
cÑû��×4ÏÊ2014�

ĝ$@ĝ�



Úćw«¨àpù7km+þ'ù4kmwâÙ(
/Y<�Ċ�6èØ=áæĊ{ĂĄÙ(
(1��ü1km)(

x

y

�Ï+01(

O



�Ï+02�

×ÓÓ·ù|òô¾&êć´�((((((((((((([(s(]ûöá(((((((((((((((((((([(m(]û�¥ùÚĆØ(
(
×××××([(s(]ûöá××((((((((((([(m(]û�¥ùÚćÙ(
(
åûjÇùÞãć<�öJ8½LĊ{ĂĄÙ(

x t1 =1 x1 =14

t2 = 3 x2 = 4

�Ï+03�

×ÓÓ·ù|òô¾&êć´�à(x
t = 0

v = 5+10t

t
20

[(m(/(s(](ùTòô¾&êćÙ(
åû´�ü( ([(s(]ùÞãć�¥ü( [m](õÚćÙ�

1.(%½LĊjÇÓÓÓÓÓÓûÈdöèô­ìÙ(

2.(((((((((((((ùÞãć´�û½LĊ{ĂĄÙ(t = 0
3.(�¥ĊÓÓÓÓûÈdöèô­ìÙ(t



�½L¾&(:(�

�Ï+04�

�½L¾&ö�%½L¾&û<�ö%½LĊA¦NßąFãÙ(
t = 0

v = v0
v = v0 + at�%½L¾&(:�

(
èØ�mo�ü( öêćÙ)(õ�x = 0



θ

íĈîĈû�Xù¥Ûô6ù��êć$Ċká¹āØ¾&g�NĊkãÙ(

1.(´Ã( û��àfÎĊ~ĆÉĆć((abøè)(m

θ

2.(´Ã( û��àfÎĊ~ĆÉĆć((ab$××ÚĆ)(m f

a

a

�Ï+05�



4.(ēĒù´Ã( û��àóÛôÛć((ēĒûU�$ü××öèØKöûabøèöêć)(

Ì�àª�êć((�yû]\$û=áæü×××)�

m

3.(´Ã(m kv

fs

a

a



5.(ēĒù´Ã( û��àóÛôÛć((ēĒûU�$ü××Óöêć)(m fs

a



´Ã(

��û4Ûù�ÝĄÙ(

û´�àjÇù�?êć$(m

0v

Ċ-ãô¾&èôÛćÙ(


èØ(

,(öêćÙ(

íĆùüHàPòôÚĆØíĆû½æùx�èï]\$àüïąâöêćÙ(

ßą(

,(AdöèØ¾&ü��£�û¾&õÚćöêćÙ(

,(öèôØ��û4Ûù�ÝĄ(

ĀõûÇû½L;%Ã(1.((

0k >

(�½LĊ(

Ċ{ĂĄÙ(0t = vΔ

öèô�ÛôĄÛÙ)(

2F kt=

t t=

ßą( ĀõûÇû´�û�&µË(2.(( Ċ{ĂĄÙ(0t = xΔt t=

�Ï+06�



abàÚćfÎĊ´Ã�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

öèô�ÛôĄÛöêćÙ�f = µkN
(1)(��ù��êć$Ċ6ùká¹ĂÙ(


èØ&ab$ü�

Ċ{ĂØåû¾&à�%½L¾&õ(

mû��àêÿĆÉĆć¾&û¾&�
Ċ§ÝćÙ��û4ù�ÝĄÙ�

(3)(åû¾&û%½L(a
ÚćåöĊ�ìÙ(

�Ï+07�



��û4ù�ÝĄÙ�

û��Ċ©�ª�æìćÙ�´Ã�

g

x

(1)(��ù��êć$Ċká¹ĂÙ�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ�

¾&g�NßąFãÙ�

(3)(åû¾&ùÞÛô$@�ċĒėČĚà�?èôÛćåöĊ�

öêćÙ(
èØÂ$%½Lü(

m

0

�Ï+08�



û��ĊÄ�g2ù�½L�

4.(lÒ�ùÀêćj!�

3.(¾&g�Nßą<��

´Ã(

6.(�þZòôáïjû½L(

1.(åû¾&û¾&g�NĊ²»ìĄ(

tmax

õû¾&ċĒėČĚö�¥ċĒėČĚĊ{ĂØ�

v0

2.(¾&g�Nßą½L�

t

m

v0

v1
7.(Úćj!(

v1

õ[ä�äć¾&�

x

0

xmaxĊFã�v(t)

