Problem set #7, Due Monday, Oct. 30

1) Chapter 6.0, carefully consider Examples 1, 2, and 3. Then do the following: 1kg 7
What if there is a coefficient of friction (ug = 0.1) on the 1 kg mass asis |
slides across the horizontal surface? The system at right is dropped
through 1 m.

a) How would this change the energy considerations in Example 1?
Find the new speed of the system as it hits the ground 1 m below. Then find the time to fall and the
acceleration.
Using the energy lens, we realize that now some of the potential energy is changed to thermal energy as
well as kinetic energy, reducing the final speed and the resulting acceleration:
Ey, = Ei + Ey. Using a dynamics lens, we look at the 1 kg mass, knowing it is in equilibrium in the y
direction, so the normal force = mg = 10N. Thus, the frictional force is 1 N and 1 J of thermal energy is
produced. The 0.25 kg block loses 2.5 J of Eg, so now only 1.5 J of kinetic energy is shared between the two
blocks (corresponding to a final speed of about 1.5 m/s, and average speed of 0.75 m/s) as opposed to the
2.5 J without friction (corresponding to a final speed of 2 m/s, or average speed of 1 m/s). Corresponding
times and accelerations of 1.3 s, and 1.2 m/s°, and 1 s and 2 m/s” without friction.
b) How would this change the dynamics considerations of the system? Find the new acceleration
directly (is it the same as you found above?) and tension in the string.
Using a dynamics lens we can write that ), ﬁsystem = Msystemsystem, Please make a good FBD with all
relevant forces on the system (note that some forces don’t matter like the tension in the string because it
pulls in both directions, so it exerts no force on the system), label the + direction as to the right and down,
so there are now two forces, + 2.5N and — IN, so the total force is 1.5 N, resulting in an acceleration of 1.2
m/s’ as opposed to 2.0 m/s’ with no friction.

2) Consider the system at right where the 1 kg box is on a very slippery
table inclined such that if the system moves one meter, the box changes
elevation by half a meter.

a) How does all this change the energy balance equations you set
up in Chapter 6.0? Calling the positive direction with the 250g
mass falling, the 1 kg mass would gain potential energy, to be
added to the energy equation. 250g

b) Can you tell me which way the system will acceleration (if at
all)? How can you be sure? Because the 1 kg mass gains twice the Eg, that the 250g mass loses by
falling, the system will accelerate with the 1 kg falling to the left at the same acceleration that the
system accelerates to the right in the problem above (without friction). 2

3) Chapter 6.1 Example 1

a) Using an energy lens, we know that the potential energy will decrease as
the block falls, so it must accelerate downward. However, using a
rotational dynamics lens, we know that there must be tension in the string
in order to angularly accelerate the pulley, so there is an upward force
on the block causing its acceleration to be less than gravity.

b) Using a dynamics lens, we look at the falling mass because forces cause
it to accelerate downward. With a FBD, I see that the Tension < F,
because it is accelerating downward.

c) With an energy lens, the E,q of the hanging mass turns to linear E} of the
hanging mass + rotational Ey of the wheel.

d) a = ra, straight up kinematics lens.

4) Chapter 6.1 Example 2 These answers are the same as for the system above in Example 1. The only difference
is that falling mass is also the rotating mass.

5) Chapter 6.1 Example 3Using and energy lens, we see that the loss of potential energy of the hanging mass
transfers to the kinetic energies: Linear Ey of the hanging mass and rotational Ej of the wheel. Because B has a
smaller radius pulley it will have a larger w /v ratio, and thus a larger ratio of rotational E to linear Ej.




6)

Using a kinematics lens, A will have a higher linear speed, shorter fall time, larger linear acceleration. Using
a dynamics lens, we can show that T4 < Tp.

You won’t need to integrate to find center of mass on midterms or final exam. What if the diving board in
chapter 6.2 was not of uniform thickness, but was thicker at the left end that attaches to pylon A (see image).
Imagine that the board smoothly increases from
the free end at right, and is three times the
thickness (and linear mass density in kg/m) at left
than at right. Then where would be the center of
mass of the 6 m board? You’ll use some calculus
for this.

e The first conceptual step will be to put the
thickness of the board (and therefore the
mass density) as a function of
displacement. With the pylon at x = 0, what linear function would define the thickness of the board to
be 4, at the origin and 4,/3 at x = 6 m?

