Dr. Scofflaw is chasing you along Fisherman’s Wharf, so you must drive off the far end of a barge. Fortunately, the shore continues near the far side of the barge. There is only a narrow walkway connecting the barge to the shore beyond, so you turn the steering wheel very sharply to the left. The barge responds by pushing the roadster's front tires to the left and the roadster suddenly tips up onto its two right wheels. (A) Why does the roadster normally sit on all four wheels and (B) why did pushing the tires to the left cause the car to tip onto its right wheels? 

Answer: (A) One its four wheels, the roadster is in a stable equilibrium. (B) pushing its tires hard to the left causes the bottom of the roadster to accelerate leftward and leave the top of the roadster behind so that the roadster tips up onto its right wheels (or equivalent, the leftward force on the wheels produces a torque on the roadster about its center of mass that causes it to rotate up onto its right wheels). 

Why: There are many ways to look at why the roadster tips during a rapid sideways acceleration. Most involve the fact that the roadster's top has inertia and tends to coast forward as the roadster's bottom accelerates sideways out from under it.
6. With the roadster riding on only its two wheels, you drive carefully up the walkway to the shore. (A) What kind of equilibrium are you trying to keep the roadster in when it is tipped like that and (B) where must you place the two wheels in order to keep the roadster in that equilibrium? 
Answer: (A) The roadster is in an unstable equilibrium and (B) you must keep placing the line between the wheels' two contact points with the ground under the roadster's center of gravity.

Why: Once the roadster is tipped onto only two wheels, it is like a bicycle and has no base of support. Instead, it has a line connecting the two contact points its wheels make with the ground. As long as the roadster's center of gravity is above that line, the roadster will be in an unstable equilibrium. You'll have to keep steering carefully to maintain that relationship because, unlike a bicycle, the tipped roadster has no automatic steering to help you maintain balance.
The new South Lawn Project at UVA includes an enormous bridge over Jefferson Park Avenue (JPA). Let’s look ahead to a time when that bridge has just been completed and the first tour group is venturing across it. Like many bridges, the South Lawn Bridge is essentially a stiff spring that's supported at both ends. And if the designers aren't careful, the bridge that they'll create will bounce uncomfortably. Let's imagine that the designers forgot their physics and made a mistake or two.
1. The large tour group walks out into the middle of the bridge and stands still. (A) What force is the bridge exert on this group and (B) what net force is that the group is experiencing?

Answer: (A) The bridge is exerting an upward normal force on the tourists equal in amount to their weight and (B) they are experiencing zero net force.

Why: The tourists aren't accelerating, so they must be in equilibrium and experiencing zero net force. Since they are clearly experiencing their weight downward, the bridge must be balancing that weight with an upward force of equal magnitude.
The trainer tosses a ring so that a dolphin can catch the ring on its nose. The ring was spinning like a Frisbee before the dolphin caught it, but moments after it lands on the dolphin's nose the ring has stopped spinning. What caused the ring to stop spinning? [Your answer should involve the concepts of force and torque, explicitly.] 

Answer: As the spinning ring slides across the dolphin's nose, the dolphin's nose exerts sliding friction forces on it. Those forces produce a torque on the ring and cause it to undergo angular acceleration. Its angular speed quickly decreases to zero.

Why: Though the answer is wordy, the issue is simple. The sliding ring experiences a friction-based torque that slows its rotation to a stop. 

A large ship floats motionless at the surface of a still sea, supported by the buoyant force. Its average density, including the air it contains, is less than that of the sea water.

a. What is the net force on the ship?

Because the ship is stationary, and therefore not accelerating, the net force on the ship is zero.

b. The ship is displacing both water and air. If the ship were to move upward a few centimeters, what would happen to average density of the fluid the ship displaces? Imagine a giant hand in the sky slightly raising the ship a few centimeters in the water, but not out of the water, and then letting go.

The average density of displaced fluid would decrease. More of the ship would be displacing air, which is far less dense than water. Less of the ship would be displacing the denser water. Therefore, there would be a lower average density of the fluids displaced by the ship.

c. If the ship were to move up a few centimeters, what would happen to the buoyant force on the ship?

If the ship were to move up a few centimeters, it would be displacing less water. Because the buoyant force is equal to the weight of the water displaced, less water displacement means less buoyant force. The ship is displacing more air, but the density of the air is considerably less than that of water, so the increased displacement of air and concomitant buoyant force of the air do not compensate for the loss of buoyant force of the water.

d. If the ship were to move up a few centimeters, what would happen to the net force on the ship?

With less buoyant force acting on the ship because the ship is displacing more air and less water, the weight of the ship would exert a net force downward. The ship would accelerate down until the ship displaced enough water such that the buoyant force of the water increased sufficiently to balance the forces of the ship's weight and the buoyant force of the air. The ship would then again be stationary in the water.

e. Show that the floating ship is in a stable equilibrium with respect to up and down motion?

A floating ship in the water is in a stable equilibrium with respect to its up and down motion because at stable equilibrium an object is free of net force (or torque). When a ship is sitting motionless in the water, there is zero net force between the buoyant forces of the air and the water, and the ship's weight. If the ship moves down into the water column, the water it displaces will exert a greater buoyant force on the ship and push it upward. If the ship rises into the air, it will displace less water and more air. The air will exert less buoyant force, because of its lower density (lower mass per volume) and the net force on the ship will be downward due to the ship's weight. The ship will always return to a level where the net buoyant force is zero. A floating ship, therefore, is in a stable equilibrium with respect to its up and down motion.

