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Instructions: 

 Please write your name and student ID on each page of the exam booklet. 

 Please write all answers on the space provided in each question. 

 Please show all significant steps clearly in all problems. 

 Please draw a box around your final answers in each part of the questions.  

 The duration of this exam is 2 hours. 

 55 is the full mark for this examination.  

 Attempt all 4 questions.   

 Only non-programmable calculators may be used during this test.  

 A formula sheet is attached to the end of the exam booklet.
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Problem 1: (10 Marks), Dynamics, Hibbeler, 14th ed., Problem 12-138 

The motorcycle is traveling along a circular path at 40	 ௠
௦

 when it is at point ܣ.  If the speed is then 

decreased at ܽ௧ ൌ െሺ0.05	ݏሻ	௠
௦మ
	 , where “ݏ” is in meters measured from point ܣ, determine its 

magnitude of the velocity and magnitude of the acceleration when the motorcycle reaches point ܤ. 
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Problem 2: (10 Marks), Dynamics, Meriam, 8th ed., Problem 2-234 modified 

Two airplanes are performing at an air show.  Plane ܣ travels along the path shown and has a velocity 

of 125	 ௠
௦

 which is increasing at a rate of 8	 ௠
௦మ

 .  Meanwhile, plane ܤ travels along the circular loop 

shown at a constant speed of 150	 ௠
௦

 .  Determine the magnitude of relative velocity and magnitude of 

relative acceleration of plane ܤ with respect to plane ܣ at the instant shown. 
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Problem 3: (15 Marks), Dynamics, Hibbeler, 14th ed., Problem F12-45 modified 

Car ܤ is traveling due east at 100	 ௞௠
௛

 and is being tracked by a radar in police car ܣ.  Police car ܣ is 

traveling with a constant velocity of 80	 ௞௠
௛

 due north.  Since car ܤ is traveling above the speed limit, 

the driver pushes his brake pedal and decelerates at the rate of 1000	 ௞௠
௛మ

 to avoid getting a speed ticket.  

The radar in the police car tracks car ܤ in the polar coordinate system.  Determine the values of ݎሶ ሶߠ , ሷݎ ,  

and ߠሷ  of car ܤ as measured by the radar in the police car ܣ at this instant. 
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Problem 4: (20 Marks), Dynamics, Beer, 11th ed., Problem 11-186 modified 

Determine the acceleration of block ܤ, acceleration of block ܣ, and the tension in the cable if the 

system is released from rest.  The coefficient of static and kinetic friction between block ܣ and the 

wedge surface are ߤ௦ ൌ 0.2 and ߤ௞ ൌ 0.15, respectively.  Neglect masses of the pulleys and associated 

friction in the pulleys.  Consider ݉஺ ൌ 15	݇݃ and ݉஻ ൌ 8	݇݃. 

FBDs and kinetic diagrams for blocks A and B is mandatory.  
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Position, Velocity and Acceleration 

ݒ ൌ ሶݔ ൌ
ݔ݀
ݐ݀

 

ܽ ൌ ሶݒ ൌ ሷݔ ൌ
ݒ݀
ݐ݀

ൌ
݀ଶݔ
ଶݐ݀

ൌ ݒ
ݒ݀
ݔ݀

 

Constant acceleration: 

ݒ ൌ ଴ݒ ൅ 	ݐܽ
ݔ ൌ ଴ݔ ൅ ݐ଴ݒ ൅

1
2
ଶݐܽ

ଶݒ െ ଴ݒ
ଶ ൌ 2ܽሺݔ െ ଴ሻݔ

Curvilinear Motion of Particles 

Rectangular coordinates 

Ԧݎ ൌ ଓ̂ݔ ൅ ଔ̂ݕ ൅ ݖ ෠݇ 

Ԧݒ ൌ
Ԧݎ݀
ݐ݀

ൌ ௫ଓ̂ݒ ൅ ௬ଔ̂ݒ ൅ ௭ݒ ෠݇ ൌ ሶݔ ଓ̂ ൅ ሶݕ ଔ̂ ൅ ሶݖ ෠݇ 

Ԧܽ ൌ
Ԧݒ݀
ݐ݀

ൌ ܽ௫ଓ̂ ൅ ܽ௬ଔ̂ ൅ ܽ௭ ෠݇ ൌ ሷݔ ଓ̂ ൅ ሷݕ ଔ̂ ൅ ሷݖ ෠݇ 

Normal-tangential coordinates (planar) 

Ԧݒ ൌ  ௧̂݁ݒ

Ԧܽ ൌ ܽ௧݁̂௧ ൅ ܽ௡݁̂௡ ൌ ሶݒ ݁̂௧ ൅
ଶݒ

ߩ
݁̂௡ 

Polar coordinates 

Ԧݎ ൌ  ሻ݁̂௥ݐሺݎ

Ԧݒ ൌ
Ԧݎ݀
ݐ݀

ൌ ௥݁̂௥ݒ ൅ ఏ݁̂ఏݒ ൌ ሶ݁̂௥ݎ ൅ ሶߠݎ ݁̂ఏ 

Ԧܽ ൌ
Ԧݒ݀
ݐ݀

ൌ ܽ௥݁̂௥ ൅ ܽఏ݁̂ఏ ൌ ሺݎሷ െ ሶߠݎ ଶሻ݁̂௥ ൅ ሺߠݎሷ ൅ ሶߠሶݎ2 ሻ݁̂ఏ 

Relative Motion of Particles 

Ԧ஻ݎ ൌ Ԧ஺ݎ ൅ Ԧ஻ݒ Ԧ஻/஺ݎ ൌ Ԧ஺ݒ ൅ Ԧ஻/஺ Ԧܽ஻ݒ ൌ Ԧܽ஺ ൅ Ԧܽ஻/஺ 

Kinetic Equations of Particles 

Ԧܨ∑ ൌ ݉ Ԧܽ;	

