
Dynamics Qualifying Exam 
Study Material 

 
The candidate is expected to have a thorough understanding of engineering dynamics topics.  
These topics are listed below for clarification.  Not all instructors cover exactly the same material 
during a course, thus it is important for the candidate to closely examine the subject areas listed 
below.  The textbook listed below is a good source for the review and study of a majority of the 
listed topics.  One final note, the example problems made available to the candidates are from 
past exams and do not cover all subject material.  These problems are not to be used as the only 
source of study material.  The topics listed below should be your guide for what you are 
responsible for knowing. 
 
Suggested textbook: 
 Dynamics, Ginsberg & Genin, (John Wiley & Sons, pub) 
 Engineering Mechanics, Dynamics, R.C. Hibbeler, (Prentice Hall) 
 
Topic areas: 

1. Kinematics and kinetics of particles 
2. Kinematics and kinetics of rigid bodies in planar motion 
3. Kinematics of rigid bodies in three dimensions 

 
ME 237 Topics, and Assignments (Engineering Mechanics, Dynamics, R.C. Hibbeler) 

Topic Reading Problems Topic Reading Problems 

Kinematics of a Particle 3-14, 30-
41,48-54 

12-22, 12-85, 
12-119 Kinematics of a Particle 61-69, 76-

86 
12-160, 12-174, 
12-196 

Equations of Motion 
(Rectangular Coordinates) 97-112 13-2, 13-22, 13-

29 
Equations of Motion 
(Curvilinear Motion) 123-128 13-56, 13-68, 

13-70 

Equations of Motion 
(Cylindrical Coordinates) 135-139 13-90, 13-98, 

13-101 Work and Energy 
159-172, 
182-185 
190-198 

14-7, 14-34, 14-
41 

Work and Energy 
159-172, 
182-185 
190-198 

14-54, 14-79, 
14-92 Impulse-Momentum 207-214, 

222-228 
15-27, 15-33, 
15-51 

Central Impact 233-239 15-71, 15-77, 
15-86 

Angular Impulse-
Momentum 246-255 15-96, 15-101, 

15-107 

Kinematics of Rigid Bodies 289-299 16-3, 16-12, 16-
23 

Kinematics of Rigid 
Bodies 307-310 16-35, 16-40, 

16-46 

Kinematics of Rigid Bodies 315-322 16-55, 16-70, 
16-77 

Kinematics of Rigid 
Bodies 339-347 16-108, 16-117, 

16-123 

Moving Reference Frame 354-362 16-131, 16-132, 
16-140 Moment of Inertia 371-379 17-2, 17-8, 17-

13 

Equations of Motion 385-394 17-27, 17-33, 
17-40 Equations of Motion 400-407 17-61, 17-66, 

17-73 

Equations of Motion 416-422 17-93, 17-100, 
17-110 Work Energy 431-445 18-10, 18-

23,18-31 

Work Energy 453-458 18-48, 18-53, 
18-58 Work Energy 453-458 18-47, 18-50 

Impulse-Momentum 465-478 19-4, 19-17, 19-
19 Impulse-Momentum 486-493 19-37,19-43, 

19-50 

Impulse-Momentum 486-493 R2-6, R2-13, 
R2-40 Moving Reference Frame 515-524 20-3, 20-8, 20-

12 

Moving Reference Frame 515-524 20-16, 20-18, 
20-23 Moving Reference Frame 532-539 20-37, 20-43, 

20-46 
Angular Momentum 555-558 21-29, 21-30 Angular Momentum 555-558  
Equations of Motion 566-575  Work Energy 558-559  
Impulse-Momentum 558  Vibrations 595-603  

Vibrations 595-603 22-9, 22-17, 22-
25    
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
Work 3 of the 4 problems.  Be very clear which 3 you want graded (see below).  It is not acceptable to 
work all 4 problems and hope that the graders pick out the best worked three.  
 
I want problems #____, #____, and #____ graded. 
 
Be sure to put your name on all papers handed in, including this cover sheet. 
 

Path 
Variables: ݒҧ ൌ ௧ തܽ̂݁ݒ ൌ ሷݏ ݁̂௧ ൅

ሶଶݏ

ߩ ݁̂௡ 

Rectangular 
Coordinates 
Constant 
Acceleration: 

ݒ ൌ ଴ݒ ൅ ݏ         ݐܽ ൌ ଴ݏ ൅ ݐ଴ݒ ൅
1
2  ଶݐܽ ଶݒ െ ଴ݒ

ଶ ൌ 2ሺݏ െ  ଴ሻݏ

Cylindrical 
Coordinates: 

ҧݎ ൌ ௥̂݁ݎ ൅ ҧݒ ௭̂݁ݖ ൌ ሶݎ ݁̂௥ ൅ ఏ̂݁ݎ ൅  ሶ݁̂௭ݖ

തܽ ൌ ൫ݎሷ െ ሶߠ ݎ ଶ൯݁̂௥ ൅ ൫2ݎሶ ሶߠ ൅ ݎ ሷ൯݁̂ఏߠ ൅  ሷ݁̂௭ݖ
2-D 
Equations of 
Motion: 

෍ തܨ ൌ ݉ തܽீ        ෍ ഥீܯ ൌ ܫீ ҧ௜ݎത ෍ሺߙ ൈ ത௜ሻܨ ൅ ෍ ഥ௜ܯ ൌ ҧீݎ ൈ ݉ തܽீ ൅ ܫீ  തߙ

3-D 
Equations of 
Motion: 

෍ തܨ ൌ ݉ തܽீ        ෍ ഥ஺ܯ ൌ ഥሶܪ
஺  ഥሶܪ

஺ ൌ ቀܪഥሶ
஺ቁ

௫௬௭
൅ ഥ߱ ൈ  ഥ஺ܪ

ቀܪഥሶ
஺ቁ

௫௬௭
ൌ ൫ܫ௫௫ߙ௫ െ ௬ߙ௫௬ܫ െ ௭൯ଓ̂ߙ௫௭ܫ ൅ ൫ܫ௬௬ߙ௬ െ ௫ߙ௫௬ܫ െ ௭൯ଔ̂ߙ௬௭ܫ

൅ ൫ܫ௭௭ߙ௭ െ ௫ߙ௫௭ܫ െ ௬൯ߙ௬௭ܫ ෠݇ 

                     ഥ࣓ ൌ ષഥ ഥ࣓ ് ષഥ  

෍ ௫ܯ ൌ ௫ܫ ሶ߱ ௫ െ ൫ܫ௬ െ  ௭൯߱௬߱௭ܫ ෍ ௫ܯ ൌ ௫ܫ ሶ߱ ௫ െ ௬Ω௭߱௬ܫ ൅  ௭Ω௬߱௭ܫ

෍ ௬ܯ ൌ ௬ܫ ሶ߱ ௬ െ ሺܫ௭ െ  ௫ሻ߱௭߱௫ܫ ෍ ௬ܯ ൌ ௬ܫ ሶ߱ ௬ െ ௭Ω௫߱௭ܫ ൅  ௫Ω௭߱௫ܫ

෍ ௭ܯ ൌ ௭ܫ ሶ߱ ௭ െ ൫ܫ௫ െ  ௬൯߱௫߱௬ܫ ෍ ௭ܯ ൌ ௭ܫ ሶ߱ ௭ െ ௫Ω௬߱௫ܫ ൅  ௬Ω௫߱௬ܫ

Work – 
Energy: 

