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Linear motion: refers to the movement of an object along a straight line, without
any rotation or change in its direction. It is one of the simplest forms of motion,
and the principles governing it are fundamental in physics and engineering.
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The key characteristics of linear motion are:
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e Position: The specific location of an object at a given time.
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o Displacement: The straight-line distance between the initial and final position
of an object, with a direction.
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e Velocity: The rate of change of displacement with respect to time.
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e Acceleration: The rate of change of velocity with respect to time.
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e Time: A key variable in determining how motion progresses.
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To calculate displacement, we use the following equation,
¢Adlal) Aalaall a2dfus ddal Y1 Glual
Ax = Axyr — Ax;
Where
Ax = is the displacement
Ax; = is the final position

Ax; = is the initial position

Average velocity is the total displacement divided by the total time.
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To calculate average velocity, we use the following equation,
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Uf + V;
Vavg = T

Ax  x;— x4
Vavg = At = E
Where:
Vgyg = average velocity
Ax = isthe change in position
At = is the change in time

t1 is the time at which the object was at position x4

t, is the time at which the object was at position x;
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Instantaneous velocity
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Instantaneous velocity is the velocity at a specific point in time.
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o Ax x;—xq
v=lim—=——
At—0 At t, — t1
dx
vV=—
dt
To calculate acceleration, we use the following equation,
Av
a=—
At

To calculate average acceleration, we use the following equation,
U2 — V1
Aqvg = ———
avg tz _ tl

Instantaneous acceleration
A change in velocity at any point in time is instantaneous acceleration. The

calculation for instantaneous acceleration is similar to instantaneous velocity.
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a= lim—-=
At—0 At t, — t,
dv d*x
aqa=—=—
dt  dt?
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Examplel: The velocity of a moving particle is given by v(t) = 20t — 5t>m/s
Calculate the instantaneous acceleration att =1, 2, 3, and 5s.
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Solution:
v(t) = 20t — 5t°
P8 = a =20 - 10t
a =20 — 10(1) = 10ms™2
a = 20 — 10(2) = Oms™2
a =20 — 10(3) = —10ms™2
a =20 — 10(5) = —30ms™2
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Key Equations of Linear Motion
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The fundamental equations governing linear motion are derived from the basic
definitions of velocity and acceleration. These equations are often referred to as the
"equations of motion," and they apply when an object moves under constant
acceleration (e.g., due to gravity or uniform acceleration).
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1. Displacement with Constant Acceleration:
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s=ut+=a
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Where
o s =displacement(m)
o u = initial velocity(m/s)
e a = acceleration(m/s?)

o t =time(s)
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2. Final Velocity after Time t:
o s Al el

v=u-+at

e v = final velocity(m/s)

initial velocity(m/s)

e a = acceleration(m/s?)

o t=time(s)

3. Displacement with Final Velocity:
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Where:
o s =displacement(m)
o u = initial velocity(m/s)
e v = final velocity(m/s)

o t =time(s)

4. Velocity and Displacement without Time:
() O Aal HY) g de yull

v? =u?+ 2as

Where:

e v = final velocity(m/s)
e u = initial velocity (m/s)
e a = acceleration(m/s?)

e s =displacement(m)

fatima.muslim.hadi@uomus.edu.iq



Al-Mustagbal University / College of Engineering & Technology
Building and Construction Techniques Engineering Department
First Class
Subject: -ENGINEERING PHYSICS / Code: - UOMUO023014
Lecturer Fatima Muslim
15t term — Lecture No.3 & Lecture Name Linear Motion

Examples of Linear Motion
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1. Free Fall (Gravity-Driven Motion): A common example of linear motion is
the fall of an object due to gravity. When an object is dropped from a height, it

accelerates towards the Earth with an acceleration (a = g = 9.8 (m/s%)) (on
Earth).
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Example2: A ball is dropped from a height of 20 meters. How long does it take to
hit the ground?
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Solution:

= 1:+1 t?
s=ut+za
Given:s = 20m,u = 0m/s,a = 9.8 m/s?
1
ZOZOXH—EX()Bth
20 = 4.9¢>
t2_20 4.08
T 49 7
t =v4.08 = 2.02 sec
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2. Uniform Motion: If an object is moving at a constant velocity, there is no

acceleration. For example, a car moving at a constant speed of 60 km/h for 2
hours.
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Example3: A car travels at a speed of 60 km/h for 2 hours. How far does the car
travel?
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Solution:
Since the car is moving at a constant velocity, we use:
i Ll AL Ao s & jati s Ll (Y 15k
displacement = velocity X time

displacement = 60 km/h X2 h =120 km/h
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