
𝑣𝑓 = 0

𝐸𝑚 = 𝐾 =
1

2
𝑚𝑚𝑣2

𝑛

𝐸𝑚 = 𝑛𝐾 =
1

2
𝑛𝑚𝑚𝑣2

𝑘

𝐸𝑡 = 𝑘𝑛𝐾 =
𝟏

𝟐
𝒌𝒏𝒎𝒎𝒗𝟐

𝑄 

𝑄 = 𝐸𝑡

𝑚𝑐𝑐𝑎∆𝑇 =
1

2
𝑘𝑛𝑚𝑚𝑣2

∆𝑇 =
𝑘𝑛𝑚𝑚𝑣2

2𝑚𝑐𝑐𝑎

𝛿𝑚

𝑂𝐴 = 𝐶𝑂 = 𝑥

𝑚𝑏𝑜𝑏𝑖𝑛𝑎𝑔𝑥 = 𝑚𝑏𝑎𝑙𝑎𝑛𝑧𝑎𝑔𝑥

𝜏1 = 𝑁𝐼𝐵𝑆

𝜏2 = 𝑚𝑏𝑜𝑏𝑖𝑛𝑎𝑔𝑥

𝛿𝑚

𝜏3 = 𝑔𝑥(𝑚𝑏𝑎𝑙𝑎𝑛𝑧𝑎 + 𝛿𝑚)



𝜏1 + 𝜏2 = 𝜏3

𝑁𝐼𝐵𝑆 + 𝑚𝑏𝑜𝑏𝑖𝑛𝑎𝑔𝑥 = 𝑔𝑥(𝑚𝑏𝑎𝑙𝑎𝑛𝑧𝑎 + 𝛿𝑚)

𝑁𝐼𝐵𝑆 + 𝑚𝑏𝑜𝑏𝑖𝑛𝑎𝑔𝑥 = 𝑔𝑥𝑚𝑏𝑎𝑙𝑎𝑛𝑧𝑎 + 𝛿𝑚𝑔𝑥

𝑚𝑏𝑜𝑏𝑖𝑛𝑎𝑔𝑥 = 𝑚𝑏𝑎𝑙𝑎𝑛𝑧𝑎𝑔𝑥

𝑁𝐼𝐵𝑆 = 𝛿𝑚𝑔𝑥

𝐵 = 𝜹𝒎
𝒈𝒙

𝑵𝑰𝑺
= 𝟎. 𝟒 𝑻

 

𝑐𝑒𝑚(𝑇 − 𝑇0)

𝐻 = 𝑐𝑒𝑚(𝑇 − 𝑇0)/𝑡

𝐿𝑚/2

𝛥𝑡 = 𝐿𝑚/(2𝐻) ⇒ 𝛥𝑡 =
𝐿𝑡

2𝑐𝑒(𝑇 − 𝑇0)

1

2
𝑐𝑒𝑚(𝑇𝑐 − 𝑇0) =

1

2
𝑐𝑒𝑚(𝑇 − 𝑇𝑐) ⇒ 𝑇𝑐 − 𝑇0 = 𝑇 − 𝑇𝑐 ⇒ 𝑇𝑐 = (𝑇0 + 𝑇)/2

𝑘𝑄𝑚/𝑅𝑚 + 𝛴𝑖=1
𝑚−1(𝑘𝑄𝑖/𝑅𝑚) + 𝛴𝑖=𝑚+1

𝑁 (𝑘𝑄𝑖/𝑅𝑖) ⇒ 𝑄𝑀 = −𝛴𝑖=1
𝑚−1𝑄𝑖 − 𝛴𝑖=𝑚+1

𝑁 𝑄𝑖(𝑅𝑚/𝑅𝑖)

𝑎 > 𝑁𝑅

𝜂 = (𝛴𝑛=1
𝑁 𝑄𝑛 + 𝑄𝑚)/𝛴𝑛=1

𝑁 𝑄𝑛 = (𝛴𝑛=1
𝑁 𝑄𝑛 − 𝑚𝑄 − 𝛴𝑛=1

𝑚−1𝑄𝑛 − 𝛴𝑛=𝑚+1
𝑁 𝑄𝑛(𝑅𝑚/𝑅𝑛)) /𝛴𝑛=1

𝑁 𝑄𝑛

𝜂 = (𝛴𝑛=𝑚+1
𝑁 𝑄(1 − 𝑅𝑚/𝑅𝑛)) /𝛴𝑛=1

𝑁 𝑄𝑛 = (𝛴𝑛=𝑚+1
𝑁 (𝑛 − 𝑚)) /𝛴𝑛=1

𝑁 𝑛

𝜂 = ((𝑁 − 𝑚)(𝑁 + 1 − 𝑚))/(𝑁(𝑁 + 1))

𝜼 (𝑵 +  𝟏)𝑵 =  (𝑵 −  𝒎)(𝑵 +  𝟏 −  𝒎)



