~page Course Outline

1. MATLAB tutorial

2. Motion of systems that can be idealized as particles

« Description of motion, coordinate systems; Newton's laws;

+ Calculating forces required to induce prescribed motion;

« Deriving and solving equations of motion

3. Conservation laws for systems of particles

«  Work, power and energy;

« Linear impulse and momentum

« Angular momentum

4. Vibrations

+ Characteristics of vibrations; vibration of free 1 DOF systems

» Vibration of damped 1 DOF systems

 Forced Vibrations

5. Motion of systems that can be idealized as rigid bodies

« Description of rotational motion

« kinematics; gears, pulleys and the rolling wheel
« Inertial properties of rigid bodies; momentum and energy
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Particle Dynamics — concept checklist

Understand the concept of an ‘inertial frame’

Be able to idealize an engineering design as a set of particles, and know when this
idealization will give accurate results

Describe the motion of a system of particles (eg components in a fixed coordinate system;
components in a polar coordinate system, efc)

Be able to differentiate position vectors (with proper use ofthe chain rule!) to determine
velocity and acceleration; and be able to integrate acceleration or velocity to determine
position vector.

Be able to describe motion in normal-tangential and polar coordinates (eg be able to write
down vector components of velocity and acceleration in terms of speed, radius of curvature
of path, or coordinates in the cylindrical-polar system).

Be able to convert between Cartesian to normal-tangential or polar coordinate descriptions
of motion

Be able to draw a correct free body diagram showing forces acting on system idealized as
particles

Be able to write down Newton’s laws of motion in rectangular, normal-tangential, and polar
coordinate systems

Be able to obtain an additional moment balance equation for a rigid body moving without
rotation or rotating about a fixed axis at constant rate.

Be able to use Newton's laws of motion to solve for unknown accelerations or forcesin a
system of particles




page 3 Particle Kinematics

Inertial frame — non accelerating, non rotating reference frame

Particle — point mass at some position in space
J )

Position Vector r(7) = x()i+ y(f)j+ z(t)k

path of particle

V(1) = ve (Di+ vy (1)j+ v (DK

Velocity Vector

d, . . dx, dy. d 0

= —(xi+yj+zk)=—i+—j+—Kk S, >

dr( & ) dt dr] dt k 1
dx dy d=
=v.(t)=— ()= v.(£)=—
<) dr e dt =) dr

» Direction of velocity vector is parallel to path
- Magnitude of velocity vector is distance traveled / time

Acceleration Vector
' dvr dv.
a(t)=a,(Ni+a,(Nj+a.(Hk z—r(vri +v, j+v k)= Sie—j—ck
dv,  d*x vy d*y dv, d°z
= == A= = - = = =

= a,(7) - 2 »(7) = ) (7) g

dv, dv,, )

Also a.(f)=—=>v, a1.(r):?v1 a-(f)=—=v.
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~page 4 Particle Kinematics

* Straight line motion with constant acceleration

1
r=[X0+VUr+Ear2}i v=(Vp+at)i a=adi

* Timel/velocity/position dependent acceleration — use

calculus r r
I :[Xu +I1~(f)df} v :[VG +J'a(r)dr}l
0 0
_dv g A v
=2 " 7 ;{,ﬂ % jg(r)dr — =a(x)
x(1) a‘v cx dv
- f,f”) [ fodx= jg(r)afr P Wy
Xy v(1) x(1)
j vy = J‘ a(x)d
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“page b Graphical x-v-a relations
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~page 6 Particle Kinematics

* Circular Motion at const speed

O=wt s=RO TV =wR

r = R(cos 6i + sin j)

v =R (-sinbi+cosOj)=T1

2
V Rcosbf

a— —anR(cns fi+smnbj)= ®”Rn :?n ;‘:

* General circular motion

w=d0/dt a=dwl!dt=d*6/ d*

s=RO V=ds/dt=Rw

r = R(cos 6i + sin 0j)

v =R (—sin 6 + cos 0) =Tt

a = Ra(—smn 6i + cos 6’j)—Rm2 (cos 6i + sin 6j) Rcosf

av- v
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page 7 Particle Kinematics

* Motion along an arbitrary path

t ' “ Radius of curvamre R = !
v=I1 [a’_ d_\l
) 1{." d J
dv V
a= t+ n
dt R

r=x(s)i+y(s)j

Polar Coordinates

r= 1/:&:2 +‘1-‘2 6 =tan" (y/x)

x=rcos@ y=rsiné

dr do

vV=—e,.+r—ey
dt dt

Q&
[

=

=

d*r (dt?]z d*60 dr do
a=| ——r|—| |& +|r +2 eg
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~page 8 Summary of important concepts and equations

Newton’s laws

* For a particle F = ma

* For a ngid body in motion without rotation, or

a particle on a massless frame

M, =0

You MUST take moments

about center of mass
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~page 9 Using Newton’s laws
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Calculating forces required to cause prescribed
motion

|dealize system
Free body diagram

Kinematics (describe motion — usually goal is to find
formula for acceleration)

F=ma for each particle.

