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50 points total

Problem 1 (10 points)

a)

b)

(4 points) Consider atypical bowling ball with amass (m) of 5 Kg and dropped
from aheight (h) of 1 meter. The potential energy stored in bowling ball is mgh.
Using 10 m/s? for g, the potential energy is 50 Joules.(3 points - anything between
10 Joules and 200 Joules is acceptable here) When the ball falls onto your foot,
this energy goes into work done by stretching the ligaments of your foot (and
otherwise rearranging your foot) and into creating vibrations in your foot and the
ground.(1 point)

(6 points) Imagine that the truck is moving 40 meters/second (about 88 miles per
hour). To determine the required elevation rise of the ramp, we set:

2

%m\/z =mgh which gives h = ‘2’— (4 points)
g

Two possible ways to solve this problem:
1) no friction between truck and road:

Notice that mass of the truck drops out of this equation. Plugging in the numbers,
we find that the elevation rise of the ramp should be about 80 meters (1 point any
number between 30 and 300 metersis acceptable here). The truck can’t climb a
straight wall —itslink to itstrailer might break if we tilt the ramp too steeply. On
the other hand, we don’t want to spend a huge amount of money making a ramp
that istoo long. So, let’stake an angle of 15 degrees (ranges 5 to 45 degrees
acceptable). This makes the length of theramp, | = h/sin@, about 310 meters.

2) With a coefficient of friction:

Y ou can aso solve this problem by adding a coefficient of friction between the
truck and the road. Above, we've solved it for the case of zero friction. Using
friction will obviously shorten the distance required to stop the truck. Solving the
problem this way requires the use of the energy balance equation including the
energy dissipated in friction with the road.

ém\/2 =mgl sin@ + y, mgl cosé .



Problem 2 (20 points)

a)

b)

(6 points) Take | as the distance between the starting point of the mass and the
position at which it first touches the spring. &isthe slope of the ramp. Take x as
the distance the spring is compressed. Considering all of the gravitational
potential energy of the mass converted to potential energy of the compressed
spring, we get:

mg(l + X)sin@ =%kx2 . (3 points)
Solving this equation for x, we find:

2
X:%sinﬁi\/(%sinej +2%Isin0 (1 point)

The + solution corresponds to maximum compression of the spring (1 point)
Plugging in numbers for m, k ,g, and &, we get x=0.99 meters.

(7 points) If the slope has a surface with friction, the some of the potential energy
of the massis dissipated as work done against the force of friction. The force of

friction here has amagnitude of 1, mgcosé . Therefore, the energy balance
equation becomes: mg(l + x)sind — y, mgcosé(l + x) = % kx?. (3 points)
Solving this, we find:

2
X :%(siné?—/.lk cose)t\/(—%(sine—,uk cose)j +2%I(sin6?—,uk cosb)

(2 points)

Using the + solution, plugging in the numbers, and using 14=0.2, we find x=0.78
meters. (1 point)

(5 points) Now the energy in the compressed spring (at position Xeomp) iS
converted back into potential energy of the mass and to energy of the extended
spring (at position Xex). The spring also does work against friction. The energy
balance equation is:

e - MY (Ko —Xext)Sine’fékXe%q + 14,Mg COSO(X o ~ Xoxt)

2 comp

rearranging terms:

1kx,fXt -mg(sin@ + y, cosB)x,, + mg(siné + y, cosé)x “lee =0

2 comp 2 comp



Solving this quadratic equation for Xex, We get:

H 2
comp (S' ne+ My COSQ) + Xcomp

2
X :%(sinetuk cose)i\/(%(sineﬂuk cose)j —Z%X

We use the minus solution to obtain the maximum extension of the spring Xex
being negative means that the spring is stretched from its rest position. Plugging
in the numbers and using Xcomp=0.78 meters, this gives Xeq=-0.52 meters.

d) After being fully compressed, the spring pushes back against the mass, causing it
to overshoot the equilibrium position of the mass and the spring, and the mass
oscillates back and forth about the equilibrium position. The amplitude of this
oscillation decreases with time until the net force on the massis no longer large
enough to overcome friction. (2 points)

Problem 3 (10 points)
a) (4 points) Considering the actor as ssmply hanging (stationary) from the cable, the
net upward force exerted by the cable must be equal to the actor’s weight (mg).
Therefore:

mg
cosd

Tcosd=mg or T =

This tension cannot exceed the weight of the sandbag (Mg). So:

mg

Ma <
g cosd

m
or cosfd < —
M

Plugging in the numbers for M and m, this gives Gnax=60 degrees.

b) (6 points) The actor starts at a height R(1-cosé) above the floor, and the cableis
vertical after the swoop. The energy balance equation gives the actor’ s velocity
upon reaching the floor:

mgR(1- cosé) = %m\/2 or v2 = 2gR(1-cosb).

At the bottom of the swing, the tension in the rope must both balance the actor’s
weight and provide sufficient additional force to keep him swinging in acircle of
radius R. The force equation givesis then:

2

T=mg+ mVE = mg[1+—2R(1_RCOS‘9)j =mg(3-2cosh).

Plugging in the numbers, we get T=1090 Newtons.



Problem 4 (10 points)
a) (5 points) The escape speed is found by setting the sum of the gravitational
potential energy (negative) and the object’ s kinetic energy equal to zero. This
gives:

GMm 1 , 2GM
- +—nmv-=0o0rv= .

r 2 r

Here, M is the mass of Mercury, G is the gravitational constant (6.67 x 10™*
m® kg™ s?), and r isthe radius of the planet. This giVes Vegape=4170 m/s.

b) (5 points) Here, we have the energy balance equation:

GMm 1 2 _ 1 2 —_
- . +§rnvinitial _Ernvﬁnal OF Vinta == * Viina

Plugging in Viina=50,000 m/s, we get Vinitia=50200 m/s.



