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Engineering Mechanics: Dynamics
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‘Ef Mechanics is a branch of the physical sciences that is concerned with the state of rest or motion
% of bodies subjected to the action of forces.

i
g Engineering mechanics is divided into two areas of study, namely, statics and dynamics. Statics

g is concerned with the equilibrium of a body that is either at rest or moves with constant
%velocity. Here we will consider dynamics, which deals with the accelerated motion of a body.
% The subject of dynamics will be presented in two parts: kinematics, which treats only the

% geometric aspects of the motion, and kinetics, which is the analysis of the forces causing the

% motion. To develop these principles, the dynamics of a particle will be discussed first, followed

by topics in rigid-body dynamics in two and then three dimensions
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Hlstorlcally the principles of dynamics developed when it was possible to make an accurate “
m

easurement of time. Galileo Galilei (1564-1642) was one of the first major contributors to this ,ﬁf
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¥ = field. His work consisted of experiments using pendulums and falling bodies. The most % E
%S|gnlf|cant contributions in dynamics, however, were made by Isaac Newton (1642-1727), who %
% is noted for his formulation of the three fundamental laws of motion and the law of universal %
ggravitational attraction. Shortly after these laws were postulated, important techniques for theirg
%application were developed by Euler, D’Alembert, Lagrange, and others. There are many%

gproblems in engineering whose solutions require application of the principles of dynamics.g

gTypically the structural design of any vehicle, such as an automobile or airplane, requiresg
o o
g consideration of the motion to which it is subjected. This is also true for many mechanical devices, g

gsuch as motors, pumps, movable tools, industrial manipulators, and machinery. Furthermore,g

{’;f predictions of the motions of artificial satellites, projectiles, and spacecraft are based on the theory {if
i i
g of dynamics. With further advances in technology, there will be an even greater need for knowmg W

u 2 how to apply the principles of this subject.
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o £ We will begin our study of dynamics by discussing the kinematics of a particle that moves
{’;f along a rectilinear or straight-line path. Recall that a particle has a mass but negligible size and
i

i shape. Therefore we must limit application to those objects that have dimensions that are of no
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g consequence in the analysis of the motion. In most problems, we will be interested in bodies of ¥

Vel

{if finite size, such as rockets, projectiles, or vehicles. Each of these objects can be considered as a
e
v particle as long as the motion is characterized by the motion of its mass center and any rotation

i ¥ of the body is neglected.
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Rectllmear Kinematics. The kinematics of a particle is characterized by specifying, at any given

1nstant the particle’s position, velocity, and acceleration.
(4ilac) 4nilod g calie pu g cdad go 23T yio aval) LS 20aT

Alee A3ie y daad ol 2ic

P05|t|on The straight-line path of a particle will be defined using a single coordinate axis s, Fig.

‘gf 12-1a. The origin O on the path is a fixed point, and from this point the position coordinate s is

A %Q‘?ﬁ?%‘?ﬁ?%ﬁ?%ﬁ?%%%%%%%%%%%%%%%%%%%

g used to specify the location of the particle at any given instant. The magnitude of s is the
W . : : L
« distance from O to the particle, usually measured in meters (m), and the sense of direction is

i
" defined by the algebraic sign on s. Although the choice is arbitrary, in this case s is positive

ELE

2 since the coordinate axis is positive to the right of the origin. Likewise, it is negative if the

ﬂﬁﬂﬁ?ﬂ‘?ﬂ?ﬂ?ﬁ?ﬂ?ﬂ?ﬂ?ﬁ?ﬂ?ﬂ?ﬂ?ﬁ?ﬂ?ﬂ?ﬂ?ﬂ?@%Q}ﬁ&?@?ﬂ&?ﬂ?ﬁ?ﬁ?ﬂ?ﬁ?ﬁ?ﬁ?ﬂ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬂ

