Chapter 3 - Part A
Motion Along a Straight Line

3-1 Position and Displacement
3-2 Average Velocity and Average Speed
3-3 Instantaneous Velocity and Speed



3-1 Position and Displacement
Position

Position is defined in terms of a frame of reference.

» Position is the distance of an object to a reference pointin a
direction. So position is a vector quantity.

Position vector

-4 -3 -2 -1 0 1 2 3 4 5
reference
point

» Frame A:

x;>0and x>0

» Initial position : x;

» Final position : x;




3-1 Position and Displacement
Position

Displacement is the change in position of an object.

» Itis a vector quantity (i.e. needs directional information)
= + or-is generally sufficient to indicate direction for one-
dimensional motion
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Position is represented as; Ax = x;— X;

displacement = final position — initial position




3-1 Position and Displacement
Position

K Displacement = Shortest distance
- - RN E N

Distance = Total path covered

Distance Displacement
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3-1 Position and Displacement

Position
Motion along a straight line = One-dimensional motion
@ ) Vertical
Horizontal » Inclined ¢
" — \ Il, __________ \
| object | L___________ 4 Particle |
I 1 | . 1
I ] ;
An object moves like a particle
Object is located at Object is located at
=4 m XxX=3m

1 1 1 1 1 1 ‘ 1 X

-
-4 3 -2 -1 0 1 2 3 4




3-1 Position and Displacement
Displacement

Displacement = final position - initial position A = Greek letter,
AX = X¢ =X delta
Initial position Final position i;;gﬁgg;e i x
X X
— > x(m)
-2 -1 0 1 2
Displacement in the positive direction is positive.
Xi i Xi i
: ' ' > —x (m) ' . ' > —x (m)
-2 -1 0 1 2 4 -3 -2 -1 0
AX=1-(-2)=3m AX=-1-(-4)=3m
Displacement in the negative direction is negative.
i Xi i Xi
"€ ' . ' — X (m) o€ ' ' ' L—x (m)
-2 -1 0 1 2 4 -3 -2 -1 0
AX=-2-1=-3m AX=-4-(-1)=-3m




3-1 Position and Displacement
Displacement is a vector quantity

o , . );1 +—x (m) Displacement Ax =3 mmeans the

-2 -1 0 1 2 object position has changed by 3 m
AX=3m In the positive direction.

Xy Xi . Displacement Ax = - 3 m means the

X

.2< _'1 O 1 2 (m) object position has changed by 3 m

AX = -3 m in the negative direction.

To determine the displacement of an object, you need to specify
1- Magnitude (The distance between the initial and final positions.
Always positive)
2- Direction (Negative or positive direction)
- Displacement is a vector quantity.

— Magnitude (Absolute value). Always positive.




3-1 Position and Displacement
Total distance

% %t AX=1m.
¢ >! . ! : X (m . _
2 1 0 1 2 (m) Total distance = 7 m.

Total distance is not always equal to the magnitude of displacement.

€ " 1 1 ] x (m . _
0 1 5 ™ Total distance = 7 m.

Total distance is always positive and does not depend on the direction.
—> Total distance is a scalar quantity.

X¢ AX=1m.

- >l 1 1 1 X (M . _
2> 1 0 1 2 (m) Total distance = 1 m.

Displacement depends only on the initial and final positions.
Total distance depends on the path.




3-1 Position and Displacement
Example

Find the followings for the paths A, B, C and D in the figure below:
a) The distance traveled.
b) The displacement from start to finish.

A,ﬁ i B
j—————&
| C ! !
. :‘:”. :
| 1 1
I “ Dy
; !5.! =;?! I >
0 2345678910 12

displacement x (m)

Solution:




3-1 Position and Displacement
Checkpoint

Look at the pictures and find the displacement of the ball in each case.

Positive . Negative *
Q Q
a) I d) MV/HI/N/%WM&%}%*&
J"!'.'f J-!?f .

ﬁx:xf— xf:SD ¢m — 10 cm =+70 cm ﬂxzxf—kiZZO cm — 80 cm =—60 cm

a -+
b , ) Q
’ /ﬂ/( it AL
xf Xf X;
Ax=xp—x;=12 cm—3 cm=+9 cm Ax= Xf = X = Ocm—15cm=-15cm
) o 2 o
detetetra ezl o1 o 5 e AN
X; X Af Xi

Noe= Xf=Xj= 6 cm — (=10 cm) = +16 cm Ax=xf—x;=-20 cm— (=10 cm) =-10 cm




3-1 Position and Displacement
Checkpoint

What is the direction of the

following displacements? Solution
Initial Final Direction
position position

-4m -2m Positive
-2m -6 m Negative
3m -2m Negative

—¢ ¢ ! S !