ĊFã�x(t)

Ċ{ĂĄ�

5.(lÒ�û�¥�xmaxĊ{ĂĄ�

Ċ{ĂĄ�

íû3àjÇùCąë�AõÚćåöĊ�ì�

�Ï+09�



��û4ù�ÝĄÙ(

Ì�àª�êćÙÓ�

kv a

´Ã(m
åûöáØ�y]\à�âăûöèØíû�yû]\$�

û=áæü� öêćÙ�

(1)(��ù��êć$Ċká¹ĂÙ�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

v t( )

(3)(

ü(
x

v t( ) = mg
k

1− e
− k
m
t⎛

⎝⎜
⎞
⎠⎟

¾&g�NĊ°âöØ½L(

öøćÙ(

čĖĔĊkãÙ(

(4)((�jÇà¡¿èï�Xû½LĊ²»ìĄÙ(

v − t

�Ï+10�



zJö(

íĆû´ÃĊ(M

û¯ĊøêfÎ�ùHûóÛïíĆĊ¥áØíĆàfÎù|òô(θ

v t−

êÿĆªñć¾&Ċ§ÝćÙ(

,(&ab�dĊ( ,(öêćÙ(

íĆùüHàPòôÚĆØíĆû½æùx�èï]\$àüïąâöêćÙ(

x�AdĊ(

,(Â$%½LĊ(µ g

,(öèôØ��û4Ûù�ÝĄ(

ùøòïöáûíĆû%½LĊ(1.(íĆû½Là(

k

čĖĔĊkãÙ(

öèôØ¾&g�NĊkãÙ(( )v t ( )tα

3.(íĆà�½¾&êćĄÜùøòïöáû½LĊ{ĂĄÙ(

2.(åû¾&û(

�Ï+11�



�Aû%½L�

v0

õ�iêćċĘĕĚďàÚćÙ�α
åûċĘĕĚď�õ´�Ċ*�ßą�½L�v0 õÄ�g2ù[ä�äïöåĉØ�
�Sù�þ*�ùZòôáïÙ��û4ù�ÝĄÙ�t0

3.(ċĘĕĚďû%½LĊ{ĂĄÙ�

1.(´�ù��êć$Ċ²�ìĄÙ�

(
èØÂ$%½Lü××öèô�Ûćåö)�g

0

2.(åû¾&û¾&g�NĊkãÙ(

α

�Ï+12�



´Ã� û��ĊfĂù[äć¾&Ċ§Ýć�m
�½L�v0ØzJÎöû¯L�

(1)(�½LĊ�

(
èØÂ$%½Lü××öèô�Ûćåö)�g

(2)(åû¾&û¾&g�NĊ(

õ[äïöêćÙ�

��û4ù�ÝĄÙ�

g2íĈîĈ²»ìĄÙ(

θ

xθ

v0
lÒ��

O

y

ª���

Y�ù�°èØ6ùká¹ĂÙ�x, y
x, y

(3)(¾&g�Nßą½L(vx (t)

(4)(¾&g�Nßą<�( Ċ±�ìĄÙ(x(t), y(t)

