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Basic Concepts:

A particle: is a body of negligible dimensions

Rigid Body: is that body whose changes in shape are negligible compared with its overall
dimensions or with the changes in position of the body as a whole, such as rigid link, rigid

disc.....etc.

Absolute motion: the motion of body in relative to another body which is at rest or to a fixed

point located on this body.
Relative motion: the motion of body in relative to another moved body.

Scalar quantities: are those quantities which have magnitude only e.g. mass, time, volume,

density ....etc.

Vector quantities: are those quantities which have magnitude as well as direction e.g. velocity,

acceleration, force .....etc.
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Chapter Two

Kinematics of Particles

Kinematics: is that branch of dynamics which is responsible to study the motion of
bodies without reference to the forces which are cause this motion, i.e it’s relate the

motion variables (displacement, velocity, acceleration) with the time

1. Rectilinear Motion:
The particle moves along a straight line path. The kinematics of a particle is described by
specifying, at any given instant (the particle’s position, velocity and acceleration).

Position(s): The straight line path of a particle will be defined using one coordinate axis s.

O §
|

Position

Displacement (As):The displacement of the particle is defined as the change in its position

As=5s"—s (1)
Where: O—O—s
s’ : Final position of particle & | A
. . . § § —
s : initial position of particle § |
!

Note: Displacement
As is positive(+) if s’ located to the right of s .

As isnegative (-) if s’ located to the left of s .

e The displacement of a particle is also a vector quantity, and it should be distinguished from

the distance the particle travels.
e The distance traveled is a positive scalar that represents the total length of path over which

the particle travels.
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Velocity (v):

As

average velocity, Vavg = 4,

()

) ) : As
Instantaneous Ve|0C|ty, v = hmAt—>0 (—) , Or

)

ds

v=—"-=3S§
dt

The magnitude of the velocity is known as the speed.

__ Total distance travelt by particle

Average speed , (vg,)

v
—_—

'
v

As —

Velocity

(3)

(4)

avg Elapsed time
(v ) — ﬁ (always positive)
SPlavg At
Velocity units are: m/s or ft/s
For example,
—As
Vavg = -7 () |
At o
_ St
(vsp)avg ==
Acceleration (a):
. Av
average acceleration, Aavg =7,

Av = final vel. —intial vel. = v' — v

. . Av
Instantaneous acceleration, a = llmAt_>0 (E) , or

. dv — = d?s .

Tdt 0 dt2

()

St
Average velocity and
Average speed

0

(6)
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Note: Both a,,, & a canbe either positive or negative.

From equations (3) & (6) by eliminating the time (dt), we get;

ads =vdv (7)

A. Constant acceleration, (a = constant a,) :

dv
1- a=a=_

dv = a_.dt

v t
fvodv=ft0acdt, at t, =0, v=1,

v=vy+a.t (8)

_ds

2- v =
dat

s t
fsodszftovdt : v =1y +act

s t
fsodszfto(v0+act)dt , at t;=0, s=s,

1
s = So + Vot + 5 act? (9)

3- vdv=a,ds , s=sy att=0

v S
fvo vdv = a, fso ds

v? = v +2a.(s — sg) (10)
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B. Acceleration given as a function of time (a = f(t) ):
a=f(t)=dv/dt
v t
fvo dv= [ adt
v =1+ [ f(t) dt (11)
Also, if v =f(t)
S t
fSO ds = [jvdt

s=so+ [ f(t) dt (12)

C. Acceleration given as a function of velocity (a = f(v) ):

dv dv
a = ar —> dt = "
t v dv
t= [ dt= oo T) (13)
Or, vdv=ads = wvdv=[f(v)ds
v vdv
S§=S,+ vo Fw) (14)
D. Acceleration as a function of displacement (a = f(s) )
vdv = ads — f;; vdv = fsso f(s)ds
vE=v2+2 fsso f(s)ds (15)

Notes:
1. If the particles (car, bicycle, train, ...etc.) start from rest, then
Vo = 0 ) So = 0 ) tO =0

2. If the particle is stopped or take off , then v, =0

3. a=9.81m/s? or 32.2ft/s? (when the body falls to the earth). Neglected the air

resistant
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Grapher interpretation:

1- The s-t,v-t and a-t graphes

89 ]
[ ds = [ vdit or Sg

-.Sl ‘rl

— s, = (area under v-¢ curve)

vy — v; = (area under a-f curve)

2- The v —s and a — s graphics

%(022 — v,%) = (area under a-s curve)

[gvdv=[2ads or

L YA

dv
a=v(%)
ds

Accel. = velocity * (slop of v — s graph)

(a)

(b)

(c)

(a)

e

)
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Ex. (1): The car in moves in a straight line such that for a short time its velocity is defined by
v = (3t % + 2t) ft/s, where t is in seconds. Determine its position and acceleration when
t=3s.Whent=0, s=0

Sol.

v=f(t)=3t%+ 2t .
+ _dS_ 2

(—>) U—E—St + 2t

[ ds = fttO(Bt2 +20)dt  , tp =0, s5p=0

s=t3+t?

When t = 3 sec. , s=3)3+(2)2=36ft Ans,
+ dv

(—>) a=E=6t+2

Whent =3sec. —=> a=6(3)+2=20ft/s? Ans.

Note: The formulas for constant acceleration cannot be used to solve this problem, because the
acceleration is a function of time.

EX. (2): During a test a rocket travels upward at 75 m/s, and when it is 40m from the ground its
engine fails. Determine the maximum height sy reached by the rocket and its speed just before
it hits the ground. While in motion the rocket is subjected to a constant downward acceleration
of 9.81 m/s? due to gravity. Neglect the effect of air resistance.

'Ug:O
s
Sol.
vy=+75m/s at t=0

At maximum height s =sz,v5 =0 (atrest)

Sp

a=-981m/s? (a = constant)

vq = 75m/s Tﬁ

Path A-B 1 a

54 =40m

(+1) v3 =vs+ 2a(sg —s,)
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0 = (75)2 + 2(—9.81)(s5 — 40)

sg =327 m Ans.
Path B-C
(+1)  v2 = v+ 2a(sc — sp)
v¢ =0+ 2(9.81)(0 — 327)
ve=-80.1 = 80.1m/s | Ans.

(The negative root was chosen since the rocket is moving downward)

Or, Path A-C
(+1)  v2 =vZ+ 2a(sc —s,)
vZ = (75)% + 2(—9.81)(0 — 40)

ve =-80.1 = 80.1m/s | Ans.

Ex. (3): The position of a particle along a straight line is given by s = (1.5t3 — 13.5t? +
22.5t)ft, where tis in seconds. Determine the position of the particle when t = 6 s and the total
distance it travels during the 6 s time interval. Hint: Plot the path to determine the total distance
traveled.

Sol.:
Position: The position of the particle whent = 6 s 1s

Sli—es = 1.5(6%) — 13.5(6%) + 22.5(6) = —27.0 ft Ans.

_ds

p = = 4.50¢% — 27.0t + 22.5
dt

The times when the particle stops are

45062 — 27.0t + 225 =0

t=18 and t'=15sg
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The position of the particle atf = 0s,1sand 5sare

Sli—gs = 1.5(0%) — 13.5(0%) + 22.5(0) = 0

Sl_1s= 1.5(1%) — 13.5(1%) + 22.5(1) = 10.5 ft
slioss = 1.5(5%) — 13.5(5%) + 22.5(5) = —37.5ft  Ans
/05 1 /051t
From the particle’s path, the total distance is o
Sior = 10.5 + 48.0 + 10.5 = 69.0 ft :.: + --3.
" oIt g
— - -
S=-3P5ft S=2RI0F S=0 S=5it
t=55 1= 65 teo t=is

Ex. (4): A motorcyclist travels along a straight road with the velocity described by the graph.
Construct the s-t and a-t graphs. Att =0, v =10

v (ft/s)
150 7
Sol.: v=201-50 /
s—t Graph: \--R/_’;’
For the time interval 0 <t < 5s, 50_7%;’
v=2t
the initial conditionis s =0 when t =0 ’
(5)
(:) ds = vdt 5 10
/ ds = / 26dt
0 0
&)
= bt ft 3(ft)
3 S=/0t*-501 +83.3
583 4 '
When t = 5s,
Do .
s = =(5%) = 83331t = 8331t
3 5=3ét5
For 5s<t < 10s 833 +——
55 p t(s)
the initial condition is s = 83.33 ft when t = 5s (@)

