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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.
F = ma
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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

. Based on physical law

d

Acceleration (a)
— ——
Mass (m;) Mass (m;)
ﬁ
Force (F,)
F1 = mya Fz = mza

mz>m,=>F; >F,

Potential energy —
t

KINETICS

IT IS THE STUDY OF FORCES THAT ARE ACTING

ON AN OBJECT UNDER A PARTICULAR
MECHANISM.



1. Kinematics of a Particle
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Kinematics of a Particle

2/23/2026
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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




Relates modion and +ime o sef,
+o Forces Haot covee the motion

H& e ) Mmoo 1% 6&&»;@%«2@-@@) b}’
~ Pacitien [ }
- V&iﬁaé*ﬁ-y .y

. Aceglgrotion j

2/23/2026 Chapter 2 - Rectilinear




ﬂ’ Mo+tion T/fﬂeg ;
[
e i O R@fﬁ.‘}'rl AT )




2/23/2026

2. Rectilinear Motion
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Rechlinegar Motion o Particles
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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 =15 m/s
Velocity =15 m/s
towards south

% Speed refers to the magnitude of g
velocity =l

# 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

tot.distance Ax
Vavg. = A_t

average speed =
ge.sp tot.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

Projectile Motion

2/23/2026 =1 The trajectory of a kicked football
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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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Step 1. Velocity

x(t) [

N

®v(t) =dx/dt=3t2-12t+ 9
= 3(t2 - 4t + 3) = 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]

3 4 5 0 1 2
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]

3 4 5 0 1 2
t(s) t(s)



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?]

25}

201

15}

10}

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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3. Particle Motion Cases
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Qedermination of Pardicle Morigag
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Example 2

R Z ol

@l’::@f X=0, NzaA, NO

ifliﬁ) = - KA {iiﬁf‘hbefﬁ ;.—:j }

K .:'.*s C:" 1 E;_ﬁ mm-i“'ma%
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Express @A) A= a5(
@ X — X(_ﬁ) _Aj_’:_’:} Z {:aif

PART A Find AT = AT(¥)

OAN) = an ==~ e 2V 2
SRR T = 9t Q) T -Km
t p;;.-.:'
_ . =1 ;
R g 5";'6 = "&" i_i -:j: fidx=|n|x|+c
O M,
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CoAW) = e
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PART B! Find X= X(+)

oX
T Kaowa ¢ (A
\
= dX = AWt = mee gt
,,}}( £
= ‘\ dx = «Fﬁg a-i‘ft&.& /eﬂxdx=1e“+c
%X{g o
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X{t) = % (i—ankﬁ)

Chapter 2 - Rectilinear

36




{_PART C: Find A= AX)
| InY v
(; L e f_ﬁ’*‘”_&- d
AL dt dX #t
A
“chain rule”
E”i'ﬁa{ffg
NI AT
= = W ° ke
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ANXY = AN, - KX
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4. Kinematic Equations
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UniYorm Rectiliagas Motion

Cosz @1
&-—zfzo = AN = Const
Then - X = dx= not
dt
= X-X, = N (t-0)
f
X=Xo +A7¢ |

L P - bime
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jiﬁfﬁ ®&): . = ConsY,

Then

. IN o _
A oy => gAY = audt
=> Al - (t C'J')

L,

| ANz Alatad |
Z i e B e e E Vé]. — ﬁh“""ﬁé
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X e — —
A = g = dX-Md{:

Ay Ak

- _ +°
=> X~-Xo = Aot ‘E'Q.'*g

X = Xo¥ Mot + Lo’ 005~ Lime
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Anothher Tﬂlﬁ«‘};itﬂ/’%_ﬁ\lﬂi? — InVvole chain Toule

= — = ANJ — = =
- =
AT
= I - ‘i:’ = C&(X*—XE)

|
No- st = da (X""Ka)ig vel. - pos.,
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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 Mi:?‘in = Sa.% %’5{5 - )
N O
g
An, Oa  Aiver e
| ) |

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 Sorm At 2r bbbk 3 = O
try this tool

- b /L% 4ac
=10

S0 t,5 =

= ¢, = 15.05¢

ty = 2,395 <D2Mseree
S, t=t =15]¢

For poshons, plug t=4 inlo @)

XF’ = /3X.7 % (or ~737 ft?)
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https://www.calculatorsoup.com/calculators/algebra/quadratic-formula-calculator.php
https://www.calculatorsoup.com/calculators/algebra/quadratic-formula-calculator.php

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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5. Relative Rectilinear Motion
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Relative Ractilineay Motion

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

We define Xgp = X - Xa

A Teads | & with tespecy Yo A”

Xa
S
c:" HA IE —
I B

Xa Xe/a
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J

dt

"'i“c}‘ Qb‘i‘&i 74

L
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Ny = Ne - Ay

Ao/ = Ag -Ug

Chapter 2 - Rectilinear
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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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Sample Problem 2/1

The position coordinate of a particle which is confined to move along a
straight line is given by s = 2t — 24t + 6, where s is measured in meters from a
convenient origin and { is in seconds. Determine (a) the time required for the
particle to reach a velocity of 72 m/s from its initial condition at £ = 0, (b) the ac-
celeration of the particle when v = 30 m/s, and (¢) the net displacement of the
particle during the interval from¢ = 1stot = 4 s.
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Solution. The velocity and acceleration are obtained by successive differentia-
tion of s with respect to the time. Thus,

6t2 — 24 m/s

5] v

[v

12¢ m/s?

vl a

la

(a) Substituting v = 72 m/s into the expression for v gives us 72 = 6¢*> — 24, from
which ¢ = =4 s. The negative root describes a mathematical solution for ¢ before

(1) the initiation of motion, so this root is of no physical interest. Thus, the desired
result is

t=4s Ans,

(b) Substituting v = 30 m/s into the expression for v gives 30 = 6¢* — 24, from
which the positive root is ¢ = 3 s, and the corresponding acceleration is

a = 12(3) = 36 m/s® Ans.