% particle is located to the left of O. Realize that position is a vector quantity since it has both

g magnitude and direction. Here, however, it is being represented by the algebraic scalar s, rather
gthan in boldface s, since the direction always remains along the coordinate axis.
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Dlsplacement The displacement of the particle is defined as the change in its position. For

 example, if the particle moves from one point to another, Fig. 12—-1b, the displacement is
AS=S -5

In this case As is positive since the particle’s final position is to the right of its initial position,

| e., s >s. Likewise, if the final position were to the left of its initial position, A s would be

negatlve. The displacement of a particle is also a vector quantity, and it should be distinguished
from the distance the particle travels. Specifically, the distance traveled is a positive scalar that

represents the total length of path over which the particle travels.
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Fig. 12-1

Velocity. If the particle moves through a displacement As during the time interval At, the
average velocity of the particle during this time interval is
Vavg = AS / At
If we take smaller and smaller values of At, the magnitude of As becomes smaller and smaller.

Consequently, the instantaneous velocity is a vector defined as

v = J}lt}n[is_; ﬁ.t}_.

v=ds/ dt ... (12-1)
7 Since At or dt is always positive, the sign used to define the sense of the velocity is the same as
that of As or ds. For example, if the particle is moving to the right, Fig. 12—1c, the velocity is

/ positive; whereas if it is moving to the left, the velocity is negative. (This is emphasized here by
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g the arrow written at the left of Eg. 12-1.) The magnitude of the velocity is known as the speed,
i

« and it is generally expressed in units of m/s.

i

g Occasionally, the term “average speed” is used. The average speed is always a positive scalar

2 ¥ and is defined as the total distance traveled by a particle, st, divided by the elapsed time At; i.e.,
i

g (Vsp)avg = ST/ At

g For example, the particle in Fig. 12—1d travels along the path of length st in time At, so its

g average speed is (Vsp)avg = ST/ At, but its average velocity IS Vayg = -AS / At.

o

o

¥ Agaiallde ) ol ¢ Atdse 3l s Sl UMAAS W 8 Aal)) e arenll O st 1)

g o e 311 5 yidl) 038 A asneall Adaau gial)
o

o

o

g Dr.moawia Ibrahim hamedelnil — moawiaibrahim73@gmail.com

G AN NG R TN R F e R A O L T ARG I T L MO T L T ARG L T L PO AR L TR

£


mailto:moawiaibrahim73@gmail.com

et e e e e R R R R R R R g
: Vavg = As / At Y
avg o
:
sl i iy Lyl rald jaal muay As Al Y1 late (8 ¢ A Ayt 3l 5l jaals jraal Lag B3] 13 4

- - -

¥
[
£
E
¢
3
E

)

[
5
=
2
=
=

v=ds/ dt ... (12-1)
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Fig. 12-1 (cont.)

Acceleration. Provided the velocity of the particle is known at two points, the average
acceleration of the particle during the time interval At is defined as

Aavg = AV / At
Here v represents the difference in the velocity during the time interval At, i.e., Av =V -v,
Fig. 12-1e.
The instantaneous acceleration at time t is a vector that is found by taking smaller and smaller
values of At and corresponding smaller and smaller values of Av, so that

a= ﬁ!}ﬂ}n{ﬂ’v;‘ A, or

a=dv/dt .........(12-2)
Substituting Eqg. 12-1 into this result, we can also write
a =d?%s / dt?
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a =d%s / dt?

Acceleration
(e)

Both the average and instantaneous acceleration can be either positive or negative. In particular,

EPEPEPEPER EPEREREP R EPEPEPEP EPEPEL EPEP ER EP ER P EP EPEY
Q
La

gwhen the particle is slowing down, or its speed is decreasing, the particle is said to be

% decelerating. In this case, v’ in Fig. 12-1f is less than v, and so Av = v™ - v will be negative.

g Consequently, a will also be negative, and therefore it will act to the left, in the opposite sense
% tov.

%Also, notice that if the particle is originally at rest, then it can have an acceleration if a moment

% later it has a velocity v_; and, if the velocity is constant, then the acceleration is zero since Av =
%v - v = 0. Units commonly used to express the magnitude of acceleration are m/s2.

