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G`UaLNI[b`Ddc�Q�F@MeMXFBQVT
MXS UfMeLNg\]hK$i$i�g@jhL4b@g`K$j^GJS ]hk*MWjl]WDGBAmI�Q�ZnpoRq r q.s rutwvrut = x0y�zW{m|`} r q.s rut�vR~ < r s"� Aa< r�t =BAlD���P$MR�BK$gJLNQ[MXSBL4Q�] r s�� k^P$QVUlP0P G`]^I�Q[Z\Q[LO�mG`] r0� =
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� A�I[Q�Zn�o���q �n s �qr s =�xYy�zX{�|B}�� Q�S UWM Cr s C= ~ = s r= r�� LhP$MO�`K gJLhQ�MWSBL �n s �qr s = ~ = s r= r � Cr s = ~ C= r4� GJS T C= r P G`]dI[Q�Z\Q�Lt �� G@] r2��t =
DU�A�I�Q[Zn�o�� �$� ]hQ[S rr�t�� q xYy�zX{�|B} � ] r¡� � q � ]¢Q�S r¡� C@D�£*K
L r0t � q � ?uGJS T r0t � qw¤ ? DO��P$M��`K gJLhQ�MWSBL�Q�]¥LhP$MXjhMW¦§g@jNM¨ C]hZ\G@I[I;S MW©`GJLhQ�F@M�ª k^P Q�UlPYQ�]¥GmIVGJjN©@M�i�g`]hQ�LNQ[F`M�S�K$Z � MXj � ]hg�LhP$MRI�Q�Z�Q[L¥QV] tO« D
T�A¬I�Q[Znpoea® ¯ r ¯r x0y�zW{�|B}u° ¦ r ± ? � LhP MWS"¯ r ¯ ~²r GJS T ¯ r ¯r ~ rr ~ C`D���P$MWjNMf¦§g`jhMOLhP MRI[Q�Z\Q�L4QV]RC@D<³CX´�A =
D$G�A � K$i$i�g`]hM¶µ�< r A*Q�]^Gm¦§K$S�UaLhQ�g@S�D�·¡jNQ[LhMeLhP M¶¸ |B¹dy�º¼»�º§½�y gJ¦�µ�¾>< r A � LhP$M¶T$MWjNQ[FHGHLNQ[F`MegJ¦�µ�< r A � G@]^G�I�Q[Z\Q[LXDx0y�zX{�|B} µ�¾>< r A ~ I�Q[Z¿ npoe µ�< r sÁÀ r A t µ�< r AÀ r D� A*ÂO]¢MRb`g@K$j^GJS�]¢k*MWj*LhguG�A.GJS T0¦�GJZ\Q�I[QVGJj�i$jNg@i�MWjhLhQ�MX]�g@¦ÃI�Q�Z�Q[LN]^Lhg�Ä S T0LhP M¶T
MWjNQ[FHGJLhQ�F@MegJ¦�µ�< r A ~�Å rut � Dx0y�zX{�|B} µ�< r sÆÀ r A t µ�< r A ~ Å r sÁÀ rÇt � t Å rut � D²·wM�UWG@SÁ©`MfLuGJSÈGJI�©@M � jNG@Q�UXGJI�I[b�M��BK$Q[FHG@I[MXS`L\¦§g`jhZ � bZ�K I�LNQ[i$I�b�Q[S ©ÉLNg@iÁG@S T � gJLhLhg@Z � b�LNP$MYUWg@SHÊ³K ©`GHLNM�MW_�i jhM�]h]hQ[g`SË<§Z\g@LhQ�FpGJLhM�T � b�g@K$j\T
MX]hQ�jhM0LhgwUWGJS�UfMWI À r�Ì ]mI�GJLhMWjfAlÍÎBÏ r sÁÀ r\t � t Å rut �`Ð � Å r sÑÀ rÇt �¥s Å rut �Å r sÑÀ rÇt �¥s Å rut � ~ < r sÁÀ rÇt � A t < rut � AÅ r sÑÀ rÇt �¥s Å rut � ~ À rÅ r sÑÀ r�t �¥s Å r�t � D��P$M�T