-10-




Engineering Mechanics Dynamics Mushrek A. Mahdi

(i,) ds = wvdt

s t
/ ds = / (20t — 50)dt
8333 ft 5s

s f

S

= (10£* — 501)
83.33ft

s = (10> — 50t + 83.33) ft

Ss

Whent = 10 s,

n
[0e)
9
]
-

Sli=10s = 10(10%) — 50(10) + 83.33 =
The s—t graph 1s shown in Fig. a.
a—t Graph: For the time interval 0 =t < 55,
dv d
+ _av _ 4 50y 2
(%) a= - = (20%) = (4nft/s
alfs®)

Whent = 5s,
- A=R0

a = 4(5) = 20 ft/s? 20+
For the time interval 5s << t = 10 s, a=€t

1)

dv d
_ 2
( — ] a ; ; (20t — 50) = 20 1t/s

10
b)

u4

The a—t graph is shown 1n Fig. b.

Ex. (5): The a—s graph for a jeep traveling along a a (m/s%)
straight road is given for the first 300 m of its motion.

Construct the v-s graph. Ats =0, v =10

s (m)

200 300

Sol.:

a—s Graph: The function of acceleration a in terms of s for the interval
Om=s < 200mis

=— a = (0.01s) m/s?

a 2
s 200

11-




Engineering Mechanics Dynamics Mushrek A. Mahdi

For the interval 200 m < s = 300 m,

a 2
_ — 2
300 —s — 300 =200 a=(—0.02s+6)m/s

v=s Graph: The function of velocity v in terms of s can be obtamed by applying
vdv = ads. For the interval 0 m = s < 200 m,

vdv = ads
/ vdv = / 0.01sds
0 0
v = (0.1s) m/s
Ats = 200 m, v = 0.100(200) = 20.0 m/s
. Vimps)
For the interval 200 m < s = 300 m, V= [-0.003%25 200
vdv = ads ol
| |
v s V=015 E i
/ vdv = / (—0.02s + 6)ds L
20.0 m/s 200 m ! |
5 -+ +—5(n)
Zop 300

v = (V=0025% + 125 — 1200) m/s

Ats =300m, v =V -0.02(300%) + 12(300) — 1200 = 24.5 m/s

-12-
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Ex. (6): Automobiles A and B are traveling in adjacent highway lanes and at t =0 have the
positions and speeds shown. Knowing that automobile A has a constant acceleration of 1.8 ft/s?
and that B has a constant deceleration of 1.2 ft/s?, determine (a) when and where A will
overtake B, (b) the speed of each automobile at that time.

(VA)(]: 24‘ ml/h]f‘ (VB)(): 36 ml/hr
A B
oo w5
75 ft !
Sol.: X
a, =+1.8 ft/s> ay=-1.2 fils’
‘ A overtakes B
(V4)o =24 mi/h =35.2 ft/s
(vg)o =36 mi/h =52.8 ft/s t:0 ——p —— 70 ‘;;t'\
o, Cata Catios
0 b=l ) %t —
%
Yy ———
Motion of Auto. A: vy =(v,)g +a,t=352+1.8¢t (1)
X, =(x,) + (VA)DI‘-]-%GAIZ = 0+35.2r+%(1.8):2 (2)
Motion of Auto. B: v, = (vg), +azt =52.8—1.2t (3)
I - 1
xp = (xg) + (v )ﬂr+5a3rﬁ =75+52.8t+—(=1.2)t* (4)
(@) AovertakesBatt =t,
X, =xg: 352t+009t2 =75+52.8¢t —0.61]
1.5t7 —17.6t, —75=0
t,=-322s and t,=15.0546 t,=15.05s <
From Eq. (2): x, =35.2(15.05)+0.9(15.05) x, =734 ft <
(b) Velocities when t; = 15.0546 s
v, = 35.2 + 1.8(15.05) = 62.29 ft/s — Ans.
vp = 52.8 — 1.2(15.05) = 34.74 ft/s - Ans.
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