Physics 2211 A & B Quiz #3 Solutions
Fall 2016

. (16 points) A block of mass m; is connected by an ideal rope pass-

ing over an ideal pulley to a block of mass ms. The block of mass

m slides up a plane that makes an angle § with the horizontal, as

shown. If each block has an acceleration magnitude a, what is the
coeflicient of kinetic friction between m, and the plane? Express

your answer in terms of parameters defined in the problem, and e
physical or mathematical constants. (On Earth.)

Use Newton’s Second Law. Sketch a Free Body Diagram of each block.
The block of mass m; has a tension T up along the plane, a kinetic
friction force fj down along the plane (since it’s sliding up), a normal
force n up perpendicular to the plane, and a gravitational force mig
downward. The block of mass ms has a tension force T' upward, and
a gravitational force mog downward. Choose a coordinate system for
each Free Body Diagram. For the block mq, I'll choose the positive x
axis up along the plane, and the positive y axis perpendicular to the
plane. This choice makes a, = a and a, = 0. For the block mg, Il
choose positive the positive z axis downward, so a, = a.

v 29

Write Newton’s Second Law for each axis. I'll show signs explicitly, so symbols represent magnitudes. For
block mo,

ZFZ:m2g—T:m2aZ:m2a = szgg—mga

For block myq,
ZFy:n—mlgcosﬁzmaay:O = n = mygcosf
Z F, =T—mygsinf—f, = ma, =mia = T =mia+mygsinf+purn = mia+mygsinf+purmqgcost

where the force of kinetic friction is fy = ugn. Eliminate the unknown tension by setting the two expressions
for it equal to each other, and solve for pi.

T = msg — moa = mia+ mygsinb + ugmy g cosd = prmigcosf = mog — moa — mia — mygsin @

Mag — Mo — M1a — Mg sinf

—
Hi mygcosf
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I1. (16 points) In an amusement park ride called The Roundup, passengers
stand inside a ring of radius R. After the ring has acquired sufficient angular
speed, it tilts into a vertical plane, as shown. If the wall of the ride exerts a
normal force mg/3 on a passenger of mass m at the topmost position, what
normal force is exerted on that same passenger at the bottom position?
Express your answer in terms of parameters defined in the problem, and
physical or mathematical constants. (On Earth.)

Rotation

Use Newton’s Second Law. Sketch a Free Body Diagram of the passenger
at the top. There will be a gravitational force mg downward, and a nor-
mal force n downward. Choose an axis that points in the direction of the

acceleration, which is down in this case. Write Newton’s Second Law for 7’0 f
this passenger at the top. I'll show signs explicitly, so symbols represent j;
magnitudes. C
mg 4 ]
D Fe=ntmg=ma. =  mac=-g +mg=mg n

Now sketch a Free Body Diagram of the passenger at the bottom. There will be a grav-
itational force mg downward, and a normal force n upward. Choose an axis that points AN
in the direction of the acceleration, which is up in this case. Write Newton’s Second
Law for this passenger at the bottom. Note that the magnitude of the acceleration is
now known. oy

4

7 0
E F.=n—mg=ma, = n=mg+ ma. =mg+ —mg = -mg Q? ic
3 3 @

W

1. (6 points) Once the ride has moved into the vertical plane, what is the direction of the total force exerted
by the ride on a passenger who is exactly halfway between the top and bottom, as marked with an asterisk
in the figure? (Hint: consider the direction of the net force on the passenger.)

Two agents exert force on the passenger, the Earth and the ride. Since —
the net force on a passenger halfway up must be horizontal (toward the F et
center), and the gravitational force from the Earth is downward, the total
force exerted by the ride on the passenger must have an upward component.
The force from the ride must be

Between horizontal and vertically upward.
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ITI. (16 points) There is a turn on the road (of radius R) out to Sweetwater Creck State Park that was designed for
traffic traveling at the speed limit, but most people take it faster. When it rains, this causes a lot of accidents
because the coeflicient of static friction us; between rubber and asphalt decreases when wet. The highway
engineers want to minimize accidents, so they they change the z
bank of the curve to an angle 6 from the horizontal. What is A
the maximum speeq at Wth}} a vehicle cou‘lfi safely r{1ake .1t —
around the curve with wet asphalt? Express your answer in
terms of parameters defined in the problem, and physical or h% X
mathematical constants. (On Earth.)

