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**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.



We can neglect gravity, so there are no external forces and momentum is conserved. 
Momentum of the shuttle plus tank is the same before and after the explosion.

The impulse felt by the rocket is the change in its momentum as a result of the explosion. This is related to the average 
force and known duration of the event:



All forces are conservative (no friction), so we can use energy to relate the change in kinetic energy to the change in 
potential energy. Each object has the same amount of kinetic energy in its translational motion, but these shapes roll 
without slipping, though and we must consider the kinetic energy associated with the rotation as well.

The one with the higher MOI (the hoop) has a larger rotational kinetic energy and so a higher total kinetic energy. 
This KE is going to be converted into PE, so the hoop will go higher up the ramp.

Energy 
conservation:

No-slip 
condition:



For motion in the horizontal direction, we have from the FBDs

Two springs:

One spring:

The box with two springs will oscillate at a frequency that is         times higher than the box with one spring



The relevant equation governing the box position is:

with general solution

provided that

We can determine A and phi by the initial conditions:

These can be true if
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The MOI of the reel has two contributions. One is the large cylinder, and since the axis of rotation is through the center 
of mass, this contribution is simply                            . The handle however rotates about an axis which does not go 
through its COM, so we use the parallel axis theorem to find the MOI about the relevant axis, which is parallel and a 
distance R away.

There is a known force applied at a perpendicular distance R from the axis of rotation, creating a known torque, and 
resulting in an angular acceleration of the reel about its axis.



This “drag” thing acts a bit like static friction, but for the case of rotational motion. 

The torque created by the fishing line is RT=(0.06 m)(1N)=0.06 Nm, which is less than the critical 
drag of 0.33Nm, so the fish cannot accelerate at all. For a net acceleration, the tension in the line 
would have to be greater than 0.33Nm/0.06m=5.5N


