\_d5r%x Ï dz\5ef^gPR[a\kPRrÂ^�`adzb)t5QV  lJ\_^TQ�SÂ�a`�URUw�MnK� � ³ � �1� rs^TQV^TPR��dz\5tkrÂ^gSTQV\5�Ù �[]\5[a^T[]\�Ã�`a{}|zrTQ�\zt£â
d5\5tÈQ�r"�]PRUc^ rTPW\-~ � n � � ³ � � � � � � n �a³¯�T��� X)rkQiY.PRrs^TPRQVSs^�t5PRQGÚy Ýe�Q�|5SÂbMd5\5ef^gPW[]\ rsPR\ Æ » � `aSs{�rsPR\¡j� n �]³��T� n+p l mæ~  ÙBC®f8<H¯H¯03*£8:H}6'±-8<*<KN/103(+* � � O�PRQ�rsQ�PRrÂ^¿ÃuPWQ�t5QVS)rs^gQw^gPW��d5\5t�rs^TSTQV\5�� Ý[]\z[a^g[]\�Ã�`a{}|zrTQ�\zt �
®.! O�PRQ��:`a\5�aQ�\5r�x Ï d5\5ef^gPW[]\�PRrs^)`adzbNt5Q�  lJ\_^TQ�SÂ�a`�URU � nK� � ³ � � �Ðrs^TQV^TPR��d5\5t�rÂ^gSTQV\5�× Ý[]\z[a^g[]\�Ã�`a{}|zrTQ�\zt£â
d5\5tkQ�r��]PWUW^ ^g`a\-~ � n � � ³ � � �W��� l m � X)r�QwY.PRrÂ^gPRQVSs^%t5PRQ�Ú� �eaQV|5SsbMd5\ze_^TPR[]\ ^}`a\ Æ » �ê`aSs{V^}`�\�jzl mìnNp l m
~  ÙBC®f8<HV/�2x*-@A,§*:Hi6£±-8<*<KL/�03(+* � � O�PRQVrTQ�PRrÂ^­ÃuPRQVt5Q�Surs^TQV^TPR��d5\5t�rs^TSTQ�\z�� �[]\5[a^T[]\ÙÃ�`�{}|5rTQV\5t �
;�! O�PRQ[�Ô[a^g`a\5�]QV\5r%x Ï d5\ze_^TPR[]\GPRrÂ^×`adzbÔt5Q� ãlJ\f^gQVSs��`aUWU � ² ³ � �9rs^TQV^gPW�"dz\5t�rÂ^gSTQV\5�� Ý[]\z[a^g[]\�b3`aUWURQV\5t£âd5\5t�QVr��aPRUW^ {V[a^1~ � ² ³ � � ��� l m � X)r�QwY.PRrÂ^gPWQ�Ss^�t5PRQ�Úy Ýe�Q�|5SÂbMd5\5ef^gPW[]\ {V[a^ Æ » �h`aST{V{�[a^"j?l m nNp l m
~  ÙBC®f8<H¯®](x/�2x*-@A,.*<Hi6£±-8:*-KL/10M(+* � � O�PRQ�rsQ�PRrÂ^­ÃuPRQ�tzQ�Surs^TQV^gPW��d5\5t�rs^gSsQ�\5�� �[]\5[a^T[]\�b3`aURUWQ�\5t �

Í ,§F ¬ X)r­|x`�\5t5Q�Uc^­rTPW{}|��NQVP£t5Q�\�Úy Ýe�Q�|5SÂbMd5\5ef^gPW[]\5Q�\�t5QVSÔ^gSsPR�][a\5[] �QV^gSsPRrs{}|5Q�\ Ï d5\5ef^TPR[]\5QV\�d5 ´tzQ�STQV\
rT[a� �\� 2x8-&-/wÎÐ,_B1/¯, �
Í ,fÎ�¬ O�PWQ�Õ%dzrTrg`��]Q�\"Q�ST�aQ��+Q�\krsPR{}|"`aURUWQ�`adzrÐ~ ��Òz�c��� � �
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2N! � PWS­rs^TQ�URUWQ�\�bi�d5S�t5PWQ�rsQ�\ Ï `aUWULQVPR\5PW�]Q Ï []ST �Q�UW\�`adzbçj
`aSs{�{�[ar1~3{V[]r�~D�N�T�?�¶� À%����� ² ³ � � {�[]r¯~°`aSs{�{�[ar1~3äz�T���¶ä À�äÝ�!� n �]³¯���
`aSs{�{�[ar1~3äz���¶� ��î ä��È{�[ar�~M�N� ~D���V�Ø² ³ � ��³ äÙ��� n �]³¯�T� �
{�[ar1~°²f�)� � �£î `aST{V{�[]r�~ � �)�æ² {�[]r C � Ó E � �

