Chapter 2
Mechanics: Kinematics

Description of Motion

2.1 The position vector and the displacement vector ‘
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Figure 2.1
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A'r is called the displacement vector which represent the change in the

position vector
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Example 2.1
Write the position vector for a particle in the rectangular coordinate (x,
y, z) for the points (5, -6, 0), (5, -4), and (-1, 3, 6).

Solution

For the point (5, -6, 0) the position vectorisr=5i—-6j _
For the point (5, -4) the position vectorisr=5i -4 _

For the point (-1, 3, 6) the position vector is r =—i + 3 j + 6k

2.2 The average velocity and Instantaneous velocity
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The average velocity of a particle 1s defined as the ratio of the
displacement to the time interval.
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The instantaneous velocity of a particle 1s defined as the hmit of the
average velocity as the time mterval approaches zero.

. .. Ar

=l O @3
5=L 2.6)
' dt '

The unit of the velocity 1s (m/s)
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2.3 The average acceleration and Instantaneous acceleration
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The average acceleration of a particle i1s defined as the ratio of the

change in the mstantaneous velocity to the time interval.
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The instantaneous acceleration is defined as the limiting value of the
ratio of the average velocity to the time interval as the time approaches
zero.
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The unit of the acceleration is (m/s”)
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Example 2.4
The coordinate of a particle moving along the x-axis depends on time
according to the expression
x = 5t° - 2t°
where X iIs in meters and t is in seconds.
1. Find the velocity and acceleration of the particle as a function of
time.
2. Find the displacement during the first 2 seconds.
3. Find the velocity and acceleration of the particle after 2 seconds



Solution
(a) The velocity and acceleration can be obtamed as follow

ax 2
v=— =107 - 6r
dr
a— o 10 - 12¢
dt
(b) using the equation x = 5¢° - 21’ substitute for /=2s
X — 4m
(¢) using the result  part (a)
v=-4m/s
a=-14 nUs"
Example 2.5

A man swims the length of a 50m pool in 20s and makes the return trip
to the starting position in 22s. Determine his average velocity in (a) the
first half of the swim, (b) the second half of the swim, and (c) the
round trip.

Solution g 50
(A)vi= —=— =2.5m/s
i 20
d -50
b)yv,=—=——=-227m/s
r2 20

(¢) Since the displacement 1s zero for the round trip, vae = 0



Motion in One Dimension

2.4 One-dimensional motion with constant acceleration
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Instantaneous acceleration = Average acceleration

4= U= 0 (2.9)
r—rt
o]
Let 7, = 0 then the acceleration
a=Y"Yo (2.10)
f
or
v=v,t+ at (2.11)
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Since the velocity varies linearly (—a3) with time we can express the

average velocity as
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To find the displacement Ax (x-x,) as a function of time

v+v
Q

AX = Vave AL = ( }z (2.13)

or

1
X=X T 5 (vtvo) (2.14)



Also we can obtain the following equations

1 al
X=x,t Vv, I+ 5 at (2.15)

2 2

vV =v, + 2a(x-x,) (2.16)
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Example 2.8
A body moving with uniform acceleration has a velocity of 12cm/s
when its x coordinate is 3cm. If its x coordinate 2s later is -5¢cm, what
is the magnitude of its acceleration?



Solution

2
X=X, T Vol T — at

2
5=3+12x2+ 0.5 a (2)°

' =-16 cr/s”

2.5 Application of one-dimensional motion with constant
acceleration

2.5.1 Free Fall
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V=Vo-gf (2.19)

1
V=V, + 5 (vHvo)t (2.20)

1
Y Yot Vol gt (2.21)
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vo=ve =22 (e (2.22)

Figure 2.2

Example 2.10 . ' - ‘

A stone is dropped from rest from — s 4
the top of a building, as shownin 33 a0 .8 ’
Figure 2.4. After 3s of free fall, @3 AN ' ;
what is the displacement y of the 1 7 [ 1] | - |
stone? nano
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Solution =g

From equation (2.21)
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vy=0+ 0 - % (9.8) < (3)* = -44.1m



Example 2.11

A stone is thrown upwards from the edge
of a cliff 18m high as shown m Figure — LI
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2.5. It just musses the chiff on the way 1 fff’fff’:—;

down and hits the ground below with a f,"; '

speed of 18.8m/s. 18m ::,:
(a) With what velocity was it ?
released? I’y
(b) What 1s its maximum distance v - < l s

from the ground durmg its flight?
Figure 2.5
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Solution

Let v, = 0 at the top of the clhiff.
(a) From equation

2

V=, - 28 (7-Vo)

(18.8)" =v,” - 2x9.8x18

v,o = 0.8 m/s
(b) The maxmum height reached by the stone 1s /
h=— = 18 18 m



