Physics 2211 AB Quiz #4 Solutions
Fall 2019

. (16 points) A block of mass m = 3.3 kg is sliding at speed v, = 6.6 m/s on a frictionless level surface. It then
enters a region in which the coefficient of kinetic friction between the block and the surface is u,, = 0.11. After
sliding a distance d = 0.55m in this region, it encounters a spring with Hooke’s Law constant k¥ = 88 N/m.
What is the maximum compression of the spring? (On Earth. Note that friction between the block and the
surface continues after the block hits the spring!)

Use the Energy Principle, V a
ml 0.
\'A [
Wext = AK + AU + AEth E == - - - - -

v

\
4

Choose a system consisting of the block, the spring, /uk
and the surface. External forces do no work on this
system. The potential energy of the spring changes, and kinetic friction transforms mechanical energy to
thermal energy, so
2 2 2 2

0= (3muf — ymuy) + (ksy — 357) + fu Aw
The block is stationary (vy = 0) at maximum compression. The spring is not compressed before the block
reaches it (s; = 0). The friction force, fr = urn = prmg, acts on the block for a distance Az =d+ s¢. So

0= (0—$mv}) + (3ks} — 0) + prmg (d + sy)

This is quadratic in s¢:
%ks?« + prpmgsy + (ukmgd — %mvf) =0

SO
s§ = B 2B:_4AC where A=1k=1(88N/m)=44N/m
B = purmg = 0.11 (3.3kg) (9.81m/s*) = 3.56 N
C = upymgd — %mv?
=0.11(3.3kg) (9.81m/s?) (0.55m) — % (3.3kg) (6.6 m/s)’
=69.9N-m
making

—~3.56N + \/(3.56 N)? — 4 (44N/m) (69.9N-m)

—1.2 ~13
2 (44N /m) meoor m

Sf:

But when we set Az = d + sy, we implicitly defined s to be positive. The maximum compression of the

spring, therefore, is
1.2m
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1.

II.

(6 points)An air hockey puck (A) of mass m is moving along the z-axis with speed v, when it hits an identical
stationary puck (B). Puck A changes direction to move 30° above the x-axis and puck (B) moves 45° below the
z-axis. Just with the information provided, and without
any calculations, which statement do you know must be
incorrect?

In a perfectly inelastic collision, maximum kinetic energy
is lost, and the two objects stick together. Pucks A and B
don’t stick together, so this statement must be incorrect: viewed from above

The collision is perfectly inelastic.

(16 points) In the problem above, find the final speed of puck A. Express your answer in terms of m and v,.

There are no net external forces on the two-puck system, so momentum in it is conserved.

— —

Pi =Dy = Piz =Pfz and  piy = pgy
To the right, in the z direction:
Dic = Pfe = MAVAjz + MBUBiz = MAVAfe + MBUBfrz = MU, +0=muvay cosf4 + mugf cosp
Up the page, in the y direction:
Diy =Dfy = MAVAy + MBUBly = MAVAfy + MBUBFy = 04+0=muvarsinfs —mvpssinfp

So
sin 6 4

UBf = VAS sinfp

Substitute this into the x expression,

SiH@A
mu, = muarcostfa+m | vay p— cosbp
B

and solve for v4¢. Note that, since 0p = 45°, sinflp = cosfp.

sin 6 4

Vo = VAf |:COS€A+ < )COSQB:| =vayf[cosfa +sinf 4]

nvp

Then
Vo Vo ) 2v,

p— 0 —
cosfs +sinfls  cos30° +sin30° V3/2+1/2 V3+1

'UAf = = 0.731}0
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ITI. (16 points) An object is resting on a frictionless surface and is subject to the following force:

F= Ay cos (%) 7+ Axsin (%)j

where A = 1.0N/m and B = 1.0m. The object may move from the origin to (1.0m, 1.0m) by one of two
paths:

Path a: Origin to (1.0m, 0.0m), then (1.0m, 0.0m) to (1.0m, 1.0m)
Path b: Origin to (0.0m, 1.0m), then (0.0m, 1.0m) to (1.0m, 1.0m)

If the object follows path b, the force does zero work on the object. Calculate the work done by the force on

the object if it follows path a.

Work is related to force and displacement.