∆ܶ ൅ ∆ܸ ൌ ሺ ଶܶ െ ଵܶሻ ൅ ሺ ଶܸ െ ଵܸሻ
ൌ ଵܷ՜ଶ

ሺ௡௖ሻ 

ଵܷ՜ଶ ൌ ෍ න ሺܨത · ҧሻݎ݀
௥మ

௥భ

ൌ ෍ න ሺܯഥ · ҧሻߠ݀
ఏమ

ఏభ

 

ܶ ൌ
1
2  ݉ሺݒҧீ · ҧீሻݒ ൅

1
2 ܫீ ߱ଶ ௚ܸ௥௔௩௜௧௬ ൌ ௦ܸ௣௥௜௡௚             ݕ݃݉ ൌ

1
2  ଶߜ݇

Power: ܲ ൌ തܨ ·  ҧݒ ߝ ൌ ݕ݂݂ܿ݊݁݅ܿ݅݁ ൌ
ݎ݁ݓ݋݌ ݐݑ݌ݐݑ݋
ݎ݁ݓ݋݌ ݐݑ݌݊݅  

Impulse – 
Momentum: 

෍ න തܨ ݐ݀ ൌ ҧீݒ݉ ∆ 
ൌ ሺ݉ݒҧீሻଶ െ ሺ݉ݒҧீሻଵ

෍ න ഥ஺ܯ ݐ݀ ൌ തതത஺ܪ ∆ ൌ ሺܪഥ஺ሻଶ െ ሺܪഥ஺ሻଵ 

݁ ൌ ݊݋݅ݐݑݐ݅ݐݏ݁ݎ ݂݋ ݂݁݋ܿ

ൌ
ሺݒ஻ሻଶ െ ሺݒ஺ሻଵ

ሺݒ஺ሻଵ െ ሺݒ஻ሻଶ
 

ഥீܪ ൌ ܫீ ഥ߱ ഥ஺ܪ      ൌ ഥீܪ ൅ ҧீݎ ஺⁄ ൈ ҧீݒ݉  
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Relative 
Motion 
Equations for a 
Rigid Body: 

ܣതݒ ൌ ܤതݒ ൅ ൫ݒതܣ ⁄ܤ ൯
݈݁ݎ

ൌ ܤതݒ ൅ ഥ߱ܤܣ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

 

തܽܣ ൌ തܽܤ ൅ ൫തܽܣ ⁄ܤ ൯
݈݁ݎ

ൌ തܽܤ ൅ ܤܣതߙ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

൅ ഥ߱ܤܣ ൈ ሺഥ߱ܤܣ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

ሻ 

തܽܣ ൌ തܴሷ ൅
ܣതߩ2߲

2ݐ߲ ൅ 2ഥ߱ ൈ
ܣߩ߲

ݐ߲
൅ ഥ߱ሶ ൈ ܣതߩ ൅ ഥ߱ ൈ ሺഥ߱ ൈ  ሻܣതߩ

ܶ ൌ
1

2
݉ሺݒതܩ · ሻܩതݒ ൅

1

2
ഥ߱ ·  ܩഥܪ

ݔݔܫ ൌ ሺݔܫԢݔԢሻܩ ൅ ݉൫ܩݕ
2 ൅ ܩݖ

2൯  ݕݔܫ ൌ ൫ݔܫԢݕԢ൯
ܩ

൅  ܩݕܩݔ݉

ݕݕܫ ൌ ൫ݕܫԢݕԢ൯
ܩ

൅ ݉ሺܩݔ
2 ൅ ܩݖ

2ሻ  ݖݕܫ ൌ ൫ݕܫԢݖԢ൯
ܩ

൅  ܩݖܩݕ݉

ݖݖܫ ൌ ሺݖܫԢݖԢሻܩ ൅ ݉൫ܩݔ
2 ൅ ܩݕ

2൯  ݔݖܫ ൌ ሺݖܫԢݔԢሻܩ ൅  ܩݔܩݖ݉

ܣഥܪ ൌ ܩഥܪ ൅ ܩҧݎ ⁄ܣ ൈ  ܩതݒ݉

ܣഥܪ ൌ ൫ݔ߱ݔݔܫ െ ݕ߱ݕݔܫ െ ൯݅̂ݖ߱ݖݔܫ ൅ ൫ݕ߱ݕݕܫ െ ݔ߱ݕݔܫ െ ൯݆̂ݖ߱ݖݕܫ
൅ ൫ݖ߱ݖݖܫ െ ݔ߱ݖݔܫ െ  ൯ො݇ݕ߱ݖݕܫ

Lagrange’s 
Equations: 

݀

ݐ݀
ቆ

߲ܶ

ሶݍ߲ ݆
ቇ െ

߲ܶ

݆ݍ߲

൅
ܦ߲

ሶݍ߲ ݆
൅

߲ܸ

݆ݍ߲

ൌ ܷߜ ݆ܳ ൌ ෍  ݆ݍߜ݆ܳ

Lagrange 
Multipliers: 

݀

ݐ݀
ቆ

߲ܶ

ሶݍ߲ ݆
ቇ െ

߲ܶ

݆ݍ߲

൅
߲ܸ

݆ݍ߲

ൌ ෍ ݆݅ܽ݅ߣ ൅ ܳ
݆
  

෍ ሶݍ݆݇ܽ ݇ ൅ ܾ݆ ൌ 0  

Hamilton’s 
Canonical 
Equations: 

ܪ ൌ ෍ ሶݍ݅݌ ݅ െ ݊݌ ܮ ൌ
߲ܶ

ሶ݊ݍ߲
ൌ

ܮ߲

ݍ߲ ሶ݊  

ሶݍ ݅ ൌ
ܪ߲

݅݌߲

ሶ݌  ݅ ൌ െ
ܪ߲

݅ݍ߲

൅ ܳ݅ 
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1. The slender rod AB is hinged at pin A. The mass and the length of the rod are m and L 
respectively. Point G is the mass center of the rod. It is released from the horizontal position. 
Using the energy method and neglecting friction, determine the velocity of point B when rod 
AB makes angle  with the horizon.  
 

2. The 10 kg flywheel (or thin disk) shown below rotates about the shaft at a constant angular 
velocity s = 6 rad/s.  At the same time, the shaft is rotating about the bearing at A with a 
constant angular velocity of p = 3 rad/s.  If A is a thrust bearing (forces in all 3 directions) 
and B is a journal bearing(no force in the x-direction), determine the components of force 
reaction at A and B. 
 

