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¢ Instructor : Asst.Prof.Dr.Turgut AKYUREK
E-mail : turgutakyurek@cankaya.edu.tr
Office : L-A18
Phone : 2331303

Course Information

|
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D Credit of the Course and Grading

¢ ME 204 Engineering Mechanics: Dynamics
3 0 3 4

Total number of Total number of recitation/ Course ECTS
lecture hours per laboratory/practice hours credit European Credit
week = + /2 Transfer System

|
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D Credit of the Course and Grading

% Letter Grades and Their Weights
AA :4.00 4

BA :3.50
BB : 3.00
CB : 2.50
CC : 2.00

DC :1.50

DD : 1.00

FD :0.50 _

Unsatisfactory
FF :0.00

NA : 0.00 ¥ Not attended (treated as if you did not take the course)
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(Y Web Pages of the Course

¢ http://me204.cankaya.edu.tr/

Follow the annoucements regularly

Download lecture notes and study sets at the
beginning of the week

Solutions to studysets will be available after
homework submittal due date

4 You will need password to open the documents.
ME204_2013S
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) Course Information

¢ Lecture Hours:
Wednesday 13:40 - 15:30 @ M-A01
Friday 09:40 - 10:30 @ M-102
Office Hours:
To be announced later. Appointments are accepted.

& Web site:

http://me204.cankaya.edu.tr/
All the announcements will be posted on the course web
site. Follow it regularly.
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Course Objective

4 To teach the basic principles of particle and rigid
body kinematics and kinetics.

4 To give the abillity to form dynamics related
mathematical models of engineering mechanisms
and machines.

¢ To give the abllities of calculating;

the motion that results due to applied forces and
moments and

the forces and moments that are necessary to
result in prescribed motion characteristics.
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) Course Material

¢ Text Book: Engineering Mechanics-Dynamics,
Meriam & Craig.7™ Edition,SI Version, Wiley, ISBN
9781118083451.

4 Lecture notes will be provided via the web site of the course
(before the lecture hour).

4 Homework will be provided for each chapter at the end of
the chapter.
Quiz question will be selected from the homework.

If the homework is complete, grade of homework will be
assessed from the related quiz grade.

Solutions to the homework will be posted after the quiz.
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J.L. MERIAM | L.G. KRAIGE D y a. I
Il

Seventh Edition

J. L. Meriam ¢ L. G. Kraige
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) Reference Books

4 Vector Mechanics for Engineers: Statics & Dynamics,

Beer & Johnston, 9t Edition, McGraw Hill.,2009, ISBN:
978-0-07-352940-0.

# Engineering Mechanics, Dynamics, Hibbeler, R.C, 12t
edition, Prentice Hall,2010, ISBN -13:978-0-13-607791-6.

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Introduction to Dynamics 10/50



() Examinations

& There will be 2 mid-term exams, 1 final exam, 5
homeworks and 5 quizzes .

¢ Homework will be given after completion of a
chapter.

€ Quiz will be scheduled before start of a new
chapter.
They will be selected from the homework.

If the homework is complete, grade of homework
will be assessed from the related quiz question.

& Mid-term exam will cover Part 1 or Part 2.
% Final exam will cover all the topics.
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Overall final grade will be over 1050 points. Weight of
each grading item will be as below.

Exam Grade Over

MT-1 200
MT-2 250
Final 350
Homework 100 (5 x 20)
Quiz 100 (5 x 20)
Attendance (bonus) 50

Total 1050
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Q) Attendance

4 According to the university regulations, students
must attend at least 70 % of the lecture hours.

4 Otherwise, the student gets NA (Not attended) from
the course. Valid excuses are exempt from
computation of these percentages.

4 Apart from the university regulations, it Is of
student’s benefit to attend all of the lecture hours.

|
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&R Cnlirse Schediile

1 Introduction to Dynamics 1

2 Part | — Dynamics of Particles 1
Kinematics of Particles

3 Kinetics of Particles 4

1/1 History and Modern Applications

1/2 Basic Concepts

1/3 Newton’s Laws

1/4 Units

1/5 Gravitation

1/6 Dimensions

1/7 Solving Problems in Dynamics

2/1 Introduction

2/2 Rectilinear Motion

2/3 Plane Curvilinear Motion

2/4 Rectangular Coordinates

2/5 Normal and Tangential Coordinates

2/6 Polar Coordinates

2/7 Space Curvilinear Motion

2/8 Relative Motion (Translating Axes)

2/9 Constrained Motion of Connected Particles
2/10 Review (HW1)

3/1 Introduction (Q1)