Q�Ò�MWjNMWS�UfMm�BK$g@LhQ�MWSBL µ�< r sÑÀ r A t µ�< r AÀ r LhP MWS � MXUWg@Z\MX] CÅ r sÁÀ rÇt �¥s Å r�t � � M�UWGJK�]¢M�LhP$M À r�Ì ]OUXGJS UWMWI �GJS�TuLNP$MRI[Q�Z\Q�L�UWGJS � Me¦§g@K$S TYM�G@]hQ[I�b�Ídµ ¾ < r A ~ I[Q�Z¿ n�oe CÅ r sÁÀ r\t �¥s Å rut � ~ C= Å rut � DU�A*ÂO]¢Meb`g@K$j4G@S ]¢k*MWj*LNg � A'LhgÇk^jNQ�LNMeG@S2MX�BK GHLNQ[g`S�¦§g`j�LhP$MRI�Q�S$MeLNG@S$©@MXS`L�LNg�Ó ~ËÅ rut � k^P$MWS r0~�Ô Dx0y�zX{�|B} ��P$M0]¢I�g@i�MugJ¦�LNP$MÇLNG@S$©@MXSBL�I[Q�S$Muk^P MWS rÑ~ÕÔ QV]mµ�¾Ö< Ô A ~ �qa× n@��Ø ~ �qa× Ùf��Ø ~ �� � GJS Twg`S$Mui�g@Q�S`Lmg@S�LhP MLNG@S$©@MXSBL�I�Q�S$MRQ�]R< Ô�Ú µ�< Ô AhA'k^P$Q�UlPYQV]¶< Ô
ÚlÅ ÔOt � A ~ < Ô�Ú =BAlD � S2M��`K�GHLhQ�g@S0¦§g@j�LNP$MRI�Q[S$MeQV]�LhP MWjNMf¦§g@jNM�Ó t = ~ �� < rut�Ô A �k^P$QVUlP2Q�]^GmÄ S$M¶G@S ]hk.MXjXD ° L¥UWG@S � M¶Ufg`S�F@MWjhLhM�TÇLNg\]hI�g@i�MfÛÜQ[SBLhMXjNUWMWi
L�¦§g`jhZ�Ý>Ó ~ �� r s ��
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<³CX´�A � D � K$i$i�g`]hMeLhP GJL^LhP$Me¦§K$S�UaLhQ�g@S ßàQ�]^T$MX]NUfjNQ � MXT � b�ßÇ< r A ~âá C Q[¦d?\ã r ã�Cä r q.s"å Q[¦�C ¤ r ã²=rut � Q[¦�= ¤ r ã �¬æGBA.çÃQ�S T ä GJS T å ]hgmLNP GHL¥ßàQV]^Ufg@SBLNQ[S�K$g`K ]*¦§g@j4G@I[I;S�K$Z � MXjN]�Q�S2Q�Ll]4T
g@ZÇG@Q[S�Dd£*jNQ[MWè buMf_
i$IVGJQ�SYb@g@K j4GJS ]hk.MXjXDx0y�zX{�|B} ��P$Meg@S$I�buT
QV]hUWg@SBLhQ�S�K$Q�LNQ[M�]^UWG@S�g
UWUWK$j^GHLRC�G@S T2=
Dd��P$MeI[MW¦¼L¢Û'G@S TjNQ[©`P`LhÛÖP�GJS T�I[Q�Z\Q�Ll]^gJ¦�ßàGJL¶C�ZmK ]¢L^G@©@jNMWM�k^Q�LNP ß Ì ]�FHGJI�K$M¶GJLeC`DdßÇ<³CpA ~ C@DI�Q[Znpo � � ßÇ< r A ~ I[Q�Zn�o � � C ~ C@D�I�Q[Znpo � ® ßÇ< r A ~ I�Q[Znpo � ® ä r q s�å ~ ä s�å D���P�K ]ä s"å ~ C DÃ��P$M*I�Mf¦¼L¢Û;GJS�T¶jNQ[©`P`LhÛÖP�GJS TeI�Q[Z\Q[LN]ÃgJ¦�ß²GHL�=^Z�K�]³LdGJ©`jhMXM�k^Q�LNPß Ì ]RFHGJI�K$MÇGHLm=
DußÇ<Ö=`A ~ = t � ~ét C@DêI�Q�ZnpoRq � ßÇ< r A ~ I�Q�ZnpoRq � ä r q s²å ~ä � = q sÑå ~ ´ ä sÑå DéI[Q�Zn�o¶qN® ßÇ< r A ~ I[Q�ZnpoRqN® rYt � ~ = t � ~&t C`D���P�K ]´ ä s�å ~ët C D�·wM'UXGJSeÄ S T ä GJS T å � b�]hK � LNjNG`UaLhQ�S$©�LNP$M�Ä jl]¢L�MX�BK GJLhQ�g@S¦§jNg@ZìLNP$Mu]¢M�Ufg`S T�LNg2©@MfL � ä ~Õt =�]hg ä ~Õt qØ D � K � ]³LNQ�LNK