 
  

A 

B 

G 

x 

y 

Horizontal position 
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3. The conical pendulum consists of bar AB of mass m and length L. It is pin-joined to a 
supporting shaft at point A as shown. Point G is the mass center of the bar. The shaft rotates 
at a constant angular velocity of 1 . Using the Euler equation of motion, determine the 
angle  that the bar makes with the vertical as it rotates. Coordinate system XYZ is fixed in 
space and coordinate system xyz is ‘welded’ to the bar. Assume that bar AB is a slender rod.  

 
 
4. A 40-gram bullet is fired with a horizontal velocity of 600 m/s into the lower end of a 

slender 7-kg bar of length L = 600mm.  Knowing that h = 240mm and that the bar is initially 
at rest, determine  
 

a. the angular velocity of the bar immediately after the bullet becomes embedded, 
b. the impulse reaction at C, assuming that the bullet becomes embedded in 0.001s. 

A

B 

Y

X

xy 

G 


1
Shaft 

Bar 
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
Work 3 of the 4 problems.  Be very clear which 3 you want graded (see below).  It 
is not acceptable to work all 4 problems and hope that the graders pick out the best 
worked three.  
 
I want problems #____, #____, and #____ graded. 
 
Be sure to put your name on all papers handed in, including this cover sheet. 
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Path 
Variables: ݒҧ ൌ ௧ തܽ̂݁ݒ ൌ ሷݏ ݁̂௧ ൅

ሶଶݏ

ߩ ݁̂௡ 

Rectangular 
Coordinates 
Constant 
Acceleration: 

ݒ ൌ ଴ݒ ൅ ݏ         ݐܽ ൌ ଴ݏ ൅ ݐ଴ݒ ൅
1
2  ଶݐܽ ଶݒ െ ଴ݒ

ଶ ൌ 2ሺݏ െ  ଴ሻݏ

Cylindrical 
Coordinates: 

ҧݎ ൌ ௥̂݁ݎ ൅ ҧݒ ௭̂݁ݖ ൌ ሶݎ ݁̂௥ ൅ ఏ̂݁ݎ ൅  ሶ݁̂௭ݖ

തܽ ൌ ൫ݎሷ െ ሶߠ ݎ ଶ൯݁̂௥ ൅ ൫2ݎሶ ሶߠ ൅ ݎ ሷ൯݁̂ఏߠ ൅  ሷ݁̂௭ݖ
2-D 
Equations of 
Motion: 

෍ തܨ ൌ ݉ തܽீ        ෍ ഥீܯ ൌ ܫீ ҧ௜ݎത ෍ሺߙ ൈ ത௜ሻܨ ൅ ෍ ഥ௜ܯ ൌ ҧீݎ ൈ ݉ തܽீ ൅ ܫீ  തߙ

3-D 
Equations of 
Motion: 

෍ തܨ ൌ ݉ തܽீ        ෍ ഥ஺ܯ ൌ ഥሶܪ
஺  ഥሶܪ

஺ ൌ ቀܪഥሶ
஺ቁ

௫௬௭
൅ ഥ߱ ൈ  ഥ஺ܪ

ቀܪഥሶ
஺ቁ

௫௬௭
ൌ ൫ܫ௫௫ߙ௫ െ ௬ߙ௫௬ܫ െ ௭൯ଓ̂ߙ௫௭ܫ ൅ ൫ܫ௬௬ߙ௬ െ ௫ߙ௫௬ܫ െ ௭൯ଔ̂ߙ௬௭ܫ

൅ ൫ܫ௭௭ߙ௭ െ ௫ߙ௫௭ܫ െ ௬൯ߙ௬௭ܫ ෠݇ 

                     ഥ࣓ ൌ ષഥ ഥ࣓ ് ષഥ  

෍ ௫ܯ ൌ ௫ܫ ሶ߱ ௫ െ ൫ܫ௬ െ  ௭൯߱௬߱௭ܫ ෍ ௫ܯ ൌ ௫ܫ ሶ߱ ௫ െ ௬Ω௭߱௬ܫ ൅  ௭Ω௬߱௭ܫ

෍ ௬ܯ ൌ ௬ܫ ሶ߱ ௬ െ ሺܫ௭ െ  ௫ሻ߱௭߱௫ܫ ෍ ௬ܯ ൌ ௬ܫ ሶ߱ ௬ െ ௭Ω௫߱௭ܫ ൅  ௫Ω௭߱௫ܫ

෍ ௭ܯ ൌ ௭ܫ ሶ߱ ௭ െ ൫ܫ௫ െ  ௬൯߱௫߱௬ܫ ෍ ௭ܯ ൌ ௭ܫ ሶ߱ ௭ െ ௫Ω௬߱௫ܫ ൅  ௬Ω௫߱௬ܫ

Work – 
Energy: 

∆ܶ ൅ ∆ܸ ൌ ሺ ଶܶ െ ଵܶሻ ൅ ሺ ଶܸ െ ଵܸሻ
ൌ ଵܷ՜ଶ

ሺ௡௖ሻ 

ଵܷ՜ଶ ൌ ෍ න ሺܨത · ҧሻݎ݀
௥మ

௥భ

ൌ ෍ න ሺܯഥ · ҧሻߠ݀
ఏమ

ఏభ

 

ܶ ൌ
1
2  ݉ሺݒҧீ · ҧீሻݒ ൅

1
2 ܫீ ߱ଶ ௚ܸ௥௔௩௜௧௬ ൌ ௦ܸ௣௥௜௡௚             ݕ݃݉ ൌ

1
2  ଶߜ݇

Power: ܲ ൌ തܨ ·  ҧݒ ߝ ൌ ݕ݂݂ܿ݊݁݅ܿ݅݁ ൌ
ݎ݁ݓ݋݌ ݐݑ݌ݐݑ݋
ݎ݁ݓ݋݌ ݐݑ݌݊݅  

Impulse – 
Momentum: 

෍ න തܨ ݐ݀ ൌ ҧீݒ݉ ∆ 
ൌ ሺ݉ݒҧீሻଶ െ ሺ݉ݒҧீሻଵ 

෍ න ഥ஺ܯ ݐ݀ ൌ തതത஺ܪ ∆ ൌ ሺܪഥ஺ሻଶ െ ሺܪഥ஺ሻଵ 

݁ ൌ ݊݋݅ݐݑݐ݅ݐݏ݁ݎ ݂݋ ݂݁݋ܿ

ൌ
ሺݒ஻ሻଶ െ ሺݒ஺ሻଵ

ሺݒ஺ሻଵ െ ሺݒ஻ሻଶ
 

ഥீܪ ൌ ܫீ ഥ߱ ഥ஺ܪ      ൌ ഥீܪ ൅ ҧீݎ ஺⁄ ൈ ҧீݒ݉  
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Relative 
Motion 
Equations for a 
Rigid Body: 

ܣതݒ ൌ ܤതݒ ൅ ൫ݒതܣ ⁄ܤ ൯
݈݁ݎ

ൌ ܤതݒ ൅ ഥ߱ܤܣ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

 

