10/07/2021 Pho.rs: Anisotropic friction

A

At what angle o to the X axis should the body velocity vector be for the absolute value of the power of the friction force be at maximum?

Power of the friction force is given by the equation:

P=(F,v)=— (ummg cos® a + p,mgsin® a) v

since p; > py, then maximum of the power is reached when a = 0

OTBeT:

At what angle as to the X axis should the body velocity vector be for the absolute value of the power of the friction force be 1.2 times less than maximum?

From the previous point it follows that:

1
e MgV COs2 o + Lymgu sin? o = ﬁ,uwmgv

From where we get:

5u; — 6 1
cosag = * —,u Hy = 4

6(1e — py) 2

. 1
sinas = + _ M =+
6(a — ty) V2

ay = t7/4; £37/4

OTBeT:

Let the initial velocity have components vy, = 1m/s and vg, = 1m/s. After some time the velocity component along the Y axis equals v1, = 0,25m/s. What is
the velocity magnitude at this moment?

Newton's equation:

dv, Vg
= — mqg—

i Hymg
dv, Uy
m— = —u,mg—
dt Hymg v

Dividing one equation by another, we get:

d’Uz MUz

dvy Uy

Integrating these equations, we obtain:

v
= Const
vy"
From the initial conditions we find:
v, = 0.125m/s
So the absolute value of velosity is
OTBerT:
v=0.28m/s
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Let the velocity be v, = 1.0m/s. At what angle a3 to the X axis should the velocity vector be for the radius of curvature of the trajectory be minimum? What is

this radius equal to? The free fall acceleration is g = 9,8m/s2.

Projection of the friction force onto the direction perpendicular to the velocity is given by equation:

F, = mg(pe — py) sina cos o

Newton's second law projected onto the direction perpendicular to the velocity has the form:

7= mg(pg — fy) sin o cos o,

where R is the radius of curvature of the trajectory. It's obvious that

2 2

v 2v

R = - = -
9(pz — py) sinacosa g(pz — py) sin 2

The minimum radius of curvature will be when:

OTBeT:
a=m/4
and
R.o—_ 2
91y — p1y)

In a single diagram on the XY plane, sketch the trajectories of the body launched at the angles aiy = /6 and a5 = /3 for the friction coefficients specified
above. The magnitudes of initial velocities are the same. Solve the same problem for the friction coefficients u, = 0,4 and u, = 0,7.

If i, = py, then the accelerations along the x and y axes will be proportional to the ratio of the initial velocities and the body will move in a straight line. If p, > p,, then
the speed along the x-axis will decrease faster than in the previous case and the body will deviate from a linear motion as shown in the figure. The direction of deflection
does not depend on how the initial velocity is directed. If u, < py, then the body will deviate in the opposite direction.

OTBerT:

Y4 o BN

| ‘x | | 1.)(
/ﬂg 70‘?g /l': 0‘4

f5=0S [ 07

A body of mass m is at rest at the origin. A force has been applied to it at an angle a to the X axis. The force magnitude F'(t) = ~t linearly grows with time. Find
the dependence of the moment the body starts moving on . Ignore the stagnation phenomenon.

Let us notice that the body will start the motion with the angle ¢ # a. Then projections of the forces at this moment are given by

Fy p = pamgcos o = ytcos a
Fyy = pymgsinp = ytsina

Dividing these equations by p,mg and u,mg correspondingly and summing up squares, we get

(mg)* = (1t)? [( czsxa ) E (Siiya)Z]
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So the answer is

OTBeT:

. Kz by g

fy\/,u%, cos? o + p2 sin’® a

For a given initial velocity vg find the dependence of its velocity v on the angle of rotation of the rod ¢ assuming that the other body remains at rest.

Newton's law projected onto the direction of motion of a point-like mass is:

dv

m— = —mg(, cos® ¢ + My sin” )

Since v = Ly, then:

L$ = —g(pta cos® @ + 1y sin® )

Multiply this equation by ¢ dt we get

Lidg = —g(pq cos® ¢ + py sin® p)de

Integrating this equation, we obtain:

OTBeT:

) sin 2¢p )
VgL | (e + 1) + (e — y) —5— ) =g

Find the maximum value of the initial velocity vomax at which the other body will remain at rest.

Newton's law for a moving body in projection onto a rod has the form:

T + Fy sin 8 = m@*L

where [ is the angle between frictional force and direction of velocity.
Using the result from C1, we find that:

2
mv .
T = —— —mg(py + py)p — mg(p, — p,)sin2¢p
Using the result from B1, we find that:
2
muy, . Hea fy
— mg(pz + py)p — mg(pe — py) sin2¢ < mg

L
2 sin® @ + p2 cos?

Note that with increasing ¢, the left hand side decreases, and the right hand side increases, so the body starts to move right at ¢ = 0. So

OTBerT:

Uomax = 4/My9L = 2.2m/s

3 1.00

What distance will the body travel until it stops completely if the initial velocity is Vomax?

Substituting vomax from the previous section in the final equation of the C1, we get the equation for the ¢ at the stopping point (v = 0):

sin 2¢
gL ( (e + my)p + (pz — py) 5 = pygL

https://pho.rs/p/113/s 3/4


https://pho.rs/p/113
https://pho.rs/p/113/s
https://pho.rs/p/113/m

10/07/2021 Pho.rs: Anisotropic friction

Numerically solving this equation, we get the answer for the ¢, and so the travelled distance is equal to

OTBeT:

Ly =0.34m

2020 -- We are what they grow beyond.
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