PHY 121 Solutions Homework Set 3

Problem 1

The solution to this problem is similar to the solution to problem 4 on set 2, except that
in addition to the pulling force T3 we have to include the friction force. The first step is to
calculate he acceleration of the system. Assume the acceleration is a then we know that
the net force on the blocks must be

Fper = (my +my+ms3)a (1)

The net force can also be expressed in terms of the pulling and friction forces:

Fnet = T3 _Vk(ml +my+ mS)g (2>

where pm;g is the friction force on mass m;. By combining these two equations we can
determine the acceleration a:

T3 — p(my + my + m3)g T
a= = 8 (3)
my +myp+ s my +myp+ s
The net force on block m; is equal to
m; T
F, = = - 4
1 =ma iy + 1y + 11 M § (4)

The net force on block m; can also be expressed in terms of the tension T; and the friction
force acting on block 1:

Fi =T —mm g (5)

By combining these two expressions we see that

my T3
le—
my +myp+ sy

(6)

We can follow the same procedure for block 2 where we find that the net force must be
equal to

my T3

Fy=mya= —1273  _ 7
) =Mya PR JIREY (7)

The second expression for the net force on block 2, expressed in terms of the tension in
the strings and the friction force, is equal to

Fy =T, =Ty —ppmyg (8)

By combining these two expressions, and using the expression for T;, we can obtain the
following expression for Ty:

myT; my T3 (my +my)Ts

T, =F,+T;+ =— 4 t—t =
2 2+l T My g Hikms 8 ; Hikmar 8 Y + 1y + 11

9
my +myp+mj mp+my+m ( )
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Problem 2
There are three forces acting on each rider:

1. The gravitational force, which is directed in the negative vertical direction and has

a magnitude of mg.

2. The friction force, which is directed in the positive vertical direction and must have

a magnitude of mg if the riders do not slip down the wall.

3. The normal force, which is directed in the horizontal direction, directed towards

the center of the cylinder, and with a magnitude of mv?/r.

The friction force is proportional to the normal force:

mvz

Ffriction =pusN = ps——

Since the friction force must have a magnitude of mg we conclude that

mv2
l"sT =mg
or
oo [E
Hs

The period of the rider must be

T— 27zr 27tr _ /;45
v |8
Hs

(11)

(12)

(13)

The minimum number of revolutions per minute required to prevent the riders from

sliding down is thus equal to

revolutions/minute (rpm) =

30
/ / g
27( /ﬂ

(14)
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Problem 3
When we apply the external force F, the system will accelerate with an acceleration a
where a is equal to

F

— 15
4 my + my ( )

The net force on block 1 in the horizontal direction must thus be equal to

my
my + my

Fnet,l =ma= F (16)

In order for block 1 not to slide down, the friction force must have the same magnitude
as the weight of block 1. Thus

psN =my g (17)
or
N =8 (18)
s

The normal force and the applied force are the only two forces that act on block 1 in the
horizontal direction and we must thus require that
!

Fuetqg =F-N=F-"18 =
Hs my + m;

F (19)

or

P(l— ! ): M2 p_mMé& (20)
my +my my + my Hs

The minimum force F must therefore be equal to
o +mynmmg

m; Hs

F (21)
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Problem 4
The force exerted on my block is shown in Fig. 1.
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Figure 1: The force on my block as function of time.

The maximum force that can be applied to the block without it starting to move is equal
to

Fax = usN = pgmg = 0.089-1.5-9.81 =1.31 N (22)
The time dependence of the force during the first 20 s is given by

10 1
Fupplied(t) = Z_Ot = Et (23)
The time at which the force reaches a magnitude of 1.31 N is 2.62 s.
Once the block is moving, the friction force will be kinetic friction with a magnitude

equal to

einetic = N = Mg = 0.048-1.5-9.81 = 0.71 N (24)

The net force on the block is thus equal to

1
Frer(t) :Papplied(t)_fkinetic = Et_0-71 (25)

The acceleration of the block is thus equal to

a(t) = foer _ 2t=0.71

M 1.5
Since the block starts to move at t = 2.62 s, we will use this as our reference time. The
velocity at this time is equal to 0 m/s. The change in the velocity between t = 2.62 s and
t =20 s is equal to

= 0.33t—0.47 (26)

