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1 úúúnnn555bbb���

¯̄̄KKK1.1. XÛí�Úî1�½Æº

£££���1.1. Úîn�$Ä½Æ´²;åÆNX�Ä�§�Ò´aquún�
ÀÜ§´ÏL¢�o(Ñ5�§k<`Úî1�½Æ´Äþ½ní�§(
¢§�m©Úî(¢´r§��F = dp/dt§�ùØ�í�§ù�´r�§
^,�«/ªL�Ñ5§½ö`§UC�«4ÐÆö�U�É�/ª"

¯̄̄KKK1.2. Å½��§´XÛí��º

£££���1.2. Å½��§´ÏLþfåÆ�Ä�b�o(Ñ5���úª§5
�Ú²;åÆ¥�F = ma´���"

¯̄̄KKK1.3. ·^.�KF�§£M�î�n¤�±�ÑF = ma"

£££���1.3. ©ÛåÆÚÚîåÆØ´��NX�§½ö`§¦��Ä�b�
ÑØÓ"��'�§ù´ü��m§\^©ÛåÆ��{�Ñ
F = ma§
ºõ´l���mr�
,���m"ù�U��«�y§ØU!í�"

¯̄̄KKK1.4. 1�ØC´XÛy²�ºU^ð�d��§|y²íº

£££���1.4. 1�ØC´dÂ�éØ�Ä�b�§ØUy²"�´§%²L
Ãê¢��y"ð�d��§|��Òv�½A½ëìX§�qvk`·
Ü?Û.5X§�Ò´`§§g¤�@nØ§vk�²;åÆ���§�
m©Òvk�³|ÑC��þ'X§��é���¦��²;åÆ�{(
Ü§Ò�kA^�À�å»µ�´é�ýé�ëìX–±�§�´?U�
§|§n´?U²;åÆ"�m©§ÔnÆ[�@�²;åÆé�{§¤
±Ñr°å8¥3cü^å»þ§�´§ð�d��§|��é{'§U
5U�§=¦U�éÎ§
§EØU�²;åÆ�{(Ü¶ò��Ö-#X
¢��éýé�ëìX%�}
§��âÔ[b½3±�¥$Ä�ÔN3
$Ä��þÂ !3±�¥$Ä�¨Cú§�{)º
��oò��Ö-#
X¢��}§¿í�Ñ
âÔ[C�§âÔ[ù�nØ§�,4>^nØ
�²;åÆ�{(Ü
§%»�
�é5�n£�ââÔ[�nØ§�é
5�n3ÔnþØ2¤á§�3êÆO�þE¤á¤¶2�5§OÏd"
@�ð�d��§|�~{'`{§ÎÜck0S�n§vnd�?U
§§ddb½1�ØC§rýé��?U��é��§é²;åÆ�
?
�§��dÂ�éØ"�,dÂ�éØwå5é�¸§�§�����â
Ô[�nØ£dÂ�éØ3Ôn)ºþ�âÔ[�nØØ��§�êÆO
�þ����¤§�vk»��é5�n§$�Ù§�¡�'âÔ[�
nØ�ÎÜck0S�n§¤±Åì�Ôn.¤�É§1�ØCb��
ú@��Ò�¡�1�ØC�n"

2 ���111���

¯̄̄KKK2.1. 1�´�oº1�ØC´�oº
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£££���2.1. 1�§=1ÅDÂ��Ý"ý�¥�1�´����Ôn~
ê§ÎÒ�c1§cØ==´��1�DÂ�Ý§�´¤k>^Å3ý�¥�
DÂ�Ý"�âð�d��§|§·��±)Ñý�¥c = 299792458m/s"
¤¢�ØU�1�§��´&ED4��Ý4��c"
dÂ�éØÄ�b�/1�ØC0¿g´ý�¥1�c�é?Ûë�X

ÑØC"'Xy3k�ÔN�Ýv = 1m/s§��é,�ë�X�U§��
ÝÒ´0"ØL1�Ø��§�é=�ë�XÑ´c"

¯̄̄KKK2.2. Kf´ÄU�1�$Äº

£££���2.2. 3�e�Ä\�Ã§\¬uyKf��Ý'Ã��Ý�¯"K
f�Ã�Ä��Ý�'�u§����ål�'"XJ\��¥�ÄÃ>
Ù§\éN´ÒU4á3�¥þ�1��£Ä�Ý�L1�"¢Ã�´§
ØU±ù«�ªD4&E"

