Problem Set #4 Questions #7-#12
7. Dynamics! I immediately remember that the sum of the forces = ma, and I start to draw the forces in.
I realize that it is accelerating down the incline, so this will be my “x” direction and I will decompose
gravity into these two directions. If gravity is mog, then the x component must be about 0.9 mg, and the
y component must be about 0.4 mg as judged from the drawing. The “y” component is compensated by
the normal force, and the x component accelerates the block downward.
a)   If the block is frictionless, a =
b)   If 1 m/s2, µk=
c)   Does mass matter?

8. At right, you see that I pull a 5 kg mass down a 2 m long incline with a 20 N, horizontal force. With
good communication and without a calculator or angle measuring, please calculate:
a)   For a frictionless surface, please calculate the acceleration of the block, and the normal force of the
surface on the block.
b)   For a frictionless surface, please calculate the total work I do, and the block’s final speed.
c)   If the coefficient of friction is 0.25, please calculate the acceleration of the block.
d)   If the coefficient of friction is 0.25, please calculate the amount of heat produced (in Joules), and
please calculate the final speed of the block.

9. At right, you see two pictures of me at 70 kg, slack lining.
a)   In which drawing is the line tighter? This is a dynamics problem… in particular a statics problem
because there is no acceleration. We look at the forces on the man at rest and we add them like
vectors to sum to zero. The x components of the tension cancel each other, and the y components
add to be equal and opposite to gravity (because we’re in equilibrium). On the left the ratio of the
horizontal and vertical components is about 5:1, on the right, it’s more like 10:1. So, if the force of
gravity on the man is 700N, then the tension on the right would be about 3,500 N, and on the left
would be about half that.
b)   Using your force drawing, please estimate the tension on the slack line at right. See below.
c)   In a classic physics problem, a car is stuck in the mud, so you tie a rope to a tree on the other side of
the road as tight as you can and then push the rope – do you pull it along the rope, or push it
perpendicular? Would it be a good idea to slack line on it? If you were slack lining on it, would it
be a good idea to jump on it? We just showed that if you push perpendicular to the rope, the tension
will be greater than the perpendicular force you apply…. As long as the rope is inelastic enough to
not deflect to high angles… That is, for the slackliner example, please show that if the slack line
made an angle of 30 degrees with the horizon, that the tension would be the same as the force of
gravity on the man. If you bounced on the slackline, then at the bottom of your oscillations, you
would be accelerating upward, and thus the tension in the slackline would be greater.
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10. 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.
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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.

11. 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 4πr2 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.

12. 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.

