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Usage

These notes have been made for everyone that would like to learn or to remember
the basic elements on the topic of linear motions without derivatives and integrals. He
can find here these elements in concentrated form without a detailed analysis. For this
reason the reader has to give as much attention as he can in every sentence, graph
and notification of these notes, so that he can benefit greatly from his study.

When the reader finish his study he supposed:

e to recognize, to distinguish and to use the concepts that we introduce in the
section 1 (Basic Elements).

¢ to remember the framed formulas and to understand under which conditions
and during what kind of motion he has the right use them.

e to prove the next formula from the previews when this is possible.

e to plot the functions of the motions by using the appropriate formula and
to recognize the kind of motion in which every graph refers.

¢ to understand how he can take an information and which informations he
can take from every graph by direct reading of the graph or by using the
four "notifications".
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Linear Motions (Concentrated)

Konstantinos Leledakis

1 Basic Elements

Reference Point' . .
is a point of

known place that we use to describe
other points and (or) our motion's pa-
rameters. *

Reference frame' .
is the reference

point with the appropriate number
(one two or three) of axes.

Positi —
[Position (7 ) ] ¢ an object is the

vector quantity that starts from the
reference point and finishes on a
specific point of our object at any

Time Duration ( At )I
between two

instants of a time interval (t,%s) is
the deference between the instant
that follows and the instant that pre-
ceded (At =1t — t; )

time. T

Ti t
of a fact is the time dura-

tion between the instant of our fact
and the instant that we consider to
be our zero time.

:I of a moving body is the

path that the object follows through
space as a function of time.

Distance ( S )I .
that a moving body
_@/‘ " have traveled the length of the body's
trajectory.
—
Displacement ( Ar ) .
_I i Velocity ( V )I
of a moving 4 is defined as the rate

body is the vector difference between of change of the position of a movin
the final and the initial position of the body. § 8 ¢

body. So it is the vector that starts
. —
Acceleration ( a’ )| .
L; is defined as the

from the initial position of the body
and ends on the final position of the

rate of change of the velocity of a
moving body.

— N
point ( AT = 755, — 74 ). T
ﬁ.
/Klyﬂn — Yin

y Tfin — L
) —
Yfin p-------- ffw 77777 ‘ ‘ Ar = (:Efin — Tin y Yfin — yin) ‘
Yin |-~ ‘
o | 1Ar] = (i — 20+ (gin — 900)?
: i 3 in — Yin
! O | tanf = Ygin = Yin
: : xfin — Tin
(O, O) Lin Ufin &

*In one-dimensional motions this point is the point zero of our axis. In two or three dimensions
is the point of intersection of our axes [So, it is (0,0) or (0,0,0) respectively].

¥In one-dimensional motions we can replace 7 by T and finally we can use the algebraic
value = determining this way the place of our moving object.

$The magnitude of the displacement is equal to the traveled distance ONLY IN CASE OF a
linear motion of one direction.

§The meaning of velocity is how fast and which direction the body moves. The magnitude of
the velocity is called speed (v) and is the rate of change of the distance.
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2 Uniform Linear Motion

Constant Velocity*

/

Uniform Linear Motion

§
%
2.1
%
2.2)
( ; ;
CQC =v-(t— 1) Az t
( Ar=v-t ()

t

Rodification Mo L: The area in a graph of v = f(¢) is equal to the displace-

ment Azx. |

Notification No 2' The slope in a graph xr = f(t) or Ax = f(t) is equal to

the velocity v. |

*Velocity is a vector quantity and so, in order to have a uniform linear motion the magnitude
AND THE DIRECTION of the velocity have to be constant.

TEvery formula comes of the previews by appropriate math operations and thus all are equivalent
to the first.

FFrom this formula and below of it we have considered that to = 0 and so in every formula that
follow this one xq is related with zero time.

§Every graph comes out from the corresponding formula. Pay attention to the graph of the
velocity. Velocity remains constant and it is not inversely proportional to the time duration At because if
we increase At then Az will increase too.

qThis equation can be considered as the "complete equation of our motion" because it contains all the
necessary parameters that determine our motion.

IOUR NOTIFICATIONS ARE VALID IN EVERY CASE OF LINEAR MOTION.
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3 Linear Motion With Constant Acceleration

Linear motion with constant acceleration

Av a
» a:Kt 3.1
Av=a- At 4
g\/()a'(tto) v t
(3.2)8
1 : v
Ax =vg -+ At —-a-At2
i T 0 -|-2 3.3) : A
1 2
x:x0+vo~t+§~a-t (3.4)8
!
t

Notification No 33' The area in a graph a = f(¢) is equal to the change of

the velocity Av. |

Noti i No 4:
LM The slope in a graph v = f(t) is equal to the acceleration

a. |

*In order to have a linear motion the acceleration has to be parallel to the velocity (@ [| V)
. Also this kind of motion contains both cases: One of them is when velocity increases (7 AN 7) and
the other is when velocity decreases (E) YA 7).

TThe formulas that are connected with these arrows are equivalent between each other.

FThe formulas are separated by this line in two "families of independent formulas".

§In the formulas (3.2) and (3.4) vo and xo are related with zero time .

qThis equation can be considered as the "complete equation of our motion" because it contains all the
necessary parameters that determine our motion.

IOUR NOTIFICATIONS ARE VALID IN EVERY CASE OF LINEAR MOTION.
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4 Average Speed and Average Velocity

. — I
Average Speed (U”)I Average Velocity (v,) [ defined
is defined as the =l 1S defined as

distance ( S ) that a moving body the displacement ( Ar ) of a moving
traveled during a time internal of| | Dbody during a time interval of dura-
duration At divided by this dura- tion At divided by this duration.

tion. —
S Ar
= — 4.1 v, = — 4.2
YT AL @D Ve = Ay “4.2)
(o)

9 Let's keep in mind

Position, displacement, velocity and acceleration are vector quantities. Although
in case of a linear motion on a specific axis 'z we have the right to replace
each one by it's algebraic value. The algebraic value of such a vector is the
magnitude of the vector with the sign plus if the vector points towards the positive
direction of the axis or with the sign minus if the vector points toward the negative
direction of the axis . This way in the formulas we presented for the uniform
linear motion and for the linear motion with constant acceleration all the vectors
have been replaced by their algebraic value and we have to use them with the
appropriate sign. f

The distance (S) that a moving body have| | The slope on a point of a curve [y = f(t)
traveled in case of a linear motion of || in our graph can be calculated via the
one direction is equal to the magnitude || auxiliary tangent that passes through the
of the displacement . In case that the|| point as we see below:

motion changes direction, we have to|| v

split our motion into motions of one di-
rection and to add up the individual dis- Ay Ay
slope = — (0.2)
tances. At
t
S =|Azi| + [Azs| + ... O] | In Ay we have to take care about the

sign plus or minus.

While we calculating the area in a
graph we should pay attention to the

sign of the function around that area:
a

The graphs we have presented in
the previews sections have a typical
shape. To draw every graph with pre-
ciseness we have to pay attention to
the specific signs of our vectors.

*Pay attention to the fact that average speed is a scalar and average velocity is a vector quantity.

TIt is clear that in case of uniform linear motion, velocity has the same formula as average
velocity and these two concepts have the same meaning (in this case). By replacing 7 by 7’ and
the last, by x.)

FHere, by using the term curve we mean every kind of line in our graph, including a straight line.
(In that case the tangent to the curve is the curve itself.)
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