𝑎𝑚𝑎𝑥 = 𝑔𝜇 = 4.9 𝑚/𝑠2

𝑎 > 𝑎𝑚𝑎𝑥

μ𝑔

𝑎𝑟 = 𝑎𝑚𝑎𝑥 − 𝑎 = 1.1𝑚/𝑠

𝑈 = 𝐾

𝑚𝑔ℎ =
𝑚𝑣2

2

𝑣 = √2𝑔ℎ

𝑣1

𝑚𝑣 = 𝑣1(𝑚 + 𝑀)

𝑣1 =
𝑚𝑣

𝑚 + 𝑀

𝑊 = ∆𝐾

𝑊𝑓𝑟 =
1

2
(𝑀 + 𝑚)𝑣1

2 −
1

2
𝑚𝑣 =

1

2
(𝑀 + 𝑚) (

𝑚𝑣

𝑚 + 𝑀
)

2

−
1

2
𝑚𝑣2

𝑊𝑓𝑟 =
1

2
(

𝑚2𝑣2

𝑀 + 𝑚
) −

1

2
𝑚𝑣2

𝑾𝒇𝒓 =
𝒎𝒗𝟐

𝟐
(

𝒎

𝑴 + 𝒎
− 𝟏)

𝑚𝑣2/2 = 𝑚𝑔ℎ

𝑾𝒇𝒓 = 𝑚𝑔ℎ (
𝑚

𝑀 + 𝑚
− 1) = −𝒎𝒈𝒉 (

𝑴

𝑴 + 𝒎
)



𝑎0

𝑎0 =
𝑓

𝑀
=

𝜇𝑚𝑔

𝑀

𝑓 𝑎𝑜

𝑎𝑟 =
𝑓 + 𝑚𝑎0

𝑚
=

𝜇𝑚𝑔 +
𝜇𝑚2𝑔

𝑀
𝑚

= 𝜇𝑔 +
𝜇𝑚𝑔

𝑀
= 𝜇𝑔 (1 +

𝑚

𝑀
) = 𝜇𝑔 (

𝑀 + 𝑚

𝑀
)

(𝑣𝑓 = 0)

𝑣𝑓
2 = 𝑣0

2 − 2𝑎𝑟𝑆

𝑆 =
𝑣0

2

2𝑎𝑟

𝑣 = √2𝑔ℎ

𝑆 =
2𝑔ℎ

2𝜇𝑔 (
𝑀 + 𝑚

𝑀 )
=

𝑀ℎ

𝜇(𝑀 + 𝑚)

𝑊𝑓𝑟 = −𝑓𝑆 = −(𝜇𝑔𝑚)
𝑀ℎ

𝜇(𝑀 + 𝑚)
= −𝒎𝒈𝒉 (

𝑴

𝑴 + 𝒎
)

 

𝑎1 = 𝑎2𝑥

𝛼:

𝒂𝟏 = 𝒂𝟐 𝐬𝐢𝐧 𝜶



 

𝒎𝒈 𝐜𝐨𝐬 𝜶 − 𝑵 = 𝒎𝒂𝟏      𝟏 …

𝑵 sin 𝛼 = 𝑀𝑎2     2 …

𝑁

𝑎1 = 𝑎2 sin 𝛼

(𝑚𝑔𝑐𝑜𝑠𝛼 − 𝑚𝑎2 sin 𝛼) sin 𝛼 = 𝑀𝑎2 

𝑚𝑔𝑐𝑜𝑠𝛼 = 𝑀𝑎2 + 𝑚𝑎2 sin2 𝛼

𝒂𝟐 =
𝒎𝒈𝒄𝒐𝒔𝜶

𝑴 + 𝒎 𝐬𝐢𝐧𝟐 𝜶

𝒂𝟐 =
𝒎𝒈𝒄𝒐𝒔𝜶

𝑴
𝐬𝐢𝐧 𝜶

+ 𝒎 𝐬𝐢𝐧 𝜶

 

𝑎1 = 𝑎2 sin 𝛼 =
𝒎𝒈𝒄𝒐𝒔𝜶

𝑴
𝐬𝐢𝐧 𝜶 + 𝒎 𝐬𝐢𝐧 𝜶

𝑣𝑐𝑚 =
𝑚𝐵ω𝐿

𝑚𝐴 + 𝑚𝐵

𝑟𝐵 =
𝑚𝐴𝐿

𝑚𝐴 + 𝑚𝐵
; 𝑣𝐴 = 𝜔𝐿 −

𝑚𝐵𝜔𝐿

𝑚𝐴 + 𝑚𝐵
=

𝑚𝐴𝜔𝐿

𝑚𝐴 + 𝑚𝐵

ω′ = ω



b

𝑇 = 𝑚𝐵ω2𝑟𝐵 

𝑇 =
𝑚𝐴𝑚𝐵

𝑚𝐴 + 𝑚𝐵
ω2𝐿 

 