,vy(t) Ċ±�ìĄÙ(

�Ï+13�



(6)(ª��û�¥�xĊ{ĂĄÙ(

Ċ{ĂĄÙ(

(7)(lÒ�ùÀêćj!� Ċ{ĂĄÙ(2t

(8)(lÒ�ûMs�

(9)(ÐµËl=öøćïĂû¯L� Ċ{ĂĄÙ(θ0

(5)(ª��ùÀêćj!� Ċ{ĂĄÙ(1t



θ

´Ã( û��àfÎĊ~ĆÉĆćÙ(�½Lü�Ûăûöêć)(m

a

(1)(��ù��êć$Ċká¹ĂÙ�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

fÎöûab$àøÛ:/ùóÛô��û4ù�ÝĄÙ�

t(3)jÇ( Sù��àfÎĊ�&èïµËĊ{ĂĄÙ(

�Ï+14�



(6)(åû¾&ü�%½L¾&õÚćåöĊ�ìÙ�

öèô�ÛĄ)�(&ab$(

ffÎöûab$� àÚć:/ùóÛô��û4ù�ÝĄÙ�

θ

a

(4)(��ù��êć$Ċká¹ĂÙ�

(5)(åû¾&û¾&g�NĊ²»ìĄÙ(

f = µkN



ēĒAdü(k
a

ēĒù´Ã(mû��àóÛôÛćÙÓ�
öèØKöûabøèöêćÙ(

x
(1)(��ù��êć$Ċká¹ĂÙ�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

(4)(ēĒû¾&ùÞÛôċĒėČĚ�?"àY�èôÛćåö(

��û4ù�ÝĄÙ(

(3)(ēĒĊ( ðã¤ĂïöáûQW$ùĄć
�Ċ±�ìĄÙ(
イ
メ
ー
ジ
を

Ċ�ìÙ�

�Ï+15�



¢ÛôØ1éēĒĊ�ßą0ćèïÙ(

a

(5)(��ù��êć$Ċká¹ĂÙ�

(6)(åû¾&û¾&g�NĊ²»ìĄÙ(

x

(7)(åû¾&ùÞÛôċĒėČĚ�?"(

àY�èôÛćåöĊ�ìÙ(



ě�ûvÎ¬�Ċ§ÝćÙ�

åöĊ�ìÙ(

1.(¬�èï�Çû$Ċ6ùká¹ĂÙ(

2.(åû¾&õ¾&Ãà�?èôÛćåöĊ�ìÙ(

A� B�

�Ï+16�



Íu(

f¬�ùÞÛôØ´Ãà1éõÚćöêćÙ(

Ĝ�α β+

v
V

Ĝ�

m v0

v

β
α

V

m

¬�üQW¬�õÚĆØ¬�û#Sõ(
ċĒėČĚü�<õÚćöèôØ��û4Ûù�ÝĄÙ(

1.(6û¯(

Sû´Ã(

Ċ{ĂĄÙ�

2.(½Lx(

Sû½L(

Ċ� Ċ�òô­ìÙ�β

�Ï+17�



~ąßøzJÎ�õØSgù)�jÇÚïĆ�

5��´û½LüIù�

��û�m´ÃĊ� Ø�½LĊ(
ùøćĄÜù5�æĈćăûöêć(

1.(jÇ(

m0

M

û�´Ċ5�èøàą�

v0
0

Sû´Ã( Ċ²»ìĄ�

öêć(

¾&êć��àÚć�

m(t)t

2.(jÇ( Sû½L( Ċ{ĂĄ�v(t)t

3.(jÇ( Sû�&µË( Ċ{ĂĄ�x(t)t

M
v0

v(t)m(t)

l�û�X�

Sû�X(t

�Ï+18�



~ąßøzJÎ�ù´Ã�

û	à�ßą�ĀõwâöêćÙ�

ØÆæ�

öêćÙ(

ûöáØqû�&µËĊ{ĂĄÙ(

F
1.(åû¾&ù��êć$Ċ6ùká¹ĂÙ(

2.(åû¾&õ	öqû¾&g�NĊkãÙ(

M L


èØqà	ßą-ãćzJg2û$Ċ�

åûqû�Ċ´Ã�

ûqàÚćÙ� m

M

L

m

3.(�½L(v0 = 0

Ø	û%½L(
èØqû<�� öêćÙ(x1(t) x2 (t)