¯̄̄KKK2.3. b���<U±1��1�7/¥��c§@o§¦�c�£�
/¥§�mþ¬kØÓíº

£££���2.3. Ôn´Äu¢��§y3¤k�¢�±9d¢�o(Ñ�nØÑ
`²k·�þ�ÔN\�Ø�1�"�N\��`±��X�ÆuÐù�
Øä�UØ2¤á"�´Ôn´Äu¢��§|±k·�þÔN�±��
1��¢���Ñvk"

¯̄̄KKK2.4. é��v
��-f£�1c¤§Ú��ÄwÓ�3�å§3w
Óþ�4��ÔN"-fgdà3���ÔN§¦ÄwÓþ�ÔN\��
1�§@o-à�ÔNØÒ´2�1�oº

£££���2.4. -àÔN��Ý�Cc�Ê\ØÄ
"

¯̄̄KKK2.5. ü�ÔN��$Ä§���Ý�v§���Ý�u§ev + u > c§
@�é�ÝæØ��½�L1�
º

£££���2.5. �éØ�ÝC�úª

vrelative =
u+ v

1 + uv/c2
.

¯̄̄KKK2.6. b¦k���þé�é����§�»�©�©�§,�l�%
��é������Ý§@o�	���Ý�U�L1�oº

£££���2.6. du�éØ�þCz§

m = γm0 =
m0√

1− v2/c2
.

�Ý�C1���ÿ�ââC�þ¬ª�uÃ¡�§nØþI�Ã¡��
Uþ"

15g.¶�¥�celeritas§¿�×$"
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¯̄̄KKK2.7. y3Ñ3`�1�U£�L�§�´�Ý�L1�§ØÒ�´w
��´�¡çVoº��mØ´ü��íº�U��5§ØU£�"

£££���2.7. æ�sww;�Ö7§Ðíº

¯̄̄KKK2.8. XJ±1��ë�X§Ø´Ò��1�
íº

£££���2.8. 1ØU��ë�X"'uù�¯K§�[�±ë�1fUÄ��
ë�XQ2"ùp{�Øã�e§����ë�X§�Ä���:§Ò´
XJ��Ônþ3O�ëìX´k��§3§p¡�7L´k��"{ü
/`§\ØU�=�§/¥ÒCçÉ
",	§lþfåÆ�Ø(½Ý'
X§âf �3��þ�Ø(½Ý∆q�Ó��Äþ�Ø(½Ý∆p÷v'
X∆q ·∆p > h§Ù¥h�ÊK�~þ"1f�Äþp = hν/c"éu(½�1
f§e∆p = (hc) ·∆ = 0§@o∆q →∞§½=��Äþ£½ªÇ¤(½�
1f§Ù ���Ø�U(½§qXÛU����ë�XQº

3 [[[ÄÄÄÅÅÅ

¯̄̄KKK3.1. 3Ø�Ä�Þ��¹e§,
C�U[�$Äe�"

£££���3.1. [ÄÅ¿Ø´�ù«�¹§Ø´Áã��±[ð�$Ä§´Ï
"3vk	.Uø�§=Ø�Ñ?Û-��Äå��¹e§Øä/
��k^�õ"

¯̄̄KKK3.2. 9NnØ´Ä�(º

£££���3.2. éu���²ï�XÚ"ù´�(�"�éu�9�Úå�X
Ú§ù�nØ´�Ø�"��¡ÚåXÚäkK9N§'Xð(§3�9
�§Ý¬,p§±Ù�ó�0��9ÅØ÷vkì9Å½n§Ï��ö´
±9N���Ô��ó�0��í�Ñ5�",��¡§ÚåXÚØä²
ï�"éu�²ï�§�¿vkéÐ�½Â"

¯̄̄KKK3.3. ,«[ÄÅµÄk§���é�é��^c§�VÚs®â@o
�§�Ð´�¤E.�§ù��±23Y¡þ",�§rù��^c�3
��Yp"u´ù��^c¬3Y¡þ�ÙK$Ä§�¬ ù��¬ @
�",�§é����§çX£R�uY¡¤@3�þ"Ð
§du�^
c�ÙK$Ä§��¥�^Ïþ¬ØäUC§u´�)>6"

