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ME 562 Advanced Dynamics 

Summer 2010 

Take-Home Midterm Examination 

Due July 12, 2010 

 

Honor Code: This is an open-book and open-notes examination.  The students can make use of the 

textbook and class notes.  They can also use the provided solutions of home works.  They cannot use 

any other book on Dynamics, or notes generated from other books.  The students cannot consult 

with each other or a person other than the instructor.  Asking questions/clarifications from the 

instructor is completely acceptable, and even encouraged.  The students should make sure that 

there is no ambiguity in their understanding of the questions.  Also, the work must be clearly 

presented with all coordinate systems, reference frames, constraints, laws of motion, etc. clearly 

stated. 

 

Q1. A single propeller airplane flies with a constant speed v in a level turn to the left at a constant radius 

R.  The propeller is of radius r and rotates about its axis in a clockwise direction (as viewed from the rear) 

with a constant angular velocity .  Find the acceleration, with respect to the ground, of a point P at the 

tip of the propeller, assuming that its axis is always aligned with the flight path.  Use cylindrical unit 

vectors and assume that the velocity of P relative to the plane is vertically upward at t = 0. (Problem 2-9 

in the text).   

 

Q2.  A pendulum consists of a particle of mass m and a massless string of length 2R.  The pendulum is 

suspended from the point O.  As the pendulum swings and the deflection increases, the string wraps 

around one of the two fixed cylinders of 

radius R adjacent to the suspension point O.  

For the particle: 

a. Find the acceleration in terms of 

the angle  and its derivatives; 

Hint: Write the position vector 

for the particle in terms of angle 

, appropriately defined unit 

vectors, and the radius R. 

b. Draw the FBD for the particle 

and derive the differential 

equation of motion for . 

  

Q3.  A particle of mass m is displaced slightly from its 

equilibrium position at the top of a smooth fixed sphere of 

radius r, and it slides on the sphere in a vertical plane 

because of gravity.  For the particle, using cylindrical 

coordinates in the vertical plane of motion, find: 

a. The equations of radial and transverse motion, 

so long as contact is maintained with the 

sphere surface; 

b. The angular displacement  at which the 

particle will leave the surface of the sphere. 

 

Q4.  A particle of mass m moves vertically downward with 

velocity v0 and strikes a smooth triangular block of mass 

2m which is resting on a smooth table.  The triangular 
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block is initially stationary and can be considered as a particle.  As a result of the collision, the mass 

particle as well as the triangular block has non-zero velocities immediately after impact.  Let e be the 

coefficient of restitution between the block and the particle.  All surfaces of contact are smooth. 

 

a. Draw the free-body diagrams for the particle and the triangular block when the two are in 

contact. 

b. Write the appropriate Newton’s second law for each of the bodies in the time duration of 

contact.  Then integrate these equations to find relations between velocities just before and 

just after impact is complete, and the impulsive forces acting. 

c. Write the coefficient of restitution relation between the appropriate velocity components. 

 

Assume that the gravity forces are negligible compared to the impulsive forces generated during collision.  

Note: you are not to solve any equations to get any final answers.  The answers being asked for are the 

expressions in (a), (b), and (c) above. 
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