CTCirc- AUTONUM  \* Arabic   A particle is moving along the path shown, with constant speed. Its velocity vector at two different times is shown.  What is the direction of the acceleration when the particle is at point X?
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Answer: to the left (A)
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CTCirc- AUTONUM  \* Arabic 
 A rider in a "barrel of fun" finds herself stuck with her back to the wall.  Which diagram correctly shows the forces acting on her?
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Answer: A  The person is moving in a circle, therefore she is accelerating toward the center of the circle. Therefore, there must be a net force acting on her toward the center of the circle. That force is the normal force of the wall pressing against her back. There is no outward "centrifugal force". Centrifugal forces are examples of "fictitious forces" or pseudo-forces. Such forces do not exist. (Sometimes pretending such forces exist makes problem-solving mathematically easier. But in my opinion, they also cause terrible confusion.)
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CTCirc- AUTONUM  \* Arabic   A race car travels around the track shown at constant speed.  Over which portion of the track is the magnitude of the acceleration the smallest?
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A) From 1 to 2

B) From 3 to 4 

C) Neither of these


D) Both of these
Answer: Neither of these.  The acceleration is zero along the straight line portions of the track.
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  A bucket containing a brick is swung in a circle at constant speed in a vertical plane as shown.  The bucket is swung fast enough that the brick does not fall out.

The net force on the brick as it is swung has maximum magnitude at position.

A) Top.


B)  Bottom.

C)  Right

D)  The net force has the same magnitude at all positions.

Answer: The net force must have the same magnitude since Fnet = m a = m v2/R.  Since the acceleration is constant in magnitude, the net force must also be constant in magnitude (and always pointed toward the center).
Consider the normal force exerted on the brick by the bucket when the bucket is at the three positions shown: R, T, B.  The magnitude of the normal force is a minimum at position...

A) Top.
B) Bottom.
C) Right

D)  The normal force has the same magnitude at all positions.

Answer: Normal force has minimum magnitude at the top.  See the free-body diagrams.  Fnet always has the same magnitude and points toward the center.  The weight always has the same magnitude (mg) and always points down.  The net force is the vector sum of the normal force and the weight.
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CTCirc- AUTONUM  \* Arabic 
A car of mass m, traveling at constant speed, rides over the top of a hill.  
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The magnitude of the normal force N of the road on the car is..

A) greater than the weight of the car, N > mg.

B) equal to the weight, N = mg.

C) less than the weight, N < mg.

Answer: N < mg  .  Since the car is moving along the rim of a circle, it is accelerating toward the center of the circle (acceleration magnitude given by a = v2/R).  Since its acceleration is downward, the net force on the car must be downward.
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CTCirc- AUTONUM  \* Arabic   Consider the following two situations:

Situation I: A car on Earth rides over the top of a round hill, with radius of curvature = 100 m,  at constant speed v = 35 mph.

Situation II: A monorail car in intergalactic space (no gravity) moves along a round monorail, with radius of curvature = 100 m,  at constant speed v = 35 mph.

Which car experiences larger acceleration?

A) Earth car

B) Space car

C) Both cars have the same acceleration.

[image: image26.wmf]
Answer: Both the Earthcar and the Spacecar have their velocities changing in exactly the same way, so they have the same acceleration. The presence or absence of gravity is irrelevant. 
Another way to argue is: Both objects are moving on a circle of the same radius R at the same speed v. The magnitude of the acceleration is a = v2/R. 

CTCirc- AUTONUM  \* Arabic   A car rounds a banked curve at some speed without skidding.   The radius of curvature of the curve is R.  A possible free-body diagram (which may or may not be correct) is shown.

What can you say[image: image27.wmf]II
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 about Ffric, the magnitude of the force of friction?

A) Ffric = SN

B) Ffric = KN

C) Neither.

Answer: Neither.  The force of static friction can be any magnitude between zero and a max value of SN

What can you say about the direction of Ffric?

A) It is in the direction shown in the free-body diagram.

B) It is in the direction opposite shown in the diagram.

