PHY 1121 2012 Exam
(Explanations)

1. 	Knowing that the rain has a velocity of 10m/s downward, and that the car is moving 20m/s to the right, relative to the car, the rain is traveling at:



	Using the sin law, we can find the angle:

 
Answer: C)

2.	We use the equation for energy. Relatively, the new velocity of the ball will be 3 times the ball’s original velocity due to the energy transfer from the larger ball to the smaller one. So, to isolate for c, the constant at which the height will reach, we find:


 

 

Answer: E)

3.	The moment of inertia for a solid disk is  whereas the moment of inertia for a ring is  meaning that a ring will be more resistant to movement than a solid disk. Therefore, the ring will always be slower regardless of the relative values of m and r.

Answer: D)

4.	Translational energy for a ring is defined as:



	Rotational energy for a ring is defined as:



Noticing that these are equivalent values, we determine that both are the same size.
Answer: C)
5.	Setting the axis at the point where of F3 we get that:


 
We know that cm (No need to convert to m for this problem, as the answer is also in cm) so when we solve for d in terms of x, we can then solve for x with respect to the whole length:


 


	Using this, we find that x = 3.2cm
Answer: D)

6.	Using kinematics, we find see that:



	Subbing in the values given in the question, we find that t = 1.78s
Answer: A)

7.	The wheel is undergoing precession. The original torque is in the positive x direction, we want the torque to face the negative y direction, so we use the right hand rule. Our fingers point toward the current torque, with our thumb toward the desired torque. Our palm faces upward, which is the direction of the force.
Answer: A)


8.	Let’s say that m = 1kg, therefore the total energy will be equal to mgh = gh = (9.8)(6.1) = 59.78J. After the first, and all subsequent bounces, the ball loses 15% of its total energy, meaning that after the first bounce, the energy is now (0.85)(59.87) = 50.81J, the total height it will reach is now 
h = Ek / g

	After the 5th bounce, the ball will no longer have sufficient energy to reach a height of 2.3m once it bounces again, therefore, the maximum amount of bounces is 5
Answer: D)




9.	You can calculate it from Tsiolkovsky rocket equation. It states the velocity difference between two instants is equal to relative exhaust velocity multiplied by the logarithm of the inverse ratio of the mass of the rocket at these two instants: 


For this problem:
ve = 1500
v₁ = 0 
m₂ = 1 - 0.6·m₁ = 0.4·m₁ 

v₂ = 1500m/s · ln( m₁ / 0.4·m₁) 
= 1500m/s · ln(5/2) 
= 1374m/s									     Answer: B)

10.	The overall system of the two blocks is moving with a velocity of vcm which is calculated	 with the equation


	In this case, vcm = -0.4 ; The relative velocity to the center of mass is vrel = v - vcm


	
Which for this question is 5- (-0.4) = 5.4m/s
Answer: E)

11. 	The answer given matches no possible sequence of equations, and the correct answer is calculated to be 1.76J. Hooke’s law states that F = -kx ; first solve for k, giving

 	you will find k to be 1960

	Then, we must solve for W = Fx ; we know x = 0.03m, F = kx ;


F = 58.8N

W = 1.76J
Answer: B)



12.	*Integration Question*

		Initial equation
			
		a = derivative of v with repect to time
			
		Rearranging the equation to solve for v in terms of dv
			
		Take the integral of both sides
				
		
			
		Rearrange to find the equation for velocity
			
	Isolate and solve for C
			
		Plug C into the equation for velocity, with ¼ the initial velocity = 0.325
			
		Rearrange, and solve for t, t = 0.67s
			
			Answer: B)


13.	Notice that the ball is resting against the wall, and withdrawn to its maximum point, then released. The wrecking ball will hit the wall after it is ¼ through the oscillations period. Therefore, we only need ¼ T.