SECTION A: FORCE, MASS, AND ACCELERATION
3/2 Newton’s Second Law

3/3 Equation of Motion and Solution of Problems
3/4 Rectilinear Motion

3/5 Curvilinear Motion

SECTION B: WORK AND ENERGY

3/6 Work and Kinetic Energy

3/7 Potential Energy

SECTION C: IMPULSE AND MOMENTUM
3/8 Introduction

3/9 Linear Impulse and Linear Momentum
3/10 Angular Impulse and Angular Momentum (HW2)
SECTION D: SPECIAL APPLICATIONS

3/11 Introduction (Q2,MT1)

3/12 Impact

3/15 Review Problems

g


Chapter 01.pptx

1) Course Schedule

4 Kinetics of Systems of 8 jg Igtroduclz.tioré e S L
Particles eneralized Newton’s Second Law

4/3 Work-Energy
4/4 Impulse-Momentum
4/5 Conservation of Energy and Momentum (HW3)

5 Part Il - Dynamics of Rigid Bodies 8 5/1 Introduction (Q3)
5/2 Rotation

Plaqe Kinematics of Rigid 9 5/3 Absolute Motion
Bodies 5/4 Relative Velocity
5/5 Instantaneous Center of Zero Velocity
10 5/6 Relative Acceleration
5/7 Motion Relative to Rotating Axes (HW4)
11 5/8 Review Problems (Q4, MT2)

APPENDIX B MASS MOMENTS OF INERTIA
B/1 Mass Moments of Inertia about an Axis
B/2 Products of Inertia
6 Plane Kinetics of Rigid 12 SECTION A: FORCE, MASS AND ACCELERATION
Bodies 6/1 Introduction
6/2 General Equations of Motion
6/3 Translation
6/4 Fixed-Axis Rotation
13 6/5 General Plane Motion
SECTION B: WORK AND ENERGY
Work-Energy Relations (HW5)
14 SECTION C: IMPULSE AND MOMENTUM
6/8 Impulse-Momentum Equations (Q5)
6/9 Review Problems

|
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What is Engineering Mechanics ?

4 Physical Science
$ Deals with the response of bodies to forces

= m=5kg x=35cm d=35cm h=10cm
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<) Branches

Engineering

Mechanics

AN - A \
: Mechanics
Mg?rr]iarilacs of Mechanics
bod?es deformable of fluids
bodies
| I |
\ )
Statics Dynamics
|
| |
AN \
Kinetics Kinematics
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0 Equilibrium of bodies,
Mechanics
— at rest, or

| |
4

— move with constant . e ]

| it I\/Iecf:h_ar_lacs of Mechanics
VelOoCIty RN deformable of fluids
] ] bodies
4 Relationship between __ —— L
internal and external | u | ]
Statics Dynamics
forces

) )
i u Kinetics ] u Kinematics ]
FI.I.

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Introduction to Dynamics 18/50




ONJ
P Ui
5 o
57 oA
\é:/

Rigid Body Mechanics

. )
DynamICS Engi?leering
- . . Mechanics
 Analysis of bodies in
motion : ) : )
: Mechanics of :
ool | | ceomavie || | Mechanics of

Statics

Kinetics Kinematics
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Unnumbered 1 p2 This astronaut is anchored to a foot restraint on the
Stocktrek Images, Inc. . . c
International Space Station’s Canadarm?2
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sh s e Artificial Hand
Unnumbered 1 p4

James King-Holmes/PhotoResearchers, Inc.

T.AkyUrek ME 204 Engineering Mechanics: Dynamics - Introduction to Dynamics 21/50



@ Rigid Body Mechanics

. . A |
Kinematics —
 Study of geometry of motion Mechanics
d Used to relate ' — —

) M '
— displacement Mg?kr]iari]acs eco?nlcs Mechanics
: bodiges deformable of fluids
- velocity bodies
— acceleration . \ ' \

without reference to the
cause of the motion
(Force not considered)

Statics
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(Y Rigid Body Mechanics

. . h |
Engineering
2 Study of relation between echanics
— the forces acting on the body [ \ ' )
- the mass of the body Mg??%ril(ijcs Mecré?nics Mechanics
~ the motion of the body bodies ko ot fluids
d Used — —

— to predict the motion Statics

caused by the forces or _

— to determine the forces . S ' ! .

Kinetics Kinematics
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(Y Mechanics of deformable bodies

1

Internal force
distributions

Deformations
d Known as

— Mechanics of materials
- Strength of materials

d Advance study
— Theory of elasticity
Theory of plasticity
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Fluid mechanics
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¢ Compressible A

Ideal fluid mwwm
Viscous fluid
€ Incompressible ' =

Hydraulics
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@ Historical Development

|
the weight of the displaced water

¢ Archimedes (2s7-212 8c) Ay ey

& Gallleoases-1642)

& Newtons4z-1727)

Collision Balls,

% Euler, D'lambert, Lagrange, etc.
& EInsteinasro-19s5)
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Y Basic Quantities of Mechanics

Independent of each other (Newton):

& Space: the geometric region where an event occurs.
& TIMe : the interval between successive events.

