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Á�ÂoÃrÄ�ÅRÆnÄ_Ç`ÈUÉ«Ê@Ë>ÌpÂ´Í�Î�Ï ÊVÍxÐ�ÌRÑ_ÊRÒdÅRÂ�Ç`È�ÌaÓaÌrÉkÎ«Î«ÊrÒdÑ�ÅrÆnÆnÊ@Î«ÊdÍ�ÌpÂÔ
Â>Ä�ÊVÍ�ÌrÂXÇ`Ä�ÈUÉ«Ê�Õ>ÈUÊdÍdÒ´Í`Õ>È�Ë>ÊdÍvÍxÅRÎkÉÖËÊdÍ�Ê_ÇvÅrÂ�Ê�×Ð>ÎkÅRÉiÇUÊ/Î«ÊdÍ�ÉkÆ�ÌrÃrÊdÍ
ÆnÊ�ÂXÇUÌrÎkÊVÍ�ËÊdÍ�Í`ÉkÇ`Õ�ÌpÇ`É«ÅrÂ�Í�Ë>ÊØÐ�ÌpÈ�ÌpÎ«ÎkÄdÎkÉÖÍ`Æ]Ê¶Ê_Ç<Ë�Ï ÅRÈxÇUÙ>ÅrÃRÅrÂ�ÌpÔ
ÎkÉkÇ`Ä)Ê_×ZÇUÈUÌrÉiÇUÊdÍ/Ë>Õ½Ð�ÌpÈ�ÌpÎ«Î«Ä�Î«Ä�Ð>É«Ð´ÚVËÊµÈUÊdÑ_ÇUÌpÂ�ÃrÎ«ÊrÒ�É«Æ�ÌpÃrÊVÍ/ÛXÕ>É�ÍxÊ
Ñ_ÅRÂ�ÍLÇUÈ`Õ�É«Í`Ê�ÂXÇ]Ë>Ê�Ð>Õ>ÉÖÍoÎ«ÌÜÑ_ÎÖÌrÍUÍxÊÝË>Ê)Þrß�à	á�â	ã�ÊÝÇ`È�ÌaÓaÌrÉkÎ*Ð>ÈUÅrÐ¯ÅRÍ`Ä
ÍxÕ�È*ÎÖÌoÍ`Ð>Ù>ÚdÈ`Ê�Ê_Ç�ÍxÕ�È*Î«ÊdÍeÍxÊVÑcÇUÉkÅRÂ�Í@Ð�Î«ÌrÂ>ÊdÍeËÊ�ÍxÅRÎkÉÖËÊdÍeËÄxäxå/ÈUÊ�ÂÔ
Ñ_ÅRÂRÇUÈ`ÄVÍ�Ñ_ÅrÂ´ÍxÉÖÍLÇUÊ�åÝÊ�×XÇUÈUÌrÉkÈUÊnËÊ�Ñ_ÊdÍ6Í`ÉkÇ`Õ�ÌpÇ`É«ÅrÂ�Í6Í`Ð�Ì#ÇUÉ«ÌrÎkÊVÍ�ËÊdÍ
æ ÃrÕ�È`ÊVÍ�Ð�Î«ÌrÂ>ÊdÍdÒVå�Î«ÊdÍ�È`ÊdÐ>ÈUÄdÍ`Ê�ÂXÇ`ÊdÈ�Ë>ÌrÂ�Í�ÎkÊdÕ>È&Ð>Î«ÌrÂoå�Î�Ï ÄdÑ�Ù�Ê�Î«ÎkÊRÒaå
Ê_ç�ÊdÑ_Ç`Õ>ÊdÈ�ËÊVÍNÑdÌpÎÖÑ_Õ>ÎÖÍ�ËÊeËÉ«ÍxÇUÌrÂ�Ñ_ÊVÍ�ÒVËKÏ ÌpÂ>ÃRÎkÊVÍ�Ò�Ë�Ï ÌrÉkÈUÊdÍKÊ�Ç�ËÊ@ÓrÅpÔ
ÎkÕ�Æ]ÊVÍ�âXÁ�Â)èpß�à	á�ÒZËKÏ Õ>Â>Ê�Ð�ÌpÈ`Ç*Ñ_Ê�Ç`È�ÌaÓ#ÌpÉ«Î´ÍdÏ ÌrÐ>Ð>Õ>É«Ê�Í`Õ>È*ËÉ«ÓrÊdÈUÍ`ÊdÍ
Ð´ÊdÈUÑ�Ê�ÐÇUÉkÅRÂ�Í�ËÊVÍ�ÍxÅRÎkÉÖËÊdÍeÄ�Ç`Õ�ËÉ«ÄdÍdÒ>Ð¯Ê�ÈUÆnÊ_Ç�Ä�ÓRÊ�ÂXÇ`Õ>ÊdÎkÎ«Ê�ÆnÊdÂRÇ�ËÊ
ÎkÊVÍvÈ`ÊdÂé�ÅrÈ�Ñ_ÊdÈdÒ>ÓRÅrÉ«È`ÊoËÊoÎ«ÊdÍvÑ_ÅRÂ�ÍxÇ`ÈUÕ>ÉkÈUÊµêKÌpÉ«Â�Í`É�Í`Ê�Î«ÅrÂÜÛRÕ�Ê/Î�Ï ÅRÂ

