Rates of change of Momentum and Energy


1. Water is emerging from a faucet at a rate of 30 liters per minute. The water emerges with a downward velocity of 1.5 m/s and falls onto the ground 1.5 meters below the opening.

a. What is the final velocity of the water as it hits the ground?

b. Assuming that the water does not bounce back up (ie the velocity is zero after it hits the ground) what  is the momentum change per second of the water that hits the ground?
c. If the water hits an area that is approximately a 2 cm diameter circle, what is the pressure (force per unit area, measured in Newtons per square meter) of the water on the ground inside this area? **
d. What is the maximum theoretical power that a waterwheel could extract from the flow if it is placed at ground level?**
2. The restoring force of a stretched spring is given by Hooke’s Law F = -k∙x. A spring whose spring constant, k, is 150 Newtons per meter (N/m) is stretched through a distance of 0.1 meters.

a. What is the restoring force at this point?

b. Why is the force negative?   

c. If I now stretch the spring to 0.2 meters, what is the restoring force?

d. What is the average restoring force as I stretch the spring from x = 0 to x = 0.2?*
e. How much Energy is stored in the spring at a stretch of 0.2 meters?**
3. A pendulum bob of mass m = 1.5 kg is suspended on a 2 meter string. The bob is moved 5 degrees off the vertical, while keeping the string tight. 
a. Draw the situation and find the change in the Potential Energy of the bob in this position.

b. What is the restoring force acting on the bob at this point?**
c. If I release the bob, what speed will it be travelling at wt the bottom of the swing?

