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@ 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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() Kinematics of Particles

Definitions .

O Particle © —————=
/M mﬁ:\
- A body of negligibl @
Qim%néigngeg b \RQ f’//

— Dimensions are irrelavant
to the motion
3 Primary (Fixed) Inertial
System

— A reference frame whose
axes have no translation
or rotation

- Earth fixed system

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Kinematics of Particles 5/28



() Kinematics of Particles

J Constrained Motion _a
B
- Particle is confined to 2 /)

a defined path My

- e.g. a bead sliding | ’l/ o
along a wire /y ™

J Unconstrained motion ’/
- No physical guide on =~
(a) Unconstrained Motion (b) Constrained Motion

the motion
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@ Kinematics of Particles

"

d Absolute Motion _f —;;W
— Motion wrt a fixed j__._ﬁ
reference frame ' -i W
d Relative Motion | &
— Motion wrt a moving
reference frame Yy '
0 0’ E £
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() Kinematics of Particles

1 Rectilinear Motion
— Motion along a line

'
y

J Curvilinear Motion
— Motion along a curve
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@ Coordinate Systems

d Cartesian /
- X,Y,Z 2 f.

] P./ BN
% ’ A‘ '- \\
[ L1 Cylindrical
+ H 2
ﬁ -0,z
g A &l x
g ] 5 =2 L __ Path
=4 (1 Spherical e A -
é - RI el (I) :
7)) :
C "X
<
|_

1 Path Variables
-t n
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) Rectilinear Motion

O Position sie)
[ Displacement As(t) = s(t + At) — s(t)
d Average velocity Vay = 1
: : As ds .
dInstantaneous velocity v = lim — = — = § (VST)
At—0 At dt
. A
QdAverage acceleration a,, = A—:
. : Av dv .
3 Instantaneous accelarationa = lim — = — = v (AVT)
At—0 At dt
2
Q (VST) into (AVT) a=""3=35(AST)
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Q(VST(AVT) Z=gL="

ik dv

dt
d Inner cross vdv =ads (AVS)
ds,As,v,a vector (not scalar) quantities

(There should be arrows above them)

4 (VST), (AVT), (AST), (AVS) are differential equations

— with the given initial conditions

- integrate them (mostly by seperating variables) to have the
relations between s,v,aand t }

 Decelerating means a and v are in opposite directions.
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a—s &v—s Graphs 0

d Integrating (AVS)

under a — s curve (between s;and s,)

dv
.. CB e
Q Ay Similar to Agge — = dls

7]

dv ads
CB =v
d ds

= a (scales for vand s
must be the same)

‘1
AVS
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@ Rectilinear Motion

Problem Types a=3

d Given s(t), find a(t) Simple (take derivatives)
d Given a(t), find s(t) Complicated (solve diff.eqn.)

Accelaration: Initial Conditions:
Constant At t,=0
f(t) S =5y
f) V=7
f(s)
f(v,s,t)
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Case 1: a = constant = a,
d (AVT) dv = adt
v t
fvo dv =a |, dt

V=vy+a.t
d (VST) ds = wvdt

s t t

fSO ds = [, vdt = [ (vo + act)dt
1 2

S =Sy +v0t+5act

If ty + 0 replace t with (t — ty) In red equations.
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&) Problem Types

O (AVT) v =1, + [ f(t)dt
Q (VST) s =5+ [ vdt

|
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&) Problem Types

da=f(v)

find

dv
—=f)
dv
_ v v
~ vo f()
v =v(t)

a fSSO ds = fot vdts = s(t)

(AVS) vdv = f(v)ds
v vdv S
Vo Tv) a 5o ds
v vdv
S =Sg+ fvo%
find s = s(v)
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&) Problem Types

v S
(AVS) [y v(dv) =[] f(s)ds
V2 = p,2 + 2 fjo f(s)ds
V= i\/voz + 2 fSSOf(S)dS = g(s)
(VST) v =2"=g(s)
_ s
~ YS0 g(s)
find s = s(t)
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) Problem Types

In all the cases; we solve the diff.egns.
with the given initial conditions

Differential Equation

1 S = constant
2 §=f(t)
3 §$=1(s)
4 §=1(s)
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D Problem 2/45

The cone falling with a speed v, strikes and pene-
trates the block of packing material. The accelera-
tion of the cone after impact isa = g — ¢y?, where ¢
s a positive constant and y is the penetration dis-
tance. If the maximum penetration depth is ob-
served to be y,,, determine the constant c.

