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Chapter 2
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One Dimensional Motion

e The one-dimensional motion is the motion of an object along a
straight line.

* any object moving along a straight line can be considered
as moving along the x-axis.
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< Defining a particles posfon ,ﬁ/’f%pn

< Distance

< Displacement

< Average speed and velocity

< Acceleration

< Motion with constant acceleration
<+ Free fall



Definitions
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* Mechanics
The study of motion

e Kinematics

The mathematical description of motion in |1-D and 2-D
motion

* Dynamics

The study of the forces that cause motion



(2.1) Particle’s Position

> Particle’s Position is the location of the
particle with respect to a chosen reference point
that we can consider to be of a

coordinate system. e
& (+6m) X

—5"\1 o (—Bm) J?
Yi=b
* Positions to of the origin are

* Positions to of the origin are

X=0

x=-20m X=+80m =+ 190 m
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(2.1) DISTANCE and DISPLACEMENT
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\)* Displacement of a particle Ax is defined as its o );‘
~\=b=°>m
" changed in position in some time interval. 7/,
A
e In other word; it is the difference between the
final position x, , and the initial position x; .
Orlgln Ax = xf -xi Equation 2.1
o
o




d
Y§ =(+3m) 4 —
d

Ny = (—Fm) %

—

_ 3—('5) :Q\%m> ;/\



Distance and Displacement

- Distance

« Distance is always positive and tells how far

something is from something else but does not tell us

whether it is to the right or to the left.

« Units are important in Physics (and in all of Science).
In the lab, we will usually measure distance or
displacement in units of meters (m). Distance or
displacement could also be measured in centimeters
(cm) or kilometers (km) or even miles (mi).




Distance and Displacement

e A displacement to will be

That iS, A¥t-i = L/_(—;.) =6
Ax>0 since Xx <Xx ‘

~3-2~9 "{'5 ‘ -
For example, starting with x. = 60 m and ending at
x;= 150 m, the displacement is

Ax=x=x=150m-60mM=90m

}(f = .]50 m

origin = ﬁ | :ﬁ*

Xx=0 Xj=&m AX = Xg—X; =90m
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Distance and Displacement

87%{*" teerd oA
e A displacement to will be a

That is,
Ax<0 since x> X

For example, starting with x, = 150 m and
ending at x; = 60 m, the displacement is

Ax= X == 60m-150m=-90m

x=0 XfF=00M  Ax = xe—X =—90m
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Problem 1

You walk from your home to the library, and then to the park.
+ a) What is the distance travelled?

o R *_,  b) What is your displacement?
\ (o°

1

Your house Park
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Answer: a) 1.95 mi
b) 0.75 mi




Problem 2

The two tennis players walk to the net to congratulate one another.

a) Find the distance travelled and the displacement of player A.
b) Repeat for player B.
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(2.2) Speed & Velocity

# The average speed of an
object over a given time interval
is defined as the total distance
traveled divided by the total
S 4 = time elapsed:
total distance

total time
SI unit: meter per second (m/s)

Average speed =




EXAMPLE 2-1

A kingfisher 1s a bird that catches fish by plunging
into water from a height of several meters. If a
kingfisher dives from a height of 7.0 m with an
average speed ot 4.00 m/s, how long does it take for

1t to reach the water? Time
Ans: 1.8 s i
5[%&1% T\ A
A o L
Time = —ed 1/7-00 - g = 1S
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Problem 9

Joseph DeLoach of the United States set an Olympic
record in 1988 for the 200-m dash with a time of

19.75 seconds. \eaila = Lhodm
1. What was his average speed? ‘°™"/ o 13
2. Give your answer 1n meter per second and miles
perhour. | =< =2een  Tmes 197758
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Answer: 10.13 m/s '

22.66 mi/h
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AVERAGE VELOCITY

\/e,CA‘or Q\AHH
# The average velocity during a time interval t is the

displacement x divided by time t : o - f

SI Unit: meter per second (m/s)

AX At~ X
V - = Equation 2.3

avg At fe —1;

Speed & Velocity is also measured in km/h
(and even in mi/hr).

