
𝑁

𝑚𝑔𝑐𝑜𝑠𝛼 = 𝑁

𝑣𝑅

𝑓𝑎𝑡

𝑓𝑎𝑡 = 𝑁𝜇 = 𝑚𝑔𝑠𝑖𝑛𝛼

𝑥

𝑚
𝑑𝑣𝑥

𝑑𝑡
= 𝑚𝑔𝑠𝑖𝑛𝛼 − 𝑓𝑎𝑡𝑐𝑜𝑠𝜙 →

𝑚
𝑑𝑣𝑥

𝑑𝑡
= 𝑚𝑔𝑠𝑖𝑛𝛼 − 𝑚𝑔𝑠𝑖𝑛𝛼𝑐𝑜𝑠𝜙 →

𝑑𝑣𝑥

𝑑𝑡
= 𝑔𝑠𝑖𝑛𝛼(1 − 𝑐𝑜𝑠𝜙)   (1)

𝑟

𝑚
𝑑𝑣𝑅

𝑑𝑡
= −𝑓𝑎𝑡 + 𝑚𝑔𝑠𝑖𝑛𝛼𝑐𝑜𝑠𝜙 →

𝑚
𝑑𝑣𝑅

𝑑𝑡
= −𝑚𝑔𝑠𝑖𝑛𝛼 + 𝑚𝑔𝑠𝑖𝑛𝛼𝑐𝑜𝑠𝜙 →

𝑑𝑣𝑅

𝑑𝑡
= −𝑔𝑠𝑖𝑛𝛼(1 − 𝑐𝑜𝑠𝜙)   (2)

(1) (2)

𝑑(𝑣𝑥 + 𝑣𝑅)

𝑑𝑡
= 0

𝑆 = 𝑣𝑥 + 𝑣𝑅

𝜙 =
𝜋

2
𝑣𝑥0

= 0 𝑣𝑅0
= 𝑣0

𝑆 = 0 + 𝑣0 = 𝑣0 = 𝑣𝑥 + 𝑣𝑅

𝑣𝑥 = 𝑣𝑅𝑐𝑜𝑠𝜙

𝑣𝑅𝑐𝑜𝑠𝜙 + 𝑣𝑅 = 𝑣0  →



𝑣𝑅(𝜙) =
𝑣0

1 + 𝑐𝑜𝑠𝜙