Lo
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Problem 2/47

The aerodynamic resistance to motion of a car is
nearly proportional to the square of its velocity. Ad-
ditional frictional resistance is constant, so that the
acceleration of the car when coasting may be written
a = —C; — Cyw® where C; and C, are constants
which depend on the mechanical configuration of the
car. If the car has an initial velocity v, when the en-
gine is disengaged, derive an expression for the dis-
tance D required for the car to coast to a stop.
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) Plane Curvilinear Motion

T Position vector
Ar  Displacement vector

As  Distance travelled along the path during At
AT

Average velocity v,, = n

Path of
. N . AT dar particle

Instantaneous VGIOCIty V= llm —_— = —
At—0 At dt

v is always tangent to the path!
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A ‘ /./ ,\\Av
/B v f
A ’, v \\“A
- . .
v  velocity attime t
v’ velocity at time t + At
Average acceleration d.., = A _ Y
J av - At At
N . AV adv > d47
Instantaneous accelarationa = lim —=—=1v = >
At—0 At dt dt

Acceleration component normal to path : directed towards the
center of curvature of the path.
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Coordinate Syste Mms
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d Cartesian (Rectangular)

d Normal and Tangential
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dr di dj

di _ dj | o | |
_t = E =( (magnitude & direction of 7 and j are constant),
- dﬁ -—)+ 0o —>
a=—=Xl
di Y]

a=|al = \/axz + a,?

Practical when motions in x & y
directions are independent
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(D Problem 2/89

Determine the location fi ol the spot toward whach the
pitcher must throw if the ball 1s to it the catcher’s
mitt. The ball is released with a speed of 40 m/=.
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& Problem 2/95

A projectile is launched with speed vy from point A.
Determine the launch angle ¢ which results in the
maximum range i up the incline of angle a (where
U= a = 90°). Evaluarté your results for o = 0, 307,
and 457,
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® Homework 1 (Chapter 2)

Problems for Week 01

4 Problem 2.39 Q There will be additional problems for the next
week(s).

¢ Problem 2.53 0 Solve each weeks problems in that week, do
not wait for the last day!

€ Problem 2.7/ 1 submit the Homework 01 in due time.

5 A You will have a quiz in the 1st hour of Week 4.

& roblem 2.93 A problem will be asked from the Homework 1

questions.

d Your homework grade will be assessed only
from that question of your homework.

Due date: 15t hour of Week 4
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particle
rigid
velocity
trasnlation
relative
position
velocity

scalar

Initial
conditions
impact

spot

horizontal

T.Akylrek

pargacik

Sekil degistirmeyen,

kati
hiz

Oteleme

Bagil, goreceli
konum

hiz

sayisal

Baslangic kosullari

carpisma

nokta

yatay

kinematics
Rigid body

acceleration
rotation
rectilinear
displacement
speed
accelarating

constant

initial velocity

mitt

vertical

range

Kinematik,
hareket bilimi

Kati cisim
ivme

dénme
dogrusal

Yer degistirme
surat

hizlanan

sabit

ik hiz
Eldiven (tek
parmakli)
dusey

menzil

English — Turkish Dictionary

fluid

displacement

inertial
constrained
curvilinear
average
instantaneous
decelarating
penetrate
egrilik
projectile

launch
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akigkan

Yer degistirme

eylemsizlik
kisitlamlal
egrisel
ortalama
anlik
yavaslayan

delmek

bileske

mermi

firlatma
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