£££���3.3. 1�§?ÛXÚÑ�39åÆÞá"
1�§?¿�NSÜ>6��3Þá§=��>6���SÜk>6D

(.
1n§ù�>6D(¬�)^|D(.
1o§���^c¬É�^|D(�Z6N\���Å$Ä£���

§D($Äj"ù�D($Ä¤�)�^ÏCz�-�>6�¥�>6D
(§=§>6D(íÄ�^c$Ä§U=z��N�9U"

2x�á§Û�Í§�ÆÔn§25ò8Ï§2006"
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1Ê§�^c3>^D(°Äe$Ä�Ó�§�3�ÙK$Ä"ÙK
$Ä��J�1o^�$Ä�Ð��§§l�N¥á9§U�)>6D
("
¤±§l1oÚ1Ê^5w§ÙK$Ä�D($Ä��JTT��§�

ªp�-�§>6�p¡Ø
9åÆÞáE¤�D(±	§vk?ÛN\
�>6"`�.§ÙK$ÄÚ>6D(Ñ´9åÆÞá��J§§�p�
K�§�)�oN�JE,´9åÆÞá"aq�|^9åÆÞáøU�
1�a[ÄÅ  ¬��Ó��¯KµXÚSÙ¦�9åÆÞá-�
u
>�J"

¯̄̄KKK3.4. vk1�a[ÄÅÚ1�a[ÄÅ§Ø�Lvk1na[ÄÅ"

£££���3.4. Ø�ÑUþU[�é	�õ�Åì§§��
UþÅð½Æ§
�¡�/1�a[ÄÅ0"3vk§Ý���¹e§lg,.¥�°Y½
�í¥Øäá�9þ¦�ëY/=C�Å�U�Åì§§��
9åÆ
1�½Æ§�¡�/1�a[ÄÅ0"�u1na[ÄÅ§8c�vkù
�½Â"

¯̄̄KKK3.5. 9åÆÄ�½Æ�Ø�½´�(�§ØU�&yk�nØ"

£££���3.5. ·��é���&yk�nØ§��é���ïc<o(�ûB
�£§XJ\`,nØ´�Ø�§���ÞÑ�~5"

¯̄̄KKK3.6. UØU3>Ä�þSCu>Å§¦�>Ä�ØI�	�>º

£££���3.6. Ø�1§�âUþÅð½Æ§XJ\þu>Å§@oÑÑ�U
þØ¬�u��ÑUþ§�Ä�y¢¥k�Þ���§\þu>Å´vk
�^�"�,§y¢¥�k�«�¹´3>ÄÚ��N��§���
�§´�±�>³?1¿>�§�ù«�¹��Ø¿>"<I��Ñ�õ
�Uþ§Ø
%naÉÐ:§�vk¢S¿Â"

¯̄̄KKK3.7. UÄA^f[y���[ÄÅº

£££���3.7. Ø�±§f[y�´L¡U�äNLy§Ø��UþÅð½Æ"
��NáNþ,§XJvk	.JøUþ§´Ø¬ÌÄlm�"

¯̄̄KKK3.8. g,.�Uþ´ã��§UØU3vk§Ý���¹e§lg,
.¥�°Y½�í¥á�9þ��=z�Å�U"

£££���3.8. ù«[ÄÅ´1�a[ÄÅ§�Ø�U�¤§´Ï�Å�U�S
U�=zäk��5µÅ�U�±=zSU§�SU%ØU3ØÚåÙ§
Cz��¹e�Ü=z�Å�U"

4 ���ÆÆÆ§§§;;;������¯̄̄KKK

¯̄̄KKK4.1. =¤�ÆÔnXÐº
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£££���4.1. éuÆ�¯K§ùp´p�Ü�Ñ�2011c¥I�Æ�ü¶3§´
Uì�]!Æ�ï�!<â��±9�ïUå�nÜ�	�Ñ�ü¶§�
,ØU`´100%�NÑÆ���¹§���´'��*§�±�NÑÆ�
��Æ�þ��ïY²§�±ë�"ÒÔn;�5`§þ¡k�Æ�´ 
ó��§'X�u!Mó�"n�Ôn��H´µd�Ð�"