�Ï+19�



Kû�ù£DL�

5��´û½LüIù�

Â$%½LĊ� öèô��û4Ûù�ÝĄÙ(

ùøćĄÜù5�æĈćăûöêć(Oá�äïÁ�ûÆæà(

ρ

g

ûÅà¥ÛôÚćÙ�

Ø½Là( öøòïöá�

öêć(åûÅû�Ċ^òôÄ�ùOá�äć¾&Ċ§ÝćÙ�

x

2.(åûjû¾&g�NĊ²»ìĄÙ(
Sû½L(

Ø%½Là� v

F3.(Oá�äć$(

Sû�&µË(

û=áæĊ{ĂĄÙ�

l�û�X�

õOá�äć:/û$û=áæĊ{ĂĄÙ(

1.(Oá�äïÁ�û´Ã(

a

Ċ²»ìĄÙ(m

4.(�Aû½L(

û=áæĊ{ĂĄÙ�

 v

�Ï+20�



−e =

��£�õû´�û¬�Ċ§ÝćÙ�

v0
mM M

ÍuèôÛć´Ã�m û´�ùØ´Ã�
½L�

û´�à�M
v0 õ¬�êćÙ�

��û4ù�ÝĄÙ(


èØ,��dü(

¬�#û�E½L(

¬�Sû�E½L(

öøćåöĊ �èôĄÛÙ(

(4)�

(1)(´�(

(3)(´��

Ċ{ĂĄÙ�

à¬�Sù¶úºćïĂû�

M = m,e = 1

û¬�Sû½L(M v1
(2)(´�( Ċ{ĂĄÙ�û¬�Sû½L(m v2

M

ûöáØ÷ûĄÜø�³ùøćß²»ìĄÙ�

M ,m,eÈ�NĊ�
²»ìĄÙ�

�Ï+21�



2013(cÑû��Ó�ĐĎđ×2013.5.23Bh�

1.(tû��ÃûA¦NØ)�Ċ²»ìĄÙ�

(1)(½L(
(2)(%½L(
(3)($(
(4)(
�(


èØ°�ûāõüøâ±�¼�ă²»êćåöÙ�

2.�×ÓÓ·ù|òô¾&êć´�à(x
t = 0

7 2v t= +
5
ùTòô¾&êćÙ(

åû´�ü( ([(s(]ùÞãć�¥ü( [m](õÚćÙ�

(1)(t = 0
(2)(<�(

ùÞãć´�û½L(

Ċ(

})(°�ü�ô°�� ù²»êćåöÙ(

Ċ{ĂĄÙ(v(0)
x(t) ûÈdöèô­ìÙ(t

V®õÚĈýÂ$%½Lü( öèô�ÛĄÙ(g
¼�Nø÷ü��ìë²»êćåöÙ(

(5)(¾&ċĒėČĚ(
(6)(¾&Ã(
(7)($��

ĀïØt�°rĊ«Ût�Ċ�ìÙ�

)�ùüÓMKS )��Ċ�ÛćåöÙ�



3.(��û¾&ùóÛô��ù��êć$Ċ6ùká¹āØ�
íû¾&û¾&g�NĊ²»ìĄÙ(

(2)(��ĊēĒĊ0ćèï�Xõû)_&¾&(

ÛëĈû¾&ă��û´Ãü� öèØ7��õ«òïöêćÙ�m

öèô�ÛĄ)�(ēĒAdü(k

(1)(�Aû%½L( õ�iêćċĘĕĚď�õ��Ċ�

ª�æìć¾&Ó(�½L�è)�

α

ax

(1)( (2)(
x

α



4.(fÎöûab$�

(3)(åû¾&ü�%½L¾&õÚćåöĊ�ìÙ�

öèô�ÛĄ)�(&ab$(

f àÚć¾&ùóÛô��û4ù�ÝĄÙ�

θ

a

(1)(��ù��êć$Ċká¹ĂÙ�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

kf Nµ=



5.Ó´Ã( û��Ċ©�ª�æìćÙ�

(4)(¾&g�Nßą<��

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

(3)(¾&g�Nßą½L�

m

ĊFãÙ�v(t)
ĊFãÙ�x(t)

��û4Ûù�ÝĄÙ(
�mo�ü(t = 0õ( öêćÙ(x = 0

0

x

(1)(åû��ù��êć$Ċká¹ĂÙ(

Ø�$@�((6)(¾&ċĒėČĚ(

õû¾&ċĒėČĚ�t(5)(Úćj!(

Ċ{ĂØíû3�

t ûčĖĔõ­ìÙ(

ö�¥ċĒėČĚ�K(t)
àjÇùCąë�A�E(t) = K(t)+U(t)

U(t)

õÚćåöĊ�ìÙ�

Ø�¥ċĒėČĚ(K(t) U(t)
ĊíĈîĈjÇ(ċĒėČĚ(E(t)



