Physics 2211 A Quiz #3 Solutions
Spring 2021

. (16 points) Two blocks of mass m; and ms are tied together
and pulled so that it travels up a frictionless incline that makes
an angle 6 with the horizontal, as illustrated. The force pulling
them is a tension of magnitude 77, and their resulting acceler-
ation is not zero. What is the tension magnitude 75 in rope 2,
which ties the blocks together, in terms of other parameters de-
fined in the problem, and physical or mathematical constants?
(On Earth.)

There is more than one approach to solving
this Newton’s Second Law problem. The eas-
iest is probably to look first at the two blocks
m1 and mo along with rope 2 as a single ob- ntOt
ject being pulled up the incline by rope 1. A
Free-Body Diagram has been sketched for this
object. A coordinate system has been chosen
so the acceleration on one axis is zero, and
the weight force has been resolved into com-
ponents. Applying Newton’s Second Law to W
the x direction:

E F:v = Tl — Wtot, — Motz

So

_ T1 — (m1 +mgy) gsinf

T — sinf = =
1 — (m1 + mg) gsi (m1 4+ m2) ay Qg .

Looking next at just the block with mass ms, which is pulled up the ramp by rope 2, a Free-Body Diagram
has been sketched for this object. The same coordinate system is used, so the acceleration of this block will
be represented by the same symbol as the acceleration of the two blocks together. The weight force has been
resolved into components. Again, applying Newton’s Second Law to the z direction:

ZFI:TQ—me:mgaz = Ty — mogsinf = maa,

Substituting the expression for the acceleration and solving for T5:

Ty — (mq +m2) gsind

mi + meo

Ty — (my +m2)gsin9>
mi + Mo

Ty — maogsind = mgy < = Ty = mo ( ) + mogsin @

That is sufficient to answer the question. A bit more algebra, though, yields an interesting result:

T — (m1+m sin 0 mi+m .
T2:m2< 1 (7nll+m22)9 >+<m1+mz)m2gsm0
Ty — (my + ma) gsin® 4+ (mq + may) gsinf mo T
= m =
2 mi + mo mi + mo
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1.

II.

(6 points) A ball of mass m is placed at a height L in the frictionless hollow
cone shown. It is put into uniform circular motion. What is the radius R
of its path? (On FEarth.)

From the diagram,

tan(0/2) = R/L = R = Ltan(6/2)

&9

n
(16 points) In the problem above, what angular speed w is required to keep the ball
at the height L? Express your answer in terms of R, other parameters defined in r 6:2
the problem and figure, and physical or mathematical constants.
. . . . . . . . . . . . . . Ir'—i}
Use Newton’s Second Law. Choose one axis horizontal toward the center, in the
direction of the known acceleration. Then the vertical, or z, direction, will yield an

expression for the normal force.

ZFzznZ—wzmazzO = nsind/2 = mg = nz%
In the radial, or r, direction, the acceleration is a centripetal acceleration.
02
Z F. =n, =ma, = m = ncos(0/2) = mRw?
Substituting the expression for n,
mg mg 2
0/2) = mRw?® = - 0/2) = —~2 _ —mR
ncos(6/2) = mRw (sin(@/Q))COS( /2) tan(0/2) mRw

Solving for w,

<=\ @)
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I1IT1.

(6 points) It is the end of the dog sled race, and a dog approaches the finish line over level ground pulling
a 55kg sled. At 5.0m from the finish line, the sled is traveling at 6.0m/s. The coefficient of kinetic friction
between the sled and the ground is 0.18 in these last 5.0m. The tiring dog exerts a force, F , on the sled
whose magnitude decreases as the finish line is approached, according to

‘ﬁ(m)’ = (32N/m1/2> N

where z is the distance from the sled to the finish line. Is the work done by the dog on the sled the force
exerted by the dog times the distance of 5.0m? (On Earth.) o

Work is only “force times distance” when the force is con-
stant and parallel to the displacement. In this case, the
force depends on position, so

No, work is not “force times distance” in this case.

(16 points) In the problem above, what is the speed of the sled as it crosses the finish line?