6 5 -4 3 2 1 0 +1 +2




3-1 Position and Displacement
Position-time graph

Displacement is a vector quantity. A displacement-time graph is able to
show if an object is going forwards or backwards.

Stationary particle

Particle moving backward
x(m) from point zero to the point zero
2 1 0 1 2 ) | e X(m)
O 1 2 3 4 O 1 2 3 4
t=4s t=4s
X (m) X (m) X (M)
2 /
1 4 4
3 3
ol 1] 2 3 4| ts)| |2 2
-1 1 t(s) 1 t (s)
-2 ol 1 2 3 4 ol 1 2 3 4

Particle moving forward




3-2 Average Velocity and Average Speed
Example: Drawing position — time graph

Position - Time Graphs Position - Time Graphs

A) Towy walis to Hhe store”

2 ]
£) .

i ——

o JE00m
™ AtC 7005

X he walis slewly and atHe Same poce.

A) A Hher getlig to th share

Tony walks bace Aome ¥

Dt i AT 2Pe05ec > Joo
Atz oo Sec &

3> Tony Nuus t Hhe chore ¥

7-11 ~ )
— ! 4
O At = 3005 1000m ‘
* Lo runs at Hhe Same ;p-_grf. B) Tguf (;”Ef"l .}d b~l7 caaé:‘er
| so ke runs bace to Hhe ctore wifh §-
C) ony walks Yo Ye «S‘*‘W’J 54’"5 | S CA%’"’SSP“‘{ = i1
T o rests, hens s o e o
Fired / - = 3t
Store ¥ AR 3
- % T 1
L K “% sl o 100 /e 2o
] T i)
[ ) VT, At=Aug DE= 305 At=gps §ec
e At= ;,‘:fh At = 300sec . He returns back to home quickly with a ;
At =Y00sec ] skate board. 70
¥ shone s clon, Bs 145an ! ﬂ”
£
6 AT = 30s 1606 m




3-1 Position and Displacement
Example

An objects follows a path according to the graph below.

a. If an object goes back to where is started in certain time, then its displacement is
zero. When did the object reach the point zero?

b. What is the direction of the motion between 0-10 seconds.

c. Where is the object stopping?

d. What is the position of the object at 25 s and 35 s.

e. What is total distance taken by the object during 55 s?

f. At what time intervals, the object moves in the positive direction?

position (m)

80
60
40

20/
Y

- o’
20 v
-40

/_

10 20 30 40 50

time (sec




3-1 Position and Displacement
Position-time graph

Draw the position-time graph of the car below.




3-1 Position and Displacement
Position-time graph

Position-time graph is not necessarily a straight line, even though the

motion is along x-direction.

position-time table.

The graph on the right shows the changes in position according to the

x{rm)
b
Position of the Car at
Various Times 4 =7
Position =) x(m) EE;
24
@ [ 30
E 10 532 "
= 21) 38
© 30 f r .
® 4) —87
B 50 —58
~4) =
60 |

{l 10




3-1 Position and Displacement
Position-time graph
Example

The graph shows the change in position of an
object with respect to time. Answer the
following questions using this graph.

a. What is the position of the object at point B?

b. What is the position of the object at point D?

1o

/@

@

c. What is the displacement of the object between the points A and B?

d. What is the displacement of the object between the points C and D?

e. What is the displacement of the object between the points B and F?

f. What is the displacement of the object between 0 and 30 s?

g. What is the displacement of the object between 10 s and 50 s?

40

i)




3-1 Position and Displacement
Position-time graph
Example

Use the position-time graph of a squirrel
running back and forth along a branch of a =< O >+
tree to answer question.

1. What is the squirrel’s displacement at 4.0 g
time t = 3.0 S? (From0to 3 s) 3.0+ : ’/ 3
E Fi: - -
A.-6.0m B.-20 F Lol
C.+0.8m D.+2.0m T . :
& 1.0 28 30 40 50

2. What is the squirrel’s displacement at
time t=1.0s? (FromOto 1s) -2.0-

A.0.0m B.4.0m
C.+0.8 m D.+4.0m

Time (s)

3. What is the distance taken by the 4. At what time intervals does the squirrel
| squirrel between 0 — 5.0 s? moves in negative direction?