20 20
Av = f a(t)dt = f (0.33t - 0.47)dt = (0.165¢> ~0.471)[>. =567 m/s  (27)
2.62 2.62 ’
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Since the velocity initially is 0 m/s, the velocity at time t = 20 s is 56.7 m/s. Between

t =20sand t = 30 s, the applied force is equal to

10
Fappliea = 10~ 75(t=20) = 30~ ¢

The net force on the block during this time interval is thus equal to
Frer = Papplied _fkinetic =30-t-0.71=29.29-t

The acceleration of the block is thus equal to
_ Fper  29.29-t

M 15
The change in the velocity between t = 20 s and t = 30 s is equal to

=19.5-0.67t

30 30 ] 20
Av = J adt = J (19.5-0.671)dt = (19.5t—=0.67t2)| = 27.5m/s
20 20 2 2.62

Since the initial velocity is 56.7 m/s, the final velocity is 84.2 m/s.

(28)

(29)

(30)

(31)
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Problem 5
Consider the system shown in Fig. 2.

Figure 2: A force pulling block.

Since the block is not moving in the vertical direction, the net force in this direction must
be equal to 0. The net force in this direction is equal to

F,=N+Fsin60-Mg=0 (32)

where N is the normal force exerted by the floor on the block. The normal force is thus
equal to

N =Mg-Fsin0 (33)

Using the normal force N, we can now determine the kinetic friction force between the
block and the floor:

fxin = WkN = p(Mg — Fsin 0) (34)

The net force in the horizontal direction acting on the block is thus equal to

F,=FcosO — fij, = FcosO — uy (Mg — Fsin0) = F(cos 0 + pysin0) — Mg (35)

The acceleration of the block is equal to

F, F .
QZMZM(COSQJF#kSan)—#kg (36)

The speed after t seconds, assuming the block start from rest, is equal to

v:at:(A%(C059+yksin6)—ykg)t (37)
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Problem 6
When the system remains at rest, the net force on each block must be zero. Consider the
force diagram shown in Fig. 3.

Figure 3: Block M is at rest on the inclined plane.

Since the net force on block 2 must be zero, we immediately conclude that the tension T
must be equal to M,g. To describe the force on block 1, we will use as our coordinate axes
an axis parallel to the plane and an axis perpendicular to the plane. The net force in the
direction perpendicular to the plane is

F, =N-M;gcos6 =0 (38)

This requirement allows us to determine the normal force N:

N =M;gcosO (39)

The net force in the direction parallel to the plane is

Fy=T—-M;gsin6 — fsaric = 0 (40)

The required static friction force is thus equal to

fstatic=T —Mygsin@ = Mg — M;gsin6 (41)

Taking into consideration that the static friction force has a maximum value, the require-
ment of no motion can be written as:

Jstatic = Mag =M gsin6 < pysN = psM; g cos 0 (42)
or
Myg—M,gsin6 :Mz—MlsinE) <u, (43)
MygcosO M cosO
If block 1 is in motion, the friction force will be the kinetic friction force. This force will

be directed in a direction opposite the direction of motion. The force acting on the blocks
when block 1 is moving up the incline are shown in Fig. 4.
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Figure 4: Block M; is moving up the inclined plane.

It is very important to make sure that the directions of the forces are used consistently.
For example, if block 1 moves up the incline, a positive acceleration corresponds to block
2 moving down. The net force on block 2 is equal to

FZ:Mzg—T:MZa (44)

The net force on block 1 is equal to

F1=T-M;gsinO0—f, =T-M;gsin0—pxM;gcosO =T —-M;g(sinO+ pycos0) = Mya (45)
Adding both equations, we can eliminate T and determine a:

Mj,g—M;g(sin 6 + pycos0) = (M; + My)a (46)
The acceleration a can now be determined to be
Mjpg—M;g(sin6 + py cosO)
a=
Ml +M2

If block 1 is moving down the incline, the friction force is pointed up the incline. A
positive acceleration of block 1 corresponds to block 2 moving up. The net force on block
2 is equal to

(47)

FZ:T—MZg:MZa (48)

The net force on block 1 is equal to
F1 =M;gsin0-T—f, =M;gsin0—-T —puM;gcos0 = M, g(sin0 —pycos0)-T = Mya (49)

Adding both equations we can eliminate T and determine a:

M;g(sin@ — pycos0) — Mg = (M + My)a (50)

The acceleration a can now be determined to be
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M;g(sin6 — py cos0) — Mg
a=
Ml +M2

(51)
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