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Introduction

Kinematics:

Describes motion while ignoring the external agents
that might have caused or modified the motion.

For now, will consider motion in one dimension
Along a straight line.

Motion represents a continuous change in the
position of an object.



Introduction

Types of Motion

Translational :An example is a car traveling on a
highway.

Rotational: An example is the Earth’s spin on its
axis.

Vibrational: An example is the back-and-forth
movement of a pendulum.



2.1 Position, Velocity, and Speed
S
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e Position-Time Graph : The position-time graph shows the motion
of the particle (car). The smooth curve is a guess as to what
happened between the data points.
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Displacement vs. Distance
S

Displacement (4! ¥)) : the change in
position during some time interval,
represented as Ax = x; — x;

« SI unit is meter (m)

=« Ax can be positive or negative

distance (4él.«l)): the length of a path followed by a particle

= SI unit is meter (m)
= Distance is always positive



* Displacement

The displacement of a particle is defined as its change in position in
some time interval.

‘ (Ax > 0 or X¢ > x; :motion to the right - +

Ax < 0 or x¢ < x; :motion to the left « —
Ax = 0 or xy = x; :0object returned to
| itsinitial position,or there was no motion

Ax = xp — ;%

Displacement is an example of a vector quantity.

(requires the specification of both direction and magnitude)

= Distance
Distance is the length of a path followed by a particle.
Distance is an example of a scalar quantity.




Average Velocity

The average velocity (4w sidl 4c ul) of particle is defined as the
particle’s displacement Ax divided by the time interval At during
which that displacement occurs

Ax xf — X
v — ——
LAvg At At

= The average velocity is vector quantity
= The dimensions are length/time [L/T]
= The SI unit is (m/s)

(The average velocity of a particle moving in one dimension can be positive or
negative, depending on the sign of the displacement, a vector quantity)



Average Speed is the total distance d traveled divided by the
total time interval required to travel that distance

d
Vavg = E

= [he average speed is scalar quantity
= The dimensions are length/time [L/T]
«The SI unit is (m/s)

The average speed of particle is a scalar quantity

The average speed is not (necessarily) the magnitude of the
average velocity



Calculating the Average Velocity and Speed

Find the displacement, average velocity, and average speed of the car in Figure 2.1a between positions @ and ®.

Consult Figure 2.1 to form a mental image of the car and its motion. We model the car as a particle. From the position-
time graph given in Figure 2.1b, notice that xg = 30 m at {g = s and that xg = -53m at {g = 50 s,
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2.2 Instantaneous Velocity and Speed

= |nstantaneous Velocity

The limit of the average velocity as the
time interval becomes infinitesimally |6O
short, or as the time interval
approaches zero.
- Ax  dx

Ve = IR T
v, = 0 (at maxima or minima) particle 40 |—
is momentarily at rest

this limit is called the derivative of x with respectto t

The blue line between

positions ® and

approaches the green

The instantaneous velocity indicates (&) UM EO I

what is happening at every point of
time.

moved closer to point ®.

The slope of a graph of physical data
The instantaneous velocity is the slope of  represents the ratio of change in the quantity

the line tangent to the x vs. t curve. represented on the vertical axis to the change
This would be the green line. The light in the quantity represented by the horizontal
blue lines show that as At gets smaller, axis.

thev annrnach the osreen line



Instantaneous Speed

The instantaneous speed is the magnitude of the
Instantaneous velocity.

The instantaneous speed has no direction
associated with it and hence carries no algebraic sign.

we use the word velocity to designate instantaneous
velocity. When it is average velocity we are interested In,
we shall always use the adjective average.



Example 2.3 Average and Instantaneous Velocity

A particle moves along the x axis. Its position varies with time according to
the expression x = —4¢ + 2¢*, where xis in meters and (¢ is in seconds.” The
position—time graph for this motion is shown in Figure 2.4a. Because the
position of the particle is given by a mathematical function, the motion of
the particle is completely known, unlike that of the car in Figure 2.1. Notice
that the particle moves in the negative x direction for the first second of
motion, is momentarily at rest at the moment { = 1 s, and moves in the posi-

tive x direction at times { > 1 s.
(A) Determine the displacement of the particle in the time intervals { = 0

tot=1sand (= 1stot= 3s. |8(.m)

L

‘ ‘ 1‘ X ) Slopc= +4m/s

o I
0 - Slope = —2m/s

— .\:f— X; — .\'@— x@
[—4(1) + 2(1)?] — [-4(0) + 2(0)*)] = —2m ,

— xf— x,~ — .\'@ — x®
[—4(3) + 2(3)?] — [—4(]) + 2(1)?] = 48 m -




(B) Calculate the average velocity during these two time intervals.

