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1.1 �¹R³

1. MnâÏ�Ð¨¹��Mû
MnâÏ/Ïð(¹Mn����¹�. (zô	��*Â�¹,ÎÂ�¹��(¹S

MMn�âÏ1/MnâÏ,�ð�â,°\ r . �â�öô�Ø�sû� r = r (t)ëZÐ¨

¹�. �ö;�â��ÏëZMû,°\ ∆r .
(1) ôÒP�û-�â�Mû�+h::

r = x i + y j + zk, v'�: r =
√

x2 + y2 + z2

∆r = ∆x i + ∆x j + ∆zk

(2) �P�û�â�Mû�+h::

r = rer

∆r = ∆rer + r∆θeθ

2. �¦� �¦

v =
dr
dt
, a =

dv
dt

(�P�û-,�¦� �¦�h¾���:
(1) ôÒP�û

v =
dx
dt

i +
dy
dt

j +
dz
dt

k

a =
dvx
dt

i +
dvy
dt

j +
dvz
dt

k

(2) �P�û

v =
dr
dt

er + r
dθ
dt

eθ

a =
 d2r

dt2 − r
(

dθ
dt

)2 er +
(
2

dr
dt

dθ
dt
+ r

dθ2

dt2

)
eθ

(3) ê6P�û

v = vet

a =
dv
dt

et +
v2

ρ
en
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3. Ð¨f�${î�
1Ð¨¹��ÇBöô�üpïå�0�¦� �¦; 1�¦� �¦Ó��Ëaö

ïå�Çï��¹Õ�0Ð¨¹�,ÎÐ¨¹��Âph¾�-�»öô t ï�hS¹�.
�ï�Õ

v (t) = v(t0) +
ż t

t0

a (τ) dτ

r (t) = r (t0) +
ż t

t0

v (τ) dτ

�ï�Õ

v (t) =
ż

a (τ) dτ + v0

r (t) =
ż

v (τ) dτ + r0

�- v0 � r0 :ï�8Ï,1�Ëaö�ú.

1.2 `�ãT

1 – 1 òå�(¹¿ xt\ô¿Ð¨, t ö;�P�:: x = 4.5t2 − 2t3. B:
(1), 2 s��sG�¦;
(2), 2 s+�sö�¦;
(3), 2 s��sG��.
ã (1), 2 s��sG�¦:

v =
∆x
∆t

i =
x(2) − x(1)

2 − 1
i = −0.5i m · s−1

(2)¬ö�¦

v =
dx
dt

i = (9t − 6t2) i

S t = 2 sö, v = −6i m · s−1.
(3)ä v = 9t − 6t2 = 0,ã� t = 1.5 s,dö�¦�¹�Ñ�9Ø., 2Ò��ï�:

∆s = |x(1.5) − x(1) | + |x(2) − x(1.5) | = 2.25 m

�/

v =
∆s
∆t
= 2.25 m · s−1

1 – 2 �(¹¿�ô¿Ð¨,v �¦: a = −2x,�- x å m:UM, aå m · s−2 :U

M.ÕB(¹��� v �P� x�sû�. ¾S x = 0ö, v0 = 4 m · s−1.
ã �� v ù x�üpï�Ç��Øb�0:

dv
dx
=

dv
dt

dt
dx
=

a
v
=
−2x
v

t��

v dv = −2x dx
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�$¹ï�,	
ż v

v0

v dv = −2
ż x

0
x dx

àd, v � x�sû�:

v2 = v2
0 − 2x2 = 16 − 2x2, |x | ⩽ 2

√
2 m

1 – 3 (¹Î t = 0ö;�Ë,	 x = t3 − 3t2 − 9t + 5�Ä�¿ x tÐ¨. (ê*öôô
��¿@ x tc�Ð¨? ê*öôô�¿@ x t�¹�Ð¨? ê*öôô�� �? ê*
öôô�Ï�? �+;ú x, v, aåöô:êØÏ�ýpþ.

ã �¦:

v =
dx
dt
= 3t2 − 6t − 9

ãI�Ä 
t > 0

3t2 − 6t − 9 < 0

ï� 0 < t < 3 sö(¹¿ xt�¹�Ð¨. ��ï�S t > 3 sö(¹¿ xtc�Ð¨.
 �¦:

a =
dv
dt
= 6t − 6

1 t > 0Ê a < 0ïåã�,S 0 < t < 1 sö(¹ �¦:�<,:Ï�Ð¨. ��, t > 1 s
ö,(¹\ �Ð¨.

x, v, a�öô�Ø�ò¿Áãþ 1 – 3 .