W:/F’-d}:/deH/Fydy

For the first part of the path, origin to (1.0m, 0.0m), there is no component of displacement in the y
direction, so (remembering that y is the constant 0.0m)

1m 1m

Wy = /dex: Ay cos (%E) dx = A (0.0m) cos (%) dr=01J

0Om Om

For the second part of the path, (1.0m, 0.0m) to (1.0m, 1.0m), there is no component of displacement in
the x direction, so (remembering that x is the constant 1.0m)

1m 1m
B
Wgz/Fydy: - Ax sin (%) dy:Ax;/Om sin (%) %dy

e (= -hom £ () o (52

=~ o/ (uom) 22 fos (Z7ER ) o (P )

m 1.0m 1.0m
- _(Uer'rIl){cos(ﬂ)—cos(O)} = —(1.(;1\1-111)[_1_1] = ?J:0.64J

Since no work was done on the first part of the path, the total work done by the force on the object following
path a is
0.64J

2. (6 points) The work along path a above is different than that of path b. What is true about this force?

The work done by a conservative force on an object as it moves between two points is independent of path,
SO

This force is not conservative, because there are two paths along which the work differs.
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3. (8 points) A truck of mass M is moving with speed V. A tennis ball, mass m, traveling in the opposite
direction with speed v, hits the front of the truck head-on. What will be the velocity of the ball after the
collision? Assume that the mass of the truck is much larger than that of the tennis ball (M > m).

The ball must be moving in the same direction as the truck. Otherwise, it would have to pass through the
truck, which is unphysical.

In the frame of the truck the ball is approaching at speed V + v before the collision. We expect the ball to
“bounce”, so, again in the frame of the truck, after the collision the ball will be receding from the truck at

speed V + v.

But in the frame of us, who watched this event and measured the speeds, the truck has an unchanging speed
V. If the ball is going V + v faster than that, then

The ball will be moving in the same direction of the truck with speed 2V + v

4. (8 points) An object is subject to the time-varying force shown. Calculate the average force on the object

over a time 7.
Force

A
The average force is the constant force that would provide the same F F-----
impulse as the given force. As J= f F dt, the average force must
provide the same area under the graph of force as a function of
time that the given force does. This graph consists of two triangles.
Letting signs indicate directions, the impulse is time

J=13 (23T> (F)+ 1 <T> (=F/4)=FT/3— FT/24 =TFT/24 F/4 pr======n==== ’M '

2\3

A rectangle with area 7FT/24 and width T" would have height

TF/24
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5. (8 points) The roller-coaster in the illustration is truly a “coaster” —  QAda
the car speeds up as it descends on its frictionless track, and slows down
again as it ascends. If the care is released from rest, from what height \
h must the it start to successfully complete the loop? (On Earth.) (4

2R

Consider conservation of kinetic energy and gravitational potential en- -
ergy in a system consisting of the car and the Earth.

If the car started lower than the top of the loop, then it wouldn’t get to the top of the loop.

If the car started even with the top of the loop, then it would stop at the top, and fall straight down. That’s
bad.

If the car started slightly above the top of the loop, it would reach the top, but the gravitational force on it
would be greater than that required to move the car in a circle. The car would leave the track and move in
a parabola (projectile motion). That’s bad, too.

But if the car started high enough, it would reach the top of the loop moving fast enough that the gravitational
force would be insufficient to move the car in a circle. Some normal force would be necessary. That is, the
car would remain in contact with the track. So, the car can successfully complete the loop if it starts

From some heights h greater than 2R.

6. (8 points) A particle in a system has a force F exerted on it, that depends on the position z of the particle.
Four possible positions of the particle are indicated on the graph. Of those four positions, which results in
the system having maximum potential energy?

F

Potential energy changes are related to work done by internal iv
forces,

AU = — int:—/ﬁ-dg’

The change in the system’s potential energy, therefore, is the
opposite of the area under the graph of force as a function of
position. The potential energy of this system increases as the
particle moves from z = 0, as long as the area under the curve
is negative. Beyond position i, though, the area under the
curve is positive, so the potential energy of the system begins
decreasing.

The system has maximum potential energy when the particle is at position #ii.
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7. (8 points) A system consists of three point masses with masses 3m, 4m, and
5m on the vertexes of a 3-4-5 right triangle with sides 3s, 4s, and 5s, as shown.
How much work must an external agent do to disassemble the system, moving
the point masses to infinite separation?

Sm

The current potential energy is the sum of the potential energy due to each pair
of point masses.

Usy = —GM — —4Gm2/s
3s

Uss = _GM — —3Gm2/s
3s

Uss = —G7(4m31£5m> = —5Gm?/s

Utotal = Usa + Uss + Usgs = —12Gm? /s

The potential energy of the system is negative, as expected, since the attractive gravitational force would
spontaneously bring the masses together. The potential energy of the system will be zero at infinite sepa-
ration. The work done by the external agent must equal the change in potential energy from the current
configuration (with negative potential energy) to infinite separation (with zero potential energy). The change
from —12G'm? /s to zero is

+12Gm? /s
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