തܽܣ ൌ തܽܤ ൅ ൫തܽܣ ⁄ܤ ൯
݈݁ݎ

ൌ തܽܤ ൅ ܤܣതߙ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

൅ ഥ߱ܤܣ ൈ ሺഥ߱ܤܣ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

ሻ 

തܽܣ ൌ തܴሷ ൅
ܣതߩ2߲

2ݐ߲ ൅ 2ഥ߱ ൈ
ܣߩ߲

ݐ߲
൅ ഥ߱ሶ ൈ ܣതߩ ൅ ഥ߱ ൈ ሺഥ߱ ൈ  ሻܣതߩ

ܶ ൌ
1

2
݉ሺݒതܩ · ሻܩതݒ ൅

1

2
ഥ߱ ·  ܩഥܪ

ݔݔܫ ൌ ሺݔܫԢݔԢሻܩ ൅ ݉൫ܩݕ
2 ൅ ܩݖ

2൯  ݕݔܫ ൌ ൫ݔܫԢݕԢ൯
ܩ

൅  ܩݕܩݔ݉

ݕݕܫ ൌ ൫ݕܫԢݕԢ൯
ܩ

൅ ݉ሺܩݔ
2 ൅ ܩݖ

2ሻ  ݖݕܫ ൌ ൫ݕܫԢݖԢ൯
ܩ

൅  ܩݖܩݕ݉

ݖݖܫ ൌ ሺݖܫԢݖԢሻܩ ൅ ݉൫ܩݔ
2 ൅ ܩݕ

2൯  ݔݖܫ ൌ ሺݖܫԢݔԢሻܩ ൅  ܩݔܩݖ݉

ܣഥܪ ൌ ܩഥܪ ൅ ܩҧݎ ⁄ܣ ൈ  ܩതݒ݉

ܣഥܪ ൌ ൫ݔ߱ݔݔܫ െ ݕ߱ݕݔܫ െ ൯݅̂ݖ߱ݖݔܫ ൅ ൫ݕ߱ݕݕܫ െ ݔ߱ݕݔܫ െ ൯݆̂ݖ߱ݖݕܫ
൅ ൫ݖ߱ݖݖܫ െ ݔ߱ݖݔܫ െ  ൯ො݇ݕ߱ݖݕܫ

Lagrange’s 
Equations: 

݀

ݐ݀
ቆ

߲ܶ

ሶݍ߲ ݆
ቇ െ

߲ܶ

݆ݍ߲

൅
ܦ߲

ሶݍ߲ ݆
൅

߲ܸ

݆ݍ߲

ൌ ܷߜ ݆ܳ ൌ ෍  ݆ݍߜ݆ܳ

Lagrange 
Multipliers: 

݀

ݐ݀
ቆ

߲ܶ

ሶݍ߲ ݆
ቇ െ

߲ܶ

݆ݍ߲

൅
߲ܸ

݆ݍ߲

ൌ ෍ ݆݅ܽ݅ߣ ൅ ܳ
݆
  

෍ ሶݍ݆݇ܽ ݇ ൅ ܾ݆ ൌ 0  

Hamilton’s 
Canonical 
Equations: 

ܪ ൌ ෍ ሶݍ݅݌ ݅ െ ݊݌ ܮ ൌ
߲ܶ

ሶ݊ݍ߲
ൌ

ܮ߲

ݍ߲ ሶ݊  

ሶݍ ݅ ൌ
ܪ߲

݅݌߲

ሶ݌  ݅ ൌ െ
ܪ߲

݅ݍ߲

൅ ܳ݅ 
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1. If the ball has a mass of 30 kg and a speed 4=v  m/s at the instant it is at its lowest point 
(when 0=θ ). Neglect the size of the ball. 

1.1 Determine the tension in the cord at the instant when 0=θ . 
1.2 Determine the angle θ  to which the ball swings at the instant it momentarily stops. 

 
 

 
2. Two slender rods, each of length l and mass m, are released from rest in the position shown.  

Knowing that a small frictionless knob at end B of rod AB bears on rod CD, determine 
immediately after release, the acceleration of end C of rod CD and the force exerted on knob 
B. 
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3. A cylinder and a block are connected through a rope passing over a smooth pulley as shown 
in the figure. The cylinder and the block have the same mass of 10 kg. Assume the cylinder 
rolls without slipping and the block slides without friction. Determine the acceleration of the 
block.   

 
4. The center of gravity G of the unbalanced tracking wheel is located at a distance r = 0.9 

inches from its geometric center B. The radius of the wheel is R = 3 inches and its centroidal 
radius of gyration is 2.2 inches. At the instant shown the center B of the wheel has a velocity 
of 1.05 ft/s and is accelerating at 3.6 ft/s2, both directed to the left.  Knowing that the wheel 
rolls without slipping and neglecting the mass of the driving yoke AB, determine the 
horizontal force P applied to the yoke.   

 
 

 

A

B
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Path 
Variables: ݒҧ ൌ ௧ തܽ̂݁ݒ ൌ ሷݏ ݁̂௧ ൅

ሶଶݏ

ߩ ݁̂௡ 

Rectangular 
Coordinates 
Constant 
Acceleration: 

ݒ ൌ ଴ݒ ൅ ݏ         ݐܽ ൌ ଴ݏ ൅ ݐ଴ݒ ൅
1
2  ଶݐܽ ଶݒ െ ଴ݒ

ଶ ൌ 2ሺݏ െ  ଴ሻݏ

Cylindrical 
Coordinates: 

ҧݎ ൌ ௥̂݁ݎ ൅ ҧݒ ௭̂݁ݖ ൌ ሶݎ ݁̂௥ ൅ ఏ̂݁ݎ ൅  ሶ݁̂௭ݖ

തܽ ൌ ൫ݎሷ െ ሶߠ ݎ ଶ൯݁̂௥ ൅ ൫2ݎሶ ሶߠ ൅ ݎ ሷ൯݁̂ఏߠ ൅  ሷ݁̂௭ݖ
2-D 
Equations of 
Motion: 

෍ തܨ ൌ ݉ തܽீ        ෍ ഥீܯ ൌ ܫீ ҧ௜ݎത ෍ሺߙ ൈ ത௜ሻܨ ൅ ෍ ഥ௜ܯ ൌ ҧீݎ ൈ ݉ തܽீ ൅ ܫீ  തߙ

3-D 
Equations of 
Motion: 