(¢) The net displacement during the specified interval is

As=35,— 8, or
As = [2(4%) — 24(4) + 6] — [2(1%) — 24(1) + 6]
=54m Ans.

(2) which represents the net advancement of the particle along the s-axis from the
position it occupied at ¢ = 1 s to its position at ¢ = 4 s.

To help visualize the motion, the values of s, v, and a are plotted against the

time ¢ as shown. Because the area under the v-f curve represents displacement,

2 / 23 / 2026 (3) we see that the net displacement from ¢ = 1 s tot = 4 s is the positive area As, ,
less the negative area As; .




Helpful Hints

(1) Be alert to the proper choice of sign
when taking a square root. When
the situation calls for only one an-

38

swer, the positive root is not always
the one you may need.

(2) Note carefully the distinction be-
tween italic s for the position coordi-
nate and the vertical s for seconds.

(@) Note from the graphs that the val-
ues for v are the slopes ($) of the s-¢
curve and that the values for a are

the slopes (0) of the v-t curve. Sug-
gestion: Integrate v dt for each of the
two intervals and check the answer
for As. Show that the total distance
traveled during the interval t = 1 s
tot = 4818 74 m.
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Sample Problem 2/4

A freighter is moving at a speed of 8 knots when its engines are suddenly

(1) stopped. If it takes 10 minutes for the freighter to reduce its speed to 4 knots, de-

termine and plot the distance s in nautical miles moved by the ship and its speed

v in knots as functions of the time ¢ during this interval. The deceleration of the
ship is proportional to the square of its speed, so that a = —kv™.

2/23/2026 Chapter 2 - Rectilinear 61



Solution. The speeds and the time are given, so we may substitute the expres- elpful Hints

sion for acceleration directly into the basic definition ¢ = dv/dt and integrate. ‘ :
(1 Recall that one knot is the speed of

Thus, one nautical mile (6076 ft) per hour.
u 7 Work directly in the units of nauti-
—kv? = @ ‘ili = —hdt @ =—p f di cal miles and hours.
dt v?
(2) We choose to integrate to a general
1+1_ k — 8 76 He CoOTrTEesSTO 1 3
—— 4 == —kt U= value of v and its corresponding time
L 8 1+ 8kt ¢ so that we may obtain the variation
0 1 of v with .
Now we substitute the end limits of v = 4 knots and ¢ = ;; = & hour and get
8 " e 8 8
S h=2mi!? V= —— Ans.
1 + 8k(1/6) 4 1+ 6t \
6 —_— ——
. . . 3 \\
The speed is plotted against the time as shown. E 3 | e |
The distance is obtained by substituting the expression for v into the defi- -
nition v = ds/dt and integrating. Thus, 2
8 _ds ‘ 8dt f 4 0
=— =| d =_-In(1+6t Ans. R
1+6t dt ol + 6t 0 3 ¢ 3 ( ) 2 t, min
The distance s is also plotted agamst the txme as shown and we see that the ship 1.0

has moved through a distance s = ; In 1+ 6) =3 ln 2 = 0.924 mi (nautical) dur-
ing the 10 minutes.

(=]
o

(=]
=
N,

s, mi (nautical)
o
()]

o
o

(=]
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2/1 The velocity of a particle is given by v = 25¢* — 80t —
200, where v is in feet per second and ¢ is in seconds.
Plot the velocity v and acceleration a versus time for
the first 6 seconds of motion and evaluate the velocity
when a is zero.

Ans. v = —264 ft/sec

O 1 e f— — — — 4+ 5, ftorm

2/23/2026 Chapter 2 - Rectilinear

63




2/2 The position of a particle is given by s = 2¢* — 40t* +
200t — 50, where s is in meters and £ is in seconds.
Plot the position, velocity, and acceleration as func-
tions of time for the first 12 seconds of motion. Deter-
mine the time at which the velocity is zero.

e .L b pe = — — 4+ 5, ft or m
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2/6 The acceleration of a particle is given by a = —ks?
where a is in meters per second squared, k is a con-
stant, and s is in meters. Determine the velocity of the
particle as a function of its position s. Evaluate your
expression for s = 5mif 2 = 0.1 m 's ¢ and the initial
conditions at time ¢ = 0 are s; = 3 m and v, = 10 m/s.
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2/8 The velocity of a particle moving in a straight line is
decreasing at the rate of 3 m/s per meter of displace-
ment at an instant when the velocity is 10 m/s. Deter-
mine the acceleration a of the particle at this instant.
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2/10 A ball is thrown vertically up with a velocity of 80
ft/sec at the edge of a 200-ft cliff. Calculate the
height & to which the ball rises and the total time ¢
after release for the ball to reach the bottom of the

e cliff. Neglect air resistance and take the downward
acceleration to be 32.2 ft/sec?.

2007

-
M e s |
‘e il -
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2/11 A rocket is fired vertically up from rest. If it is de-
signed to maintain a constant upward acceleration
of 1.5¢, calculate the time ¢ required for it to reach
an altitude of 30 km and its velocity at that position.

Ans.t = 63.9s, v = 940 m/s
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2/32 A motorcycle patrolman starts from rest at A two
seconds after a car, speeding at the constant rate of
120 km/h, passes point A. If the patrolman acceler-
ates at the rate of 6 m/s* until he reaches his maxi-
mum permissible speed of 150 km/h, which he
maintains, calculate the distance s from point A to
the point at which he overtakes the car.
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