Principle of Work and Energy  

∑ ଵܶ ൅ ∑ ଵܷିଶ ൌ ∑ ଶܶ;	 ܶ ൌ
1
2
ଶݒ݉

ଵܷିଶ ൌ න .Ԧܨ Ԧݎ݀
௥మ

௥భ

	
ሺ ଵܷିଶሻ௪௘௜௚௛௧ ൌ േܹ.  ݕ∆

ሺ ଵܷିଶሻௌ௣௥௜௡௚ ൌ
݇
2
ሺ∆ݔଵ

ଶ െ ଶݔ∆
ଶሻ 

∑ ଵܶ ൅ ∑ ଵܸ ൌ ∑ ଶܶ ൅ ∑ ଶܸ; 

௪ܸ௘௜௚௛௧ ൌ േܹ.  ݕ
௦ܸ௣௥௜௡௚ ൌ ൅

݇
2
ሺ∆ݔଶሻ 

Linear Impulse and Momentum 

ሬԦܮ ൌ ܫ Ԧݒ݉ ൌ න Ԧܨ
௧మ

௧భ

Ԧܨ∑ ݐ݀ ൌ ሶሬԦܮ Ԧଵݒ݉∑ ൅ ׬∑ Ԧܨ
௧మ
௧భ

ݐ݀ ൌ Ԧଶݒ݉∑



Formula Sheet 

ENGG 349 – Dynamics 
Instructor: Dr. Ahmad Ghasemloonia  Page 2 of 2 

Impact 

Direct central impact 
 

݁ ൌ
ሺݒ஻

ᇱ ሻ െ ሺݒ஺
ᇱ ሻ

ሺݒ஺ሻ െ ሺݒ஻ሻ
 

 

Oblique impact 
 

݁ ൌ
ሺݒ஻

ᇱ ሻ௡ െ ሺݒ஺
ᇱ ሻ௡

ሺݒ஺ሻ௡ െ ሺݒ஻ሻ௡
 

 

Planar Kinematics of Rigid Bodies 

Angular motion 

߱ ൌ ௗఏ

ௗ௧
ߙ 				 ൌ

݀ଶߠ
ଶݐ݀

ൌ
݀߱
ݐ݀

 
ߠ݀ߙ ൌ ߱݀߱ 

Angular motion with constant acceleration 

߱ ൌ ߱଴ ൅  ݐߙ
ߠ ൌ ଴ߠ ൅ ߱଴ݐ ൅

1
2
 ଶݐߙ

߱ଶ െ ߱଴
ଶ ൌ ߠሺߙ2 െ  ଴ሻߠ

Relative motion analysis  

Ԧ஻ݒ ൌ Ԧ஺ݒ ൅ Ԧ஻/஺ݒ ൌ Ԧ஺ݒ ൅ ሺ ሬ߱ሬԦ ൈ  Ԧ஻/஺ሻݎ

Ԧܽ஻ ൌ Ԧܽ஺ ൅ Ԧܽ஻/஺ ൌ Ԧܽ஺ ൅ ሺ Ԧܽ஻/஺ሻ௧ ൅ ሺ Ԧܽ஻/஺ሻ௡ ൌ Ԧܽ஺ ൅ ൫ߙԦ ൈ Ԧ஻/஺൯ݎ െ ߱ଶ൫ݎԦ஻/஺൯	 

Planar Kinetics of Rigid Bodies 

Newton’s second law for rigid body planar motion 

ܫ ൌ ܫீ ൅ ݉݀ଶ ீܫ ൌ ݉݇ீ
ଶ 

 

Ԧܨ∑ ൌ ݉ Ԧܽீ; ∑ீܯ ൌ ܫீ ௣ܯ∑ ;ߙ ൌ ∑ሺܯ௞ሻ௣; 

Work and energy in rigid body planar motion 

ܶ ൌ
1
2
ଶீݒ݉ ൅

1
2
ܫீ ߱ଶ 

ଵܷିଶ ൌ ׬ .Ԧܨ Ԧݎ݀
௥మ
௥భ

; 
ଵܷିଶ ൌ ׬ ߠ݀ܯ

ఏమ
ఏభ

;

 

Trigonometric Equations 

 
Dynamics, Hibbeler, Appendix C 

Law of Sines and Cosines 

 

 

ܿଶ ൌ ܽଶ ൅ ܾଶ െ 2ܾܽ cos  ߛ
ܽ

sin ߙ
ൌ

ܾ
sinߚ

ൌ
ܿ

sin ߛ
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