¯̄̄KKK4.2. ·U�Ôn§8��3�ÆÆÔnk'�;�"

£££���4.2. éunó§ùp�Ñ�:`²§�,���L·�<�w{"
�o�/ÚÔnk'0§�¯ù�¯K�ÓÆ�ÐÐ��"Ôn´Ä:Æ
�§�ÆpØ
�ê;�ØÆÔn�'��§±	§�ÆÔnÑ´7?"
XJr'X2.C:§@Ò´�aó�;�
§'X>fÏ&!è7ó
§§ù
;��±`´Ôn�¢SA^"�´¤¢�/ÚÔn�'0�=
=�´I�Æ�ÆÔn±9§�U^Ôn�£)ºÙ�nù��g
"�
�'�§ù
Ñ�´Ôn����Ò"
�Æp¡Ôn;��,z�Æ�ØÓ§�´ÊÏÔn!o�åÆÑ´7

?�§§ù
´@
ó�;�Ø¬Æ�§ù�`²
/ÚÔn�'0Ù
¢lÔnÍ�,,�,ù�¿Ø´`À
ù
;�\ÒØUÆÔn"ó�
ajl3�j�Ók���Ü©�"
3W���ÿ�´�Ä�egC�Uå§Ò;�5`§XJý�ÆÔ

n;�§@��k���Ù§ïþÆ��¢åÚgC�¢å±9ò5��
�"
ùp´wä**���Ü©4µ
1.�ª�û½�3\Ãp§?ÛO<Ñvk�|Z�\"
2.3dÄ:þ§¦þo�I1�aÉ"
'uÀÔn;�µ·�QØL©�/ÙJ?£!ò¤§�ØL©îÄ"
k!y¢�Ý§'uÔn;��Ñ´µ
·
)�k�§�·aúù�;��5�Ñ´Ú¤�´��'O�;�

5`'�ü�µ
1.nØÔnµ1A�ï§1=�Æ£�Æ¤"
2.¢�/A^Ônµ2A�ï§2B=�Æ£�Æ¤§2C?è�/ó�.t

ïu"
3.=1£ùpØ[`
¤"
þ¡1Ú2�Þ�´é��k §Ù{�Ñ�Ä�/30"Ù¥§�¥Æ

�ó�·�v�?�§¦+k��õÔn;�.�)�53�ù�"
AÚBÑ��I�Æ¬Æ "y3���/³´§Ù¥A�¡¿�é-

�§Ï�I¦�k é�§  I�¶�Æ¬§�~~�°	Æ¬��²
�"2A'1A�¡�k �õéõ§�ÆÔnXpõê<´�¢��"B�
¡��I���¶�Æ�Æ¬Æ "�u2C�¡§ISÐè�ç�ïu
k 8c�k�§��O�5¬õéõ§�Ò´k 'p��õ"�2C�
¡\�¡�5g�aó�A^;��<�¿�"p��k ´�½��

3http://www.herrank.com/her/rank2011 utypeclassify top20 utype2 zhpm2011 asc.html.
4http://tieba.baidu.com/p/1118560167.
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�"{ó�§XJ\F"\Ö�Ôn�£U3ó�¥�þ^|§���Ð
�Æ�Æ¬Æ ´Ä��"
=1§3?Û�Ï£��/Æ¬/Æ¬±�¤·�<@�Òº
§ØX

�ÐÒÖ:é��"
,�!!�Ôn�8�"We study physics because we want to under-

stand nature only.
�ÔnI�r�±È�,�|±§ÄKòÛ£Øs§Ï�ù�1�¤

�§ Hû�"�½�U�§�´±È�U�"þ¡@��©�éf
p§·@�´,��u§U(�±È"±O�8��¥%é�U lÊ
�"\�I�9OêÆ§U�wØ�8�� HP��O�£nØ¤§
U�nÏæ�����$��7óbó�¹£¢�¤"\�I�ò=©Ý
º��±Ùö�6Ôn�§Ý"þ¡�Þ� H�?==´ÊÚ�f"¤
±I��«,�§ÀåÚuy�U�5��"
@o´Ä��ù�;�§Ã�P)~!�ü:µ,�¶Uå"
lþ¡�,��¡w§A�¯gCü�¯Kµ
1.²�ÆS��ÿ´Äk&¢uy�W�º
2.´Ø´==w
�Ê��§Xp���ù
Ãw¶i�)�3©¨9