0

25

50

x
/
m

0 1 2 3 4 5 6

t/s

(a) x ∼ t ò¿

0

25

50

3
/
m
·
s
−

1

0 1 2 3 4 5 6

t/s

(b) v ∼ t ò¿

0

10

20

30

a
/
m
·
s
−

2

0 1 2 3 4 5 6

t/s

(c) a ∼ t ò¿

ãþ 1 – 3

1 – 4 �(¹sbÐ¨� �¦: ax = −A cos t, ay = −B sin t, A , 0, B , 0, �Ëa
ö(t = 0ö): v0x = 0, v0y = B, x0 = A, y0 = 0. B(¹�Ð¨hù.
ã �¦�Ï:

vx =

ż t

0
ax dt + v0x = −

ż t

0
A cos t dt = −A sin t

vy =

ż t

0
ay dt + v0y = −

ż t

0
B sin t dt + B = B cos t
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P��Ï:

x =
ż t

0
vx dt + x0 = −

ż t

0
A sin t dt + A = A cos t

y =

ż t

0
vy dt + y0 =

ż t

0
B cos t dt = B sin t

Ð¨¹��âÏh¾�:

r = x i + y j = A cos t i + B sin t j .

ÎÐ¨¹���Ïh¾�-�» t,�
x2

A2 +
y2

B2 = 1

àd,(¹�Ð¨hù:-�.
1 – 5 �(¹(sb
Ð¨,vMâ: r = a cosωt i + b sinωt j,v- a, b, ω:8Ï.B:
(1)å(¹��¦� �¦;
(2)å(¹�hù.
ã (1)(¹��¦� �¦�+:

v =
dr
dt
= −aω sinωt i + bω cosωt j

a =
dv
dt
= −aω2 cosωt i − bω2 sinωt j = −ω2r

(2)1��,

x = a cosωt, y = b sinωt

Î-�» t,ï�(¹�hù:M�åsb
�J�t: a,Jít: b�-�,-�¹�:
x2

a2 +
y2

b2 = 1

1 – 6 �(¹ÎYb�Ë¿@�h\�Ò �Ð¨, Ò �¦ α = 1 rad · s−2. B(¹Ð
¨�h�Þ0w¹ö�¦� �¦Kô�9Ò.
ã ¾�hJ�: R. (¹û�ö; t �Ò��: ω = αt,lÇ�Ò¦: θ = αt2/2. (

�P�û-,(¹��¦� �¦�+:

v = ωReθ = αtReθ

a = −ω2Rer + αReθ = −α2t2Rer + αReθ

�¦� �¦�'��+:

v = αtR

a = Rα
√

1 + α2t4

û�ö;(¹�¦� �¦�9Ò ϕ�Y&:

cos ϕ =
v · a
va
=

1
√

1 + α2t4

S(¹Ð¨�hÞ0w¹ö, θ = αt2/2 = 2π,@(öô t =
√

4π,ãe
��

ϕ = arccos
1

√
1 + 16π2

= 85.45°
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1 – 7 �(¹¿J�: 0.10 m��hÐ¨,vÒMn θ(å'¦h:)ï( θ = 2 + 4t3 h

:,�- t åÒ¡. î:
(1)( t = 2 sö,��Õ� �¦��� �¦/��?
(2)S�� �¦�'�p/; �¦'���Jö, θ �</��?
(3)(ê�ö;,�� �¦�Õ� �¦p	øI�<?
ã (1)(¹�� �¦�Õ� �¦�+:

at = R
d2θ

dt2 = 24Rt = 4.8 m · s−2

an =
v2

R
=

(
dθ
dt

)2

R = (12t2)2R = 144Rt4 = 230.4 m · s−2

(2)1��, a =
√

a2
t + a2

n = 2at,àd, an =
√

3at,s

144R t4 = 24
√

3R t

1dï� t = 12−1/6 ≈ 0.66 s. ø��,

θ = 2 +
2
√

3
3
≈ 3.15 rad

(3)1 an = at,s 144R t4 = 24R t,ã� t = 6−1/3 ≈ 0.55 s.
1 – 8 �*(¹ÎÐ�¹å�7'���¦,¿@��Åôb���¹�,�ö�ú.
(1)ÕÁ�(û�ö;Ù�(¹c=(���h
;
(2)ÕÁ��(¹|d�øù�¦�¹�ËÈØ.
ã (1)¾�Ë��: v0,åû���Ò θ �ú�(¹,( t ö;�P�:

x = (v0 cos θ) t

y = (v0 sin θ)t − 1
2
gt2

Î-�»ØÏ θ,ï�

x2 +

(
y +

1
2
gt2

)2

= v2
0 t2

ïå�ú,( t ö;,
�h:å
(
0,−1

2
gt2

)
:�Ã,å v0t :J���.