. 20 m
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An athlete sprints 50.0 m in 8.00§éops and the walks slowly back to
the starting point in 40.0 57 [f the sprint direction 1s taken to be

positive, what are: ——

/ Q) sprn asty Veke = j_ = 5; ~02Smlsx
\ \

= A)the average sprint velocity, B) the average walking velocity, and
© st .
NG ézbm(SC)average velocity of the complete
i ; A.W(;[he round trip ?
p =g | Ans:
A) 6.25m/s 4
B) -1.25m/s
C)o0
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Speed & Velocity

e O.:Ifyourunfrom x =0m tox =25m and back to your
starting point in a time interval of 5 s,

find the average velocity & average speed. .
V
Ans. : \/@cfor
? A XX J N
CL/”'%\-% avg "~ At -t épeecg Ojrection
i } )
nt &
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The average Velocity is zero. chang in
spetd /
ol
5 ol
The average speed is 10 m/s. = =2~ - —
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prived (2.5) Acceleration vecfsr c?uam;
J

We are often interested in how fast the velocity is
changing. This is the acceleration.

Acceleration :-is a change of velocity divided by a change
of tume.(_:; i &7 V-
Gvg - A-I- - 1' f — TI Equation 2.5
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Acceleration ” hien

Al

"~ Example: Find the acceleration from the figure below .

1'|=0 1'f=33
.Vi=10m/3 ve = 19 m/s @iy
VoV T 'i—'
vV VvV vV VvV
AN _ \lg -Vi 19 - \o _ >
e C n N o =3 /s A
%
a= Av.  (9-10m/s _ 9m/s _3 m/s
At 3s - 3s T 7 s

~ : +a
a=3mjs/s=3m/s? Righ” *"
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Exercise ph=—m T = 5 4

-« An airplane has an average acceleration of 5.6m/s?.

Starting from rest, how long it takes the airplane to
reach 150 km/h?"" +ime = 2 & = 5bws

(Ans. 7.44 s)

ng épeed - 150 \(Vﬂ/y\
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~ 1 6(7554 is decrebsing
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P e “¥(2.5) Acceleration

Acceleration (increasing speed) and deceleration
_ (decreasing speed) should not be confused with the
" directions of velocity and acceleration.

In Fig (a) and (d) speed increases

In Fig (b) and (c) speed decreases
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(¢) Decceleration
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MOTION DIAGRAMS
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Example 2.4

A ferry makes a short run between two docks one in Anacortes.
Washington, the other on Guemes Island. As the ferry approaches
Guemes island(travelling in posmve x-direction, its speed is 7.4 m/s.

Vi
(a) If the ferry slows to a st stop in 12.3 s, what is its average
; _ & _o—TH .
acceleration? o= ———-%=-— - -ob

(b) As the ferry returns to the Anacortes dock, its speed is 7.3 m/s. If it
comes to rest in 13.1 s, what is its average acceleration?

P omrn e \ef
Ans: oL - —E34) O-Dfm [T
s T PR
a) - 0.6 m/s?
b) 0.56 m/s2 v < S\
) mis*— — <<
Anacortes Guemes

" Island %\ﬂ
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(2.5) MOTION WITH CONSTANT ACCELERATION

hese equafion when AcCderafion is Constant

\Agmf} il

wereasing the velocity i = | N . @
| | 4 | velocity Ye = Xi+ \/cmS 1)
] 1. Velocity as a function of time
Vi = Vi vat @
V=Y, + at (for constant a)
2. Inmitial, Final and average velocity
ﬁ
1Y — Y +v (for constant a ) oo Ve
avg 2 cons
v§

o‘W‘S\] Ifowty_\"%vf-
3. Position as a function of time and velocity /%’ o
1 E o
Xgr: X0 + E(UO + Z))t
|

4. Position as a function of time and acceleration ©

1,2 )
— + + ~ .
X = Xo + 0ot Zatw - yﬁ\/ﬂt* ]/’zc(Jr
5. Velocity as a function of position

vf = U,.oz + 2a(x — xg) = vo? + 2aAx
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(2.5) MOTION WITH CONSTANT ACCELERATION
0 -vitad ) Ve= VoAl /xg:xzwm‘aﬁ% CE="Yi+ Vo

Equations of Motion at Constant Acceleration
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vfzvl.-|-at missing Ax
U]g = vl-z F+ 20 AX ceocee e cenann missingt
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Example 2-5 i -viiy