Ñ�ÅrÕ>Ð¯Ê6Õ>Â�Ñ_ëZÎ«ÉkÂ´ËÈ`Ê6Ð´ÌpÈ�Õ>Â�Ð>ÎÖÌpÂìÐ�ÌrÈUÌrÎkÎ«Ú�Î«Ê6å]Î�Ï Ì#×Ê6ÅrÕìÐ�ÌrÈ�Õ>Â
Ð�Î«ÌrÂ�Ð´ÊdÈ`Ð¯Ê�Â´ËÉ«Ñ�Õ>ÎÖÌpÉ«È`Ê/åÝÎ�Ï Ì#×ÊRÒ´ÅRÂ�Ð´ÊdÕÇvÎ«Ê/Ð¯Ê�È�Ñ_ÊdÓrÅRÉkÈvÑ_ÅrÆnÆnÊ
ÊdÂ>ÃrÊdÂ�ËÈUÄ<Ð�ÌrÈìÎ«Ì½Ç`È�ÌpÂ�Í`Î«ÌpÇ`É«ÅrÂíË�Ï Õ>ÂîÑ_ÊdÈUÑ�ÎkÊ¶ÅrÕFÐ�ÌpÈ)ÎÖÌ�ÈUÅpÇ�Ì#Ô
ÇUÉkÅRÂ�ËKÏ Õ�Â�È`ÊVÑcÇUÌrÂ>ÃrÎ«Ê�ÌpÕÇUÅrÕ>È*ËKÏ Õ�ÂµËÊ�ÍxÊVÍ�Ñ_ïrÇ`ÄVÍ�ârðoÏ ÌpÕÇUÈ`Ê�Ð�ÌrÈxÇVÒ
ÊdÂ<Ê�×ZÐ�ÎkÅRÉiÇ�ÌpÂXÇvÎ«Êoé�ÌpÉkÇ�ÛXÕ�Ï Õ>Â>Ê]Ð´ÊdÈ`Ð¯Ê�Â´ËÉ«Ñ�Õ>ÎÖÌpÉ«È`ÊnåÝÕ�Â<Ð>ÎÖÌpÂÜÊ�Â
Õ�Â¶Ð¯ÅrÉ«ÂXÇ6ÊdÍxÇ5Ð´ÊdÈ`Ð¯Ê�Â�Ë>É«Ñ�Õ>Î«ÌrÉkÈUÊ�å2Ç`ÅrÕ>Ç`ÊdÍ�Î«ÊdÍ6Ë>È`ÅRÉiÇUÊdÍ6ËÕ�Ð>ÎÖÌpÂ
Ð´ÌrÍUÍ`ÌrÂRÇ]Ð�ÌpÈ�Ñ�Ê2Ð¯ÅrÉ«ÂXÇdÒ&ÅrÂñËÄ�ÆnÅRÂRÇUÈ`ÊRÒ�ÌaÓRÊdÑÝÎkÊ)Ç`Ù�Ä�ÅrÈUÚ�ÆnÊ)ËÊ
ò@ëRÇUÙ�ÌpÃRÅrÈUÊrÒ�ÛXÕ>Ê�Î«ÊdÍ6Í`ÊdÑ_Ç`É«ÅrÂ�Í6Ð�Î«ÌrÂ>ÊdÍ6ËKÏ Õ>Â>Ê2ÍxÐ>Ù�Ú�ÈUÊnÍ`ÅrÂXÇ/ËÊVÍ
Ñ�Ê�È�Ñ_Î«ÊdÍdâ*ð�ÊÜÆnódÆ]ÊRÒ�ÅrÂíËÄdÆnÅrÂXÇ`ÈUÊrÒ*Ê�ÂíÕ>Ç`É«ÎkÉÖÍ`ÌrÂXÇ)ËÊÜÐ>ÎkÕ´Í2ÎÖÌ
