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eDfcgihcgkjklRm�nolqpclorchcgsnogStvuRfcgsmBuxw�u1nogSyzu1{�u|no}�gSpCu|~R�i�cwolRpcfclorc��n|u���nogSlowolB��p���notsn�wolc�
• � u1{�ux�c��tkg�fcgsmBuxw�u�����hCu
pCuxpc�cfc�c�*u
}�ls��g�tsnogSyzu|nogk}����NhCu
fCu1{�hclo���
gktsnx�o�-u
}�lohCu1rchc��fcgsyk�z�Cn|u|n��tkgD��pc�cts�z�������8�1�o�����i�v���z�E�����k���1�x�c}�ls��gitsnogD{�lo�o�����\yzu���g�{�hcl
tvuBlowo�c�Gyzu1{�ux�c�c�*u��
• � u¡ +ux�og���g�yzu¢lz{�jklowolofcg���pc��m:��nog"tkwols���Gm:�c£if��o�T¤0wols��g��c�
g �i¥ ¤,¦ ¥   ¥ hCuxpc�ctvu|no��hc��hCun|ux�og���ux�*u��Chc��hCuBpCuxpc�cfc�c�*u��
• § }�lRyzu
hcgk}c��yzu1{�u|n|ux}¨�c�*u|nogShcgk}�l|���c}�lqfCu|ys���crc��no��©¨fcgsm:gkªDu����\ +ux�og��C�«yzu
lv{�jklowolofcgD��pc��m:��n�glohCu��:fcgsyk�z�Cnxu|n¬}�ls��gkj�tk�*u|nofCu|nog�n|uzrchc�c�,�5u"hCu"pCuxpc�cfc�c�*u¡pcfcgk�cf�n|u���nog¨fcgsm:gkªDu¢}�ls�­u"tk�*u|nofCu|nog
hcgsn|uzrchc�c�,�

• ® u1{�u«yzuxwof�m:��nog
tvu\��yvfCu1{�lo��yzu1{�u|nxux}�u��Apcfcg�{�u|¯Cgsnogq�"pCuxpc�cfcg
hCu\}�ls���c�*u�fcgsmBuxw�u|nog
yzuz{�u|no}�g
� +ux�og���gDyzuRlv{�jklowolofcgx�
•
 Agklofc�|��tk}c�\yzu1{�ux�c��fCu1{�gitkg�°Btvu|no�-�

� u1{�u|no}�gipcfc�cpcfcgk�
�clc�
±S��m:}�lR²�u|nxuxt³Agk�cgkh�yvgkhcnc�*{�f¨¦�����uxh ® hcgs~Bgkwo��¯eDfcg�{�tkg�{�hc�c}�}�lo�
�ctk�|��gx�+{�f¨¦���¯Cl«¦���nofclowo��¯
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Ñ=lowolo��yzu1{�u|no}��"pcfclx��rCuxw�u|¯Cgk�
l�£i��yv�crc}�g
pcfclo�|��gk�
gR}�ls���¡tkgRtkfcgs¯c�N�"£D�v{���u1�C�o� ® uxl\m�nolR��g:{�lx�ofclpclxyvhCu|nolc�,£D�v{���u1�Ã��g��cjkfCu¢��yv�
gsÒ��G{�wog�gk}c�cpcg�hCu¡nofCu|wohCu|nolo�<nogkfcgkh��G{��c�
gkh�yv�|�­u

100 × 70
�
gsn|uxfCu��

ÓDjkfCu¨tkg«lo}cf���j­��lo�¼��lop�nolo�,�*lo�x�c�(u
O = 70cm

�
�*uxtkg
m = 0.43kg

}�ls�­uR��g«hCu1{C��w�uxhCu�{�l¨pcfc��no�ctk}�u
p = 0.85 · 105 Pa

�¼Ñ!tkw�ux}�ls�qgk}c�cpc���cjkfCuÃpcl
N = 11

�cjkfCuzrCu��ÕÔ7wog¨pclv{�u|no}�gN¯Cgk�
l¬}�lofc�ctsno��no���
hCuxfcg�{�hc�c�G{�g���lowo�c�*uByzu1{�u|no}�u��
Ô�{�hclotS��yv�
gsÒ����ofcls�­u
�cjkfCuzrCu
hCuRnogkfcgkh��¨��pclowof�m:�chcgSnogkfcgkhCu��Elo�
lojs��¯�uxw�uB{�u
£D�z{���u1�N�x�z{�gD{��chCu1Ö