2013(cÑû��ÓmnĐĎđ×2013.7.25Bh�

})(°�ü�ô°�� ù²»êćåöÙ(

¼�Nø÷ü��ìë²»ĊêćåöÙ(

V�4Ï(

1.($@û9��ø��ÃùóÛô�ÝĄÙ�

(1)(½L�v

ö­æĈćÙ(

(2)(%½L(

ü((3)($(

ûA¦Nöíût�Ċ²»ìĄÙ(

íût�ü(

F
a

õÚćÙ(

F=
ûA¦Nöíût�Ċ²»ìĄÙ(



d d
dt dt

⎛ ⎞ ⎛ ⎞
=⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

æĀçĀø��ÃĊFâåöàõáćÙ(

Ċ`ãØe�êćö(

G¸ûÔûÁ�ü¾&ċĒėČĚĊ.¸ûÕûÁ�ü(

Õ(Ô(


�Ċ­èôÛćÙ(

öøćÙ(

(4)((3)ûNü¾&g�NõÚĆØåûNĊ<RêćåöùĄĆ(

(3)ûNû�¸ù½L(v



d F
dt

⎛ ⎞
=⎜ ⎟

⎝ ⎠

(5)(ĀïØ(3)ûNĊ<Rêćö�

p
ÖûÁ�ü¾&ÃõÚćÙ(

Ö(

öÞâö(

ö­æĈćÙ(

ÖĊ(

õÚćÙ(åûG¸(

( )d p F
dt

= dp Fdt=

à$�õÚĆØíût�ü(Fdt

2.�×ÓÓ·ù|òô¾&êć´�à(x
t = 0

27 12 6v t t= + +
5
ùTòô(

åû´�ü( ([(s(]ùÞãć�¥ü( [m](õÚćÙ�

(1)(t = t1
(2)(<�(

ùÞãć´�û%½L(

Ċ(

Ċ{ĂĄÙ(a(t1)
x(t) ûÈdöèô­ìÙ(t

¾&êćÙ(



��û4ù�ÝĄÙ�

û��Ċ©�ª�æìćÙ�10.(´Ã�

g

x

(1)(��ù��êć$Ċká¹ĂÙ�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ�

¾&g�NßąFãÙ�

(3)(åû¾&ùÞÛô$@�ċĒėČĚà�?èôÛćåöĊ�

öêćÙ(
èØÂ$%½Lü(

m

0



11.~ąßøzJÎ�õØSgù)�jÇÚïĆ�m0

M v0

��û4ù�ÝĄÙ�

��û�m´ÃĊ� Ø�½LĊ(

ùøćĄÜù5�æĈćăûöêćÙ(

û�´Ċ5��

öèØ5��´û½Lü�

èøàą¾&êć��àÚćÙ�

Iù�0

(1)(jÇ( Sû´Ã( Ċ²»ìĄÙ�m(t)t
(2)(jÇ( Sû½L( Ċ{ĂĄÙ�v(t)t
(3)(jÇ( Sû�&µË( Ċ{ĂĄÙ�x(t)t

M
v0

v(t)
m(t)

l�û�X�

Sû�X(t



Ø�$@�((8)(¾&ċĒėČĚ(

12.Ó´Ã( û��ĊÄ�g2ù�½L�

(4)(lÒ�ùÀêćj!�

(3)(¾&g�Nßą<��

(6)(�þZòôáïjû½L(

(1)(åû¾&û¾&g�NĊ²»ìĄÙ(

tmax

õû¾&ċĒėČĚ�

v0

(2)(¾&g�Nßą½L�

t

m

v0

v1
(7)(Úćj!(

v1

õ[ä�äć¾&�

x

0

xmax

ĊFãÙ�v(t)
ĊFãÙ�x(t)
Ċ{ĂĄÙ�

(5)(lÒ�û�¥�xmaxĊ{ĂĄÙ�
Ċ{ĂĄÙ�

Ċ{ĂØíû3�

Ċ§ÝćÙ(
�mo�ü(t = 0õ( öêćÙ(x = 0

t ûčĖĔõ­ìÙ(

ö�¥ċĒėČĚ�K(t)
àjÇùCąë�A�E(t) = K(t)+U(t)

U(t)

õÚćåöĊ�ìÙ�

Ø�¥ċĒėČĚ(K(t) U(t)
ĊíĈîĈjÇ(ċĒėČĚ(E(t)



13.(abàÚćfÎĊ´Ã�

(2)(åû¾&û¾&g�NĊ²»ìĄÙ(

öèô�ÛôĄÛöêćÙ�f = µkN
(1)(��ù��êć$Ċ6ùká¹ĂÙ(


èØ&ab$ü�

Ċ{ĂØåû¾&à�%½L¾&õ(

mû��àêÿĆÉĆć¾&û¾&�
Ċ§ÝćÙ��û4ù�ÝĄÙ�

(3)(åû¾&û%½L(a
ÚćåöĊ�ìÙ(