Ð�È`ÅRÐ>È`É«Ä_ÇUÄ�ËÊ�ô�Ù´ÌpÎ«ÚdÍdÒRÛXÕ>Ê�ÎÖÌ/Í`ÊdÑ_Ç`É«ÅrÂµËKÏ Õ>Â>Ê�ÐXëZÈ�ÌpÆnÉÖËÊ�Ð�ÌpÈ*Õ>Â
Ð�Î«ÌrÂ2Ð�ÌrÈUÌrÎkÎ«Ú�Î«Ê6ånÍ`Ì]õ�ÌRÍxÊvÊdÍxÇ�Õ>Â>Ê6ÈUÄdËÕ´ÑcÇ`É«ÅrÂìËÊ5Ñ�Ê_ÇxÇUÊ6õ�ÌrÍ`Êrâ
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O &('*)+-,�.0/213,�)54-&7698:&(';.=<2>(&?&@) R &('*)A+-,B,C/2D�E-F;&?.0/G'*13)*1IH�4-/2,-,CJGK
• L$< #NM�O$P�QSR 4-&�>(&@,T)*F;& O &@)U4-&?FV<NWX/2, R &('*)Y698:&@,C'V&@DZE-6[&�4-&('\.�/213,T);'\4-&Z698:&('*.=<2>(&'*13)*+CJ('5]�+-,C&74^1['*)V<S,C>(&Z4-& O J@_�<S6[&Z] R K
• L$<B`  �a$b!R 4-&c>(&@,�)*F;& O &@)�4-&dFV<(WX/2, R &(';)7698:&@,C';&@DZE-6[&e4-&('?.0/213,�);'�4-&f698:&('*.=<2>(&'*13)*+CJ('5]�+-,C&74^1['*)V<S,C>(&Z4-& O 13,^HgJ@F*1[&@+-F;&?/2+hJ@_�<S6[&Z] R K
• iY,kj QSlC�nmpoXRTQqoTb�R 4r8 +-,C&�';.-sCt@F;&�4-&�>(&@,�)*F;& O &@)U4-&ZFV<NWX/2, R &('*)\+-,u>(&@F;>@6[&�4-&
>(&@,�)*F;& O &@)4-&7FV<(WX/2, R K