É§½öúXSheldonù��é¤§$�==Ï�~þÔnbj§l��
Ônº
lUå5w§3c¡?Ø�§J«ùo��'����¯Kµù�1

�§�'O�õê1�§I�\���`É§£cÙ´nØÔn¤3
Ó1p·���§'Xc50%§c20%$�c10%§�JÑ�Øõ§Ñ��
/30§�Ò´=1§=1o´º��§��Ø¤\&¢uyg,5Æ�
8�"
ØL§Ï�·����N�'���§y3?up¥.�§Ø@oN´

�þgC�Uå§k
<då´é��"��±¯gCùoA�¯Kµ
1.Ø
�p1�1�ù��¥Æ§·�êÆÚÔn¤1´Ä~�t¡u

�c?�¤kÓÆº
2.=©´Äé(Jº
3.ÆS�{´Äv
�Æe·º£3��1�^�c§Ø�_8JcÆ

S�Æ�ÀÜ¤
4.´Ø´é�6P�º
11^w�'�í¤§�ºX
�Øõ99%·¤@£�~f"ok@1%�"

��&gC´@1%��ÿ§Ø���¯gC��¯Kµ·��o´@1%º

5 ïïïááá333ØØØ���UUU^̂̂���þþþ���¯̄̄KKK

¯̄̄KKK5.1. ýé"Ýe�m¬·�oº

£££���5.1. ýé"ÝÚ�m·�vk��'é"

¯̄̄KKK5.2. k'ýé"Ý�$�§Ýíº

£££���5.2. vk"

8
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¯̄̄KKK5.3. ©f9$Ä�±��Ê�íº

£££���5.3. ´Ø�±�"Ï�§Ý´©f9$Ä�L�þ§©f9$Ä��
Ê�¿�X§Ý���ýé"Ý§ù´Ø�U�"¤±©f9$ÄØ�U
��Ê�"

¯̄̄KKK5.4. XJ��
ýé"Ý§�*âf�kUþíº

£££���5.4. =¦´ýé"Ý�´kUþ�3�§ù«U�":Uþ"�´
":Uþ�JÑ%´eá3þfåÆþ§¯¢þýé"Ý�´Ø�U�
�"1913c§Einstein�Otto SternuL
��Ø©§ÄgJÑ¤k�f3
ýé"Ý�§E�k��«í{Uþ"ùÒ´":Uþ"=¦ýé"ÝÃ
{��§�´":Uþ%®²�¢�y¢"

¯̄̄KKK5.5. ýé"ÝUr�þC�"íº

£££���5.5. ØU"

¯̄̄KKK5.6. 	��´ýé"Ýíº

£££���5.6. Ø´§�»´k2.7K�Ë��µ"

¯̄̄KKK5.7. �Ø�±ÏL,«�ª��ýé"Ýº

£££���5.7. Ø�±§Ï�9åÆ1n½Æw�·�Ø�U^k��Ú½¦Ô
Ne%�ýé"Ý"

¯̄̄KKK5.8. �Ýk4�)1�"XJÔnS©f�²þ�Ý��1�£nØ
þ¤§@o©f�²þÄUÒ�±�����§d��§ÝÒAT´p§
�4�"@o§��o<aUÏLn�G��Ñ$§�4�%vk<�Ñ
p§�4�º==´§Ø~�oº

£££���5.8. �§Ýép�§§Ý�'u©f²þÄU"�©f$Ä�Ý
ªCu1��§ÄUO�ØU^Ï~�Ek = mv2/2,AT^�éØú
ªEk = (m − m0)c

2£m0�·�þ¤"�vªuc�§ù�úªO�Ñ5�
ÄUªuÃ¡�§�Ò´`nØþ§ÝÃ¡�"�,�`¢Sö�þ�¯
K§ùÒéE,
"