�
�crchCuR�cjkfCu��
 +u���lv{�hclot���gDn|ux}�uxwB{�uB£D�z{���u1��gkfc���
lofCu����«��wogk}��of�yvlB{�uBfcgvuxjs�z���o�
u�× § }�lUpcfcgsnopclotsnxuxwo�c�
l�{�uPtkw�ux}�lo��£D�z{���u1��gkf��Xpcfc�cpCu1{�u��ctsn|uUpclowof�m:�chCuUhCuØnogkfcgkh��o�B�V{�uPtkg
£D�v{���u1��gkfc�¢}cfcgs¯c�¡pcfclotkgkrchclo�X�of�yv�chclo�

v = 5m/s
�>pcfclo�cgkhc��nog«wofcgk�
g
}�ls��gR£D�z{���u1��gkf¢�c�*u\hCu

fCuxtkpcl|��uxj�uxª(�Ãyzu¨pcfc�|��gk�,�
}�loh�nofcl|�C�Ã�¬pcfcg�{�u����¡��lop�nogx�*pcfcg«hcgkjklNm�nol¨{�lNª7gkj�u�{�lxnofcrc�Ã{�f���jk�
£D�v{���u1��gkf-�

¤�u1{�uB¯Cgk�
l
fCu|yv�
lxnofc��no��hcgk}�l|���c}�l
£igkhclo�
gkhCuRwogsyzuxhc��©\yzuB}cfcgsn|uxª7g�£D�z{���u1��tk}�gD��lop�nogx�
� gk}�ui��lop�nxu�pCu1{�u�wogkf�no�c}�u1��hclR�«lv{��o�|�­uStkg7lv{\pclv{c��lojkgx�(eDfcg�hcgkjkl:m�nolBtsno�cjkhcg�{�l:pclv{c��lojkgx����lop�n|u��g:hcg�{�gk£ilofc�
�ctvuxhCu��8tk����gBpcfc��no�ctk}�u�}�ls��gS{�g��C�z���¨hCuq��h���nofCu|mBª0�Npclowof�m:�ch��Nt�����fCuxwohclxnogs~Rgkhcgx�-n|ux}�l

{�u,��g���}���pchCu:tk����u�}�ls�­uD{�g��C�z��g7hCui��lop�nx�i��g�{�hCux}�u�h��v���¡ÙÚlow|{�g�jkfCuxwo��n|ux�c�cloh��qtk���C�qhcg���fCu1r���hCuxw�ux�
l�×��

¦�gsÒ���no�c�,�-}�u1{�uB{�lv{��cfchcg:pclv{c��lojs�¬ÙÚ�of�yk�chclo�
v0

×0��lop�nxuqtkgi{�gk£ilofc�
��m:gx���­uxw|�Su
tkg:fcgsyk�v�Cno�z����¯�u�tk����u
hCu���lop�nx�o��}�ls�­u�{�lowolz{��«{�lRlz{�tk}�lo}�u��(Û�gklo�
gsnofc�|�­u:{�gk£ilofc�*ux�c�|��gSpcfc�c}�u|yzuxhCu7��gihCuBt����c�c�

s

a

r

a
��gRpcl|�C��pcfcgkrchc�c}"��lop�nogx�

s � a
��g:{C���x�chCu«{�gk£ilofc�*ux�c�|��gx��u

r
��gBpcl|�C��pcfcgkrchc�c}Ã}cf���~qhcgRpclowof�m:�chcg

}�ls��lo�¢��lop�n|uS{�lv{��cf��z��gDpclv{c��lojs�o�0¤0����ui{�gk£ilofc�*ux�c�|��g(��g7tkfCu|yv�
gkfchCu:pclowof�m:�chc�q{�gk£ilofc�*ux�c�|��g7�«��h���n|Ö
fCu|m:ª7gk�Ãpcfc��no�ctk}��o��}�ls��gkj5tk�*u|nofCux�
lS}�lohctsn|uxh�nohc�c�,�0¤Ã{�f���jkg�tsnofCuxhcgx���of�yv�chCuS�cgkh�nofCuD��lop�nog�pclowogsyzuxhCu
��gDtvuRwog����crc�chclo�G{�gk£ilofc�*ux�c�|��git���g�{�gs¯C�c�U��yvfCu|yvlo�

v = − Ü sÜ t .