• 6v<?'*.-sCt@F;&\4-&5>(&@,T)*F;& O &@)w4-&FV<NWX/2, R &(';)x698:&@,C';&@D�E-6[&Y4-&('y.�/213,T);' M

4-&7698:&('*.=<2>(&?);&@6['z�+C& OM = R K
• 6v<�E�/2+-6[&Z4-&7>(&@,�)*F;& O &@)4-&UFV<(WX/2, R &('*)A698:&@,C';&@D�E-6[&?4-&('A.0/213,�);' M

4-&7698:&('*.=<2>(&?);&@6['z�+C& OM ≤ R K
• L�&5>(&@F;>@6[&54-&5>(&@,�)*F;& O &@)y4-&AFV<(WX/2, OA &('*){+-,d_GFV<S,C4|>(&@F;>@6[&�} OA =

R ~�K

N

S

O

N1

R

S1

A

�ZQq "M$Q2�!�X�N��#B%
R &('*)A+-,h,C/2DZE-F;&?.0/G'*13)*1IH�4-/2,-,CJGK
• Lx8 lC��QSR 4r8 +-,C&Z'*.-sCt@F;&74-&7FV<NWX/2, R &('*)J@_�<S6[&Z] 4πR

2 K
• Ln&7�  �b!a���R 4r8 +-,C&7E0/2+-6[&74-&7FV<(WX/2, R &(';)5J@_�<S6n] 4

3
πR

3 K
�Y��RT��M�b!R�#�%
� L{8�<S13F;&�4r8 +-,C&?'*.-sCt@F;&74-&7FV<NWX/2,u��>@D�&('*)YJ@_�<S6[&G�C&@,B>@D 2 �C]�� 4 × π × 72 = 196π K� 6[&7�X/263+-Dd&Z4-&U6v<�E�/2+-6[&74-&?Dd�@Dd&7FV<(WX/2,���>@D�&('*)J@_�<S69�C&@,B>@D 3 �=]��

4

3
× π × 73 =

1372

3
× π.

�ZQq "M$Q2�!�X�N��% L$<f';&(>@)*1[/2,h4r8 +-,C&?';.-sCt@F;&7.=<SF+-,�.-6v<S,h&('*)A+-, oXR�QSo�b!R K
� 63+C'\.-F;J(>@1[';J@Dd&@,T)N��>(/2,C';1[4-J@F;/2,C'Y+-,C&�'*.-sCt@F;&�4-&�>(&@,T)*F;& O &@)Y4-&FV<(WX/2, R K P &('*)7+-,�.-6v<S,�.�&@F*.0&@,C4^1[>@+-6v<S13F;&c&@, H ]e698 +-,�4-&f';&('4^1v<SDdt@)*F;&('NKx�Y,�4^13)fz�+C& OH &(';)�6v<�4^1['*)V<S,C>(&�4^+�>(&@,�)*F;& O <S+
.-6v<S, P K"��&@6[/2,B6v<f�2<S6[&@+-F54-& OH �-/2,�<��� 6[/2F;';zT+C& 0 < OH < R �C6v<c';&(>@)*1[/2,k4-&?6v<|'*.-sCt@F;&Z4-&�>(&@,�)*F;&f�&@)x4-&FV<(WX/2, R .=<SF{6[&.-6v<S, P &('*)�6[&>(&@F;>@6[&Y4-&>(&@,�)*F;& H K � /2+-F
);/2+-).0/213,�) M 4-&7>(&7>(&@F;>@6[&G�-6[&U)*F*1v<S,-_G6[& HOM &('*)AF;&(>@)V<S,-_G6[&&@, H K��w<S6[>@+-6[/2,C'f6[&|FV<(WX/2, r 4-&|>(&�>(&@F;>@6[&�4-&�';&(>@)*1[/2,p��<S.^�
.-631[zT+C/2,C'�6[&)*sCJ(/2F;t@Dd&U4-& � WT)*s=<S_X/2F;&U4C<S,C'y6[&5)*F*1v<S,-_G6[& HOM

F;&(>@)V<S,-_G6[&w&@, H ~�� OM2 = HO2+HM2 ';/213) R2 = HO2+r2

4-/2,C> r =
√

R2 − OH2 �
� 6[/2F;';zT+C& OH = 0 �"6[&�>(&@F;>@6[&�4-&�';&(>@)*1[/2,�<dDd�@Dd&�>(&@,�)*F;& O &@)Dd�@Dd&fFV<NWX/2,�zT+C&f6v<�'*.-sCt@F;&���>G8:&('*)Z<S6[/2F;'?+-,�j QSlC�nm�oXR�QSo�b!R
4-&76v<�';.-sCt@F;&G�-136r.=<SF*)V<S_X&?6v<�'*.-sCt@F;&Z&@,h4-&@+^� O$�T���!#NM�O$P�QSR�# �� 6[/2F;';zT+C& OH = R �-6[&?>(&@F;>@6[&�4-&Z';&(>@)*1[/2,k<�.�/2+-FY>(&@,�)*F;& S }�/2+
N ~{&@)w.0/2+-F�FV<NWX/2,B ^K-�Y,�4^13)Az�+C&\6[& M�b!lC� P R�#(���NlC� j R�����¡b!l�#NM�OnPTQqR�RT�

S ¢  "a£RT�
N ¤�K� 6[/2F;';zT+C& OH > R �^6[&U.-6v<S, P ,C&7>(/2+-.0&7.=<2'A6v<f';.-sCt@F;&GK