6 ���«««���ØØØ

���ØØØ1 (zì�Ø). zìJÑL��Øéõ§��k¶��´@o�µ�©
{§CÄpdJ¿9§�¥ØÄÚ$Ä|"ùo��Ø�Ñ?§Ñ´æp
¬õ��5ÔnÆ6§æp¬õ�P1�8�Ò´�
`²zì��Ø"
e¡Ò´zì��Ø"
�©{�Øµ/$ÄØ�3"0nd´µ £¯Ô3��8�/�c7

Lk-���?"
CÄpdJ¿9�Øµk`�e§CÄpd(Achilles)§¿�Öê¤�

5�pæA6¥�=<CÄpd§´�F1c$¬¥��¶��)�"

9
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ù�Ø:�¿g´`µ�����¯�<[�JØþ�����ú�<"
Ï�J`öÄk7L���Jö�å�:§Ïdr�ú�<[�+k"
�¥ØÄ�ØµXJ?Û¯Ô§�§´3��ÚgC���Ó��mp

�(vk�Ñ§)§§´·�X"XJ £�¯Ôo´3/y30pÓkù�
���m§@o�X��´ØÄ�"
$Ä|�Øµ��þküüÔN§���Ó�ê8�Ó§�ülª:ü

�¥m:§,�ül¥m:ü�å:"§�±�Ó��Ý÷�����$
Ä"zì@�lùp�±`²µ���mÚ���m��"

£££���6.1. ù
�Ø�,´��§e¡4·�5wwæp¬õ��)º§�
,éo÷§�´��k�"zì`k���m�±©�¤Ã�õ�Ü©§
ÏdÃ{3k���mS�¤"�´æpdõ�éh²/�Ñ§zìw
,vk¿£�¦é�m�©Û��±^3�mþ§Ï�k���m�k�
��m��§�´�±©�¤Ã�õ�Ü©�"Ïd^k���m�¤k
���m´���±�§Ï�@¢Sþ´^Ã�õ��mÜ©5�¤Ã�
õ��mÜ©"æpdõ�¿�L«§ÃØ´�m!�m�´Ù§ëY�
ÀÜ§�·�`§�/Ã�0�7L«©ü«¹Âµ�«´©�¿Âþ�
Ã�§�«´ò�¿Âþ�Ã�"zìw,· 
üö"^'�y��*
:5w§§�´r�¤Ã�õ�Ú½�I�Ã�õ��m· 3
�å"
½ö^?ê��ó5`§§�´r��Âñ�?êX±�êØÀ�
Ã
¡"

���ØØØ2 (áN�Ø). áN�Ø´³|Ñ�#�"���Æö�@�§ÔN
eá�¯ú´d§��þ��û½�§ÔN�§eá��¯")¹
3ú�coV�F1óÆ[æp¬õ��@�ã
ù«w{"æp¬õ
��ØäK���§3Ù�üZõc��mp§<���&Á¦�Æ`"
�´ù«lL¡þ�*	�Ñ�(Ø¢Sþ´�Ø�"���ÔnÆ[³
|Ñ^{ü²
��Æín§|©/�«
æp¬õ��nØSÜ�¹�
gñ"¦31638c��5ü«#�Æ�é{6�Ö¥�Ñµ�âæp¬õ
��Øä§�¬��Þ�eá�Ý�'�¬��Þ�eá�Ý�"b½�
�Þ�eá�Ý�8§��Þ�eá�Ý�4§�·�rü¬�ÞT3�å
�§eá¯�¬�eáú�öX~ú§eáú�¬�eá¯�öX\
¯§(J��XÚ�eá�ÝAT�u8"�´ü¬�ÞT3�å§\å5
'��Þ��§ÏdÔN'�ÔN�eá�Ý��"ù�§ÒlÔ
N'�ÔNeá�¯�b�§íÑ
ÔN'�ÔNeá�ú�(Ø"æ
p¬õ��nØ�\
g�gñ�¸/"³|ÑddíäÔNØ¬'�
ÔNeá�¯"