N - A boat moves slowly inside a marina (So as not to leave a
' wake) with a constant speed of 1.50 m/s. As soon as it
passes the breakwater, leaving the marina, it throttles up

and accelerates at 2.40 m/s2. \[p - Vixwk
LS 8 2 U Xy <

a) How fast is the boat moving after accelerating for 5.00 s?
W
AS

\

b) How far has tPe boat /traveled‘? Breakwater g
. -\ - ™ 2. Howm [ s \/-S.- l = 2 4; = aﬁ-“‘”“‘i‘zﬁn
il svpormls A& \ I e —

T

Ans. a)13.5 m/s
A2
6 b)37.5m {) g

e
\/?.:'\/[’\'MT .
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Free fall is the motion of an object subject only to the,
influence of gravity. The acceleration due to gravity is
a constant, g.

All objects 1n free fall accelerate with the same
acceleration (regardless of their weight). - \'/; %

The object can be going up or down, it is still in free
fall!

Free fall accelerationg ~ 9.81 m/s%. The direction of g
1s always downwards (towards earth’s center).

The same equations of motion at constant acceleration
apply, using g as the acceleration.

If downward 1s chosen as the +y direction, then a
= +g; 1f downward is chosen as the —y direction,
thena = —g (thisis usually our choice for the sign).

e 2.7 Freely Falling Objects

TABLE 2-5 Values of g at Different

Locations on Earth (m/s?)

Location

North Pole
Oslo, Norway
Hong Kong
Quito, Ecuador

Latitude
90° N
60° N
30° N

OO

g

9.832
9.819
9.793
9.780




2.7 Freely Falling Objects

| fhere (s another
%O\/c( uY Y‘dV g(edﬁow/\

An object falling 1n air 1s subject to air resistance (and therefore 1s
not freely falling).

(a) (b)



xi = Ko
Free fall equation 7 - *

Vi = Ve
| V = 2gx fowt
-V is velocity

‘X’ is the position /t -
‘g’ is acceleration due to gravity
Numerical value of
g = 9.81m/s?or 981 cm/s*
2 is constant
Also X = 1/th2
x—position : Jr@
g---gravity \/ > N9 -9 24

t---time
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A person steps off the end of a 3m high, diving board and
drops to the water below .

a) how long does it take for the person to reach the water?

b)  What 1s the persons speed on entering the water?

510&* LY
@}/V-:y;_ﬁv,*’—k /10\.-\_ V= v )
2 , ‘
H=%+0T Yo (390 x = xy + vt + %atz [
9 3.00m
-3 =(-4.905) T y =y, + Vot + V2 at?
» =2 - Dy V= vt oat i
T % +4905
O:=F225 .
. [
Ans: @ 5 %, /’5/8{
a) 0.782 s W
b) 7.67 m/s ¥ Vh-Yoeod g.x 4P W
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. Problem 33: At the starting gun, a runner accelerates at 1.9 m/s? for 5.2 s.
The runner’s acceleration is zero for the rest of the race. What is the speed of
the runner (a) at 2.0 s, and (b) at the end of the race.

@\l Vi 4ol @V¥=\Ii+mlr

Answers (a) 3.8 m/s o+(13)(2) o +C\.3)52
(b) 99m/s =2 B /s - 5.3% w/s
Vi 9.9 m/s*

LﬁProblem 43: Landing with a speed of 81.9 m/s, travelling due south, a jet
comes to rest in 949 m. Assuming the jet slows with constant acceleration,

ﬁnd the magmtude and direction of acceleratlo;lﬁ checld ReCo rd

_ \/[l+2catll'><

Answer 3.53 m/s? to the North Vﬁ

7 Ve —V(rl ’ 81-52 2
e =3 o = B 383 wm/é




Summary of Chapter 2

* Distance: total length of travel
 Displacement: change 1n position
» Average speed: distance / time

» Average velocity: displacement / time



Summary of Chapter 2

» Average acceleration: change in velocity divided by change in
time

 Deceleration: velocity and acceleration have opposite signs

 Constant acceleration: equations of motion relate position,
velocity, acceleration, and time

* Freely falling objects: constant acceleration
2=9.81 m/s?




