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What is Dynamics?

Scientific Definition
Dynamics is a scientific
discipline that deals with
systems undergoing changes in
state.
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Engineering Definition
Dynamics is a branch of

Mechanics that deals with the
relation between forces and the
motion of bodies.
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Dynamics is divided into two
. parts:

Kinematics — the study of motion
without reference to any forces

. Study of the geometry of motion

. A purely mathematical construct

y

KINEMATICS

THE ERANCH OF MECHANICS CONCERNED
WITH THE MOTION OF OBJECTS WITHOUT
REFEREMNCE TO THE FORCES WHICH CAUSE
THE MOTION.
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Kinetics — the study of motion that
results from forces action on bodies

. Used to predict motion caused by given

forces
-OR -

to determine the forces required to produce a

given motion

Potential energy —»
(

. Based on physical law

IT IS THE STUDY OF FORCES THAT ARE ACTING
ON AN OBJECT UNDER A PARTICULAR
MECHANISM.
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Kinematics of a Particle

9/13/2025
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Although each of
these planes is
rather large, from
a distance their
motion can be
modeled as if
each plane were
a particle
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Rechlinegar Motion o Particles
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Pogidion X
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IMPORTANT POINTS

L

# Dynamics is concerned with bodies that
have accelerated motion

# Kinematics is a study of the geometry
of the motion

# Kinetics is a study of the forces that
cause the motion

# Rectilinear kinematics refers to
straight-line motion
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~# Speed refers to the magnitude of
velocity

# Average speed is the total distance
traveled divided by the total time; this
is different from the average velocity
which is the displacement divided by
the time
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-#Theacceleration, a = dv/dt. is negative
when the particle is slowing down or
decelerating.

# A particle can have an acceleration and
yet have zero velocity
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Example 1

# A particle moves along a line with
position:
x(t)=t3-6t2+9t+5 (m, tins)

#® Tasks:

a) Find the total distance traveled from
t=0 to t=5s.

b) Determine acceleration at the critical
times when velocity is zero.




Displacement vs Time
X(t) =t"3-6t"2+9t+5
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x(t) [m]

N

Step 1. Velocity

®v(t) =dx/dt=3t2-12t+ 9 =
3(t—1)(t—3)
#Turning points where v(t)=0:

t=1s,t=3s

Displacemen t vs Time Velocity vs Time
x(t)=t"3-6t"2+9t+5 vit) =3t"2-12t+9
25t

v(t) [m/s]
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t(s) t(s)



v(t) [m/s]

N

Step 2. Acceleration

#®a(t) = dv/dt = 6t - 12
#a(1) = -6 m/s? (negative, local maximum)

#®a(3) = +6 m/s? (positive, local minimum)

Velocity vs Time Acceleration vs Time
vit) =3t"2-12t+9 a(t) =6t-12

a(t) [m/s™2]
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Step 3. Positions

N

# Evaluate position at key times:
@X(O) =5m x(t;)ij%lfge-n%etnfzvfsiar?e+5

25.0r

®X(1)=9m =

20.0r

#x(3)=5m

— 15.0¢

@X(S) = 25 m :’%12.5-

10.0}

7.5}

5.0 ¢
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Step 4. Distances

# Distance traveled in each interval:
#0—>1s:]19-5|=4m

#1 53s:|5-9/=4m

#3 —>5s:125-51=20m

#Total Distance o MOTTRERRestes
= 28 m (Answer) -

—




Notes

N

e Displacement vs Distance:
displacement = 20 m,
distance = 28 m

e At t=1 s and t=3 s: velocity = 0,
acceleration changes sign
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Displacement,
Velocity, and
Acceleration

x(t) [m]

v(t) [m/s]

a(t) [m/s?]
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Displacement vs Time
X(t) =t"3-6t"2+9t+5

Velocity vs Time
vit) =3t72-12t+9

Acceleration vs Time
a(t)=06t-12
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Example 2
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Express A) A= A
® X=X

© AT =A(X)
\

PART Al Find ar= Ai(4)
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= %4 (35)
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PART B! Find X= X(+)
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_PART C: Find

dt
A

A = AJ(X)
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ANXY = AN, - KX
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UniYorm Rectiliagas Motion

Cosz W1
&-—zfzo == N = Conct
Then - X = dx= not
dt
=> X-Xﬁ"ij\f(t‘c?)
f
X=Xo +A7¢ |
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jiﬁfﬁ ®&): . = ConsY,
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X — —
A = g = dX-Md{:

1:"\?0 + A%

— - .&3
=> X~-Xo = Aot ‘E'Q.'*g

X = Xﬂ'l' Maﬁ "1”"‘5(:('&;2 p@ﬂ”é?w@
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Example 3
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Dodea !

NR(t=0)= Mp, = 34 mpl Ay = 1% "o

&

Na(t=0) = g = zowph Ag = -1.9 T3

F

Find! (@) When ¢ whee A overdabec Q
® Cortesponding cpezd of eacn cat

PART A- Use Kinemoatic €6ﬂ5 Yor O = coach,
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Herse,
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Xalk) = Xao * Npot + ‘éﬁa‘ta

Xe(t) = Xgo + Mot + _};aﬂ@

KAS = O - Xg_g = 75 ¥4
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- M\ [5340F Aah) B ~
Pao = @q hi) | ol )(Kams) = 5.9 %
£= O feo
Neo = 26 mgh = 52.8 % o )
—_—_— Nee
: O
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| ) >

A ovgstales @ e X)) = X ()
=> Kpo+ Apot ¥ 5asL° = Xgo + Aeot + L agt?

=> (A, - 0g )7 + (W -n5g, )4 A (Xao - Xep) = ©

=  (3%)+” + (259t + (1505) = O
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of Sormn G+t bbb AC = O

- b /L7 dac
SO

S0 t,5 =

=> ¢, =15.05¢

ty = 2,395 <D2Mseree
S, t=t =15]¢

For poshons, plug t=4 inlo @)

Xo= 737 5
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PART L- Find  MNu(t) | Na ()

: Eccy ! Vee .

Ppll) = Npo +Outp = 63,3 T = 435 mph

Nt = Neo + Qgt) = 24,7 T2 = 32,7 wph
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Position (ft)

Position vs Time
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Relative Ractilineay Motion

!—>Qelg,,+“we motions Qfe oxten mere impar-}w-}
+han cabsolude motions.

We define Xgp = X - Xa
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J

dt
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Ny = Ne - Ay

Ao/ = Ag -Ug
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~ Rectilinear Motion

Velocity and Acceleration
ddx _dv

V= — (=
dt dt

Cases 1,2,3: a = ﬂ[f)j = -:1[,1:):, a = I:I(v)
Integrate directly.
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Rectilinear Motion

- Velocity and Acceleration

dx dv
V=— (1 =—
dt dt

Cases 4,5: a =0, a = constant

x=x, + vt

v=v, +al
- — i !2
':II“-H‘I.:r —Uﬂf‘|‘§ﬂ

pr -y = Za(:a:uxu)
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