& MaSS : a quantitative measure of inertia.
Inertia is the resistance of a body to any change in velocity.

Dependent on each other (Elnsteln)'

s Gravitational Lens Effect
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(D Idealizations of Mechanics

¢ Particle:
has mass
but neglectible size and
no geometry

4 Rigid body:
collection of particles

particles remain at fixed distance
from each other before & after
applying a load.

¢ Concentrated force:

represents effect of loading which is
assumed to act at a point on a body
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A particle originally at rest, or moving in a
straight line with constant velocity, tends

to remain in this state provided the particle
IS not subjected to an unbalanced force.

Equilibrium

O or f;:‘s?O—) O

REST UNIFORM
MOTION IN A
STRAIGHT LINE
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A particle acted upon by unbalanced force
experience an acceleration a that has the
same direction as the force and a magnitude
that is directly proportional to the force.

The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.
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For every action there is an equal and opposite reaction.
The force of action and reaction between bodies are
equal in magnitude, opposite in direction, and collinear.

== | Push
[ | L
force of A on B

v e o e

|
l — > A fi = p
T <~&ove Move forceol Bon A
l | Action - reaction

wall's force

on person Rocket Engine Thrust

Exhaust Flow Pushed Backward

Engine Pushed Forward

- o For every action, there is equal and opposite reaction.
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(Y Newton’s Laws of Motion

& 1St [aw
}Statics

& 3 Jaw

}Dynamics

4 2nd |aw
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Newton’s Law of Gravitational Attraction

Launch
High launch A pointA
speed e {{é —

) Unbound
orbits

Circular orbit

\' Escape
speed

Copyright © 2005 Pearson Prentice Hall, Inc.

Newton's Orbital Cannon
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) Newton’s Law of Gravitational Attraction &

Law of Universal Gravitation

Every object in the Universe attracts
every other object with a force directed
along the line of centers for the two
objects that is proportional to the
product of their maszes and inversely
proportional to the square of the
separation between the two objects.

m1 m2 E I E

M+ M-

=

G=66.73x10"12 m3/(kg.s?)
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Newton's Law of
Gravitation

GmM

F= rE

r

M is the mass of the Earth
— mass 60 kg

g 1022 m/s? 9.81 m/s?

M 1s the mass of the object
I' 15 the radius of the Earth

] is the acceleration due to gravity at the
Earth's surface

INewton’s 3rd law|
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d) Acceleration of Gravity

9.840 - 32.28
Relative to nonrotating earth __—— 32.26
9.830 T
/ — 32.24
9.820 — —~ 382.22
// E
— 32.20
« 9810 / %
g / - 32.18 §
; )4 | 32.16 =
20 9.800 9
/ — 32.14
9.790 - '{\\ : : 32.12
// Relative to rotating earth |
L (International Gravity Formula) [ 32.10
9.780 ——
— 32.08
30 60 90
(Equator) Latitude, degrees (Poles)
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SI UNITS U.S. CUSTOMARY UNITS
DIMENSIONAL
QUANTITY SYMBOL UNIT SYMBOL UNIT SYMBOL
Mass M kilogram kg slug —
Length L Base < meter* m Base [ foot ft
Time 4 units | second s units < second sec
Force F newton N pound Ib

SI UNITS U.S. CUSTOMARY UNITS

(1N) = (1 kg)(1 m/s?) (11b) = (1 slug)(1 ft/sec?)
N = kg-m/s? slug = lb-sec?/ft

Unnumbered Table p7b TABLE 1-2 Conversion Factors
© John Wiley & Sons, Inc. All rights reserved.

Unit of Unit of
Quantity Measurement (FPS) Equals Measurement (Sl)
Force b 4448 N
Mass slug 14.59 kg
Length i 0.304 8 m
T.Akylrek ME 204 Engineering Mechanics: Dynamics - 37/2
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The US Standard kilogram at the

NationalBureau of Standards

Unnumbered 1 p7
Omikron/PhotoResearchers, Inc.
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) Prefixes

Exponential Form Prefix SI Symbol

Multiple

1 000 000 000 10* giga G

1 000 000 10° mega M

1 000 107 kilo k
Submuluple

0.001 107 milli m
0.000 001 10-¢ micro m
0.000 000 001 10 nano n

|
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(Y Numerical Calculations
4 Dimensional Homogenity

1
s=vt——-at
2
m m ,
m —s —S
S S

4 Significant Figures
3 significant figures 4430=4.43(10%) 23400=23.4(10%)
0.000582=0.582(10-3)= 582(10°)
4 Rounding Off Numbers
3.5587=3.56 0.5896 =~ 0.590 .
Do not round off until
75.25 % 75.2 0.1275 = 0.128

A

even odd
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Important Points

Important Points

e Statics i1s the study of bodies that are at rest or move with
constant velocity.

e A particle has a mass but a size that can be neglected.

