
Midterm #1 Solutions
Physics 1501, Spring 2014

**Inner monolog in italics**

There are often many ways to arrive at an answer. For some 
conceptual problems, it happens through the intuition we 

have gained since birth about how the natural world works. 
For problems which use mathematics, there are often 

multiple approaches that works equally well. This solution 
set is only one possible account of reasoning through the test.



This is a 2D kinematics problem with constant acceleration.  
The relevant equations for the x and y components of position and velocity are:

For the coordinate system given, gravity acts in the negative y direction,  
and not at all in the x direction, so

The initial position components at time t=0 are

The initial velocity components at time t=0 are

The equations for the trajectory, position versus time are:



Polar coordinate transformations are similar to the vector components we have done so far. 

Which imply

Putting our results in:

0 5 10 15

500

600

700

800

900

1000

t HsecL

rHtL
HmL

0 5 10 15
1.0

1.5

2.0

2.5

3.0

t HsecL

qHtL
Hrad
L

Plots for the values given

Dome 
impact!



One approach is to find the time of flight before impact (around 13.5  
seconds in the graph) and plug it into the expressions for theta and y. 
!
!
!
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There are four numerical solutions. Two are unphysical and correspond to complex 
numbers for the times of impact. Of the other two, one is positive and the other is negative. 
The negative one corresponds to rewinding the trajectory to times before it was launched 
where it was a distance R from the origin (see figure).

The positive solution is 13.4508 seconds. The corresponding values of theta and y are:
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The easiest approach to this is to just graph the trajectory for different values of the launch angle and see what 
happens. In the above graph, the red trajectory is the one that Katniss chose. There is another trajectory which 
intercepts the same point (the blue one), but it hits the dome in a different place first. The answer is that there is 
no second trajectory with the same initial speed that directly hits the dome in the same spot.



To lift the mass a height h, the three segments of chain labeled  
A, B, and C must each get shorter by a distance h. Since the length of the chain does not  
change, a chain length 3h must be pulled downward from the fourth segment

A B C

The free body diagram for the hanging mass implies that
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Since this part is a statics problem, there is no acceleration and ay=0.

Because the pulleys are massless, even when the hanging mass is moving, the tensions are equal:

Therefore,

In words, the weight of the hanging mass is shared equally among the chain links that support it.



Since there are no nonconservative forces acting, the work required to 
lift the mass is the change in potential energy: Mgh

The problem is a kind of advanced Atwood’s machine, similar to some homework problems. 
Because the pulleys are massless, the tension in the segments are still equal to one another. 
This would change if they were massive, because then there would have to be an 
unbalanced torque to rotate the pulleys. For now,
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Eliminate tension by combining equations (i)-3x(ii):

Use (iii)

(iii)

From part (a), movement of the mass M downward implies movement of m upward by  
3 times the distance. The speed and acceleration have the same relation, so:



Solving for the tension from the same equations gives
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(d) The free-body diagram and equations are nearly the same:

The solutions are:

(a) Nh

(b) Mg/N

(c) Mgh

BTW, notice that by adding pulleys, a heavy 
mass was lifted with a fraction of the force 

required to lift it directly. This is the principle 
of a compound bow and other lifting devices. 

However, there is no free lunch. The work 
required to lift the mass is still Mgh. So while 
the force required is reduced to Mg/N, that 
force must act over a longer length of chain 
Nh. The total work is then (Mg/N)x(Nh)=Mgh



The x component of the zero-gravity point is X0=R/2 by symmetry: 
It has be along the high-symmetry line because why would it be one 
side or the other, when the masses are symmetrically placed? 
Given this, the y component is the solution to

The force is the sum of gravitational forces from the three galaxies. 
These contributions come from Newton’s universal gravitation, but the sources are at slightly different positions and 
the directions of each need to be resolved. On way of writing these is:



If the space ship is far away, the net pull of the galaxies will be close 
to the pull of one galaxy with the sum of the three masses.

BTW, This is the “lowest order” effect. If 
additional precision is needed, one can 
“expand” the functions in the previous 
example. This expansion term is called the 
“monopole”, the next order term is the 
“dipole”, then “quadrupole”, “octopole”, 
“hexadecapole”, etc. These higher order 
terms, which are due to the detailed 
arrangement of the masses, or charges in 
the case of electromagnetism, are described 
in terms of higher order “tensors”, and are 
widely used in physics
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Points outside the triangle point into it, and those near galaxies point  
toward the galaxy. The zero-g point is slightly above the center of the triangle.
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The work required to rearrange the galaxies is the change in potential energy.  
Initially, the potential energy is 

Afterward, the PE is 
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The work required to make the rearrangement is:

The speed is critical missing information. If the speed is very high, then its total energy may be greater than 0  
and then the spaceship will be unbound from the galactic cluster, making just one pass. If the speed is sufficiently low, 
then the spaceship will orbit a few times, and possibly crash into a galaxy.

-x



There are no external forces (neglect gravity), so both horizontal (x) and vertical (y) components of momentum are conserved.

The work done by the explosion is the change in kinetic energy



FBD:

The gravitational force provides the centripetal acceleration.

The speed is also related to the geosynchronous radius Rg:

Fg

where

radians
1 day

Solving for Rg:



Rg

Re

The speed of falling objects is best found through work-energy, since we 
neglect the nonconservative processes like heating due to atmosphere.

If the maximum speed allowed for passengers to eject safely is ve=300m/s, the energy required to be dissipated is