���ØØØ3 ({.1L=). dud�Ø��E,§k,��ÓÆ�ë��Äz
�"5

���ØØØ4 (V)f�¸). �¸�´áu�Ø��«"ù��¸´��k'dÂ
�éØ�g�¢�"k�éV)73§���þ��»�E��§��À

5http://zh.wikipedia.org/wiki/%E6%B3%95%E6%8B%89%E7%AC%AC%E5%BC%9
4%E8%A9%AD.
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1§,��K33/¥"(J�À1ö£�/¥�§¦uygC'33
/¥�73�c�"ù�(Jq��dÂ�éØgñµV)73¥�z�
�<Ñ@�é��éugC$Ä§Ïddu�m)ä��^§z��<Ñ
@�é�AT'gCc�"dÂ�éØ�Ñ¤k*ÿöÑkÓ�¿Â§v
k?Û��ë�X£frame of reference¤´¬¼�`��"ÏdÀ1ö¬ý
Ï£�/¥�¬w�'¦�c��V)73§�ùÒ�¦73��{TÐ
��"�¢SþÀ1ö�Ï"´�Ø�µdÂ�éØ¿vk`¤k*ÿö
ÑkÓ�¿Â§´�k3.5X¥�*ÿö£=vk?1\�$Ä�*
ÿö¤âkÓ��¿Â"��»�E3Àå¥�Ã¦¯´��\�L�g
�§¤±À1ö¿Ø´.5X"��§33/¥þ�733��Ê§¥Ñ
´3.5X�¥£XJ�Ñg/¥�þ9£Ä¤�5��é���\�
Ý¤§¤±¦U
r¦�¦73©Em5"k
<3)ûù�¸�¬@�
dÂ�éØ¿ØU
^u\�¥�ÔN§��¦^2Â�éØ§ù´Ø
�(�"Þ�~`§TéV)73�c#´�±/X¦��m�3¦�?
Û��.5X¥¤1r���´»£ù
´»�¡�.�¤þ�È©5
O(/O�Ñ5�"dÂ�éØ��Ø·^��¹´�å�K�´ØU
��Ñ��ÿ§ù�Òý�I�^�2Â�éØ"ù�(J´ddÂ�é
Ø¤íÿÑ�££Ä�¨��m)äy�¤§�U
ßL¢�5�yµ
�Æ[U
3/¡þ&ÿ��í�þ��)�µf"XJvk�m)ä§@

µf3���/¡�cÒ®²PC
"

���ØØØ5 (Å½��c). ù  �@�´���Ø"gÅ½����m©§
<�JÑ
éõÙ§�éÅ½��c¯K�þfåÆ�º§§�éU\
��3���ÚÅ¼ê�o�ÿ£½´Ä¤� �Ñ
ØÓ��Y"ùp
¿Ø´�
)ûù��Ø§ùp==��[��
�Ê§
)�e�«þ
fåÆ��º"x�M��º´ù�@��§�*	u)�§XÚØ2?
uU\�¤�üö����«G�"ù�¢��Ù/L²
ù��º¥
ÿþ§½*	�Vg´Ø�ß�"ù�¢��±�)º�§�Ýf'4�
�ÿ§XÚÓ��3u/PC��f§kc0Ú/�PC��f§¹c0
�U\�§�k�Ýf��m§¢�*	�§Å¼ê� �üö��«G
�"õ.�º´ù�@��§�Ýf��m�§c�¹Úk�G�Ñò
Y
e5§�p�u)
ò�Z"�é{`§�Ýf��m��ÿ§*	
öÚc©�¤
��*	öwXÝfp���kc§Ú��*	öwXÝ
fp���¹c"�´glkÚ¹�G�ò�Zu)±�§§��mÒØ
2äkk��&E�6½�p�^"Xn�º´ù�@��§Xn�º�
ÑU\�==´�����ÚOXn��Ü©"�¥þ¿Ø·^uü��
c¢�§==·^u�aqO��Nõc¢��ÚO"ù«�º�|±
ö`ù¦�Å½��c�¸¤�
��vk¿Â�§Ø´¯K�ÀÜ"±
þ�´�
'uþfåÆ'��Ì6�º§�,��Ì6��áx�M�
�º"

7 ÙÙÙ¦¦¦

¯̄̄KKK7.1. ü{±Ï�°(úª´�oº
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£££���7.1. b�ü{���{�´θ§{��l§�âUþÅð§3{�
�α�§k

v =
√

2gl(cosα− cos θ).

�â�Ý�½Âª§���©�§dt = ds/v"éþªü>È©§k

T

2
=

∫ θ

−θ

l√
2gl(cosα− cos θ)

dα.