෍ തܨ ൌ ݉ തܽீ        ෍ ഥ஺ܯ ൌ ഥሶܪ
஺  ഥሶܪ

஺ ൌ ቀܪഥሶ
஺ቁ

௫௬௭
൅ ഥ߱ ൈ  ഥ஺ܪ

ቀܪഥሶ
஺ቁ

௫௬௭
ൌ ൫ܫ௫௫ߙ௫ െ ௬ߙ௫௬ܫ െ ௭൯ଓ̂ߙ௫௭ܫ ൅ ൫ܫ௬௬ߙ௬ െ ௫ߙ௫௬ܫ െ ௭൯ଔ̂ߙ௬௭ܫ

൅ ൫ܫ௭௭ߙ௭ െ ௫ߙ௫௭ܫ െ ௬൯ߙ௬௭ܫ ෠݇ 

                     ഥ࣓ ൌ ષഥ ഥ࣓ ് ષഥ  

෍ ௫ܯ ൌ ௫ܫ ሶ߱ ௫ െ ൫ܫ௬ െ  ௭൯߱௬߱௭ܫ ෍ ௫ܯ ൌ ௫ܫ ሶ߱ ௫ െ ௬Ω௭߱௬ܫ ൅  ௭Ω௬߱௭ܫ

෍ ௬ܯ ൌ ௬ܫ ሶ߱ ௬ െ ሺܫ௭ െ  ௫ሻ߱௭߱௫ܫ ෍ ௬ܯ ൌ ௬ܫ ሶ߱ ௬ െ ௭Ω௫߱௭ܫ ൅  ௫Ω௭߱௫ܫ

෍ ௭ܯ ൌ ௭ܫ ሶ߱ ௭ െ ൫ܫ௫ െ  ௬൯߱௫߱௬ܫ ෍ ௭ܯ ൌ ௭ܫ ሶ߱ ௭ െ ௫Ω௬߱௫ܫ ൅  ௬Ω௫߱௬ܫ

Work – 
Energy: 

∆ܶ ൅ ∆ܸ ൌ ሺ ଶܶ െ ଵܶሻ ൅ ሺ ଶܸ െ ଵܸሻ
ൌ ଵܷ՜ଶ

ሺ௡௖ሻ 

ଵܷ՜ଶ ൌ ෍ න ሺܨത · ҧሻݎ݀
௥మ

௥భ

ൌ ෍ න ሺܯഥ · ҧሻߠ݀
ఏమ

ఏభ

 

ܶ ൌ
1
2  ݉ሺݒҧீ · ҧீሻݒ ൅

1
2 ܫீ ߱ଶ ௚ܸ௥௔௩௜௧௬ ൌ ௦ܸ௣௥௜௡௚             ݕ݃݉ ൌ

1
2  ଶߜ݇

Power: ܲ ൌ തܨ ·  ҧݒ ߝ ൌ ݕ݂݂ܿ݊݁݅ܿ݅݁ ൌ
ݎ݁ݓ݋݌ ݐݑ݌ݐݑ݋
ݎ݁ݓ݋݌ ݐݑ݌݊݅  

Impulse – 
Momentum: 

෍ න തܨ ݐ݀ ൌ ҧீݒ݉ ∆ 
ൌ ሺ݉ݒҧீሻଶ െ ሺ݉ݒҧீሻଵ 

෍ න ഥ஺ܯ ݐ݀ ൌ തതത஺ܪ ∆ ൌ ሺܪഥ஺ሻଶ െ ሺܪഥ஺ሻଵ 

݁ ൌ ݊݋݅ݐݑݐ݅ݐݏ݁ݎ ݂݋ ݂݁݋ܿ

ൌ
ሺݒ஻ሻଶ െ ሺݒ஺ሻଵ

ሺݒ஺ሻଵ െ ሺݒ஻ሻଶ
 

ഥீܪ ൌ ܫீ ഥ߱ ഥ஺ܪ      ൌ ഥீܪ ൅ ҧீݎ ஺⁄ ൈ ҧீݒ݉  
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Relative 
Motion 
Equations for a 
Rigid Body: 

ܣതݒ ൌ ܤതݒ ൅ ൫ݒതܣ ⁄ܤ ൯
݈݁ݎ

ൌ ܤതݒ ൅ ഥ߱ܤܣ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

 

തܽܣ ൌ തܽܤ ൅ ൫തܽܣ ⁄ܤ ൯
݈݁ݎ

ൌ തܽܤ ൅ ܤܣതߙ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

൅ ഥ߱ܤܣ ൈ ሺഥ߱ܤܣ ൈ ൫ݎҧܣ ⁄ܤ ൯
݈݁ݎ

ሻ 

തܽܣ ൌ തܴሷ ൅
ܣതߩ2߲

2ݐ߲ ൅ 2ഥ߱ ൈ
ܣߩ߲

ݐ߲
൅ ഥ߱ሶ ൈ ܣതߩ ൅ ഥ߱ ൈ ሺഥ߱ ൈ  ሻܣതߩ

ܶ ൌ
1

2
݉ሺݒതܩ · ሻܩതݒ ൅

1

2
ഥ߱ ·  ܩഥܪ

ݔݔܫ ൌ ሺݔܫԢݔԢሻܩ ൅ ݉൫ܩݕ
2 ൅ ܩݖ

2൯  ݕݔܫ ൌ ൫ݔܫԢݕԢ൯
ܩ

൅  ܩݕܩݔ݉

ݕݕܫ ൌ ൫ݕܫԢݕԢ൯
ܩ

൅ ݉ሺܩݔ
2 ൅ ܩݖ

2ሻ  ݖݕܫ ൌ ൫ݕܫԢݖԢ൯
ܩ

൅  ܩݖܩݕ݉

ݖݖܫ ൌ ሺݖܫԢݖԢሻܩ ൅ ݉൫ܩݔ
2 ൅ ܩݕ

2൯  ݔݖܫ ൌ ሺݖܫԢݔԢሻܩ ൅  ܩݔܩݖ݉

ܣഥܪ ൌ ܩഥܪ ൅ ܩҧݎ ⁄ܣ ൈ  ܩതݒ݉

ܣഥܪ ൌ ൫ݔ߱ݔݔܫ െ ݕ߱ݕݔܫ െ ൯݅̂ݖ߱ݖݔܫ ൅ ൫ݕ߱ݕݕܫ െ ݔ߱ݕݔܫ െ ൯݆̂ݖ߱ݖݕܫ
൅ ൫ݖ߱ݖݖܫ െ ݔ߱ݖݔܫ െ  ൯ො݇ݕ߱ݖݕܫ

Lagrange’s 
Equations: 

݀

ݐ݀
ቆ

߲ܶ

ሶݍ߲ ݆
ቇ െ

߲ܶ

݆ݍ߲

൅
ܦ߲

ሶݍ߲ ݆
൅

߲ܸ

݆ݍ߲

ൌ ܷߜ ݆ܳ ൌ ෍  ݆ݍߜ݆ܳ

Lagrange 
Multipliers: 

݀

ݐ݀
ቆ

߲ܶ

ሶݍ߲ ݆
ቇ െ

߲ܶ

݆ݍ߲

൅
߲ܸ

݆ݍ߲

ൌ ෍ ݆݅ܽ݅ߣ ൅ ܳ
݆
  

෍ ሶݍ݆݇ܽ ݇ ൅ ܾ݆ ൌ 0  

Hamilton’s 
Canonical 
Equations: 

ܪ ൌ ෍ ሶݍ݅݌ ݅ െ ݊݌ ܮ ൌ
߲ܶ

ሶ݊ݍ߲
ൌ

ܮ߲

ݍ߲ ሶ݊  

ሶݍ ݅ ൌ
ܪ߲

݅݌߲

ሶ݌  ݅ ൌ െ
ܪ߲

݅ݍ߲

൅ ܳ݅ 
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1. A 10 kg uniform disk is placed in contact with an inclined surface and a constant 11 N⋅m 
couple M is applied as shown.  The weight of the link AB is negligible.  Knowing that the 
coefficient of kinetic friction at D is 0.4, determine (a) the angular acceleration of the disk 
and (b) the force in link AB. 

