HW Solutions 3 - 8.01 MIT - Prof. Kowalski

Topics: circular and relative motion and Newton’s first two laws.

1) 4.4
Please refer to figure 4.26 p.148.

This is just a vector algebra problem and the problem is not inter-
ested in dynamics. The vector here is the force!

a) F, = Fcosf where 6 is the angle that the rope makes with the
0. . =
ramp (6 = 30 in this problem),so F = |F| = L=, = % — 9.3 N.

cos® ~ cos30

b) F, = F'sinf = F, tanf = 34.6 N.

c) The problem in part a and b is not interested in the force along
or perpendicular to the ground. So, as long as we don’t change the
angle with respect to the ramp the answer to part a and b would
not change.

d) F makes an angle 50° with respect to ground so the F,, and F,
is derived from:

F,, = Fcosf, = 69.3 x cos50° = 53.1 N.

F,, = Fsinf, = 69.3 x sin 50° = 44.5 N.



2) 4.30

a) Ugwe between two points , e.g. f and i, for a constant acceleration

1S Vgpe = vf;r”i. Here vy = 0 = vgpe = %

The stoping time is ty = ;= = 2520 =743 x 107" s.
b) @ = 2(—x) where X is the direction of motion.
k= —= —3__ 350 . .
F=ma =1.80x10 Ta3x10-3 (—X) = —848x

) using v2(t) — v2(to) = +2a,[y(t) — y(to)] we get

a = PO (—x) = —0.47 x 10°x.

3) 4.25

The train accelerates the eastward direction. So the acceleration
@ is east, which is % in the figure. Because the ball is at rest in the
train its net acceleration in an inertial (non-accelerating) frame is
just the a’.

So according to Newton’s F =ma vector law, the net forces in x
direction should be positive.

Pay attention to the fact that this law should be written in the rest
frame so writing this law in the train frame is NOT allowed because
the train accelerates.

The next step is to analyze the forces to see in which configuration
Newton’s law will be fulfilled. The only forces present in this prob-

. . H . H
lem is gravity W and tension T.

We should see in which configuration we get a net force in +x di-
rection. Since gravity has no co_)mponent in x direction the analysis
is simple and the direction of T will tell us the direction in which
direction the ball accelerates as shown in the figure.



Figure 1: 4.25



1) 5.98

The lunch box is at rest in the bus frame so it is moving with the
same V as the bus.

The analysis of this problem is similar to example 5.22. So make
sure first that you have understood that example.

Using the free body diagram I write Newton’s second law in the
direction toward center and the direction perpendicular to ground
and certainly in an inertial frame.

There are only two forces present We have:

H
T and m'g. In the inertial frame there is no motion in the direction
L to the plane of rotation.

ap =0=Tcosl =mg=T= "%
We have a central acceleration a. = % for the circular motion and

the only force that has component in the central direction is T with
2

T.=Tsint = ma, =m7.

Tsin@zmgtanﬁzm%

= v =+/gRtan0 = 17m/s = 17 0.62x107% , 38 mph

60x60

rotate your figure please!



Figure 2: 5.98



5) 4.39

The constraint in this problem is the fact that the rope does not
stretch or shrink. So the acceleration a; of mass 4.00 kg should
be equal to the acceleration ap of mass 6.00 kg.It’s also clear that
there is no acceleration in y direction so the gravity is being can-
celled by the normal force from the ground.

a)a; = ap = 2.50 m/s? x.
From the free body diagram we see:

b)The only force that causes a; is T. Writing F = ma’ in the x di-
rection for both masses we have: T'= mpa; = 4.00x2.50 = 10.00 N.

c)The net force acting on the right block is just F—‘; = map =
6.00 x 2.50x = 15.0 N x. Particle is accelerating to the Right so F
> T.

d) Free body diagram for the right object: ar = Fm;g = F =
MRar + T =25.0 N.



Figure 3: 4.39



