ME 274: Basic Mechanics Il

Week 6 — Friday, February 20
Particle kinematics: Particle Kinetics (Intro)

Instructor: Manuel Salmeron



Today’'s Agenda

1. Summary of Steps for Kinetic Problems
2. Different Coordinate Systems
3. Examples



Summary of Steps for Kinetic Problems

1. Free Body Diagram (FBD)

Newton’s Second Law

Newton’s Third Law
Body 1
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2. Kinetics \..Bodyz
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3. Kinematics
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4. Solve — for whatever is asked!
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Different Coordinate Systems

Cartesian Coordinates
a=xi+yj

YE, =ma, = mx

XLk, =ma, =my

e A
0 é,
t T . 0 \/
N €t '(/V
\
\ //
\ 7’
n ] g
e !
n /' \Q/)

// 1//

4
4
”

Path Coordinates Polar Coordinates
2
d = Ve, +=&, i =(#—16%)é, + (¥ + 210)éy
LFe =may, =mv YF. = ma, = m(# — r6?)

p YFEyg =mag = m(i" + 27"@)



2. Kuwmetdes

ks Ae%he& a FoQodr ‘5%35(6“* /’ D*w
=F: =T = (Fr0) - )

@
SE . N : m(aé@’rr%)'--

9_-

2, Kinewmatces ; pot here

4. Solve :
e "
et () SOV
5>
/4 /7<® N Twe onewnte -
From (2): N s2mrw <@ \ Lion 0f N
¥ '& B The ?gvc_.e ~N
>® 70 = / (s Lsev\.g c;czr'{'&{
l 2y He "A"wall

"P R ot smtast odbh A

e

O
—————e e R

(8 CamScanner


https://v3.camscanner.com/user/download

CTxample 4. A1 '1 Free E:Ag Dgazvaw C_/

o

Z . Kinetica

=T, = Waos 9 = ) e ()

E,x&VVLG«Q (ne,r \‘1\0&\
/,::;\\ UZ‘
-— :’f\J?(‘\f\/sJ a M Ee e ]
ZF TN Vg = M e (2)

3. KC\A&MQ'HCS . ot asked hevre

4 Sedve ; Powm (1) awd (2)

- W W
A CoS
LA Vel SN LY
/ v 7 \)'LV i
W2 WG =" =

i

/

(8 CamScanner


https://v3.camscanner.com/user/download

ME 274: Basic Mechanics Il

Week 7 — Wednesday, February 25
Particle kinematics: Particle Kinetics

Instructor: Manuel Salmeron



Today’'s Agenda

1. Summary of Steps for Kinetic Problems
2. Examples



Summary of Steps for Kinetic Problems

1. Free Body Diagram (FBD)

Newton’s Second Law Newton’s Third Law

= — Body 1
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2. Kinetics \. Body 2
. o
. d(mv) . S S
ZF — dt = ma F12 — _F21

3. Kinematics

_dv dvds dv_dzs
“Tat T dsde Vds  de?

aA:a +&XFA/B+JX(5X?A/B)

TODAY!

4. Solve — for whatever is asked!
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ME 274: Basic Mechanics Il

Week 7 — Friday, February 27
Work and Energy

Instructor: Manuel Salmeron



Today’'s Agenda

Work and Energy

Example 4.B.1

Conservative Forces and Potential Energy
Summary

s wh =



Attendance

Consider the particle P in the
figure loaded with a force R and

the given path coordinate system.

R 2

Q1. The tangential component of Ris equal to:

(@) Ry (b) mg
(@mv]  @mZ

Q2. The normal component of R is equal to:
(a) R, (b) mg
(c) m [(d) m%z ]

Q3. At a given instant, v = 0 and v # 0. Choose the true statement:

(a) P is not moving [(b) P is changing direction ]

(c) P is moving in a straight path (d) the magnitude of a is O

Q4. At a given instant, R,, = 0,R; # 0, and v # 0. Choose the true
statement:

(a) P is not moving (b) P is changing direction

[(c) P is moving in a straight path] (d) the magnitude of a is 0




Work and Energy

—
i
i

Consider the particle P in the figure loaded with a force R
and the given path coordinate system.

Newton’s 2" Law:

2

- ~ d = A
ZFtZR'eth—v ZFnZR'enanv—
U dat § P
Y Y
Information about the “future”™ Only cares about “now”: current
how is v changing? v drives direction change

If we want information about a time interval:

) 5 VU2
(R : ét)dt =m dv S quantity of motion:
tq y vy momentum

total force exerted

between t; and t,: impulse (NOT TODAY)



Work and Energy

Today, we want information about displacement:

B.s - dv. dvds = dv dv
T M T e T Masar T ™as . W ds

Thus, the integral is:

[2(R-é)ds=m[*vdv  (separating the differentials)

[2R - (é,ds) =m fvvz vdv  (dot product property)

S1 1

fSSlZ R-di=m fvvlz vdv (define ds = é,ds)
2R.d3=-mv?—-mv? (solve r.h.s. integral)
Sq 2 2 2 1

U, =T, —T;

Work = Change in Kinetic Energy



Conservative Forces and Potential Energy

From Example 4.B.1, the work done by the weight was:

(gr) _ (g7) (gr)
Upnz =~ (Vz - )

For a spring:

U1(S—>pz) _ (Vz(sp) . Vl(sp))

The work done by springs or the weight of a particle is independent of the path of which
the forces act.

Such forces are called conservative, and their work can be computed using their potential
energy functions:

y(sp) — S(L — Ly)? V@ = mgh



Conservative Forces and Potential Energy

The complete work-energy equation is thus:
T, +V, =T, +Vy + U
where

T = %mvz . kinetic energy of the particle

V=vn 4+y06P) = mgh + % (L — Ly)? : potential energy done by the conservative forces

U = J,} F - d§ : work done by non-conservative forces, F
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