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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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The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.
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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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() Typical Kinetics Problems

Problem Types

1. Given Y F, find @ — Calculate motion (s(¢),
v(t)) via integrating a
2. Given @, find ¥ F

3. Problem 1 in one axis, Problem 2 in another
axis
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(Y Solution Methods for Kinetics Problemsi&

d Newton’s 2" law (3 F = ma)v’
d Work, energy methosv’
1 Impulse, momentum methods

|
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& Impulse and Momentum

-+ d
F=mvV=—(mv
> M) or

]
T
Il

G=mv
A

Linear
Momentum

The resultant of all forces acting
on a particle equals its time rate
of change of linear momentum.

Zﬁx:éx Zﬁy:éy zﬁz:éz
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& Impulse and Momentum

Linear Impulse and Linear Momentum

Obtained by integrating net force wrt time

fZidt=éz—él=AG

Linear G=mv
Impulse A
Linear
Momentum

The total linear impulse on m
equals the corresponding change
in linear momentum of m.

GﬁfZlfdt:éz

Impact force exerted by racquet
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& Impulse and Momentum

Linear Impulse and Linear Momentum

61+EZZIfdt:(§2

m(w), + Y Fdt=m(,),
o,
m(v,), +, > Fdt=m(v,),

ot,
m(vl)z +.t1 Z det = m(VZ)z

Gl = mvl

& +
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The 450-kg ram of a pile driver falls 1.4 m from
rest and strikes the top of a 240-kg pile embedded
(.9 m in the ground. Upon impact the ram is seen
to move with the pile with no noticeable rebound.
Determine the velocity v of the pile and ram imme-
diately after impact. Can vou justify using the prin-
ciple of conservation of momentum even though
the weights act during the impact?
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The eylindriecal plug A of mass m, is released from
rest at B and slides down the smooth circular
guide. The plug strikes the block C and becomes
embedded in it. Write the expression for the dis-
tance s which the block and plug slide before com-
ing to rest. The coefficient of kinetic friction
between the block and the horizontal surface is p,.

Up, mqg
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A tennis player strikes the tennis ball with her
racket while the ball is still rising. The ball speed
before impact with the racket is v, = 15 m/s and
after impact its speed is v, = 22 m/s, with direc-
tions as shown in the figure. If the 60-g ball 18 1n
contact with the racket for 0.05 s, determine the
magnitude of the average force R exerted by the
racket on the ball, Find the angle # made by R with
the horizontal. Comment on the treatment of the
ball weight during impact. , — g — =S

\‘i{

e
S
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& Impulse and Momentum

Angular Momentum

H, =Fxmy G=mv
M M
Angular Linear
Momentum Momentum

The moment of linear momentum

vector mv¥ about the origin O is
defined as angular momentum.

Hg = mur sin@

View in plane A
|
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& Impulse and Momentum

Angular Momentum MYz

g
1 —Fymi —mv muv
H =7xmv G=mv y

A A
Angular Linear .
Momentum Momentum %

The moment of linear momentum

vector mv¥ about the origin O is
defined as angular momentum.

H, =Fxmi =m(v,y -V, 2)i +m(v,z=V,X)] +m(v,x—V,y)k

Hx = m(sz_VyZ) r I
H,o=mXx Yy
Vy

N X

H, =m(v,z-V,X) 0

v

<

X yA

H, =m(v,x-v,y)

|
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S M, =Fx Y F=xmy M, = H.

e Take g e

H, =T XMV 32 oive Ho—rxmv+rxmv_V£<mv+rxmv -
The moment about a fixed point O =0
of all forces acting on m equals
time rate of change of angular
momentum of m about O.

ZMOX =|:|oX ZMOy =|:|oy ZMOZ :|:|oZ
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Angular Impulse and Angular Momentum Principle

Obtained by integrating net force wrt time

[ Mot = i, ~Hio, = A,
A

Angular o =Fxmy
Impulse A

Angular
Momentum

The total angular impulse on m about
the fixed point O equals the
corresponding change in angular
momentum of m about O.

For x component
t, - L -
(HO)1+L > Mot = (Ho), (Ho )i+ | 2 Mo dt = (H,),

ot, —
m(v,y -V, z), +, > Mg dt=m(v,y-v,2),
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& Angular Impulse — Angular Momentum &

Plane Motion Applications

(Ho)lz‘rlxmvl‘:mvldl (Ho), :‘rzxmvz‘:mvzdz
¥

(Ho) + [ Y. Mot = (Ho),

or

|
|
|
|
|

| ~
|

% !

mV1d1+L > Frsinédt=mv,d, |
|
|
|

(0]
(HO)I = mvldl

XMy =2XFrsinf
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The small spheres, which have the masses and ini-
tial velocities shown in the figure, strike and be-
come attached to the gpiked ends of the rod, which
18 freely pivoted at O and 1s imtially at rest, Deter-
mine the angular velocity w of the assembly after
impact. Neglect the mass of the rod.
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The 6-kg sphere and 4-kg block (shown in section)
are secured to the arm of negligible mass which ro-
tates in the vertical plane about a horizontal axis at 2 kg
0. The 2-kg plug is released from rest at A and falls
into the recess in the block when the arm has — 5 A
reached the horizontal position. An instant before
engagement, the arm has an angular velocity w, =
2 rad/s. Determine the angular velocity @ of the
arm immediately after the plug has wedged itselfl in
the block.

600 mm
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T.Akylrek

) Problem 3/235

A pendulum consists of two 3.2-kg concentrated
masses positioned as shown on a light but rigid
pur, The pendulum s swinging through the vers-
tical position with a clockwise angular velocity
w = 6 rad/s when a 50-g bullet traveling with ve-

locity v =

300 m/s in the direction shown strikes

the lower mass and becomes embedded in it. Cal-
culate the angular velocity «’ which the pendu-
lum has immediately after impact and find the
maximum angular deflection # of the pendulum.

J
Mg
\\
———((o
0%
\
\
o\
400 mm
~Tw
200 //Q
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® Homework 2 (Chapter 3)

Problems for Week 06

£ Problem 3/199 Q There will be additional problems for the next
week(s).
& Problem 3/213 0 Solve each weeks problems in that week, do
not wait for the last day!
€ Problem 3/228 1 submit the Homework 02 in due time.
A You will have a quiz in the 1st hour of Week 7.
¢ Problem 3/238 A problem will be asked from the Homework 2

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

Due date: 15t hour of Week 7
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particle

kinetics
velocity
translation
relative
position
plane
embedded
track

circular

drag

horizontal

ram

T.Akylrek

Maddesel nokta,
pargacik

Kinetk, hizbilim
hiz

Oteleme

Bagil, goreceli
konum

duzlem

gémula

takip

dairesel

suruklenme

yatay

Sahmerdan tokmagi

kinematics

Angular rate
acceleration
rotation
rectilinear
displacement
trajectory
accelarating
deflection

Initial velocity

polar

vertical

pile

Kinematik,
hareket bilimi

Acisal hiz
ivme

donme
dogrusal

Yer degigtirme
yorunge
hizlanan
sapma

ik hiz

kutupsal

dusey

Temel kazigi

English — Turkish Dictionary

resultant

displacement
revolution

rod
curvilinear
stationary
instantaneous
decelarating
swinging

wedged

spiked

impact

plug
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bilegke

Yer degistirme
devir

cubuk

egrisel

Sabit, hareketsiz
anhk
yavaslayan
salinan

Sikismis,
kamalanmig

Sivri uglu

carpma

tikag
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