LhQ�g@S�Q�SwMXQ�LNP$MWjMX�BK GJLhQ�g@S0LhP$MXS2©@Q�F@MX] å ~âíØ D� A�c�jlGJi$PYÓ ~ ßÇ< r A*g@S0LhP M¶GH_
MX]*©@Q�F@MXS�¦§g`j�LhP$MRFHG@I[K$M�]^gJ¦ ä GJS T å ¦§g@K S TYQ[S GBAaD
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<³C v A ´ DÃ��P$MuI�Q[S M0]hMW©@Z\MXS`L ä�� Q�]\�YK$S$Q[LN]mI�g@S$©ÉG@S T�QV]�T
Q�F�Q�T
M�T�Q�S`LNg L³k*g i GJjhLN] � b¡LhP Mi�g@Q�S`L å D � K$i$i�g`]hM¥LNP GHL r QV].LhP$MeI�MWS$©@LhPYgJ¦�LNP$MR]¢MX©@Z\MWSBL ä å GJS�TuLNP GHL��\< r A�QV]*LhP M]hK$Z8g@¦�LhP M¶GJjNMXG@]*g@¦�LNP$MeL³k.g\]N�`K�GJjNMX]�k^Q[LhP ]¢QVT
M�] ä å GJS�T å � G`]^]¢P$gHk^S�DGBA'·wjhQ[LhM¶G@S GJI�©@M � jNG@Q�U4¦§g@jNZ�K$IVGm¦§g@j��\< r A*G@]^G�¦§K$S UfLhQ�g@S2gJ¦ r Dx0y�zX{�|B} ��P M¥I�MWS$©@LhP�g@¦ å � QV]'LhP$M�I[MXS$©JLNP�g@¦ ä�� Z\Q�SBK�]'LNP$M�I[MXS$©JLNPugJ¦ ä å � ]hg¶LhP MI�MWS$©@LhP�g@¦ å � Q�]^� t2r D � ]N�BK GJjNM¥k^Q[LhPY]¢QVT
M r P�G@]*GJjNMXG r q G@S T�Gm]h�BK G@jhMOk^Q�LNP0]hQ�T$M� twr P G@]^G@jhM�G0<Ö� t¡r A q � ]¢g�LNP$MeLhg@LNGJI�GJjNMXG � �\< r A � QV] r q.s <Ö� t¡r A q D BA C
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� A�c�jlGJi$P��\< r A�g@S�LhP M4GH_
MX]d]hP$gHk^S�D��4gJLNM�LhP GJLdLhP$M¥P$g@jNQ	�Xg@SBLNG@I
GJS TmF@MXj¢LNQ�UXGJI$GH_
M�]P GpF`M�T
Q[Ò�MWjNMWSBL¥]hUXGJI�MX]XDU�A*ÂO]¢MRG@I[©`M � jlG¶LNg\Ä S T2GJI�I;Mf_$G`UaL FHGJI�K$MX]�g@¦�LNP$MRI[MXS$©JLNP r ¦§g@j^k^P$QVUlP
�\< r A ~ C Ô Dx0y�zX{�|B} ·wM.UWG@SRMf_
i G@S T r q@s <>� t�r A q LhgO©@MWL r q@s =@� t CX? r s r q ~ = r q t CX? r s =`�
D��P$M�M��BK GHLNQ[g`S��\< r A ~ C Ô LhP MWS � MXUfg`Z\MX]�= r q t C�? r s =@� ~ C Ô g@j�= r q t CX? r s�� ~ ?$D��P$QV]�UXGJS � M.]hg@I�F@M�Tek^Q�LNP¶LNP$M.�BK G`T
jNGJLhQVU�¦§g@jNZ�K I�G^g`j � bO¦�G@UfLhg@jNQ�S$© Í�= r q t CX? r s� ~<>= r�t =`Af< r�t ´�AaD���P$M.jhg�gJLl]�g@¦�<>= r't =BAa< r�t ´�A ~ ?OGJjNM4C.G@S TR´ D��^MXG@I[Q��WM*GJ©BGJQ�SeLhP GJLMf_$G@Z\]*GJjNM�������\GJjhLhQ[Ä�UWQ�G@I�]hQ�LNK GHLNQ[g`S ]XD��OS$I�b\jNG@jhMXI[b\Ufg`K$IVTuG��hjNG@S T