C) The direction depends on the speed of the car.
Answer: the direction depends on the speed of the car.  If the speed is very low, the car will tend to slip down the bank, and the force of friction will point up the bank, resisting the sliding.  If the speed is very large, the car will tend to fly off the top of the bank, and the force of friction will then point down the bank (as in the diagram above).
CTCirc- AUTONUM  \* Arabic  
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Two spherical masses m and M are a distance r apart.  The distance between their centers is halved (decreased by a factor of 2). What happens to the magnitude of the force of gravity between them? The force increases by a factor of 

A) 
[image: image7.wmf]2


B) 2

C) 
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  D) 4

E) 8

Answer:  The gravitational force is proportional to 1/r2.  If the distance r is decreased by a factor of 2, then 1/r2 increases by a factor of 4.
CTCirc- AUTONUM  \* Arabic   At a particular instant, two asteroids in inter-galactic space are a distance  r = 20 km apart.  Asteroid 2 has 10 times the mass of asteroid 1.   The magnitudes of the accelerations of asteroids 1 and 2 are a1 and a2, respectively.   

What is the ratio  
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cannot be determined.

Answer: 10.  Both masses feel the same-size force (by Newton's 3rd law).  The same force acting on a less massive body produces a larger acceleration, so we expect a1/a2 to be greater than 1:     
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CTCirc- AUTONUM  \* Arabic 
A satellite is in circular orbit at an altitude of 100 miles above the surface of the Earth.
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The satellite’s pre-launch weight is its weight measured on the ground.  The magnitude of the force of gravity on the satellite while it is in orbit is..

A) slightly greater than its pre-launch weight.

B) the same as its pre-launch weight.

C) slightly less than its pre-launch weight.

D) much less than its pre-launch weight, but not zero.

E) zero. 

Answer: The force of gravity on the satellite while in low-earth orbit is slightly less than its pre-launch weight. The Earth's radius (about 4000 miles) is much larger than the altitude (100 mi) of the satellite. So when in orbit, the satellite is only slightly further from the center of the Earth than when it is sitting on the ground. The force of gravity (its weight) is therefore only slightly less.

CTCirc- AUTONUM  \* Arabic   Planet X has the same mass as the Earth, but 1/2 the radius.  (Planet X is more dense than Earth).  What is the acceleration of gravity on Planet X?

A) g (same as Earth)
B) 2g
C) 4g
D) 8g
E ) None of these.
Answer: 
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CTCirc- AUTONUM  \* Arabic 
A rock is released from rest at a point in space far from Earth, beyond the orbit of the Moon.  The rock falls toward the Earth and crosses the orbit of the Moon.   When the rock is the same distance from the Earth as the Moon, the acceleration of the rock is .. (Ignore the gravitational force between the rock and the Moon.)

A) greater

B) smaller

C) the same as 

the acceleration of the Moon.
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As the rock falls toward the Earth, its acceleration is..

A) constant.

B) not constant.

Answers: The acceleration of the rock and the moon have the same magnitude. If the they are the same distance from the center of Earth, they experience the same acceleration since the acceleration is 
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and this depends only on the distance r from the Earth's center. 

The acceleration is not constant. As the rock falls, r decreases, and g increases. 

CTCirc- AUTONUM  \* Arabic 
At time t=0, a satellite in circular orbit about the Earth is directly over Denver, 300 miles above the city, and traveling eastward at 16,000 mph.  At the same time, a rock is released from rest 300 miles above the city, very near the satellite.  

[image: image31.wmf]True or False:  at t=0+, the accelerations of the rock and the satellite are identical.

A) True
B) False

Answer: True! Remember: acceleration is not velocity; velocity is not acceleration. The satellite and the rock have very different velocities, but that has NOTHING to do with the acceleration. The acceleration of gravity = g = Fgrav/m = GME/r2 is the same for both the rock and the satellite because they at the same location, and g only depends on the location. 