 
 

 
 

2. The 12 lb lever OA with 10 in. radius of gyration about O is initially at rest in the vertical 
position (θ = 90°), where the attached spring of stiffness k = 3 lb/in is unstretched.  Calculate 
the constant moment M applied to the lever through its shaft at O which will give the lever 
an angular velocity ω = 4 rad/sec as the lever reaches the horizontal position θ = 0. 

 
 

 
 
 



Name ___________________________ Spring 2007 
 
Qualifying Exam: Dynamics   
  

CLOSED BOOK 
 

3. If the piston rod of the hydraulic cylinder C has a constant upward velocity of 0.5 m/s, 
calculate the acceleration of point D for the position where θ = 45°. 
 

 
 

4. The rectangular plate shown rotates at the rate ω2 = 12 rad/s and is decreasing at the rate of 
60 rad/s2, while the angular velocity ω1 of the arm about the Z axis is 9 rad/s and is 
decreasing at the rate 45 rad/s2.  For the position shown, determine (a) the velocity of corner 
C and (b) the acceleration of corner C. 
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Path 
Variables:  ҧݒ ൌ ௧̂݁ݒ   തܽ ൌ ሷݏ ݁̂௧ ൅

ሶଶݏ

ߩ ݁̂௡ 

Rectangular 
Coordinates 
Constant 
Acceleration: 

ݒ ൌ ଴ݒ ൅     ݐܽ ݏ

ൌ ଴ݏ ൅ ݐ଴ݒ ൅
1
ݐ2ܽ

ଶ 
ଶݒ െ ଴ଶݒ ൌ 2ሺݏ െ  ଴ሻݏ

Cylindrical 
Coordinates: 

ҧݎ ൌ ௥̂݁ݎ ൅  ௭̂݁ݖ ҧݒ ൌ ሶݎ ݁̂௥ ൅ ఏ̂݁ݎ ൅  ሶ݁̂௭ݖ

തܽ ൌ ൫ݎሷ െ ሶߠ ݎ ଶ൯݁̂௥ ൅ ൫2ݎሶ ሶߠ ൅ ݎ ሷ൯݁̂ఏߠ ൅  ሷ݁̂௭ݖ
2‐D 
Equations of 
Motion: 

෍ܨത ൌ ݉തܽீ    ෍ܯഥீ
ൌ ܫீ  തߙ

෍ሺݎҧ௜ ൈ ത௜ሻܨ ൅෍ܯഥ௜
ൌ ҧீݎ ൈ ݉ തܽீ ൅ ܫீ  തߙ

3‐D 
Equations of 
Motion: 

෍ܨത ൌ ݉തܽீ    ෍ܯഥ஺
ൌ ഥሶ஺ܪ

ഥሶ஺ܪ ൌ ቀܪഥሶ஺ቁ
௫௬௭

൅ ഥ߱ ൈ  ഥ஺ܪ

ቀܪഥሶ஺ቁ
௫௬௭

ൌ ൫ܫ௫௫ߙ௫ െ ௬ߙ௫௬ܫ െ ௭൯ଓ̂ߙ௫௭ܫ ൅ ൫ܫ௬௬ߙ௬ െ ௫ߙ௫௬ܫ െ ௭൯ଔ̂ߙ௬௭ܫ

൅ ൫ܫ௭௭ߙ௭ െ ௫ߙ௫௭ܫ െ ௬൯ߙ௬௭ܫ ෠݇  

                      ഥ࣓ ൌ ષഥ       ഥ࣓ ് ષഥ  

෍ܯ௫ ൌ ௫ܫ ሶ߱ ௫ െ ൫ܫ௬ െ ௭൯߱௬߱௭ܫ  
෍ܯ௫ ൌ ௫ܫ ሶ߱ ௫ െ ௬Ω௭߱௬ܫ

൅  ௭Ω௬߱௭ܫ

෍ܯ௬ ൌ ௬ܫ ሶ߱ ௬ െ ሺܫ௭ െ ௫ሻ߱௭߱௫ܫ  
෍ܯ௬ ൌ ௬ܫ ሶ߱ ௬ െ ௭Ω௫߱௭ܫ

൅ ௫Ω௭߱௫ܫ  

෍ܯ௭ ൌ ௭ܫ ሶ߱ ௭ െ ൫ܫ௫ െ ௬൯߱௫߱௬ܫ  
෍ܯ௭ ൌ ௭ܫ ሶ߱ ௭ െ ௫Ω௬߱௫ܫ

൅ ௬Ω௫߱௬ܫ  

Work – 
Energy: 

∆ܶ ൅ ∆ܸ ൌ ሺ ଶܶ െ ଵܶሻ ൅ ሺ ଶܸ െ ଵܸሻ
ൌ ଵܷ՜ଶ

ሺ௡௖ሻ
 

ଵܷ՜ଶ ൌ෍න ሺܨത · ҧሻݎ݀
௥మ

௥భ

ൌ෍න ሺܯഥ
ఏమ

ఏభ
·  ҧሻߠ݀

ܶ ൌ
1
2  ݉ሺݒҧீ · ҧீሻݒ ൅

1
2 ܫீ ߱ଶ 

௚ܸ௥௔௩௜௧௬ ൌ              ݕ݃݉ ௦ܸ௣௥௜௡௚

ൌ
1
2 ߜ݇

ଶ 

Power:  ܲ ൌ തܨ · ҧݒ  
ߝ ൌ ݕ݂݂ܿ݊݁݅ܿ݅݁

ൌ
ݎ݁ݓ݋݌ ݐݑ݌ݐݑ݋
ݎ݁ݓ݋݌ ݐݑ݌݊݅  
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Impulse – 
Momentum: 

෍නܨത ݐ݀ ൌ  ∆ ҧீݒ݉
ൌ ሺ݉ݒҧீሻଶ
െ ሺ݉ݒҧீሻଵ 

෍නܯഥ஺ ݐ݀ ൌ തതത஺ܪ ∆
ൌ ሺܪഥ஺ሻଶ െ ሺܪഥ஺ሻଵ 

݁ ൌ ݂݋ ݂݁݋ܿ ݊݋݅ݐݑݐ݅ݐݏ݁ݎ

ൌ
ሺݒ஻ሻଶ െ ሺݒ஺ሻଵ
ሺݒ஺ሻଵ െ ሺݒ஻ሻଶ

 

ഥீܪ ൌ ܫீ ഥ߱            ܪഥ஺
ൌ ഥீܪ ൅ ҧீݎ ஺⁄
ൈ ҧீݒ݉  

Relative 
Motion 
Equations 
for a Rigid 
Body: 