You learned this stuff in like 6" grade I think, but never thought of using this math: y=mx+b. We know that
mass = Volume x density, and that V = length x height x width. However, because we assume that the width
of the board is constant, we will drop the width from the equations and say that mass = Area x density. We
have to do several calculations:

1) find the area of the board, which we later use to find the density of the board

2) find the formula for the thickness of the board as a function of x, so we can integrate it.

3) Recognize that torque = mg*r, and express it in terms of x, so we can integrate it.

4) Execute the integration and compare the torque with what we know it must be: t = mg*x., and solve

Jor xem,
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7)

8)

9)

e How far from pylon A is the center of mass of the board?
We find 2.5 m from the base of the board, consistent with what we’d expect knowing that for a uniform
thickness board, it would be at 3 m.
e What about the design of the board tells you that “A” exerts a downward force and “B” exerts only an
upward force?
Note that one end of the board is bolted down, and the other point is simply resting on a support.

Chapter 6.3 Example 1You could solve this with the 2 simultaneous equations resulting from a dynamics and a
rotational dynamics analysis of the rotating mass. However, you can also solve it with a single equation if you
look at the point of contact as the center of rotation (which it is at any given moment). The torque = mgr, but
you have to consider the full moment of inertia using the parallel axis theorem: Yamr’ + mr’, resulting in an
angular acceleration of 2/3 * g/r. We can use kinematics to see that this means the acceleration is 2/3 g, which
seems reasonable because it’s less than gravity because there is tension on the string pulling it upward,
providing the torque to angularly accelerate it. To find the tension, we can use the dynamics lens because the
forces are accelerating the yo-yo. We should find that the tension in the string is mg/3. Lastly, we can check
this by looking at the center of the disk as the center of rotation. Now the torque is provided by the tension in
the string and the moment if inertia is just that of the disk: Ysmr’. Again, we get an angular acceleration of 2/3
* g/r... just as before, so we are happy.

Notorious Tow Truck Problem: A 2-ton Tow Truck pulls a 1-ton car on a smooth level road, with a rope that
has a tension of 3000 N on it. If the wheels of the car are free to roll, what coefficient of friction is necessary
between the Tow Truck’s wheels and the ground? This is a multi-step problem that will require some thought
and some drawing. This is a dynamics problem through and through because the force of friction on the wheels
is accelerating the entire 3-ton system, and the tension in the rope is accelerating the I-ton car, and the
tension and friction are accelerating the 2-ton tow truck. It’s up to you to make a good FBD and know which
of the systems to look at for each one. It’s important to recognize that the tension is an internal force and thus
provides no force to the system. Examining the 1-ton car alone, we find that the acceleration must be 3 m/s’.
Examining the 3-ton system, we see that the force of friction accelerating the system must be 9 kN. The
necessary coefficient of friction must be 0.45.

Please thoroughly read 6.3 first. A disk of uniform mass distribution,
total mass m,, and radius R, is secured to a wall with a low friction pivot
that allows rotation as shown at right. The disk is started in the higher L
position where its center is the same height as the pivot and is allowed to F .
drop and swing. /
e The moment I let the disk go from the upper position the
center of mass accelerates downward. Is a <, =, or > g? Using
a dynamics lens, we can consider what would happen if I just ,
dropped the disk... it would accelerate downward at g. In this \ p
case, the pivot must provide an upward force to prevent that S
point from accelerating downward. So, the total force on the
object is now < mg, and the acceleration must be < g.
e Please find the angular acceleration of the disk the moment I let it go and from this information find
the downward acceleration of the center of mass of the disk. This is the same as #7 above. We should
get 2/3 g/r
e Please find the force the pivot point provides to the disk the moment I let go of the disk. Again, as
above, it should be mg/3
e Does the angular acceleration of the disk remain constant as the disk falls to the lower position?
How do you know? Using a dynamics lens, we can see that everything changes as the disk rotates
downward. The force of gravity is no longer perpendicular to the radius, so the torque must
decrease.



We want to find the force on the pin when the disk is at the bottom location. In order to solve this
complicated, multidimensional problem, please consider:
e What is the complete energy transition happening as the disk rotates from top to bottom?
e What is the complete dynamics going on when the disk is at the bottom of the swing? Is the force on
the pivot just equal to mg? Why or why not?
¢ Find the force on the pivot when the disk is in full swing at the bottom. Include direction.
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