Let the sled be the system, and use the Energy Principle:
Wext == AK + AU + AEth

With this choice of system, there are no potential energy changes (AU = 0). The weight force and the
normal force each do no work on the system, as they are always perpendicular to the displacement. The
force exerted by the dog is an external force parallel to the displacement, and the force of friction changes
the thermal energy.

d
/ F(z)cos0° dz = (§mv} — $ma}) + fud
0

where d is the distance traveled, 5.0 m. Note that the normal force is equal in magnitude to the weight in
this situation, so the frictional force f, = pupn = upmg. Representing 32 N/m'/2 as a constant C,

d 23/2 )%
Cvrdr =C>—
0

_£d3/2_ 2 1 2
3/2

=3 = (§mu} — 3mv}) + prmgd
0

Solving for the final speed

4C
vp = \/vf + %d3/2 — 2ugd

B 4-32N/m!/? / ) .
= \/(6.0 m/s)’ + S5k (5.0m)*? —2(0.18) (9.8 m/s2) (5.0m) = 5.2m/s
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3. (8 points) Two cars, A and B, on level ground have the same mass and their engines provide the same power.
Each increases its speed by the same amount Av. Car A, however, increases its speed from rest, while car B
is already traveling at speed v, before its speed increases. Which car, if either, requires less time to complete
its speed change?

Since the kinetic energy of an object depends on the square of its speed, the same change in speed results
in a greater kinetic energy change for car B. Since the engines of the two cars provide the same power (i.e.,
the same energy is provided per unit time), and car A has a smaller kinetic energy change,

Car A requires less time than car B to change its speed by Awv.

4. (8 points) A 2.0 kg particle moving on the x axis is sub-
ject to the force shown on the graph. If the particle’s
velocity is +5.0m/s as it passes through the origin,
what is its kinetic energy when it reaches +10m?

Since W = [ F'-d35, the work done is the area under the T
Force vs. Position graph, or +35J. Work is also the
change in kinetic energy. Initially, the kinetic energy is
imv? = 1 (2.0kg) (+5.0 m/s)? = 425J. So, with an 10
initial kinetic energy of +25J and a change of +35J,

the resulting kinetic energy must be 0 2 4 6 8 10

+60J X (m)
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5. (8 points) I slid the book a distance d to the left across the level table at constant speed. In terms of
magnitudes, there is an applied force F} from my hand, a gravitational force mg from the Earth, a normal
force n from the table, and a kinetic friction force fi from the table. What description(s) of the energy
transformations is/are valid? Just as you do with “Choose all that apply” questions in class, express your
answer as number, with your choices in numeric order. (On Earth.)

1
2

For a system consisting of just the book, my hand does external work Fjd.

For a system consisting of just the book, my hand does external work Fjd,
and friction does external work — fid.

For a system consisting of just the book, my hand does external work Fjyd,
and friction increases the thermal energy by frd.

For a system consisting of the book and the table, my hand does external
work Fpd.

For a system consisting of the book and the table, my hand does external
work Fjd, and friction does external work — fi.d.

For a system consisting of the book and the table, my hand does external
work Fjd, and friction increases the thermal energy by frd.

Thermal energy increases in both the book and the table. The only choice consistent with this is

6 For a system consisting of the book and the table, my hand does external

work Fjd, and friction increases the thermal energy by frd.

6. (8 points) A small car is pushing a larger truck with a dead battery, causing it to speed up to the right, as
illustrated. The mass of the truck is greater than that of the car. Which of the following statements is true?
(On Earth.)

The force of the car on the truck and the force of the truck on the car constitute an action/reaction force
pair.

The car exerts the same magnitude force on the truck as the truck exerts on the car.

Qy
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7. (8 points) Rank the gravitational acceleration at the surface of the four illustrated planets, from greatest to
least. Planet ¢ has mass M and radius R.

Weight is the force of gravity.

Mm M
- =mg = g= G—2
r r

Fa=G

For planet 4 this is GM/R?, for planet ii this is

2 IR | 2 . .. .
2GM/R1 , for zu;t s 7GM/R?, and for planet i ii ifi iv
iv it is 5GM/R*. So

1> 1 > 10 > 0l
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