Use Newton’s Second Law. Sketch a Free Body Diagram of the car—a “rear view” is most helpful. There
will be a gravitational force mg downward, a static frictional force fs down the slope (as we’re concerned
with the maximum speed of the car—friction prevents it from sliding to the
outside of the curve), and a normal force n perpendicular to the road surface.
Choose a coordinate system. Since the acceleration of the car must be toward
the center of the curve (horizontal!) I'll choose that as the positive ¢ direction.
The other axis must be perpendicular, so I'll choose the positive y direction to
be straight upward.

Write Newton’s Second Law for each axis. I'll show signs explicitly, so symbols
represent magnitudes.

ZFy =ncost — fosin@ —mg=may, =0 = ncost — punsind =mg

= mg
n=——~>"——
cosf — pgsinf
Then
v? v? v?
ZFC:nSinH—i-fscosG:mac:m— = nsin9+usncosé?:m§ = n(sinH—i—uscosH):mE
'

Eliminate the unknown normal force by substitution, and solve for v.

2 : S
(W)(Smgwsws@zmg o 2o R(M“MC“)

cos — pgsinf cosf — pgsinf
\/ <sin9+usc059>
v=4|/gR| ——————
cos — pgsinf

2. (6 points) Now that they’ve set the angle to 6, cars want to take it even faster. If there were no friction
between the tires and the road, which of the following describes the path of a car going too fast?

A car going too fast will slide to the outside of the curve.

ol

)

S X
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3. (8 points) Two _}dentical blocks are stacked, as shown. A horizontal ]3
pulling force P is applied to the top block, and the two blocks 3.0 kg S C—-
slide together across the level frictionless surface. How does the
magnitude of tkle static friction force from the boftom block on 3.0 kg
the top block, fgonT, compare to the magnitude of P? (On Earth.)

frictionless
Both blocks must have the same acceleration. Considering the two blocks, together, as an “object”, the
pulling force P is the net external force that provides that acceleration.
Considering the bottom block as an “object”, the static friction force from the top block on the bottom block,
f&«onB, is the net external force that provides that acceleration. The bottom block by itself, however, has
only half the mass of the two blocks together, so the net external force required to achieve that acceleration
is only half the magnitude of P.

Newton’s Third Law tells us that ﬁgonT must have the same magnitude as ﬁponB, SO

fBonT = P/2

4. (8 points) A small sphere of mass m is placed at the origin. Another small sphere, this of mass 4m, is
placed at a position +d on the x axis. At what location could a third small sphere be placed, so the net
gravitational force on it was zero? Think about this before (or even instead of) writing equations! If you do
write equations, be sure to check your answer.

Since the gravitational force is always attractive, the ¢ . b
V4

new sphere must be placed between the spheres of mass X

m and 4m, so it can be attracted equally to each of 0 d

them.

The gravitational force follows an inverse square law, so the new sphere must be twice as far from the sphere
of mass 4m than it is from the sphere of mass m. The two distances must add to d, so 2d/3 and d/3,
respectively, satisfy these condition. Place the new sphere at

x=d/3
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5. (8 points) Which of the following free body diagrams best describes a person
of mass m standing on the rotating earth at 6 degrees north of the equator?

The net force on the person must point toward the center of the path they
follow. There must be a force northward, parallel to the surface (that is, a
friction force), to cancel the southward component of the gravitational force.

e
%
Fo = mg

6. (8 points) Which of the following objects of mass m have the largest apparent
weight on the rotating earth?

Consider, first, object v on the equator. Let it’s mass be m, and use Newton’s
Second Law. Sketch a Free Body Diagram. There will be a gravitational force
mgtoward the Earth’s center, and a normal force n away from the Earth’s
center. This normal force is the object’s apparent weight. Choose an axis in
the direction of the object’s acceleration, toward the center of the circular path
it follows as the Earth rotates. Showing signs explicitly in Newton’s Second
Law so symbols represent magnitudes,

E F.=mg —n = ma. = mrw? = n =mg — mrw?

As one moves away from the equator toward the pole, the distance r from the object to the rotation axis
decreases. The normal force will therefore increase. The object with greatest apparent weight will be the
object at the pole (r = 0), which is

Object @
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7. (8 points) If T weigh 883 N on earth, how much would I weigh on another planet with 6 times the mass and
2.5 times the radius?

My weight on Earth is the Earth’s gravitational force on me,

MEm
Fp =G—pg— = 883N

E

where Mg is the Earth’s mass, m is my mass, and Rg is the Earth’s radius. On this other planet P, the
gravitational force on me will be

Fp=G =G =55 )G = (555 ) 883N =848N
r R% (2.5Rg)?  \252) 7 R% 2.52
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