W Finally, an important differential relation involving the displacement, velocity, and acceleration
@f along the path may be obtained by eliminating the time differential dt between Egs. 12-1 and

ﬂf 12-2. We have
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¥ dt=ds/v=dv/a

o
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o

g ads=vdv veeee(12-3)
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Fig. 12-1 (cont.)

dt=ds/v=dv/a

ads=vdv veene(12-3)

Although we have now produced three important kinematic equations, realize that the above
equatlon Is not independent of Egs. 12-1 and 12-2.

i Constant Acceleration, a = a.. When the acceleration is constant, each of the three kinematic
equatlons ac = dv/dt, v = ds/dt, and a. ds = v dv can be integrated to obtain formulas that relate
ac ,V, S, and t.

Velocity as a Function of Time. Integrate a. = dv/dt, assuming that initially v = vo when t = 0.

W I
/ dv = / a. dt
p 0

V=Vo+act e (12-4)

v Position as a Function of Time. Integrate v = ds/dt = vo + act, assuming that initially s = s, when

%Q‘?Qﬁ’ﬂ?ﬁ?ﬂ?ﬁQﬁ?ﬂ?ﬁ?ﬂ?ﬁ?ﬂ?ﬁ?ﬂ?ﬁ?%%%%%%%%%%%%%%Q‘?ﬁ?Q‘?ﬁ?Q‘?ﬁ?Q‘?ﬁ?%‘?ﬁ?Q‘?ﬁ?Q‘?ﬁ?%%%%%%%%%%%%%%%%%%%%%%%%
— o
1 -
©

e e e S e G G N G N A N e N G S e G g N G g e e e A G e e s i G e e e e A G e g i G e e e e A G s e N e A N . e S A S G G

W Dr.moawia Ibrahim hamedelnil — moawiaibrahim73@gmail.com
N A e F AR naE A F AN AE AN S P A AR O ¥ AN AR FA N A S A N P AN A AN AN R T A N R AU A N AU A A R AU A A R A A A A A R

£

£


mailto:moawiaibrahim73@gmail.com

il i A e R R AT g R A A e A

5 v
/ ds = / (vg + at) dt
5) 0

s=sp+Vot+%(act?)  ...... (12-5)
 Velocity as a Function of Position. Either solve for t in Eq. 12—4 and substitute into Eq. 12-5, or 4
7 integrate v dv = a. ds, assuming that initially v =voats=so .

u v §
/ vdv = / a.ds
Ty 5

0

V2=Vo24+2ac(S-S0) 000 eeeenn (12-6)

The algebraic signs of sp, Vo , and ac , used in the above three equations, are determined from

%%%%%%%%%%%%%%%%%%%%%%%

i the positive direction of the s axis as indicated by the arrow written at the left of each equation.

o £l

‘Ef Remember that these equations are useful only when the acceleration is constant and when
ﬂf Y= 0,s=sp,V=Vy.Atypical example of constant accelerated motion occurs when a body falls

ﬂf freely toward the earth. If air resistance is neglected and the distance of fall is short, then the

G

‘Ef downward acceleration of the body when it is close to the earth is constant and approximately

& 79.81 m/s2. The proof of this is given in Example 13.2.
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o) b g = dv/dt abeall Jalsall o) jaly
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v T I
/ dv = / a. dt
y 0

V=Vo+act  eeeeeen (12-4)

v = ds/dt = vo + g t alaall JalSill o) jaly
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s=sp+Vot+%(act?)  ...... (12-5)

o sl gt alagY (4-12) Aalxall Jag Wl (Velocity as a Function of Position) aésall & 4l1as de )
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VZ=Vo2+2a(S-S0) 00 eeeeens (12-6)
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Important Points

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.

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.

A particle that is slowing down is decelerating.
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A particle can have an acceleration and yet have zero velocity.

W
o

% The relationship a ds = v dv is derived from a = dv/dt and v = ds/dt, by eliminating dt.
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