Forces 7
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1990M1.  An object of mass m moving along the x‑axis with velocity v is slowed by a force F = ‑kv, where k is a constant. At time t = 0, the object has velocity vo at position x = 0, as shown above.

a.
What is the initial acceleration (magnitude and direction) produced by the resistance force?
b.

Derive an equation for the object's velocity as a function of time t, and sketch this function on the axes below. Let a velocity directed to the right be considered positive.
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c.
Derive an equation for the distance the object travels as a function of time t and sketch this function on the axes below.
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d.
Determine the distance the object travels from t = 0 to t = (.
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1979M2.  A ferryboat of mass M1 = 2.0 x 105 kilograms moves toward a docking bumper of mass M2 that is attached to a shock absorber. Shown below is a speed v vs. time t graph of the ferryboat from the time it cuts off its engines to the time it first comes to rest after colliding with the bumper. At the instant it hits the bumper,  t = 0 and v = 3 meters per second.
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a.
After colliding inelastically with the bumper, the ferryboat and bumper move together with an initial speed of 2 meters per second.  Calculate the mass of the bumper M2.
b.
After colliding, the ferryboat and bumper move with a speed given by the expression v = 2e‑4t. Although the boat never comes precisely to rest, it travels only a finite distance.  Calculate that distance.
c.
While the ferryboat was being slowed by water resistance before hitting the bumper, its speed was given by 1/v = 1/3 + (t, where ( is a constant.  Find an expression for the retarding force of the water on the boat as a function of speed.

1982M2.  A car of mass M moves with an initial speed vo on a straight horizontal road.  The car is brought to rest by braking in such a way that the speed of the car is given as a function of time t by v = (vo² - Rt/M)½
a.
Develop an equation that expresses the time rate of change of kinetic energy.

b.
Determine the time it takes to bring the car to a complete stop.
c.
Develop an equation for the acceleration of the car as a function of time t.
d.
On the axes below, sketch the magnitude of the braking force as a function of time t.
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