þª�m>´��ý�È©§vk)Û)"���{����§=θ 6
5◦�§�@�

cosα = 1− 2 sin2 α

2
≈ 1− 2(

α

2
)2 = 1− α2

2
.

@o

T

2
=

∫ θ

−θ

l√
2gl(cosα− cos θ)

dα ≈

√
l

g

∫ θ

−θ

dα√
θ2 − α2

= π

√
l

g
.

ù�Ò��
ü{{��CqúªT ≈ 2π
√
l/g"

¯̄̄KKK7.2. U�p�÷ÀÜ��þ¬Cíº

£££���7.2. �)ûù�¯K§Äk�t�ÙU��ó��n"U�p¡k�
>�Þ��;ì§êâ�3�;ìp¡§ÏL	¡���>´Ö�ù
ê
â"�;ìp¡kéõéõ�;ü�§z�ü��Ø%´�î3ý���
�z7¥���¬��N"ó��n´4��3��z7ý��o¥�ù
�2»4£��¬��Ná�¤þ�Ø��>Ö"Ø�>Ö´1§�>Ö
´0"#Ñ���ü�p¡���´1"

¯̄̄KKK7.3. M�p�÷ÀÜ��þ¬Cíº

£££���7.3. M��ó��nÙ¢Ò´>^aA§^ÞyL§UC^5�;ü
��	^|"b��4´1§H4´0§UC^50�ü��^Ý��Ò´
3?1&E��\ÚÖ�ó�"@o¤¢�/�÷ÀÜ0ØL´UC
^
0�ü��^Ý��®§ÏdØ¬UCM��þ"

¯̄̄KKK7.4. �âE = mc2§�÷ÀÜ�M�Ø´�þ¬O\íº

£££���7.4. ¬ùo`�U@�´rcön§���´M�;�?&E�
UC�Ù¢´³U"XJ\��¯�þ´ÄkUC§@·²(w�\§X
J�Äù:&E�5�UþUC¤éA��þ§�ØX�Ä^Þ����
þ"

¯̄̄KKK7.5. 1kgYUÄ2å2kg�7Þº

£££���7.5. �±"é���Àæ�§2r��'Àæ��»Ñ���ÎN7
Þ�?�§ØI�/\�L7Þ�þ�YÒ�±r7Þ2å5"
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¯̄̄KKK7.6. �âCÄ���n§ÔN¤É�2å�uüm�N¤É�å"
´Ø´�þ¡�£�gñº

£££���7.6. 2å´dØr�Úå�"yí�2åúª"ò�ÔN©�é
õ�ç��[^§¦�þ!e.¡þ�@�´²¡"�Ù¥�[^§
�Ùe.¡¡È�∆S1§Ù�Y²¡Y��θ1§P∆S∗

1 = ∆S1 cos θ1§�
e.¡Ør�p1§¿±þL¡aq/½Â∆S2, θ2,∆S

∗
2 , p2§ØJ�∆S∗

1 =
∆S∗

2 = ∆S∗"Ó��T[^3ç���þÉ��þ�å�∆F§éw,
k∆F = (p1 − p2)∆S∗"�e.¡��¡�pÝ�h§@o

∆F = (p1 − p2)∆S∗ = ρgh∆S∗.

ù
[^¤Éç���å�Ú

F =
∑

∆F =
∑

ρgh∆S∗ = ρgV.

éw,§þª¥V¿�XÔNE\�N�NÈ"ÔNE\�N�NÈÚ�
N���NÈÃ'§Ïd�±÷v1kgY2å2kg�7Þ"
�,§c¡�©ÛÑ´3²;Ôn���S�"¢Sþ2å½Ør��

)´�þ©f9$Ä�)�ÚO�A"XJY�L�§©fm��p�^
wyÑ5§CÄ��2å½ÆÒ��
"

¯̄̄KKK7.7. 3�4���pk��ñG]Ê3�¥§�évkñG�Ó��
�§¬�íº

£££���7.7. ´�"���{ü�Éå©Û§ñG]Ê3�¥§É��å�
åÚ�í2å§´�é²ïå"du�^åÚ��^å����§���
�§ñGé�í�kÚg�å����eØå§�íé��.Ü�Øå
���"
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