A+40m B —-10m A.0-1s B.1-2and4-5s
C.00m D +12.0m C.4-5s D.0-1and2-25s




3-2 Average Velocity and Average Speed
Average velocity

The average velocity v, for a time interval is:

Average velocity = Dl_SplaF:ement _ Final p05|.t|on - In!t!al posmon
Time interval Final time - Initial time

AX — Xf 'Xi

At -1

avg

Since At is always positive, average velocity has the same sign as the
displacement. Sl unit for average velocity is m/s.

x (m)

The average velocity for the time
intervalt=1.0stot=3.0sis

_18-(1.5m _ 33m
avg

3.0-1.0 s 2.0 s
m

=1.
j/ S
~=2




3-2 Average Velocity and Average Speed
Average velocity from x-t graph

x (m)

2 V - — =

// AX

—

1.8 m-(-1.5m)=3.3m
t(s)

}

[}
-~ O
3\
I
I
|
|
1 | N}
'\
— e el oD L
N/
|

ﬁ_%w%pasr@&m s=20s

On the x-t graph, the average velocity v,,, for a time interval is the slope
of the straight line connecting the initial and final points.

The average velocity for the time intervalt=1.0stot=3.0sis

= &: £m=17m

Vav
9 At 20 s S




3-2 Average Velocity and Average Speed
Average velocity is a vector quantity

The sign of the average velocity for the time intervalt=1.0stot=3.0s

%™ Slope >0 / X m Slope < 0
“ Van >O “ Van T O
4 4 \
| At VL N\t
< 7 < \
t t
o\ - /f / 5 2 O T N 2 @
¥ N7 ¥
_2 =4 \
x (m)

The average velocity has both

\
\ age velociy ha
4§ 7 maghnitude and direction.

0 ‘I\ 2 / 3 4 ts) -> Average velocity is a vector
N/ quantity.




3-2 Average Velocity and Average Speed

Example

According to the graph

points B and F.

a) Calculate the average velocity of the
motion between the points A and D.
b) Calculate average velocity between the

Pewsataoa x{m )

LKl

&9

70| ®)
o @

' = = % : me Hs)
i 1.0 2.0 3.0 4.0 3,00

Solution

_Ax  89-50m _39m

a) Average velocity equals the slope of the 100
line joining the initial and final positions.

vavera e -
® At 3-0s 3s

b)

=+13m/s

Position x(m)

Bl =

60 =

8 2002 Brooks Code Publishing - a division of Themson Learning

Ax=7309m

20—

Ai=3.05

®

0

Time {(5)
1.0 2.0 2.0 4.0 5.0




3-2 Average Velocity and Average Speed
Average speed

The average speed s, for a time interval is

Total distance
Average speed = — _
Time interval

Total distance

At
Average speed is always positive. It does not include direction.
—> Average speed is a scalar quantity.

avg

X (m)\ Slope = 0 ; For the time intervalt=1.0stot=3.0 s,
2 \ =9 0 / Vo, =00 2
4 At S
' < ——>) _ Totaldistance = 5.0 m _ m
/ Savg = = =25 —
t (s) At 2.0s S
0 \ 2 / 3 4
- \/ Average speed is not always equal to the
=2 magnitude of average velocity.




3-2 Average Velocity and Average Speed

Example
Trip along a straight line Driving Walking
Sy 0 o) o
(@) (@) 60 km/h 25 min
2 =
What is your average velocity for the whole trip?
Solution i Displacement ~----=7~---=7rosssooosseooossseooosssooossmt ) = Driving
Ax = Axy+ Ax,, =10km +2.0km =12 km W = Walking
Vo = X = 12K 50 kmin

__________________________________________________________________________________

At = At,+ At, =0.17h+0.42h=0.59 h

4 25min=25min(—_)=0.42h |
N SO o1 11111 N
= Ax, AX 10 km |
'V = At, = 2 = =0.17h : !
Vewo = 7 7 BT T 60 kmhh |

__________________________________________________________________________________




3-2 Average Velocity and Average Speed

Example
Trip along a straight line Driving Walking
(fi‘% 10 km 2.0 km
(@) (@) 0.17 h 0.42 h
> >
Walking
0.50 h

What is your average velocity and average speed for the whole trip?

avg

Solution

In the negative direction
DISplaCement ----------- F ......................... :

Ax—10km+20km 2.0km =10 km

____________________________________________________________

_______________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Total dlstance _ 14 km
At 1.09 h

=13 km/h




3-2 Average Velocity and Average Speed
Example

< . Na\\(\ V'\"k/ng >

1ol // >>: final

8 v !
6 /&g ,/ :
S _
. /5 ,/ Ax =110 km
I/ :

Z |
Initial V At = 1,09 h !

