Physics 2211 M Quiz #3 Solutions
Summer 2017

I. (16 points) A 0.50kg object moves along the z axis. It is traveling at +1.6 m/s when it reaches x = 1.0m

and a force )
- 2.0N-m* _
F=—7F5—1
x
begins to act on it. What is the velocity of the object when it reaches z = 3.0 m?

The work done on a particle changes its kinetic energy. Let F, = 2.0 N-m?.
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As this is positive, it represents a velocity in the +x direction.
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II. (16 points) A small ball with mass m is pushed against a spring
with spring constant k£. The ball is then released to travel
on a frictionless loop-the-loop track with radius R. What is

the minimum compression of the spring Az for the ball stay R
in contact with the track all the way around? Express your Ax

answer in terms of parameters defined in the problem, and —

physical or mathematical constants. (On Earth.) Tt

First, find the speed required for the ball to remain in contact with the track at the very top. Use Newton’s
Second Law. Sketch a Free Body Diagram of the ball. There will be a normal force 7 and a gravitational
force mg downward acting on it. Choose a coordinate system. I'll choose the +c¢ direction downward, toward
the center of the loop, which is the direction of the known acceleration. When writing Newton’s Second
Law, I'll show signs explicitly, so symbols represent magnitudes.
v? 9 m
ZFc:n—&—mg:maC:m? = v :n7+gr

At the minimum speed to loop successfully, the normal force becomes zero for just an instant at the top of
the loop. The track doesn’t push down on the ball, but the ball doesn’t lose contact with the track. The
radius of the ball’s motion is the radius of the loop.

n=>0 = v =gR

Now use the Energy Principle to determine the compression of the spring that will result in this speed at
the top of the loop. Choose a system consisting of the ball, the Earth, and the spring. With this choice, no
external forces do work on the system (the normal force from the track is always perpendicular to the ball’s
velocity, and so does no work). There’s a potential energy due to the internal conservative spring force, and
another potential energy due to the internal conservative gravitational force. The kinetic energy of the ball
changes, but the kinetic energy change of the Earth is negligible. The track is frictionless, so there is no
thermal energy change.

Wext = AK + AU + AEyy, = 0=AK+AU,+AU; +0
= (gmvj — ymv}) + (3ks} — gksi) + (mghy — mgh:)
The initial speed of the ball is zero, and the final speed was found above. The final compression of the spring

is zero, and the initial compression is the answer to the question. If we let the initial height of the ball be
zero, the final height of the ball is 2R.

0= (3mgR] - 0) + (0= Sk [Aa]*) + (mg[2R] - 0)
Solve for the initial compression of the spring.

1k [Az]? = imgR + 2mgR = k[Az])® = 5mgR = Az = +/5mgR/k

1. (6 points) In the problem above, the ball falls off the track before it reaches the top if the spring is compressed
Axz’. How does Az’ compare to Az found above?

If the ball falls off the track, it must be moving too slowly to remain in contact. Its kinetic energy is less than
in the problem above, so the initial potential energy stored in the spring must be less than in the problem
above.

0<Ax’ < Ax
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ITI. (16 points) Coupled railcars with masses m; and ms are coast-
ing along level frictionless rails at 12m/s to the right, as shown.

A chemical explosion separates the cars, after which the car wn m,
with mass my is found to be traveling at 18 m/s to the right.
If my; = 15,000kg and ms = 25,000 kg, what is the resulting
velocity of the car with mass m,? (On Earth.) At
. . . . . . . . . . ter:

A system consisting of the railcars had no net external force

9
on it. Momentum is conserved in that system. m JEm;/Er»

—

Py =P,

Letting the positive direction be to the right, directions can be shown with signs in one dimension.

(m1 4+ ma) v; — m2vay

mivis +m2vap = (Mq + ma) v; = Vi = -
1

So
(15,000 kg -+ 25,000 kg) (12m/s) — (25,000kg) (18 m/s)

15,000 kg

vif = =2.0m/s

This positive value means the velocity is
2.0m/s to the right

2. (6 points) In the problem above, if, instead of a chemical explosion, the cars were separated by compressed
air, or a big spring, how would the resulting velocity of the car with mass m; be affected? Assume the initial
velocity of the cars, and the final speed of the car with mass ms, are the same as stated above.

Internal forces, whatever their nature, cannot change the total momentum of a system. Since the final speed
of the car with mass ms is the same,

All three separation methods result in the same speed for the m; car.
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3. (8 points) Two identical balls have a collision on a frictionless table as
shown in a top view. The initial speeds of m; and my are 4v and v
respectfully. After the collision, the velocity of m; is shown, what is
the direction of the velocity of ms?

The collision cannot change the total momentum of the two-ball system.
Before the collision, m; has momentum 4muv to the left, and ms has
momentum muv to the right, so the total momentum of the system is
3muv to the right. After the collision, m; has momentum mwv down
the page. If the total is to remain 3mwv to the right, m2 must have
momentum 3mwv to the right and muv up the page.

Before:
m,

fop view

After:

(Dt -
U
@

4. (8 points) The potential energy of a system depends on the po- 4

sition of an object within the system as shown. In which range ‘

will maximum force be on the object?

As F, = —dU/dz, the maximum force will be where the po-
tential energy graph has the most negative slope. Among the
offered choices, that is

3 to 4 meters

Energy(])

Position(m)
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5. (8 points) The system on the left (L) consists of two particles with mass m separated by a center-to-center
distance s. The system on the right (R) consists of three particles with mass m arranged on the vertexes
of an equilateral triangle with sides of length s. With respect to zero at infinite separation, compare the
gravitational potential energy Ug of the system on the right, with Up, the gravitational potential energy of
the system on the left.

For each pair of particles there is potential energy U = —Gmymz/r = —Gm?/s in the system. The system
on the left has one pair of particles, while the system on the right has three pairs of particles.

Ur =3Up

6. (8 points) A 2.0kg object is travelling in the positive direction
at 5.0 m/s when it becomes subject to the force depicted in the
graph at time t = 0s. What is the velocity of the object at
time t = 3.0s7

The impulse on an object changes its momentum, and is the
area under a force-time curve.

J = /ﬁdt:Aﬁzmﬁf—mﬁi

The area under this force-time curve from zero to ¢t = 3.0s is +6 N-s. Letting signs indicate directions in one
dimension,

Y _J v'7+6N~s
T m T 2.0ke

+5.0m/s =8.0m/s
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7. (8 points) A block with kinetic energy K is sliding along a horizontal table top, then comes to a stop in a
distance d due to friction. If the friction force on the block has magnitude f, ...

The kinetic energy of the block changes by —K as the block comes to a stop, but the total energy of the
block doesn’t change that much, as the thermal energy of the block increases. However, the thermal energy
of the block doesn’t increase by the entire K, as there is a thermal energy increase in the table top, as well.
So ...
the kinetic energy of the block changes by —K while
the thermal energy of the block and table top increases by fd.
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