(2)(¹�Ëö;��¦:

v0 = v0 cos θ i + v0 sin θ j

û�ö; t,(¹��¦:

v = (v0 cos θ) t i +
[
(v0 sin θ) t − gt

]
j

�vû�$*(¹,v��Ò�+: θ1, θ2,�Ëö;�øù�¦:

v01 − v02 = v0 (cos θ1 − cos θ2) i + v0 (sin θ1 − sin θ2) j
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t ö;�øù�¦:

v1 − v2 = v0 (cos θ1 − cos θ2) t i + v0 (sin θ1 − sin θ2) t j

@åû�ö;Ù$*(¹�øù�¦�4sb�9Ò:

ϕ = arctan
sin θ1 − sin θ2

cos θ1 − cos θ2

���Ëö;�øI.
1 – 9 ÐiS( t = 0ö;å��¦ v0�ðÒ α��ú». B��S(û�ö;�Õ�

 �¦ an��� �¦ at �hSò�J� ρ.
ã ¾P� x, y ¿4s�Öô$*¹�, �ãþ 1 – 9@:. ; �¦ (Í� �¦) g

/òå�;@å an, at ê/Í� �¦ g¿hSÕ������Ï,1ãþ 1 – 9ï�:

vx = v0 cos α, vy = v0 sin α − gt

v =
√
v2
x + v

2
y =

√
v2

0 + g
2t2 − 2gv0t sin α

an = g cos θ = g
vx
v
=

gv0 cos α√
v2

0 + g
2t2 − 2gv0t sin α

at = −g sin θ = −g
vy

v
=

−g(v0 sin α − gt)√
v2

0 + g
2t2 − 2gv0t sin α

ρ =
v2

an
=

(
v2

0 + g
2t2 − 2gv0t sin α

)3/2

gv0 cos α

3

3x

3y

an

at

g

30

x

y

O

α

θ

ãþ 1 – 9

1 – 10 (¹1Yb�Ë¿J�: R��hÐ¨,Ò �¦ α:8Ï.B:
(1)å(¹(�
Ð¨�hÈÞ0úÑ¹ö,Ï��öô?
(2)dö�� �¦�'�/��?

ã (1)1 α =
dω
dt

,�

ω = ω0 +

ż t

0
α dt = ω0 + αt

θ = θ0 +

ż t

0
ω dt = θ0 + ω0t +

1
2
αt2
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� θ0 = 0, ω0 = 0, θ = 2πãe
�,�

t =

√
4π
α
, ω = ω0 + αt =

√
4πα

(2) an = Rω2 = 4πRα, at = Rα. E �¦�'�:

a =
√

a2
n + a2

t = Rα
√

1 + 16π2

1 – 11 è)��¢få 15 m · s−1 �����Lv,èôå 10 m · s−1 ���=�,v¹
��Öô¹�� 15◦,òåÎ�:c�,Bf¢��ºÂß0èô��¦�'��¹�.
ã �ãþ 1 – 11@:,å0b:Â�û S,vúËP�û, x t���, y t�
. uÞ

�¦:f¢øù�0b��¦

u = 15i m · s−1

�-Ùú�èô��¦/øù� Sû��¦

va = (10 sin 15 ◦ i − 10 cos 15 ◦ j) m · s−1 ≈ (1.74i − 9.85 j) m · s−1

x

y

3a

u

3r

θ

O

ãþ 1 – 11

f¢-�ºÂß0èô��¦/øù�¦

vr = va − u = −(13.25i + 9.85 j) m · s−1

1
�å, vr �'�:

vr =

√
v2

rx + v
2
ry = 16.5 m · s−1

v¹�1� −y tKô�9Òn�,

θ = arctan
vrx

vry
= 53.4 ◦
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2.1 �¹R³

1. ¨Ï�²Ï
�I(¹�¨Ï: p = mv,(¹û�¨Ï: p =

∑
mivi;²Ï J =

ż t2

t1

F dt.

2. ¨Ï��
(¹¨Ï��

J = mv2 − mv1

(¹û¨Ï��
n∑
i=1

J i =

n∑
i=1

mivi2 −
n∑
i=1

mivi1

3. ¨Ï�R�� ���:öö,(¹û;¨Ï�R
n∑
i=1

mivi =8âÏ

4. (ÃÐ¨��

F = m
dr2

c

dt2 , r c =
1
m

n∑
i=1

mi r i, m =
n∑
i

mi

5. Ò¨Ï
(¹Ò¨Ï L = r × p = r × mv,(¹ûÒ¨Ï L =

∑
i

r i × pi =
∑
i

r i × mivi,�S�t

l¨�Ò¨Ï Lz = Izω.
6. �S�tl¨�Ð¨fÏð

θ = θ(t), ω =
dθ
dt
, α =

dω
dt

7. �Sù�t z�l¨ïÏ

Iz =
n∑
i

mir2
i (�Ë(¹�S), Iz =

ż

r2 dm ((ÏÞí���S)

8. Ò¨Ï�� M =
dL
dt

,�S�tl¨�� M z =
dLz

dt
= Iz

dω
dt

.
9. Ò¨Ï�R��
ù��Â�¹,���é:öö,(¹û(+�S);Ò¨Ï�R, L = 8âÏ. y+/+

�S�tl¨�Ò¨Ï�R��∑
i

Liz +
∑
j

Ijzω j =8Ï




