
Massachusetts Institute of Technology - Physics Department

Physics - 8.01 Assignment #8 November 8, 1999.

It is strongly recommended that you read about a subject before it is covered in lectures.

Lecture Date Material Covered Reading
#25 Wed 11/10 Static Equilibrium - Stability - Rope Walker Page 354 – 364

#26 Fri 11/12 Elasticity - Young’s Modulus Page 365 – 369

#27 Mon 11/15 Fluid Mechanics - Pascal’s Principle - Hydrostatics Page 466 – 478
Atmospheric Pressure
Over Pressure in Lungs and Tires

#28 Wed 11/17 Hydrostatics - Archimedes’ Principle - Fluid Dynamics Page 478 – 483
What makes your Boat Float? - Bernoulli’s Equation

Due Wednesday, Nov 17, before 4 PM in 4-339B.

This is not an easy assignment. You have 9 days; START EARLY!

8.1 Conservation Laws
Imagine a spherical, non-rotating planet of mass M and radius R that has no atmosphere. A satellite
is fired from the surface of the planet with speed v0 and at 20◦ to the local vertical. In its subsequent
orbit the satellite reaches a maximum distance of 5R from the center of the planet. Calculate v0.

8.2 Much Ado About a Ham Sandwich
You can find this problem in the Lecture Supplement (on the Home Page) of Nov. 3. This supplement
gives you all the necessary background as discussed in lectures.

8.3 Going to the Sun
A spacecraft of mass m is first brought into an orbit around the earth. The earth (together with the
spacecraft) orbits the sun in a near circular orbit with radius R (R is the mean distance between the
earth and the sun; it is about 150 million km).

a) What is the speed of the earth in its orbit around the sun?

We want the spacecraft to fall into the sun. One way to do this is to fire the rocket in a direction
opposite to the earth’s orbital motion to reduce the spacecraft’s speed to zero (relative to the sun).

b) What is the total impulse that would have to be given by the rocket to the spacecraft to
accomplish this? You may ignore the effect of the earth’s gravitation as well as the orbital speed
of the spacecraft around the earth as the latter is much smaller (how much smaller?) than the
speed of the earth around the sun. Thus, you may assume that the spacecraft, before the rocket
is fired, has the same speed in its orbit around the sun as the earth.

We will now show that there is a more economical way of doing this (i.e., a much smaller rocket can
do the job). By means of a brief rocket burn the spacecraft is first put into an elliptical orbit around
the sun; the boost is provided tangentially to the earth’s circular orbit around the sun (see figure).
The aphelion of the new orbit is at a distance r from the sun. At aphelion the spacecraft is given
a backward impulse to reduce its speed to zero (relative to the sun) so that it will subsequently fall
into the sun.

c) Calculate the impulse required at the first rocket burn (the boost).

d) What is the speed of the spacecraft at aphelion?

Jeff
Cross-Out

Jeff
Cross-Out



Massachusetts Institute of Technology - Physics Department
Physics-8.01 Fall 1999

Solutions for Assignment # 8
by Dru Renner dru@mit.edu

November 14, 1999 6:20 pm

Problem 8.1
The subsequent motion will be elliptical with the CENTER of the planet at one focus.

(Kepler’s First Law) Angular momentum of the satellite is conserved if we measure it
relative to the center of the planet. (This is what is called “orbital angular momentum.”)
Angular momentum is NOT conserved relative to ANY OTHER point! Initially the
magnitude of angular momentum relative to the center of the planet is

L = mRv0 sin(20
◦)

where m is the mass of the satellite. At the point of maximum distance, the apogee, the
magnitude of angular momentum is

L = m5Rv sin(90◦)

where v is the corresponding speed. (At the apogee and perigee, the angle between the
velocity vector and the radius vector from either foci will always be 90◦.) Conservation
of angular momentum and hence conservation of the magnitude of angular momentum
gives

mRv0 sin(20
◦) = m5Rv sin(90◦) =⇒ v =

sin(20◦)
5

· v0

The gravitational force is conservative; therefore mechanical energy is conserved. Initially
the mechanical energy is

E = −GMm

R
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At the point of maximum distance the mechanical energy is

E = −GMm
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Conservation of mechanical energy gives

−GMm

R
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2
mv2

0 = −GMm

5R
+
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m

(
sin(20◦)

5
· v0

)2

Solving the above for v0 gives

v0 =

√√√√ 8GM

5R
(
1− sin2(20◦)

25

) ≈ 1.27 ·
√
GM

R

Notice that this satellite will slam into the planet before it has made one rotation
about the planet (why?).

Problem 8.2
(a) The distance apart is f2πR ≈ 1710 m.

(b) nsTs = T (na − f) (Please see handout.); thus 2Ts = T (2− 0.04). The period Ts is
smaller than T . The sandwich should be thrown backward.

(c) Mary’s (and Peter’s) orbital period T = 2π(R3/MG)0.5 = 5580 s ≈ 93 min. Mary
must wait T (na − f) = (2− 0.04)× 93 min ≈ 3.04 hrs before she will make the catch.

(d) nsTs = T (na − f), thus ns(4π
2a3/MG)0.5 = (4π2R3/MG)0.5(na − f) which leads to

a = R[(na − f)/ns]
2/3; thus a ≈ 6800(0.987) ≈ 6710 km.

(e)

(Need Picture)

(f) The velocity of the spacecraft, va, is 2πR/T . va ≈ 7.66 km/s. The velocity, vs, of
the sandwich at the point X can be obtained from the relation

ENERGY = −GMm/2a =
1

2
mv2

s −GMm/R

R = 7000 km

Since

va =
√
GM/R

vs = v
√
2−R/a

vs ≈ 7.61 km/s

The sandwich must be thrown relative to Peter’s motion with a velocity vs − va ≈ 7.61−
7.66 ≈ −52.1 m/s ≈ −116.5 mph. Too high for any human being! The “-” sign indicates
that the sandwich must be thrown backwards. To reduce the speed with which the
sandwich has to be thrown you could increase the number of orbits for both Mary and the
sandwich before the catch is made. Using Dave Pooley’s program (as shown in lectures)
we find that for ns = na = 3 the speed is about 77.1 mph (Roger Clemens could just do
it!); for ns = na = 4 the speed will be about 57.7 mph, and for ns = na = 5 the speed is
only about 46.0 mph (that is certainly doable!).
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