ҧ஺ݒ ൌ ҧ஻ݒ ൅ ൫ݒҧ஺ ஻⁄ ൯
௥௘௟

ൌ ҧ஻ݒ ൅ ഥ߱஺஻ ൈ ൫ݎҧ஺ ஻⁄ ൯
௥௘௟

 

തܽ஺ ൌ തܽ஻ ൅ ൫ തܽ஺ ஻⁄ ൯
௥௘௟

ൌ തܽ஻ ൅ ത஺஻ߙ ൈ ൫ݎҧ஺ ஻⁄ ൯
௥௘௟

൅ ഥ߱஺஻ ൈ ሺ ഥ߱஺஻ ൈ ൫ݎҧ஺ ஻⁄ ൯
௥௘௟
ሻ 

തܽ஺ ൌ തܴሷ ൅
߲ଶߩҧ஺
ଶݐ߲ ൅ 2 ഥ߱ ൈ

஺ߩ߲
ݐ߲ ൅ ഥ߱ሶ ൈ ҧ஺ߩ ൅ ഥ߱ ൈ ሺ ഥ߱ ൈ  ҧ஺ሻߩ

ܶ ൌ
1
2݉

ሺݒҧீ · ҧீሻݒ ൅
1
2 ഥ߱ · ܪ

ഥீ  

௫௫ܫ ൌ ሺܫ௫ᇲ௫ᇲሻீ ൅ ݉ሺீݕଶ ൅  ଶሻீݖ ௫௬ܫ ൌ ൫ܫ௫ᇲ௬ᇲ൯ீ ൅ ீݕீݔ݉  

௬௬ܫ ൌ ൫ܫ௬ᇲ௬ᇲ൯ீ ൅ ݉ሺீݔଶ ൅  ଶሻீݖ ௬௭ܫ ൌ ൫ܫ௬ᇲ௭ᇲ൯ீ ൅ ீݖீݕ݉  

௭௭ܫ ൌ ሺܫ௭ᇲ௭ᇲሻீ ൅ ݉ሺீݔଶ ൅  ଶሻீݕ ௭௫ܫ ൌ ሺܫ௭ᇲ௫ᇲሻீ ൅ ீݔீݖ݉  

ഥ஺ܪ ൌ ഥீܪ ൅ ҧீݎ ஺⁄ ൈ ҧீݒ݉  

ഥ஺ܪ ൌ ൫ܫ௫௫߱௫ െ ௫௬߱௬ܫ െ ௫௭߱௭൯ଓ̂ܫ ൅ ൫ܫ௬௬߱௬ െ ௫௬߱௫ܫ െ ௬௭߱௭൯ଔ̂ܫ
൅ ൫ܫ௭௭߱௭ െ ௫௭߱௫ܫ െ ௬௭߱௬൯ܫ ෠݇  

Lagrange’s 
Equations: 

݀
ݐ݀ ቆ

߲ܶ
ሶ௝ݍ߲
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1. The system shown is released from rest.  What distance does the body C drop in 2 seconds?  
The cables are inextensible.  The coefficient of dynamic friction ߤௗ is 0.4 for contact surfaces 
of bodies A and B. 
 

 
 
2. At the instant shown slider A has a speed of 3 m/s.  Member AB is 2.5 meters long.  

Determine the angular velocity of member AB. 
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3. A moment of 100 N‐m is applied to a wheel D having a mass of 50 kg, a diameter of 600mm, 
and a radius of gyration of 280 mm.  The wheel D is attached by a light member AB to a 
slider C having a mass of 30 kg.   
 

a. If the system is at rest at the instant shown, what is the acceleration of slider C? 
 

b. What is the axial force in member AB? 
 

Neglect friction everywhere, and neglect the inertia of the member AB. 
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4. A vertical shaft rotates with angular speed ߱ of 5 rad/s in bearings A and D.  A uniform plate 
B weighing 50 lb is attached to the shaft as shown in the diagram below.  What are the 
bearing reactions at the configuration shown?  The shaft weighs 20 lb and the thickness of 
the plate is 2 in. 
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Work 3 of the 4 problems.  Be very clear which 3 you want graded (see below).  It is not 
acceptable to work all 4 problems and hope that the graders pick out the best worked 
three.  
 
 
I want problems #____, #____, and #____ graded. 
 
 

Be sure to put your name on all papers handed in, including this cover sheet. 
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Subject:  Dynamics 

 
Problem 1: 
The crankshaft AB is rotating at 500 rad/s about a fixed axis passing through A.  Determine the speed 
of the piston P at the instant it is in the position shown. 

 
 

 
 
 
Problem 2: 
The mass of collar A is 2 kg and the spring constant is 60 N/m.  The collar has no velocity at A and the 
spring is un-deformed at A.  Determine the maximum distance y the collar drops before it stops at 
Point C. 
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Problem 3: 
The rod assembly is supported by a ball-and-socket joint at C and a journal bearing at D, which 
develops only x and y force reactions.  The rods (CD and AB) have a mass of 0.75 kg/m each.  
Determine the angular acceleration of the rods and the components of the reaction at the supports at the 
instant ω = 8 rad/s as shown. 

 
 
Problem 4: 
The particle P slides around the circular hoop with a constant angular velocity of θ&  = 6 rad/sec, while 
the hoop rotates about the x axis at a constant rate of ω = 4 rad/s.  If at the instant shown the hoop is in 
the x-y plane and the angle θ = 45°, determine the velocity and acceleration of the particle at this 
instant. 
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1. At a given instant, the slider B is traveling to the right with the velocity and acceleration 
shown.  

 
a) Indicate where the instantaneous center of zero velocity of link AB is located.  
b) Determine the angular acceleration of the wheel at this instant. 

 
 

 
 

2. The suspended 8 kg slender bar is subjected to a horizontal impulsive force at B.  The 
average value of the force is 1000 N, and its duration is 0.03 s.  If the force causes the bar to 
swing to the horizontal position before coming to a stop, what is the distance h? 
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3. A pulley weighing 12 lb and having a radius of gyration of 8 in. is connected to two blocks 
as shown.  Assuming no axial friction, determine the angular acceleration of the pulley and 
the acceleration of each block.   
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4. The pendulum shown below consists of two rods; AB is pin supported at A and swings only 
in the Y-Z plane, whereas a bearing at B allows the attached rod BD to spin about rod AB.  
At a given instant, the rods have the constant angular velocities ω1 = 4 rad/s and ω2 = 5 
rad/s.  Also, a collar C, located 0.2 m from B, has a constant velocity of 3 m/s with respect 
to the rod.  Determine (a) the velocity of the collar and (b) the acceleration of the collar at the 
instant shown. 
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Qualifying Examination 

Subject:  Dynamics 
 

This portion of the qualifying exam is closed book.  You may have a calculator. 
 
Work 3 of the 4 problems.  Be very clear which 3 you want graded (see below).  It is not 
acceptable to work all 4 problems and hope that the graders pick out the best worked three.  
 
I want problems #____, #____, and #____ graded. 
 
