Rombes Physics 5A: Final Exam PROBLEM 1

Problem 1
— points

Four small identical balls each of mass m are attached at the ends of two crossed very light rigid rods,
and allowed to rotate around the point of intersection. The distance from each ball to the axle is L. Two
forces, ﬁ1 and ﬁg, are applied to the device as shown. In this problem, give your answers in terms of any
combination of the known quantities Fy, Fs, 8, m, and L.

(a): — points

Calculate the net torque on this device. Be sure to state your sign convention.

With CCW+, we have
(a): — points
T = L(Fysinf + F3).
(b): — points
Calculate the angular acceleration due to the torque in part (a).
The moment of inertia is 4mL?, so
p Fysinf + F (b): — points
o =T = ——
dmL

(c): — points

If the system started at rest, and the forces were such that the angular acceleration you calculated in part (b)
remained constant throughout the motion, how long would it take for the system to make two full rotations?
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By kinematics, we know A0 = 1at? = 4r rad, so

: — point
L [26m) [ sammL (©): ~ points
B (0% N Fl sin@—i—Fz'

(d): — points

After two full rotations, the forces disappear. From this point on, what is the tension in the rods?

The angular velocity at this point is

w=at=V8ra = 27TF1$1I176L+F2
m (d): — points

The rods are supplying a centripetal force of F = mw?L, or

F =2n(Fysinf + Fy)
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Problem 2
— points

A block of mass m and a spring with spring constant & sit on a frictionless ramp that makes an angle
f with the horizontal. The block compresses the spring down the ramp a displacement L from its equi-
librium point. The block is then released from rest; the spring decompresses, and the block shoots off the
ramp.

(a): — points

What is the speed of the block as it leaves the ramp? Give your answer in terms of any combination of the
given quantities m, k, L, 6, and g

The system converts spring potential energy into kinetic energy and gravitational potential energy:
1 1
imv2 +mgLsinf = ikLQ.

Solving for v,

v=+/kL2/m — 2gLsin@

(b): — points

After the block leaves the ramp, how high above the top of the ramp does the block reach?

The initial vertical velocity of the block is v, = vsinf. Then kinematics tells us that v} = —2aAy, or

Ay = 03/29 = (kL?/2mg — Lsin ) sin® 6.

(c): — points

When the block is at its highest point, what is its speed?

The easiest way to solve this is to note that the horizontal component of velocity is unchanged from when
it leaves the ramp, and at the apex the vertical velocity is zero. Thus

Vapex = ¥ COSH = \/kLz/m — 2gLsinf cos 6
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Problem 3

— points

A block of mass m is given a push across a horizontal table and released with initial speed vy. The co-
efficients of kinetic and static friction between the block and the table are uy and pg, respectively. The block

slides into a spring of equilibrium length L; with spring constant k, and compresses the spring to a length
of Ly, where it comes to rest. Shown are the initial and final positions of the block.

L Lr

1 (o i

(a): — points

How much energy was converted into thermal energy throughout this process? Give your answers in terms
of any combination of the given quantities m, k, vo, L;, Ly, ptx, its, and/or g.

The initial energy is £mvg and the final energy is 3k(L; — Lf)? + Eqn, and so
(a): — points

lk‘(Li — Ly)?

2
En = —mug — 5

2

(b): — points

”

What can you say about the coeflicient of static friction ps? Give your answer as in inequality, e.g. “ps > ...”.
Give your answers in terms of any combination of the given quantities m, k, vo, L;, Ly, and/or g.

When the block is at rest, it feels a horizontal force F' = k(L; — L;), so the static friction force must be

fs =k(Ly — L;).
b): — points
We know that this must be less than psn = pusmg, so (b): — points
k(L — L;
e > (Ly — Li)

mg
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Problem 4
— points

A ball of mass m is dropped from rest into a frictionless semicircular bowl of radius R, from a height h
above the bottom of the bowl. Assume that the ball can be modeled as a point particle. Give all answers in
this question in terms of any combination of the given quantities m, h, R, and g.

(a): — points

What is the speed of the ball when it reaches the bottom of the bowl?

By conservation of energy, %va = mgh, so
(a): — points

v = +/2gh

(b): — points

What is the magnitude of the normal force acting on the ball when it reaches the bottom of the bowl?

The sum of forces must have magnitude mv?/R, so
n —mg = mv*/R,

or (b): — points

n =mg +mv*/R
=mg + 2mgh/R
=mg(1+2h/R)
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Problem 5

— points

For each of the following statements, indicate whether the statement is true or false, and explain your
reasoning.

(a): — points

An object with nonzero acceleration can have a constant speed.

’ True. See: any object in uniform circular motion. ‘ ’ (a): — points

(b): — points

At any given time, the work being done by the force of gravity in keeping the Moon in its circular orbit
around the Earth is nonzero.

’ False. The force is always perpendicular to the velocity, so no work is done. ‘ ’ (b): — points

(c): — points

In order for an object to move foward at a constant velocity, there must be some force pointing in the
direction of motion.

’False. See Newton’s first law. ‘ (¢c): — points

(d): — points

Two identical balls are thrown from the same point with the same speed; one is thrown vertically and one
is thrown horizontally. They will reach the ground at the same time.

False. They will reach the ground with the same speed, but at different times, according to Ay = (vy); — %gtz. (d): — points

Page 6



