Problem set #5 Fall 2016

#1

a
Things don’t accelerate in a circle by themselves, there needs to be a force acting on it to make it do that.
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Direction:
Inward
“I don’t know, but I know there must be some force to cause the centripetal acceleration”

2. In 1930, it was discovered that a beta decay:
n => p+ + edidn’t conserve energy, momentum or angular momentum. Wolfgang Pauli postulated the creation of a new
particle, the neutrino. We now estimate that 65 billion neutrinos from the sun pass through each square
centimeter on earth, per second. How fast does the sun produce neutrinos? We just need to find the number of
square centimeters… that these neutrinos are spread out over… so construct a sphere around the sun of radius
equal to the earth’s orbital radius… ~150 million km, or 1.5 x 1011 m = 1.5 x 1013 cm. The area is 4pr2 wow… we’re
looking at about 2x1038/s. How many pass through you during this class? What if my surface area were half a
square meter… or 5000 square centimeters. Class is about 3500 s long, then I’d have about 1014. That’s a lot.
Good thing they don’t hurt. How about if you were on Venus? The ratio of the distances of the two planets is in a
ratio of about 1:1.4 or square root of two. So the area of the sphere that the neutrinos have to pierce at Venus’s
distance is half that of the sphere at the earth’s distance, so Venus would have about twice the intensity of
neutrinos as here at earth.
3. Exercise 1: The distance between the centers of the earth and moon is about 385,000 km and where the
radius of the earth is about 6,400 km. Please draw a good picture!
a) If the moon were to stop moving, what about what would be the moon’s acceleration toward the
earth? I just use a math lens… and inverse square relationship lens. we know that the mass of the
earth causes an acceleration of 10 m/s2 one earth radius from the center. Twice as far would be ¼
that acceleration… the moon is much further than that, or about 60 times as far, so the acceleration
should be about 1/3600 as much or about 1/360 m/s2.
b) What would cause that acceleration? Gravity between the earth and moon.
c) But the moon is moving! In this case, should its acceleration be the same as in “a” above? Why or
why not? Dynamics, yes. It’s the same force of gravity, it’ll cause the same acceleration.
d) From your answers above, estimate the speed of the moon in its orbit around the earth. By setting
the acceleration = centripetal acceleration, we find about 1.0 km/s.
e) From your answer above, estimate the period of the moon… is it close to a month? Just kinematics, I
get about 27 days.
f) Please calculate the mass of the earth. Dynamics because we know the acceleration on the earth’s
surface, and this is caused by gravitational force. I get 6 x 1024 kg, pretty close.

4. You need to build a massive slingshot that propels a 100 kg object (you in a capsule) at 13 km/s so you can go
into space (infinity)! For each question, start with a statement of which of the 4 mechanics concepts is central to
this problem and why.

Mass of the
rocket cancels
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Please notice the potential energy diagram in the drawing above. The earth is at the right and extends about
50 earth radii to the left. Potential Energy = 0 is at the top of the graph, and drops to negative values in the
potential well of the earth’s gravity.

So, KE and speed increase
Please notice that all
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This acceleration is 1 million gravities. This would ultracentrifuge your biomatter into neat layers of lipids, water,
hemoglobin, etc. It wouldn’t be good for you.
f) is worked out below, but can we do it with ratios? I know that the escape velocity from the earth is
about 12 km/s… so the moon has 1/6 the acceleration as on earth, so if they are the same
substances, we’ve learned from the next problem that the radius of the moon should be 1/6 the
radius of the earth and the mass of the moon should be about 1/63 the mass, so the depth of the
potential energy well scales like the mass and inversely like the distance… so the potential energy
well on the moon should be only about 1/36 that on earth, so we need only 1/36 the kinetic energy
to escape from the moon as we do from earth, or only 1/6 of the speed. So, I would estimate the
escape speed from the moon to be about 2 km/s.

f)
Pl

~ 2 km/s (hurray)
Please notice that

5. There are two planets with centers 106 m apart: Planet A, and Planet B. The radius of Planet A is twice that of
planet B, or rA=2rB. Both planets are made of the same rocks, and therefore have the same density. There are no
other objects, so we are only looking at the force of gravity acting between the two planets. Provide reasons for
your answers before showing the work, before showing the answer.

#5
Plea

h) If VB = 8*VA, then the distance to A will be 8 times the distance to B: rB = 8*rA and the sum of the two is a
million meters!. Find that the distance to the larger planet A is 111,111 m. This position is the center of mass
of the two planets! It’s the point that the system would balance on if it were a solid system. We’ll learn more
about the center of mass later.

6)
Pl

Here we have neglected to identify the lenses. We
can see this is a combination of energy and
dynamics: Energy because we are finding velocity
by recognizing that the height lost will translate to
PE => KE. Dynamics because in a circle we know
that we undergo centripetal acceleration and
recognize the sum of the forces (in this case
gravity and normal force) = ma. Also notice that
this student chose to calculate the energy in
Joules. This is not necessary. You could skip this
step by setting PE=KE and just solving for V2,
which is what you need for centripetal
acceleration. In any case, we see that a “9g” force
at the bottom is more than a pregnant woman
(and many other people) should experience.