Be sure to put your name on all papers handed in, including this cover sheet. 
--------------------------------------------------------------------------------------------------------------------  
Problem 1: 
A ball with mass Am  is thrown at a speed of v  toward a suspended block of mass Bm . Assume 
the block is at rest before it is hit by the ball; the coefficient of restitution between the ball and 
the block is e ; and the gravitational acceleration is g. Determine: 

(a) the maximum height h to which the block will swing after the impact, and 
(b) the minimum e such that the ball will continue to move forward after the impact? 

 
------------------------------------------------------------------------------------------------------------------------------------------  
Problem 2: 
The spool has a mass of 60 kg and a radius of gyration of 3.0=GK  m. Assume the kinetic 
friction coefficient between the spool and the inclined surface is 2.0=µ . If the spool is released 
from rest, determine the angular velocity ω  of the spool when its center G moved 1=Gs  meter 
from its original position. 

 
 

         v 
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Problem 3: 
The disk of mass m and radius r spins about the rigid and massless shaft BC with an angular 
velocity of 2ω and 2ω is constant.  The support structure ABC rotates about the Z-axis at constant 

1ω .  The support structure ABC is also massless and rigid.  The length of the shaft BC is lCB .  
The coordinate system XYZ is fixed in space and the coordinate system xyz is ‘welded’ to the 
disk with its origins at the mass center G.  At the instant shown the z and the Z axes are parallel, 
also the y and the Y axes are parallel.  Determine the angular momentum GH and the kinetic 
energy of the disk.  The distance between points G and B is lGB. 
 

 
--------------------------------------------------------------------------------------------------------------------  
Problem 4: 
The disk has a mass of m and a radius of r.  It is supported by a pin at point A. If the disk were 
released from rest while it was at the position shown in the diagram, determine  

(a) the angular acceleration of the disk and  
(b) the reaction at point A at the instant shown.  

The magnitude of the acceleration due to gravity is g and the mass moment of inertia of the disk 
about its center of mass is IZG = ½ mr2 . 
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
Work 3 of the 4 problems.  Be very clear which 3 you want graded (see below).  It is not 
acceptable to work all 4 problems and hope that the graders pick out the best worked three.  
 
I want problems #____, #____, and #____ graded. 
 
Be sure to put your name on all papers handed in, including this cover sheet. 
--------------------------------------------------------------------------------------------------------------------  
Problem 1: 
A uniform beam 10 feet long is held by two symmetrically spaced vertical cables.  One of the 
cables breaks.  Immediately after the break the tension in the intact cable is the same as it was 
before the break.  How far from the end of the beam is the intact cable attached? 

 
--------------------------------------------------------------------------------------------------------------------  
Problem 2: 
A gyroscope consists of a thin disk weighing 30 lb and of 2-in. radius rotating at a constant rate 
of ω2 = 40 rad/sec about axis 0A.  Simultaneously, axis 0A is precessing (i.e., rotating) about a 
fixed vertical Y axis at the constant rate of ω1 = 2 rad/sec.  Assuming the angle φ is constant, find 

a) the angular velocity of the disk, 
b) the angular acceleration of the disk, 
c) the angular momentum of the gyroscope about the fixed point 0, and  
d) the dynamic reaction at 0. 
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Problem 3: 
Disk A rolls without slipping over the surface of a fixed cylinder B.  Both A and B have the same 
radius of 0.15 meters. If the center of A has a speed 5=cv  m/s, 
 

a) determine the angular velocities of disk A and link CD; and 
b) how many revolutions will A have made about its center when link CD just completes 

one revolution? [Hint: rotation of A about its own center C is equivalent to the relative 
rotation of A with respect to link CD in this case] 

  
--------------------------------------------------------------------------------------------------------------------  
Problem 4: 
The 0.5-kg ball of negligible size is fired up the vertical circular track using the spring plunger.  
The plunger keeps the spring compressed 0.08m when 0=s .  How far s must the plunger be 
pulled back and released so that the ball will just make it around and land on the platform at B? 

  
 



 
Qualifying Exam Spring 2003 

Dynamics 
 
This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Pick any 3 to work.   
 
Problem 1: 
The tube is rotating about the Z-axis with a constant angular velocity of ω1, while at the same 
instant the tube is rotating upward about the x-axis at a constant rate ω2.  If the ball B is blown 
through the tube at a constant rate of r& , determine the velocity and acceleration of the ball B at 
the instant shown.  Neglect the size of the ball.  Coordinate system xyz is welded to the tube and 
coordinate system XYZ is fixed in space.  At the instant shown, axes y, z, Y, and Z are on the 
same plane.  You must use only the coordinate systems given. 

 

 
 
Problem 2: 
The uniform slender rod AB has a mass m and length l.  When it is at the position shown its 
angular speed is ωAB.  At the instant shown, determine (a) the acceleration of the mass center G 
and (b) the x and y components of the force pin A exerts on the rod.  Neglect the friction at the 
pin joint. 

 

 



Problem 3: 
The disc shown is undergoing regular precession as shown at the rate of ψ&  = 0.3 rad/s. 
Determine the spin velocity ϕ&  required to sustain this motion.  The disc weighs 90 N, and the 
mass of the rod is negligible. 

 

 
 
 
Problem 4: 
At the instant shown, the disk rotates with a constant angular velocity ωo clockwise.  Determine 
the angular velocities and the angular accelerations of the rods AB and BC. 
 

 



Qualifying Exam Fall 2002 
Dynamics 

 
This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Pick any 3 to work.   
 
Problem 1: 
A racing car of mass m travels around a circular track of radius ρ with a speed v.  Draw a free 
body diagram of the car.  Determine the banking angle θ for the race track such that the racing 
car has no tendency to slide up or down the track.  Assume that the racing car is a particle. 
 
 

 
 
 
Problem 2: 
A 2-lb football is in free flight, traveling horizontally at 60 ft/s as it spins about its x axis at 5 
rad/s.  A would be receiver deflects the ball, applying a 10-lb force as shown for an interval of 
0.10s.  Determine the linear and angular velocity of the football after it is deflected.  The radii of 
gyration are kx = 2in, ky = kz = 3in. 
 

 



Problem 3: 
Determine the minimum value of the coefficient of friction required between the cylinder and the 
incline plane for the cylinder to roll without slipping. 

IG = (1/2)mr2 
 

 
 
 
Problem 4: 
The slender rod has a mass of m kg and a length of ℓ m.  It is subjected to a torque of magnitude 
b N·m as shown and is rotating in the vertical plane.  At the instant shown it has an angular speed 
of ω rad/s and the direction of rotation is as shown in the diagram.  Draw a free body diagram of 
the rod.  Also determine the angular acceleration of the rod and the reaction exerted by the pin O 
on the rod. 
IG = (1/12)mℓ2 
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Qualifying Exam Spring 1999 
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Pick any 3 to work.   
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Pick any 3 to work.   
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Pick any 3 to work.   
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 3 problems here.  Complete all problems   
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Dynamics 

 
This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Complete problems 1 and 2 and either 3 or 4.   
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This portion of the qualifying exam is closed book.  You may have a calculator. 
 
There are 4 problems here.  Pick any 3 to work.   
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