CTCirc- AUTONUM  \* Arabic 
Two satellites, A and B, are in circular orbit around the earth.  The distance of satellite B from the center of the Earth is twice that of satellite A.  What is the ratio of the magnitudes of the accelerations of A to B?
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D) 1/2
E) 1/4
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Answer:  
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Qualitatively, the closer satellite will feel a larger force of gravity and will thus have a larger acceleration. Both the force (F) and the acceleration (F/m) of gravity vary as "one-over-r-squared" 1/r2. So if r doubles, the acceleration changes by a factor of 4. 

CTCirc- AUTONUM  \* Arabic 
Kepler's third law states that the ratio 
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 is a constant for all the planets.  The period T of the Earth is 1 year.  An astronomical unit (1 A.U.) is defined as the mean distance from the Earth to the Sun,  therefore the mean Earth-Sun distance is 1A.U.  

Consider an asteroid in circular orbit around the Sun with radius 
r = 2A.U.  The period of the asteroid is..

A) 2 years.

B) 3 years

C) 23/2  ( 2.83 years.

D) 22/3  ( 1.59 years

E) None of these.

Answer: The constant (T2/r3) = (1yr)2/(1 AU)3= 1 yr2 AU-3 . 

So, for the asteroid,
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The point is that since T2/r3 is the same for all planets (says Kepler III), if we know the value of T2/r3 for any planet, then we know it for all the planets. For the Earth, T2/r3 = 1, so T2/r3 must equal 1 for all the planets. 

CTCirc- AUTONUM  \* Arabic 
A satellite is in circular orbit around a planet that has a very tenuous atmosphere extending up to the altitude of the satellite.  Due to atmospheric drag, the satellite...

A) spirals inward
B) spirals outward


C) remains in an orbit of constant radius

as the orbit decays, the speed of the satellite…

A) increases

B) decreases

C) remains constant
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Answer: The speed of the satellite increases! The speed of a satellite in circular orbit is given by
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 . As r decreases, v increases. Although air resistance tends to slow the satellite, this slowing is more than compensated for by the increase in speed as the satellite falls closer to the Earth.
CTCirc- AUTONUM  \* Arabic 
Suppose the Earth had no atmosphere and a projectile was fired from a mountain top with sufficient speed to put it in circular orbit.  The magnitude of the acceleration of the projectile while in orbit would be..

A) much less than g (because it doesn't fall to the ground)

B) much greater than g

C) approximately g

D) Impossible to tell.
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Answer: approximately (but somewhat less than) g. 

Acceleration of gravity =  GMEarth / r2 . The satellite is only slightly further from the Earth's center than when it is on the Earth's surface; r is slightly greater, the acceleration of gravity is slightly less. 

CTCirc- AUTONUM  \* Arabic  A person is standing in an elevator in a building on Earth.  The elevator is stopped between floors.

Another person is in a small room in a rocket in intergalactic space. The rocket is accelerating at 9.8 m/s2 as shown.
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Which person feels heavier?

A) Earth person.
B) Space person.
C) They feel exactly the same.
Answer: 
[image: image23]They feel exactly the same. Both persons feel a normal force of the floor pushing against their feet with a magnitude N = mg. They both feel the same sized force pushing on them. 
  

CTCirc- AUTONUM  \* Arabic  Astronaut Dave Bowman is standing in the centrifuge of the spaceship Discovery.  He drops his pen and observes it fall to the floor.  Which statement below is most accurate?

A) After Bowman releases the pen, the net force on the pen is zero.

B) The pen falls because the centrifugal force pulls it toward the floor.

C) The pen falls because the artificial gravity pulls it toward the floor.
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Answer: The only correct statement here is : After Bowman releases the pen, the net force on the pen is zero. 

There is no gravity here and since nothing is touching the pen, there is no force on it (I am ignoring the small drag force due to the air in the centrifuge.). Before the pen is released, it is moving (along with astronaut's hand) with a velocity tangential to the rim of the centrifuge. When the pen is released, it continues with constant velocity in a straight line, and it collides with the side (floor) of the centrifuge. While the pen travels in a straight line, the floor "under" the pen moves along a curved path and meets the pen. From the astronaut's point of view the pen seems to fall to the floor, but from the point of view of someone outside the centrifuge, the floor moves to meet the pen.
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