We need ¼ of this:



Plugging in l = 25 and g = 9.8 gives us t = 2.5s
Answer: B)

14. 	The torsional constant given is   where  and  for a solid disk with  and .




Answer: A)

15.	This question is one where you must approximate quite a bit. The space shuttle is in low space orbit, so the acceleration due to gravity won’t be too much smaller than at the surface, let’s use 9.0m/s to be our g. We can use specialized equations to solve this problem:
 

Where 



Solving for this will yield T = 5700s
Answer: E)
16. 	Simply apply the formula for centripetal acceleration and isolate for r:

 

	Knowing that the acceleration is 9.8m/s2 and the velocity is 215m/s, isolate for r to find that r = 4717m
Answer E)










17. 	Using the gravitational equation we find that 



We know that the distance is 3 Earth radii, so plug in (3r) for r and since we are solving for g, rearrange and isolate for g:


Plug in: , , and :


Answer: E)

18.	Use conservation of momentum

 

 


Therefore, the velocity of the smaller piece will be twice the velocity of the larger piece.

Answer: D)

19.  	Rotational of inertia of a rigid body:

Is a measurement of its resistance to changes in rotational motion;		true
Depends on the location of the axis of rotation;		true
Is large if most of the body’s mass is far from the axis of rotation;		true 
Therefore, the answer is: All of the above.
Answer: D)










20.	Since the mass of the lead cylinder is the same as the mass of the wooden cylinder, the density and therefore volume of the lead cylinder must be smaller than that of the wooden cylinder. Knowing this, and that the lengths of both cylinders are the same, means that the radii of the lead cylinder is smaller than that of the wooden cylinder.




Since the lead cylinders radius is smaller than the wooden cylinder’s, the rotational moment of inertia will be smaller for the lead cylinder.
Answer: B)

21.	When the woman extends her arms, she increases her radius, therefore increasing her moment of inertia which will decrease her angular velocity. This is due to the law of conservation of energy:



Since the total energy must remain constant, if the moment of inertia increases, the angular velocity must decease.
Answer: B)

22.	Using the equation for the period of a simple pendulum, we find that:


 

 

 


Comparing, 1.42/2, we find that Tf  = 0.7 T0 which is not in the included answers, leaving us with to conclude that the answer is None of the Above.
Answer: E)



23.	Using the equation for gravitational potential energy, we can translate potential energy into kinetic energy and isolate for v:





	When you double the mass, but keep the radius the same, you get:



Comparing the two, you find that:



Therefore, the escape velocity will increase by a factor of 1.4
Answer: A)


24.	There are lots of ways approach this problem, we’ll use one where we look at it from a forces-perspective. The length of the string will NOT come into play. First, notice that since the car is accelerating forward, to be in a state of equilibrium, the mass will have to reach toward the back of the car. The forces all equate to zero.


 


	Isolating for the Tension, T and subsituting will yield:


	Which when simplified you will find that:


Solving for , we find our result that  toward the back of the car.
Answer: A)

26.	First, we need to solve for the  being used to hold the crate at rest (We assume the crate is at rest, so we can solve for , if our result is greater than the known coefficient of static friction, than we will change our equation to find the force of friction with our known coeffiecient of kinetic friction) 




 


Therefore, we known that the crate is at rest and the coefficient of static friction (which will be used to keep the crate at rest, not necessarily the maximum coefficient of static friction available to us) will be 0.466. We know that the force of static friction is:


Subbing in the known variables, we find that the force of friction is 21N
Answer: C)

27.	We first derive force equations for each of the blocks:


 

 


With this, we substitute the first two equations into the third to solve for acceleration: 


 


	We find that the acceleration of the system is 1.3m/s2.
Answer: B)










28.	The torque about one end must be equal to the torque at the other. Therefore, we know that the applied force multiplied by the distance d must be equal to the weight of the mass multiplied by the distance x. We also know that . We want to find d in terms of x and then solve for x.


 

 


Solving, we find that x = 0.45m
Answer: A)
	

29.	Knowing that, in an elevator, a person’s apparent weight will increase in the situation that the elevator is moving upward with increasing velocity (intuition), then you know that the exact opposite case is true as well.

	Therefore the answer must be that the elevator is moving downward with a decreasing speed.
Answer: D)

30.	Using the equation for total energy of an undamped oscillator, we isolate for the constant c:

 

 


	Using this, we find that c = 1.41
Answer: C)
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31.	The frequency of a pendulum is:



Which will depend on the acceleration of gravity, at a high altitude, the time will be incorrect. Whereas the frequency of a mass-spring system is:



Which is independant of gravity, and will still work the same at a high altitude.
Answer: C)

	