O

S

N

R

H
M

P

r
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�Y��RT��M�b!RB% ��/213) S 6v<7'*.-sCt@F;&Y4-&>(&@,�)*F;& O &@)x4-&FV<(WX/2, R � � >@D >(/2+-.0J(&A.=<SF{+-,|.-6v<S, P );&@6=zT+C& OH ���?>@DBKLn<d'V&(>@)*1[/2,�/2E-);&@,�+C&�&('*)6[&Z>(&@F;>@6[&Z4-&?>(&@,T)*F;& H &@)54-&7FV<NWX/2, r ���|>@DB�C>N<SF r =
√

R2 − OH2 =
√

52 − 32 =
√

16
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�=� ��%�(����_35')+ �)% (e.Z�¶%�+�� �)% 0ì,6$&,
;
_ �
_ �0��c0e���2%�+ $�%�(n��,5')4
_%�+ %�� �)% (�	7
;�_'��Ý$&%�+ �2%

$& �
53
_.Z�"�_35'
������ �����6DN»½DKº ¿�A&;>A	MxM��NM���¿vJL¿��N¼�DN»Ø;>D�H¯ºZA	À�?@MLDN»���=��!¿�A����N» ¼�;>=*J�º>»� 

�ZQq "M$Q2�!�X�N��% L$<�';&(>@)*1[/2,�4r8 +-,�>@+-E0&U/2+�4r8 +-,e.=<SFV<S636[J@6[J@.-13.0t(4-&7F;&(>@)V<S,-_G6[&U.=<SFw+-,�.-6v<S,�.=<SFV<S636[t@6[&?]+-,C&7Hg<2>(&?/2+h]�+-,C&�<SF;�@);&?&('*)A+-,BF;&(>@)V<S,-_G6[&GK

E

H

D

A

K

L

I

J

P

P &('*).=<SFV<S636[t@6[&Z]f6v<�Hg<2>(& ADHE K
E

H

D

A

K

L

I

J

P

P &('*)A.=<SFV<S636[t@6[&�]�698�<SF;�@);& [AE] K
����"! �$#�MxJ`À�¼�;>DF¼�D ;����@=@M%��º>JL=@À

�ZQq "M$Q2�!�X�N��#B% L$<Z';&(>@)*1[/2,�4r8 +-,�>@WT6313,C4^F;&\4-&5FV<NWX/2, R .=<SFy+-,|.-6v<S,|.0&@F*.�&@,C4^1[>@+-6v<S13F;&7]?698�<q�^&\&('*)x+-,>(&@F;>@6[&�4-&UFV<(WX/2, R &@)4-/2,T)6[&?>(&@,T)*F;&�<S.-.=<SF*)*1[&@,�)U]�>(&@)Y<q�-&GK
L$<f';&(>@)*1[/2,h4r8 +-,h>@W�6313,C4^F;&7.=<SF+-,�.-6v<S,h.=<SFV<S636[t@6[&�]�698�<q�-&?&('*)A+-,�F;&(>@)V<S,-_G6[&GK

P

R

R

P &('*)A.0&@F*.�&@,C4^1[>@+-6v<S13F;&�]�698�<q�^&74-&7F;J@�X/263+-)*1[/2,�K
P

R

R
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& /263+-Dd&Z4r8 +-,h>@W�6313,C4^F;&?4-&UFV<NWX/2, R &@)4-&7s=<S+-);&@+-F h �

V = π × R
2 × h

�T+-F H9<2>(&?4r8 +-,h>@W�6313,C4^F;&?4-&UFV<NWX/2, R &@)4-&7s=<S+-);&@+-F h �
S = 2π × R × h
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• Lx8 l j QSlC�$m��!#N#NR���R�����m�RpQql-M�M{ =Qq�

k 4r8 +-,£/2E��*&@)c&('*)d6v<�)*FV<S,C' H�/2F*Dc<S)*1[/2, z�+-1
>(/2,C'*1['*);&�] D�+-63)*13.-631[&@Fh);/2+-);&('�6[&('�6[/2,-_G+C&@+-F;'�4-&�>(&@)B/2E��*&@)�.=<SFB+-,p,C/2DZE-F;& k'*+-.�J@F*1[&@+-F\] ö K

• L$< QS��m�anoX���� �� m$RkQSl-M$Mx =Qq�
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