0 02 04 06 08 1.0

Trip along a straight line Driving Walking 1
Cm/i‘% 10 km 2.0 km
(®) (@) 0.17h 0.42 h
> >
Walking 2
—
Find the average velocity from the x-t graph. 0.50 h
' X (km)
Solution vl v, = X2 10K g5 kmim
1 S ) At 1.09h




3-2 Average Velocity and Average Speed
Checkpoint

Trip along a straight line Driving

Sy o
(@) (@) 0.17 h

Walking

2.0 km
0.42 h

>
< Driving Walklng
15 km/h <050 h
What is your average velocity?
Solution x (km)
Let's draw the graph of the motion. 12 \\k\\\%&/\iﬁg 5
~—"

W\ 2
A
Vag = =X - omis {

At

Since the displacement is zero.

Y, N O o O

Initial

:Lﬂ_r_l'
Ol 012 04 06 08 10




3-2 Average Velocity and Average Speed
Drawing velocity — time graph from position time graph

An object moves 80 meters in 20 seconds as in the graph. Draw the
velocity — time graph of the motion.

The slope of a line in x-t graph gives the avarage velocity of the motion.
The slope is calculated by tangent equation.
Here, in this graph, tan6 gives the slope which is equal to the avarage velocity.

AX Ax 80—-0
= — = = ——= — = slope =tanb=v,,
tan© 0= Vave = 10 = 300 4m/s | g
slope = Rise over Run _
rise rise
X(M)y v(m/s), slope = pomps //‘H <
80 0 8 T run
60 6
40 AX 4
Pt
= f@ t(s) > {(s)
0 At ol 5 10 15 20

5 10 15 20




3-2 Average Velocity and Average Speed
Drawing velocity — time graphs from position time graphs

If the velocity is constant, the position — time graph of this motion is a
straight line. The slope of the line indicates the velocity.

x(m) v(m/s)

car 1
80 10 car 1
7.5
.

60
/ ° car 2

40 >
/ 100 20 30 40
t(s)
20/ car 2

car 3

-10

0 2 4 6 g () car 3

Car 1: positive slope = positive velocity
Car 2: zero slope= zero velocity = object is at rest
Car 3: negative slope = negative velocity




3-2 AveragD Velocity and Average Speed
rawing velocity —time graph

Example:

The graph shows the
motion of a bicycle
rider with time. Draw
the velocity versus
time graph for this
motion.

Solution:

Positive —

velocity

=

— Zero velocity

e Negative

]
1800

+1200 l
E +800
- 1 !
5 | Ay = +400 m
B |
8
+400 | —-————
= Ar=200s
U 1 1 L | 1 1 | 1
0 200 400 600 800 1000 1200 1400 1600
Time ¢ (s}
A
v(m/s)
0 | | | | | | | | ]
| | | | | | | | |
v




3-2 AveragD
Example: Dr

Velocity and Average Speed
awing velocity —time graph

Draw velocity versus time graph.
x(m)
8 3‘ £\

&

—

74

-
U

7\

A
(=1

@2

a
U

t(s)

v(m/s)
0.6

0.4

0.2

Solution

V= ax _ slope
dt

For 1 and 4,
slope =0
For2,  8p-20m
slope =
20-10 s
:@m:06m
10 s S
For 3,
6.0-80 m
slope =
30-20 s
:ﬂmz_o_zm
10 s S




3-2 Averagl:c)e Velocity and Average Speed

Example:

rawing velocity —time graph

Sketch the velocity-time graph
for the following distance-time
graph.

Solution:

position(m

25

10

)

I
I
I
8 time (sec)

I
I
|
3




3-2 Average Velocity and Average Speed
Uniform motion

If an object covers equal distances in equal time intervals then this motion is called
in uniform motion. A car, a bus, a plane, a train, a bicyle with steady(constant)
speed are some examples of uniform motion.

(<€ X <€ X € X < X < X 3
: m
I 1 I I I () ()
I | | | | I
I | | | | |
1 1 1 1 1 1
[ | I | | I tlme
12 sSle sle sSle sSle LN |
< t 7 S t 7 S t 7 S t 7 < t rd %

Example: The table below shows the change of an object’s position with respect to
time. According to this table, draw the position-time graph, and velocity-time graph
of the motion. What is the velocity of the object? Is it a uniform or non-uniform
motion?

209

150 — 15
Time (s) Position (m [W]) = %
E L
0.0 0 = 100 - = 10
2 ‘3
20 38 = i
= £ =
40 12 50 -
8.0 108
80 144

] I ] ] I T i |
2.0 40 6.0 B0 20 4.0 6.0 8.0
Time Is) Time {s)




3-2 Average Velocity and Average Speed
Calculating area under a graph

The area the under velocity-time graph gives the displacement of the motion.