g@Z��R�BK G`T
jNGJLhQVUi�g@I�bBS g@Z\Q�G@I�k^Q[LhP¡Q[SBLNMW©@MXjOUWgBM��uUfQ�MWSBLN] � M�k^jNQ�LhLhMWSwG@]�Gui$jNg
T
K UfLOgJ¦.I[Q�S$MXG@j4LNMWjNZ\]k^Q[LhP2Q[SBLNMW©@MXj4Ufg�M��uUWQ[MXS`Ll]��
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R(x)

x< ��A �
D$ÂO]¢M¶G@I[I�T$Q�Ò�MWjNMWSBLhQVGHLNQ[g`S0jNK$I�MX]�P$MXjhM`D"!�I�MXG`]¢MeT
g$#&%('*]hQ�Z�i I[Q[¦§buLNP$M¶GJS ]hk*MWjl].Q�S0LhP$QV]^i$jNg � I�MWZ$�GBA ° ¦�)Ç< r A ~ v@r í t � r Ø s ´ � k^P GJL�QV]�) ¾ < r A+* xYy�zX{�|B} v � � r � t � � � r q D� A ° ¦",Ç< r A ~ r Ø*s C� rut = � k^P GJL4Q�]�,R¾Ö< r A+* x0y�zW{�|B} � r q < � r�t =BA t � < r Ø*s CHA< � rut =BA q DU�A ° ¦��\< r A ~ <Ü� s UWg`] r A � h � k^P GJL4Q�]-�e¾Ö< r A.* xYy�zX{�|B} C�?@?4<§� s UfgB] r A./0/'< t ]¢Q�S r AaD< � A v D � K i$i�gB]¢MOLhP�GHL21ËQV]*GmT
Q[Ò�MXjhMXS`LNQ�G � I�M¥¦§K$S�UaLhQ�g@S2GJS�TÇLhP MO¦§g`I[I�gHk^Q�S$©¶¦�G`UaLN]�G@jhM�3BS gHk^S�G � g@K
L-1ËG@S TuQ[LN]�T
MXjhQ�FHGHLNQ[F`MX]XÍ
1�<Ö�`A ~ ?\G@S T41O¾><Ö�`A ~ët � G@S T
1¥¾ ¾�<>�BA ~ = æ� K$i i�gB]¢M�LhP GJL65^< r A ~87:9<; n>= <§LhP$QV]�QV]�G�Ufg`Z�i�g`]hQ[LhQ�g@S�AaD@?.g@Z\i$K
LNM
5^<Ö�`AeG@S TA5d¾Ö<>�`A¶GJS TA5�¾ ¾Ü<Ö�`AlDÉc�Q�F@M�LhP$M0Mf_$G@UfLGJS�]¢k*MWj�Q�SYM�G@UlP2UWG`]¢M`Dx0y�zX{�|B} 5^<>�BA ~B7:9C; í = ~B7  ~ C@D65d¾>< r A ~D7E9<; nE= 1¥¾�< r A � b2LhP M\UlP�GJQ�SÉjNK$I[M � ]hg$5d¾><>�BA ~B7:9C; í = 1¥¾><>�BA ~D7  < t � A ~t � DF�4gHk K ]hMuLNP$MYUlP�GJQ�S�jhK$I�MFGH#&IwLNP$MYi$jhg
T
K�UaLmjNK$I�MuLNgÉ©@MWLJ5 ¾ ¾ < r A ~K7 9<; n>= 1 ¾ < r A q s 7 9<; n>= 1 ¾ ¾ < r A � ]hgF5 ¾ ¾ <>�BA ~

7:9C; í = 1¥¾><>�BA q.s 7:9C; í = 1¥¾ ¾Ö<>�`A ~L7  < t � A q.s 7  <>=BA ~ C`C@D<³CE�BA Ô D$£*MXI[gHk�Q�]^G\©`jNG@i$P�g@¦�LNP$Me¦§K$S UfLhQ�g@SNM\D���P$MRT
g@ZÇG@Q[SYgJ¦�M¬QV]^GJI�I;S�K$Z � MWjl]�S$g@L4MX�BK GJI�LNg�= D

Points where F’(x)=0:
horizontal tangent lines.