��× � u|Ò���nog(}�ux}�l�tkg(tk����u�{�gk£ilofc�*ux�c�|��g+��lop�nog(�
gkªDu5�7nolo}��iwofcgk�
gkhCu��Slv{�fcg�{���no��ª7gkh��S�*ux}�tk�c�*u1��h��wofcg�{�hclotsnz�
w�×�Ô�{�fcg�{���nogSwofcgk�
gDnofCu��­uxªDu:{�lz{��cfCu���lop�nogStvuRpclv{c��lojklo�,�



® u1{�u�tkg
��lop�n|u¨lz{��o�|�­u�lz{¬nowofo{�g�pclowof�m:�chcgx�+{�gkl¨}c�chcgsno�crc}�g\gkhcgsfcjk�|��g\tkg«js���o�¬hCu�hcgkg���uxtsno�crCh��{�gk£ilofc�*ux�c�|���R��lop�nogRÙÝ�
pcfcgsn|©�lv{�hclo�¬{�g��C�
yzu1{�u|no}�u�n|u��0gk£igk}�u|nBhc�ctk�
l:��fCuzr���hCuxw�u1����×�� ® w�uxh�no��n|u|no�cw|Öhclc�En|u���js���o��n|ux}¡tkg:�
gkfc�"fcgktsno��no���c�Clxhc�C��}�logk£i�c�c�|��gkh�nolo�
e = vposle/vpre

� � u
nofCuxwx�o�8fcgktsno��nx���c�clohc�}�logk£i�c�c�|��gkh�ni��g�{�hCux}B��g
e = 0.60

�
� gk}�u«��lop�n|u��z{�uxfCu��¨ykgk���,�Nn|ux}�l�{�u�hcgkpclotkfcg�{�hcl�pcfcgB�z{�uxfCu��c�*u«©�lofc��yvloh�n|u1��h����Awogkf�no�c}�u1��h��¡���j�uxloh��\�of�yv�ch��

v1

�
u1

�
ω1

fcgktkpcgk}�n��cwohclNÙÚtk�
gkfclowo���of�yv�chCuRts�q{�u|no��hCuBt����c�c��×��

w

v

u

u

v

w

1

1

1

2

2

2

jz×\Ó7yvfCuzr���hCu���nog�©�lofc��yvloh�n|u1��h����-wogkf�no�c}�u1��h��¨����jsuxloh����of�yv�ch���hcgkpclotkfcg�{�hcl\pclot���g:ts�z{�uxfCu��8ux}�lqtkg
��lop�n|u�pcfc�����c}�lo��{�lz{��cfCu�tvu�pclv{c��lojklo�¨}�����yzu��ou�}�logk£i�c�c�|��gkh�n7nofcgkªDu�}�����yzuxªDu���yvhclotk�

µ = 0.70
�

¦�lo�
gkh�nq�chcgkfc�c�|��g7��lop�nogS}�ls�­uBtsgSfclxno�cfCuRlo}�l
lotkgi}�ls�­uBpcfcl|��u|yv��}cfclxyD��lop�nog,��g
I = 2

3
ma2

�
{E× � u�fcgs~q�c�T}�����yzuxªDu��(w�u|~q� u2 > ω2a

�"Ñ7}�l|���c}�l"low�u��i��t���low"hc�|��g«yvu1{�lowol|�igkh-�(hcgs¯Cgq{�lx¯C�Ã{�l
}�����yzuxªDu���wogs¯U¯CgNtkg���lop�n|u¬}�lxnof��Su|no�-� � u|Ò���nogNlo�|��uxtsn¬��j­��low�uÃpclz{�}�ls���c�<nofcgk��u¢{�uÃpCuz{�hcg��lop�n|u��C}�ls�­uBtkgShcgi}�lxnof��Su��c{�uB�o��tkgipclot���gD�z{�uxfCuRlBnv��lRyzux}�lxnof��Su1��u��

Òc×\Ó7yvfCuzr���hCu���nog�©�lofc��yvloh�n|u1��h����-wogkf�no�c}�u1��h��¨����jsuxloh����of�yv�ch���hcgkpclotkfcg�{�hcl\pclot���g:ts�z{�uxfCu��8ux}�lqtkg
��lop�n|u:}�lxnof��Su:�ogsyD}�����yzuxªDu��+ÑXlowolo�¢{�g��C�
yzu1{�u|no}�u:pcfcgsnopclotsnxuxwo��n�g�{�u�tkg���lop�n|u:}�lxnof��Su:�«pcfcg
lv{��o�|�­uxªDuBlv{¨pclv{c��lojkgx�

³�u1{��Ã��g�{�hclxtsnxuxwohclotsno�-��pcfcgsnopclotsnxuxwo��¯Cgk�
l¬{�u¢gk£i�c}�uxtkhclotsnØgk}c�cpcgN�
lz~Bgk�
l¡{�uÃlopc��m:gk�
l���g�{�hc�c�
£Sux}�nolofclo�

r
}�ls���¡pcfcg�{�tsnxuxw1��u�wogkfclow�u|nohclx¯c�¡pclotsno��yzuxªDu�jkl|��u\�«��g�{��chc�c�c�Ãwofcgk�
gkhCu��� +u1{�u:��g
wogkfcl1Ö

w�u|nohclx¯�u�{�uBno�c�Ppclotsno�cjkhcg
n
jkl|��low�uBÞßuRwofcgs�*g

t
{�u|nxu
e7��uxtklohclowolo�ØfCuxtkpclv{�g���lo�

Pr(n, t) =
(rt)n

n!
e−rt.

gz×�Ô�{�fcg�{���nogRwxgkfclow�u|nohclx¯c��{�uq��ts��tkfcgsnx�¨{�w�u
no�c�*u��8}�ls���N�c�*u�����gk£i�c}�uxtkhclotsn
r1

�
r2

�-fcgsyk�z�Cn|u|n��
nofcgkh���no}c�

t
�x�z{�g

n1 : n2

�
~�× ® l|���c}�u���giwogkfclow�u|nohclx¯�u:{�u:yzuRwofcgk�
g t

no�c�Vàipcfcwo��pclotsno�cjkhcg�pclojklv{�ux}-�
á �zâ1�|ãA�zâ�ä�å�æ|äS�c�z�C�zâ|��æoçA±��c£igkfCuxhc�c�|�­u1��hCu7��g�{�hCuzrc�chCu

Ü 2x(t)

Ü t2 + ω2x(t) = 0,

�c�*uBfcgsm:gkª7g
x(t) = A sin(ωt) + B cos(ωt),j­{�gits�

A
�

B
}�lohctsn|uxh�nogx��}�ls��gitkgilv{�fcgsÒ��z������ySpclorcgsnohc��©\��t���lowou��
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ïxg�{�hclojBpclot���gkpclv{�hcgkw�u��8}�ux}�l���g:tvu�lv{�fcgsÒ�gkhclojBfCuxtsnols�­uxªDu�wo��{�g���u«ª7gkjklow�u�pclofclv{��c�Cu��-rclowogk}«��g�m:gsn|uxl
�olot7pclRw|��u|~qhcls�0pclv{c��lxyv���«�|����yv�chc��tsnx��pCuRg���gk}�nofc�CrchclojD{�u1��gk}�lowolv{�u��+Ñ���g�{�hclo�Gnofcgkh���n�}��\rclowogk}\tkg
yzuv�otsnxuxwo�clq��pCuxli��gihCuRyvgk�����o��³AlxÒ�ux�c��ts��pclxyvw�u1���\©���noh���pclo�
lx¯8��u1����lowo��ts��{�lxmS����ts��wo��m:g:}�uxtkhcl
n|ux}�lB{�uRts��tvux�
l
}�lohctsn|u|nolow�u1����tk�
f�n1�
§ ��nolopctk�|�­u���g�pclo}�u|yzu1��u�{�uq��g�tkfc�cg�~qf�nowog\pcfclxmS��l"}cfclxy�tsn|uxª7g¢ðxñsòCó�ô�õCö�÷1ø�ù�ô�ò�ñ\ú
õCûßô�õ�ø�ùxüCõzý�ñ�þ}�ls�­u:hc�|��gipcfcgk}c�ch���nxu:{�lowol|�ihclR�of�yvlc��n|ux}�lB{�u���g�{�lxmS��lB{�l:nofCuxjk�crchclojS�ct­©�lz{�u��(³AlxÒ�ux�c�\ts��tk�*u|nofCu1���

{�u7��gStk�
f�n«rclowogk}�uRhCuxtsnx��pc���Euqlv{Nhcgk}�gSyzu1�C��n|u1��g:tsnof��z��g:tvu:{�u1��gk}�lowolv{�u���pCu
ts��nx��~q�����¨g���gk}�nofc�crCh��
}�lo�
pCuxhc�|���o�
¤(�z{:��g�hCu1��lz~q�clS�ctsnofCuxjs�o��{�uS�x�qtkg���nowofo{�����l�{�u7���S��g�}�lo�
pCuxhc�|�­uS}cfc�cw�uiyzuSlowx�BnofCuxjkg�{��|���o�
Ñ�nols�

�ctsnofCu|yv��}�lofc��m�¯CgkhCuD��gipclo�
lx¯�£i��yv�crCuxfCu��
ÿ:��yv�crCuxfS��g�pcfc�c�
gsno�cl�{�uStvuD{�u1��gk}�lowolv{�uSwo�ctk�i��g�{�hCu�pcfclowolv{�hCui~q�c�Cu���rc�|���«tkg
��g�{�uxh«}cfCu��*hCu1��u|yv�

no�c}\��yvhCu1{\yvgk���igx� ® u1{�uS~q�c�Cui{�lz{��cfchcg�nz��lc���qpclv{c��lojs�qnogkrcgitsnof��z�­uBlv{ 100A
��� f�now�u:tkgDhCu1��u|yv����u

hCu
�v{�u1�igkhclotsno�
r = 10m

lv{"�
gktsn|u«j­{�g�~q�c�Cu
�
l1~BgD{�uR{�lv{��cfchcg�yvgk���,���¨}cfcgsn|u1��u«tkg:pcfcgk�*u
~q�c�c�-�
¤0pcgk�c�c£i�crchc��lxnopclof�w|��u|~qhcgDpclz{c��lojkgi��yvhclotk�

ρ = 100Ωm
�

u�× � u|Ò���nogNwogsyk����yv�
gsÒ��U�ch�nogkh�yz��nogknxuGjs�otsno�chcg¡tsnof��z��g"��g���gk}�nofC�crchcloj"pcl|�Su���}�ls�­u¢pclotsnols����}�lv{pcfclowolv{�hc��©�tkfcg�{��chCu��,eDfcgsnopclotsnxuxw|�Su�����¯C��{�uRtkgStsnof��z�­uqtvuR}cfCu��­uRpcfclowolz{�hcgi~q�c�cgifCuxtkpcfclotsno�cfcg
��hc�c£ilofc�
hcl:�qykgk���,�o�Clv{�fcg�{���nogi�ch�nogkh�yv��n�gsnqjs�otsno�chCgitsnof��z��g

J
��g���gk}�nofc�crchcl
pcl|�ig

E
�«£D��hc}�Ö

�c�|���\fCuxtsnols�­uxªDu
lv{��
gktsnxuRjß{�gD~q�c�Cu�{�lv{��cf��z��ginv��lc�
��×\Ó7yvfCuzr���hCu���nog

J
�

E
hCuB�
gktsnx��hCuB}�l���gk�PtkgihCu1��u|yv����uB~qf�now�u��

w�×\eDfclo�cgkhc��nog:fCu|ys���c}���pclxnogkhc�c�|�­u1��u«��yv�
gsÒ���rclowogk}�lowogD��gkwog���{�gktkhcg�hclojkgx�-ux}�lqtkg�lohcgShCu1��u|yvg�hCu
fCuxtsnols�­uxª(�

d = 0.5m
�

jz×�¤0�*u|nofCu|¯Cgk�
l�{�u¨tsnof��z�­u¨pcfcl|��u|yv�¬hCu���pcfcg«}cfclxy���g�{�h��¢hclojs�o�+yzu|no�c�T}cfclxy«nog���lØÙ u�no�c�
g��¬}cfclxy
tkfc�cgz×SpCu�}cfclxy
{�f���js�Ãhclojs�o��Ñ*lo�o�crCu���hcgqwofcg�{�hclotsno�¬yzu�lxnopclof¬hclojkg«�¢nof���pCu¨ts�

Rn = 300Ω
�

Rt = 1000Ω
fcgktkpcgk}�no�Cwxhclc� � u\lotkhclowx�¨no��©¢pclv{�u|n|ux}�u\lz{�fcg�{���nogqtsnof��z���¡}�ls�­u:��gRpcfclxmS��u�}cfclxynog���lR~qf�nowogx�
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