4
velocity(m/s) Q¢Q -
A

I The graph shows the velocity of a bicyle rider with
l respect to time. If we want to calculate the shaded
: area under the graph in the figure, we should

AV AX | multiply the sides of the rectangle. The sides of the
' rectangle are Av, and A t. The result of this
: multiplicaton gives us the displacement of the
| rider during the time interval.

0 . .
< At 1>O time(s) AX=AVXAt

Example: Calculate the displacement of the rider given in the graph.

Av=5m/s
At=10s A X=AVXAL X=5x10=50m




3-2 Average Velocity and Average Speed
Calculating area under a graph

The graph shows the change in velocity of a motorbike with time. Plot the position
time graph of this motion.

24 time(s)




3-2 Average Velocity and Average Speed

Example

Use the graphs to answer questions.

1. Which graph represents an object moving
with a constant positive velocity?

A.l B.ll C. i D. IV

2. Which graph represents an object at rest?

A.l B.ll C. i D. IV

3. Which graph represents an object moving
with a constant negative velocity?

A.l B.ll C. D. IV

4. Which graph represents an object moving
with an increasing velocity?

A.l1 B.ll C. 1 D. IV

Position

Position

Position

Time

Time

Velocity

Time

IV

Time




3-2 Average Velocity and Average Speed

Example

Use the position-time graph of a squirrel running

along a clothesline to answer questions.

1. What is the squirrel’s velocity between 1.0 and 2.0 s?

A.—-6.0 m/s B.—-4.0 m/s
C.+4.0m/s D. +2.0 m/s

2. What is the squirrel’s average velocity during the time
interval between 0.0 s and 3.0 s?

A.-2.0m/s B. -0.67 m/s
C. 0.0 m/s D. +0.53 m/s

3. What is the squirrel’s speed between 0.0 and 5.0 s?

A.00m/s B.24m/s C.40m/s D.12.0m/s

4. What is the squirrel’s average velocity between 0.0
and 5.0 s?

A. 0.0 m/s B.24m/s C.40m/s D.12.0m/s

Position (m)

4.0+
3.0+
2.0+
1.0+

0

~1.0+
2.0+

Time (s)




3-3 Instantaneous Velocity and Speed
Velocity

The instantaneous velocity v at a given instant is:

: . Ax
velocity = |lim —

At—0 At
dx L .
= 9t velocity = instantaneous velocity
Average velocity over a time Velocity at an instant
period At

} Tangent
//—ﬁﬁe
At - 0

T —
g

\ 4




3-3 Instantaneous Velocity and Speed
Velocity is the slope of x-t curve

The velocity v at a given instant is:
dx

dt

Velocity is the derivative of x with respect to t.

Velocity is a vector quantity. But speed

is a scalar quantity. Therefore speed

velocity at an instant

doen’t have direction, it is always
positive. The speed at a given instant

is the magnitude of the velocity.

speed = ||

X
|
\ Ned

al
VAl

ative

vz
JUl Ly

Positive

ve

ocity

Ze

ro

locity
. Ve

\

v=-4m/s - speed = 4 m/s

v=4m/s - speed = 4 m/s




3-3 Instantaneous Velocity and Speed
Example

The position of a particle moving on an x axis is given by
x=83+50t-3.0t°
with x in meters and t in seconds.

Find the velocity att = 1.0 s.

Solution

v= X = 9 83450t-3.0¢)
t  dt

5.0 - (3)(3.0) t?
5.0 - 9.0 t2

Att=1.0s,
v=50-9.0 (1 .O)2 =-4.0 m/s.

At t = 1.0 s, the particle is moving in the negative direction
with a speed of 4.0 m/s.




3-3 Instantaneous Velocity and Speed
Example

The position of a particle moving on an x axis is given by x = 3t2 — 5t + 20
with x in meters and t in seconds.

A. What is the position of the particle at t = 3 seconds?

B. What is the displacement of the particle during the time intervalt =2 and t = 4 s?
C. Find the velocity att = 4.0 s.

Solution
A) Att=3.0s,x=

B) Displacement = final position — initial position

C) ., - dX
gt
Att=4.0s,

At t = 4.0 s, the particle is moving in the

............... direction with a
speedof ................. .




3-3 Instantaneous Velocity and Speed

Checkpoint

The following equations give the
position x of a particle in four

situations. x in meters, tin Solution
seconds, and t > 0.
x=2t-3 V=2 constant
=-31-1 =-6t |variable |neagtive
X = 2/t? v =-4/t3 |variable |negative
X=-2 v=_0 constant

In which situation is the velocity of
the particle constant?

In which situation is v in the
negative x direction?