» A rigid body does not deform under load.

e Concentrated forces are assumed to act at a point on a body.
* Newton's three laws of motion should be memorized.

® Mass is measure of a quantity of matter that does not change
from one location to another.

e Weight refers to the gravitational attraction of the earth on a
body or quantity of mass. Its magnitude depends upon the
elevation at which the mass is located.

* In the SI system the unit of force, the newton, is a derived unit.
The meter, second, and kilogram are base units.

e Prefixes G, M.k, m, u, and n are used to represent large and small
numerical quantities. Their exponential size should be known,
along with the rules for using the SI units.

» Perform numerical calculations with several significant figures,
and then report the final answer to three significant figures.

* Algebraic manipulations of an equation can be checked in part by
verifyving that the equation remains dimensionally homogeneous.

¢ Know the rules for rounding off numbers.

|
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) Sample Problem 1/1

(c) Finally, suppose the module is fixed inside the cargo bay of a space shuttle.
The shuttle is in a circular orbit at an altitude of 200 miles above the surface
of the earth. Determine the weight of the module in both pounds and
newtons under these conditions.

For the surface-level value of the acceleration of gravity relative to a rotat-
ing earth, use g = 32.1740 ft/sec? (9.80665 m/s?). For the absolute value relative
to a nonrotating earth, use g = 32.234 ft/sec” (9.825 m/s?). Round off all answers
using the rules of this textbook.

A space-shuttle payload module weighs 100 1b when
resting on the surface of the earth at a latitude of 45° north.

(a) Determine the mass of the module in both slugs and
kilograms, and its surface-level weight in newtons.

(b) Now suppose the module is taken to an altitude of 200 (b)
miles above the surface of the earth and released there . — —_—— (C )
with no velocity relative to the center of the earth.

Determine its weight under these conditions in both
pounds and newtons.

\“\:
7 w (@) ~
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2 Problem 1/2

Determine the weight in newtons and pounds. Convert the mass to slugs.

m = 1500 kg

=
RALIA (LIA
N 0

Problem 1-2
© John Wiley & Sons, Inc. All rights reserved.
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@ Problem 1/5

The two 100-mm-diameter spheres are located in deep space. Determine
the gravitational force F which the copper sphere exerts on the titanium
sphere if (a) d=2 m, (b) d=4 m.

Copper Titanium
Q — — X

Problem 1-5
© John Wiley & Sons, Inc. All rights reserved.
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D Problem 1/6

Two uniform aluminum spheres are positioned as shown. Determine the
gravitational force which sphere A exerts on sphere B. R=50 mm

"4

R R

2R
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Determine the angle © at which a particle in Jupiter’s circular orbit experiences
equal attractions from the sun and from Jupiter. Use Appendix D as needed.

Juplter ,:'_-__-:'

o
~ -
-

Not to scale

Problem 1-10
© John Wiley & Sons, Inc. All rights reserved.
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@ Problem 1/11

Calculate the distance d from the center of the earth at which a particle
experiences equal attractions from the earth and from the moon. The
particle is restricted to the line through the centers of the earth and the
moon. Justify the two solutions physically. Use Appendix D as needed.

Not to scale

Problem 1-11
© John Wiley & Sons, Inc. All rights reserved.
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Problem 1/14

Determine the ratio R, of the force exerted by the
sun on the moon to that exerted by the earth on the
moon for position A of the moon. Repeat for moon
position B.

Problem 1-14

© John Wiley & Sons, Inc. All rights reserved.
|
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) Applications

Unnumbered 1p15 Virgin Galactic SpaceShip2 in gliding flight after
o Merk GreenbergirgmGalacticlzuma pres release from its mother ship WhiteKnight2.
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English — Turkish Dictionary

Statics Statik deformable Sekil fluid akigkan
degistirebilen
equilibrium denge internal ic external dis
rigid Sekil degistirmeyen, displacement Yer degistirme velocity hiz
kati
acceleration ivme strength mukavemet compressible sikisgtirlabilir
viscous ic surttinmeli hydraulics Sivi bilimi elasticity Elastik sekil
degisimi

inertia eylemsizlik particle parcacik rest hareketsiz

thrust itki projection izdisUim cannon top

orbit yoringe gravitation yercekimi attraction cekme

constant sabit Rounding off yuvarlama Dimensional Boyutsal
homogenity uyumluluk

magnitude buyuklik Distributed load Yayil yuk resultant bilegke

component bilesen parallelogram paralelkenar resolution ayirma

horizontal yatay vertical dusey coplanar Esdizlemsel

Dynamics dinamik position konum intersecting kesisen

|
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