
Answer on Question 52652, Physics, Other 

Question: 

A 2𝑘𝑔 box is projected with an initial speed of 3 𝑚 𝑠⁄  up a rough plane inclined at 

60° above horizontal. The coefficient of kinetic friction is 0.3. 

a) What is the energy dissipated by friction as the box slides up the plane? 

b) What is the speed of the box when it again reaches its initial position? 

Solution: 

 

Let’s write all forces that acts on a box: 

𝑚�⃗� + �⃗⃗⃗� + 𝐹𝑓𝑟
⃗⃗ ⃗⃗ ⃗⃗ = 𝑚�⃗� 

Then projected the forces on axis 𝑥 and 𝑦: 

−𝑚𝑔𝑠𝑖𝑛𝜃 − 𝐹𝑓𝑟 = 𝑚𝑎, 

𝑁 − 𝑚𝑔𝑐𝑜𝑠𝜃 = 0. 

By the definition, the friction force is 𝐹𝑓𝑟 = 𝜇𝑘𝑁 = 𝜇𝑘𝑚𝑔𝑐𝑜𝑠𝜃, and we can find the 

acceleration of the box from the first equation: 

−𝑚𝑔𝑠𝑖𝑛𝜃 − 𝜇𝑘𝑚𝑔𝑐𝑜𝑠𝜃 = 𝑚𝑎, 

𝑎 = −𝑔(𝑠𝑖𝑛𝜃 + 𝜇𝑘𝑐𝑜𝑠𝜃). 



a) The energy dissipated by friction as the box slides up the plane is equal to the work 

done on the box by the friction force as the box slides up the plane: 

𝑊𝑓𝑟 = 𝐹𝑓𝑟𝑠 = 𝜇𝑘𝑚𝑔𝑠𝑐𝑜𝑠𝜃, 

where, 𝑠 is the distance, that the box slides up the plane before it stops momentarily 

(when 𝑣 = 0). 

We can find 𝑠 from the kinematic equation:  

𝑣2 = 𝑣0
2 + 2𝑎𝑠. 

Because 𝑣 = 0 we get: 

𝑠 = −
𝑣0

2

2𝑎
=

𝑣0
2

2𝑔(𝑠𝑖𝑛𝜃 + 𝜇𝑘𝑐𝑜𝑠𝜃)
=

(3
𝑚
𝑠 )

2

2 ∙ 9.8
𝑚
𝑠2 ∙ (𝑠𝑖𝑛60° + 0.3 ∙ 𝑐𝑜𝑠60°)

= 0.452𝑚. 

As we know 𝑠 we can find the energy dissipated by friction as the box slides up the 

plane: 

𝑊𝑓𝑟 = 𝐹𝑓𝑟𝑠 = 𝜇𝑘𝑚𝑔𝑠𝑐𝑜𝑠𝜃 = 0.3 ∙ 2𝑘𝑔 ∙ 9.8
𝑚

𝑠2
∙ 0.452𝑚 ∙ 𝑐𝑜𝑠60° = 1.33𝐽. 

b) In order to find the speed of the box when it again reaches its initial position we use 

the law of conservation of energy: 

𝐾𝐸 + 𝑃𝐸 = 𝑊𝑔𝑟𝑎𝑣.𝑓𝑜𝑟𝑐𝑒 − 𝑊𝑓𝑟 , 

where, 𝐾𝐸 and 𝑃𝐸 is the kinetic energy and the potential energy of the box at initial 

position, 𝑊𝑔𝑟𝑎𝑣.𝑓𝑜𝑟𝑐𝑒 is the work done on the box by the gravitational force, 𝑊𝑓𝑟 is 

the work done on the box by the friction force as the box slides down to its initial 

position, respectively. 

Let’s obtain the work done on the box by the gravitational force: 

𝑊𝑔𝑟𝑎𝑣.𝑓𝑜𝑟𝑐𝑒 = ∫ 𝐹𝑔
⃗⃗⃗⃗ 𝑑𝑠

𝑒𝑛𝑑

𝑠𝑡𝑎𝑟𝑡

, 

where, 𝑑𝑠 is a vector along inclined rough plane in the direction of motion, and 𝐹𝑔
⃗⃗⃗⃗  is 

the gravitational force pointing down vertically. 



So, we obtain: 

𝐹𝑔
⃗⃗⃗⃗ 𝑑𝑠 = 𝑚𝑔𝑑𝑠𝑐𝑜𝑠 (

𝜋

2
+ 𝜃) = −𝑚𝑔𝑑𝑠𝑠𝑖𝑛𝜃, 

𝑊𝑔𝑟𝑎𝑣.𝑓𝑜𝑟𝑐𝑒 = ∫ 𝐹𝑔
⃗⃗⃗⃗ 𝑑𝑠

0

𝑠

= ∫ −𝑚𝑔𝑠𝑖𝑛𝜃𝑑𝑠 = 𝑚𝑔𝑠𝑠𝑖𝑛𝜃
0

𝑠

. 

Then, we can substitute 𝑊𝑔𝑟𝑎𝑣.𝑓𝑜𝑟𝑐𝑒 to the equation for the law of conservation of 

energy and obtain 𝑣: 

1

2
𝑚𝑣2 = 𝑚𝑔𝑠𝑠𝑖𝑛𝜃 − 𝜇𝑘𝑚𝑔𝑠𝑐𝑜𝑠𝜃, 

𝑣 = √2𝑔𝑠(𝑠𝑖𝑛𝜃 − 𝜇𝑘𝑐𝑜𝑠𝜃) = √2 ∙ 9.8
𝑚

𝑠2
∙ 0.452𝑚 ∙ (𝑠𝑖𝑛60° − 0.3 ∙ 𝑐𝑜𝑠60°) =

= 2.52
𝑚

𝑠
. 

Answer: 

a) 𝑊𝑓𝑟 = 1.33𝐽. 

b) 𝑣 = 2.52
𝑚

𝑠
. 
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