Intervals where F(x) is positive: the graph is above the x-axis.

Intervals where F’(x) is positive: tangent lines tilt "up".
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��P$MR©`jNG@i$P�g@¦ÃÓ ~ MÇ< r AÂ¥]hMYLhP$QV]\©@jlGJi P"Lhg�G@S ]¢k*MWj�LNP$M �`K MX]¢LhQ�g@S ]ÇG`]�G`UWUWK$jNGJLhMXI[b"G`]i�g`]N]¢Q � I�M@D

GBA�ç$g`j�k^P$Q�UlP r Q�]2MÇ< r A ~ ?O* xYy�zX{�|B} t = æ ´mG@S Tt æ � GJS TÈC0GJS T � G@S T�´ æ C@Í�LhP$QV]mQ�]�k^P$MWjNMÇLhP M©@jlGJi P0UfjNg`]N]hMX].LhP$M r ÛÜGJ_
Q�]XD� A0ç$g`jRk^P$QVUlP r QV]MÇ< r A ± ?O* x0y�zW{�|B} t = æ ´ ¤r ¤ t æ �0GJS T�C ¤ r ¤ =YGJS�T¡= ¤ r ¤ � G@S T´ æ C ¤ r Í�LhP$QV]^QV]�k^P$MWjNM�LhP$Me©`jNG@i$P0QV]^G � gHF@MOLhP Mr Û)GH_
QV] � k^P MWjNM�Ó�Q�]^i�g`]hQ[LhQ�F@M@DU�A�·²P GJL4Q�]&I�Q�ZnpoRq � MÇ< r A+*x0y�zX{�|B} =
DT�A�·²P GJL4Q�] I�Q[ZnpoRq ® MÇ< r A+* xYy�zX{�|B} s « DMpA0ç$g`jRk^P$QVUlP r <§Q�SwQ[LN]�T
g@ZÇGJQ�S�AOQV]MâS gJL T
Q[Ò�MXj¢ÛMWSBLNQ�G � I[M:* x0y�zW{m|`} ´ ÍÃk^P$MXjhM¥LhP$MXjhM Ì ]*G¶Ufg`jhS MWj�D¦lAYç$g`jdk^P$QVUlP r Q�]"MR¾Ö< r A ~ ?O* x0y�zW{m|`} t C æ v G@S Tæ � Ídk^P$MXjhM�LhP MeLNGJS ©@MWSBL^I�Q[S$M�]^GJjNMeP$g@jNQ	�Xg@SBLNG@I>D©�Au·²P GJL'Q�]PMÇ< r AÃ¦§g@j'LhP$gB]¢M r�Ì ]'¦§g@j'k^P$Q�UlPQMR¾Ö< r A ~?O* x0y�zW{�|B} MÇ< t C æ v A ~ C æ C�G@S T$MÇ< æ � A ~ët æ �P�A0ç$g`j4k^P$QVUlP2_YQV]�MR¾Ö< r A ± ?R* xYy�zX{�|B} r ¤ t C æ v GJS�T æ � ¤ r ¤ =\GJS T2´ ¤ r Í*k^P$MWjNMeLNG@S$©@MXS`L4I�Q�S$MX]¥P GpF@Mei�g`]hQ�LNQ[F`M]hI[g`i�M`D