� �£î `aST{V{�[]r C �� E ��� Ó
{�[ar C�� � E �È² �Lî `aSs{�{V[]r1~°²]�)� � � {�[ar�~ � �Ç�ên � �Lî `aSs{�{V[]r�~çn � �?� � �
� B125&:E �][a\ 25BC®fH¯03* j

2π−2π −3π/2 3π/2−π π−π/2 π/20

 !¡�¢¤£¦¥¨§1©�ª¨«­¬	®%¯O°�±²§�³0´0µ²¶-·�®¸«­µ²§�µ
¤�¥§¦£¨WÛ�) !ÐÜ�#�±�¬ 2N! O�PWQ Ï d5\5ef^TPR[]\ÑrsPR\5|>j<l m nLp l m×â�tzQVvx\5PWQ�SÂ^�t5d5Ss{}|9rTPR\z|-~M�N�Ýj�� �

� r µ Ä nÑµ Æ_Ätsbi�d5SÔ���kl m×âz|5Q�PWÞa^ ©'03*£8<HÝE�¹'&),_BCº)(+430°®f8<H
º)! O�PWQ Ï d5\5ef^gPW[]\ {V[]rT| j'l m¡nNp l m�â<t5QVvx\zPRQ�SÂ^×t5d5ST{}|�{�[]rs|<~M�N��j�� �

�Qr µ Ä ¼èµ Æ_Ä s b}�d5S��Á�Ál m�â:|5QVPRÞa^Y (+H¯0°*L8:H�Eº¹'&),_B1º)(+4°03®f8<H
®.! O�PWQ Ï dz\5ef^gPR[a\ ^}`�\5|ìj­l mqnNp l m×â­t5Qwvx\5PWQ�Ss^�t5d5Ss{}| ^}`a\z|-~M�N��j�� rsPR\5|'~M�N�

{�[]rs|<~M�N� b}�d5S�� ��l m�â�|5QVPRÞa^
ªÔ2x*-@A,§*:H�Eº¹'&),_B1º)(+4°03®f8:H
;�! O�PRQ Ï dz\5ef^gPR[a\k{�[�^g|Gj5l m!�»�C²��ÝnNp l m�âLtzQVvx\5PWQ�SÂ^�t5d5Ss{}| {�[a^T|-~M�N��j�� {�[arT|<~M�N�

rTPW\5|<~M�N� bi�dzSy� �Ñl m�âL|5QVPRÞa^Y (x/�2x*-@+,§*<HÝE�¹'&),_BCº)(+430°®f8<H �
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������������� u

O�PRQ0��ST`aZ5|5QV\��a[]\ H�0°*<E d5\5t ®](+H¯E rTQV|5Q�\�bM[]UR�]QV\5t5QVST Ý`aÞ]Q�\�`�d5r�j

cosh

sinh

–5

–1

1

5

–3 –2 –1 1 2 3

lJ\kQVPR\5QV  Ê Q�SsQ�PW{}|£âNPW\kt5QV  Q�PW\5Q�tzQ�Sy|o{§Z+Q�Ss�N[]UWPRrs{}|5Q�\ Ï d5\ze_^TPR[]\zQ�\krÂ^gSsQ�\5�Ù �[]\5[�^g[]\�PRrÂ^¯âA�]PW�z^yQ�r%QVPR\5Q
Ú� �eaQV|5SsbMdz\5ef^gPR[a\£âxt5Q�SsQ�\��%`a �Q� ÝPc^  ÙB1,_2 �+Q��a[]\5\5QV\�ÃuPWSTt£j
rTPW\5|�j]l monNp l mo�5PØ�sQVe_^TPW�+j)rTPW\5| Æ » ��j_`aSTrsPR\5|�jfl monNpql m ~  ÙB1,_2Ñ©'03*£8<H�E�¹'&),_BCº)(+430°®f8<H �
{�[arT|�jfl m0¼ � nNp � �]³ ¼�É � �zPØ�sQ�ef^TPW�+j){�[]rs| Æ » ��j_`aSs{�[]rs|"j�� �]³ ¼�É � nLp l m
^}`�\5|"jfl mænNp � n �]³¯� �§�zPØ�sQ�ef^TPW�+j�^}`a\z| Æ » ��j_`aSÂ^}`a\z|�j � n �]³�� � n+p l m
{�[�^g|�jfl mon+p l m½��� n �a³¯�T� �5P �sQ�ef^gPc�Nj¿{�[a^T| Æ » ��jf`aSs{�[]rs|kj]l mV��� n �a³¯�T� nNpql m


