Chapter 3
e

Particle Kinematics and dynamics
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1. A particle’s position:
Is the location of the particle with respect to a chosen reference point

that we can consider to be the origin of a coordinate system.
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2. The Distance:
The Distance is the length of a path followed by a particle. For example,

the basketball players.
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Distance 1s a scalar quantity.



_Displacement 4a1}¥)
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It 1s the change 1n the object’s position over time interval
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It 1s difference between the final and 1nitial position of an object
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It 1s a vector quantity and its dimension 1s L

Displacement has positive (+) and negative (-) signs to indicate vector
direction:
(+) displacement Ax > 0

(-) displacement, so that Ax < 0.



Velocity: It is a vector quantity, its units: m/s and its dimensions: LT!

Speed: It is a scalar quantity

Average velocity
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It is the displacement divided by time interval (3 Ao da guia s JY)
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Average speed
- OT—

It is the total distance divided by total time interval 48l daud ~ A oa
LS e e 2480

T otal distance

— . ml/s
Total time

It 1s not the magnitude of the average velocity



Example 2.1: page 60 & 61 in the book

Calculating the Average Velocity and Speed?
Find the displacement, average velocity, and average speed of the car in
Figure 2.1a between positions (A) and (F).
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Table 2.1

Position of the Car at

Various Times

Position {(s) x(m)
@ 0 30
10 52
© 2) 38
© 30 0
® 4 -37
® 50 -53




X,=30 m at t,=0s Xg=-53 m at t = 50 s.

Ax=xp—x=-58m—-3m= —-8m

_ Ao 2 B XE — X
=TT UM tr— & =t — #a
—53m — 3530m == —83 m
50 s — 0O s 50 s
— — 1.7 mx /s
A 3 127 m 25 m/
Verage speed — = OIM/8
8¢ 5P 50 s




Instantaneous velocity

It 1s the limit of average velocity as the time interval Afapproaches zero

Instantaneous speed

It 1s the magnitude of the instantaneous velocity



Example 2.3 page 26 in the book

A particle moves along the x axis. Its position varies with time according
to the expression x = —4¢ + 2¢> m.

Determine the displacement and average velocity of the particle in the
time interval r=0stof=1sand from r=1sto =3 s

Answer

At time iterval r1=0sto r=1 s:

Displacement: Ax=x Fe=) ~ X)) = (—4+2)-(0)=—2m
Ax =2
Average velocity: V., = v = =0 =-—2m/s

At time interval f=1sto r=3s

Displacement: Ax=x,,_3 —X,_, =(-12+18) - (-4+2)=6+2=+8m

Ax 8

ty: V= = =+4dm/s
Average velocity: Va Ar 3-1




Average acceleration lwgial) & Ll
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It 1s the change in velocity divided by time interval.
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_ Instantaneous acceleration Bl ¢ sLuall

It 1s the limit of average acceleration as the time interval Az approaches 0
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Example 2.6 page 34 & 35 1n the book

The velocity of a particle moving along the x-axis varies in time
according to the expression v (t) = 40 — 5t> (m/s)

(a) Find the average acceleration in the time interval t=0stot=2s
(b) Determine the accelerationatt=2 s

Answer

U e——
(@) At time interval f=0sto £=2s
tp = 40 — 5igF = 40 — M0} = +40 m/s
v = 40 — bty = 40 — 5{2.0)° = +20 m/s

ry—0; vg—tyg MNm's— 40mss

T = . =

ke fr — I im — g 20s—0s

= —l0m/st



(b) Attime r=2s . Av
Ainst = llmAt—)O Az

AV =V o iiney = Vet = (40—5t2)t=t+m — (40—5t2)t=t
- Ay =[40—5(t + At)*]— (40— 5¢7)

Av =[40—5(¢> + 2tAt + At?)]— 40+ 5¢°
S Av =40—5¢7 —10tAt —5At* — 40+ 5¢7
o Av = —10tAt — SAt?

a —1im. 2 _lim —10¢tAt — 5At?
inst A0 A Ar 50 Az
a,.,=lim,_,(-10t —5At) = -10¢
o Aipstt=25) — (IOX 2) =—-20m /S
B &_all Al da
(b) Attime r=2s Instantaneous acceleration
dv

a,  =—=—(40-5t")=-10¢
inst dt dt( )
=(-10x2)=-20m /s’

x ainst(t=2s)



Analysis Model: Particle Under Constant Acceleration

-Equation 1

ca =YYV YTV Ly —ar
At t—0 l
Equation 2

V+y X
The average velocity v, = 5 L Also v, = "
X vty _x_(v+v0)t
hd t 2 [ ] [ ] 2

1 1
SoX = E(v + v, )t = E[(v0 +at)+v Jt = E[ZVO +at ]t

1 1
JoX = E[Zvot +at’] SLX =Vt + Eat2



V—v
cv=vy+at  Cv—vy=at . t= 0

a




Example 2.7: Page 38 in the book

A jet lands on the aircraft carrier at 63 m/s.

(A) What its acceleration if it stops in 2 s?
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. Answer _
V2=63m/s , a=? , v=0 , ¢=2s
cv=v,+at . .0=63+2a --—03=2a

La==2= —31.5m/s”

(B) If the jet touches down at position x/, = 0, what is its final position?
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Xe=X;+21(vy +vxp)t =0+2(63m/s +0)(25)=63 m

Homework:
21, 28




