ASTR 340

Fall 2006

Homework #2

Due Tuesday, September, 19, 2006

Dennis Papadopoulos 
Problem #1

Answer questions 2.6, 2.12 and 2.13 from Hawley and Holcomb

Problem #2 

Suppose you have two balls and a spring, similar to the set-up discussed in class, but now they have unequal masses. Ball “A” has mass 2 kg, and ball “B” has mass 4 kg. Ball “A” is on the left and “B” is on the right.

a. Consider the case when the system starts from rest, in your reference frame. After the spring is released, you measure Ball “B” to have a speed of 5 m/s, moving to the right. What is the direction and speed of Ball “A”? (hint: use conservation of total momentum)

b. Now suppose the two balls (and spring) are initially moving to the right at 3 m/s. What are the final speeds and directions of the two balls that you measure? (hint: first transform to the balls’ rest frame, do the problem as before, and then transform back.)

c. Suppose that the ball+spring system starts out moving to the right, at unknown initial velocity. After the spring is released, you observe that ball “A” is now at rest. What must the initial system velocity have been?

Problem #3
a. The distance from the Earth’s center to the Moon is rM =384,400 km, and the radius of the Earth is RE =6378 km. Convert each measurement to meters.

b. The period of the Moon’s orbit is P =27.3 days (about one month, naturally!). Convert to seconds.

c. Taking the Moon’s orbit as a circle, it travels at a speed vM given by the ratio of the circumference of its orbit (2 rM) to the period of the orbit, P. Evaluate this speed in m/s.

–

d. Newton knew that the acceleration of a body in a circular orbit of radius r with speed v is towards the circle’s center, with value given by a = v2/r. Use the numbers for the Moon to compute its acceleration, aM.

e. Newton also knew that the apple he saw falling from a tree in the orchard experienced an acceleration of aa=9.8 m/s2. What is the ratio of the Moon’s to the apple’s acceleration?

Newton knew (from Galileo) that acceleration under gravity is independent of mass, so he reasoned that the accelerations of the apple and the Moon should vary only with their distances from the Earth’s center. Based on the estimate you (and Newton) have made for aM/aa, and the distances given in (a) for RE and rM, show how Newton reached the conclusion that the gravitational acceleration (and hence the force, since F = ma) varies proportional to 1/R2.