MG =0 (for steadily or non-rotating rigid bodies or

frames only — this is a special case of the moment-
angular momentum formula for rigid bodies)

Solve for unknown forces or accelerations
(Just like statics)



~page 10

Topics for today’s section

« Example of straight-line motion with variable acceleration
« Example using normal-tangential coordinates
* Example using polar coordinates
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Example of straight-line motion with variable a

Aircraft starts from rest.

Engine thrust. Fr=F (1 —i]

Vo

Must reach speed vy to take off

1. Find a formula for speed as a function of time (neglect drag).
2. Find a formula for distance traveled as a function of time

3. Find a formula for the minimum length of runway required to takeoff

o\ n L
O dv:-asx Fo 15¥) = | dv . | Fedt
GH} m VVD Jg ] =VVoe Jo m
-\[gfg_gfl*-Z\_: r_q_(': b
| I./o];‘!,‘_.',I m e
> [V="Vo ([= exp [ZFt) \
\ ‘mVe /)

>
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X = |\t < \ZD_MF_%&
'_f'; Vo o

S[x = Bt v om {exp (Rt \ ¢
= L Y Yo ) \

@ Solre () ﬁ! £t Ssubs m () ;;Lor‘x (V=Vp : &nj)

Fom O Vo> Vog’n-exp/‘—ﬁou( > Eoih lpg/1- 1\

Umve /) Y TR N V)
Also VnKYH f Q%P/"Fo‘&\ 1?2 = = VrolVom
Fu f MVO} ) Fa
> Xrp = -M@I@( [\ = Vho Vo m
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Example using n-t coordinates (Midterm 2012).

A vehicle is instrumented to measure acceleration components in directions parallel and
perpendicular to the car’s direction of motion. (A positive transverse accel means the car
accelerates to the left). The Car is at rest at the origin at time {=0 facing the x direction.

1. Sketch a graph showing the car’s speed as a function of time.

2. Sketch the subsequent path of the vehicle

@
8 E 4
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We know V= Qcea Under O gm/él,

Iﬁmfsz
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Example using polar coordinates

The motion of a particle is described using polar
coordinates as:
r=l+t—(r/4) 6=t
At the instant when
O=m/4

(1) The position vector in {e,.e;}
(2) The velocity vector in fe,.e,}
(3) The acceleration vectorin {e,.e,}
(4) A unit vector parallel to path in {e..e;}
(5) The velocity in normal-tangential coordinates
(6) The acceleration in normal-tangential

coordinates

/-_anm/er : =

1

08

—page 16




“page 17

O whew BNy E= T/ = r=1 Y~ =

Er m

@ dc .| A9 | = | V= e +0 (r=1 a/s)

dt dL
@j oA :%E-:'O DA = o + 208

J‘Ev ﬁL —
@ Keeq)l V- -\7' V < (V-]

, ; ; >y )
Hence. € o UF V1= [er+te) =Jr vt ST
N7
Lo (erita)/ T3

®  fomul (V- VE <« IZE
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~page 18 @ e 3% g = Ol-é_é ¥ Aa ﬂa

Dot both  sioles with £ .

AT 0 =0
ot = 0. B A, t/n
Oe: O-E = (—er +200) 7 (Eri88) /[
(-l +2)/ = L
12
Tofmd On we fxm‘- need 764/;74 N sy & 62
Coprols

We kpnow N Pﬁf}eﬂai}cu/'qr + f_f_& and ﬁ _1-.2 i,

_'E
Chaﬂse /l +R xC, .,lo ﬁoj”f" bt
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= Ext = Rx (er+¢e] /5

xg@ = —ér ({5{}!7‘ Aﬂ?}d /zf/é’)

Frall O = Qn - (~2+228) - (0 08] /T3

= 8/
A - .._I_-§ + _5‘11\
Check f-'!EC -1-_%1{:' r-f >
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