Answer on Question 52652, Physics, Other
Question:

A 2kg box is projected with an initial speed of 3m/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:
mg+ N + ﬁ = md
Then projected the forces on axis x and y:
—mgsing — Fr, = ma,
N —mgcosf = 0.

By the definition, the friction force is Fr, = u,N = uymgcos6, and we can find the
acceleration of the box from the first equation:

—mgsinf — p,mgcosf = ma,

a = —g(sin + u,cosb).



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:

Wey = Frps = ymgscoso,

where, s is the distance, that the box slides up the plane before it stops momentarily
(whenv = 0).

We can find s from the kinematic equation:
v? = v¢ + 2as.
Because v = 0 we get:
m 2
% % (%)

2a  2g(sind + pecosd) 3. 9.85%- (sin60° + 0.3 - cos60°)

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

m o
Wey = Fprs = pymgscost = 0.3 - 2kg - 9.85—2- 0.452m - cos60 = 1.33].

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, W4y rorce i the work done on the box by the gravitational force, W, 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:

end
Wgrav.force :f Egdsr
s

where, ds is a vector along inclined rough plane in the direction of motion, and E IS
the gravitational force pointing down vertically.



So, we obtain:

_ T
F,ds = mgdscos (E + 9) = —mgdssiné,

0 0
Wrav.force = f Fg)d§ = J —mgsinfds = mgssiné.
S S

Then, we can substitute Wg,q, rorce t0 the equation for the law of conservation of

energy and obtain v:
1

Emv2 = mgssinf — u,mgscoso,

m
v = /2gs(sinf — pycosh) = JZ - 9.85—2- 0.452m - (sin60° — 0.3 - c0s60°) =
m
= 2.52—.
S
Answer:
a) Wy, = 1.33].

b)v = 2.52?.
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