_ ﬁx@-}@ _ -2m _
ﬂw[@_.@]. = Al = 1s = -2II1/!
Axg.p 8m

Usarg @8)~ " {7 T 9y +4m/s

(C) Find the instantaneous velocity of the particle at t = 2.5 s.

10m - (-4m)
= 38s_15s _ Tom/s
Another solution:
W _4ia
vV =—= —
*oodt

ve(att =255)=—-4+4(25)=-4+10=+6m/s



2.3 Acceleration

= Average Acceleration

* The average acceleration a, of the particle is defined as the change
in velocity Av,divided by the time interval At during which that
change occurs:

_ Avx _ Uxf — VUyi
At tr—t;

* Because the dimensions of velocity are L/T and the dimension of
time is T, acceleration has dimensions of length divided by time

squared, or L/T2. The Sl unit of acceleration is meters per second
squared (m/s2).

In one dimension, positive and negative can be used to indicate
direction.



= [nstantaneous acceleration

/nstantaneous acceleration define as the limit of the
average acceleration as At approaches zero.

. Av, _ dvy, _ d (dx d?x
a, = lim = — = = —
At—0 At dt dt \dt dt?

That is, the instantaneous acceleration equals the
derivative of the velocity with respect to time, which by
definition is the slope of the velocity—time graph.

The term acceleration will mean instantaneous
acceleration. If average acceleration is wanted, the
word average will be included.



= |[nstantaneous acceleration

The slope of the velocity-time graph is the acceleration. The
green line represents the instantaneous acceleration. The
blue line is the average acceleration.

The slope of the green line is
the instantaneous acceleration

of the car at point 8 (Eq. 2.10).

The slope of the blue

| . :
U=ty 1 Av, | line connecting ® and
' | is the average
>: acceleration of the car

during the time interval
At = tr— ¢t; (Eq. 2.9).




2.3 Acceleration

Example 2.5 Average and Instantaneous Acceleration

The velocity of a particle moving along the x axis varies in
time according to the expression v, = (40 = 512) m/s,
where ¢is in seconds.

(A) Find the average acceleration in the time interval =10
tot=2.0s.

Solution Figure 2.8 is a v,-t graph that was created from
the velocity versus time expression given in the problem
statement. Because the slope of the entire v,-f curve is nega-
tive, we expect the acceleration to be negative.

We find the velocities at ;=14 = 0 and [;= lg=2.0's
by substituting these values of /into the expression for the
velocity:

U = (40 - JfA m/s = [40 = 5(0)%] m/s = + 40 m/s

vg = (40 = Htg®) m/s = [40 = 5(2.0)*] m/s = + 20 m/s

Therefore, the average acceleration in the specified time in-
terval At=1tg =14 =2.0s1s
(20 — 40) m/s

- = Uyf — Ui _ UxB ~ UxA
(20 =10)s

=t lg— 1l
= —lOm/s2
The negative sign is consistent with our expectations—
namely, that the average acceleration, which is represented

h}-’ the slope of the linejoining the initial and final points
on the velocity-time graph, is negative.

(B) Determine the acceleration at { = 2.0 s.

19




2.3 Acceleration

Solution The velocity at any time tis vy; = (40 — 5t2) m/s
and the velocity at any later time ¢ + At is

vy =40 = 5(1 + An? = 40 — 517 = 101 At — 5(An)?
Therefore, the change in velocity over the time interval Atis

Av, = vy — vy, = [— 10t At = 5(A)?] m/s

Dividing this expression by At and taking the limit of the re-
sult as At approaches zero gives the acceleration at any time t:

o= Tim 2%l (2100 = 5A) = — 107 m/s2
Y At—0 At At—0

Therefore, at t = 2.0 s,
a,= (—10)(2.0) m/s? = —20m/s*

Because the velocity of the particle is positive and the accel-
eration is negative, the particle is slowing down.

Note that the answers to parts (A) and (B) are different.
The average acceleration in (A) is the slope of the blue line
in Figure 2.8 connecting points @ and ®. The instanta-
neous acceleration in (B) is the slope of the green line
tangent to the curve at point ®. Note also that the accelera-
tion is not constant in this example. Situations involving con-
stant acceleration are treated in Section 2.5.

vy(m/s)

i(s)

-10

-20

=30
0 1 2 3 4

Figure 2.8 (Example 2.5) The velocity—time graph for a
particle moving along the x axis according to the expression

v, = (40 — 5t%) m/s. The acceleration at { = 2 s is equal to the
slope of the green tangent line at that time.



Example 2.6 Average and Instantaneous Acceleration
The velocity of a particle moving along the xaxis varies according to the expres-
sion v, = 40 — 5t*, where v, is in meters per second and {is in seconds.

(A) Find the average acceleration in the time interval { = 0to { = 2.0 s.

The accelerauon at @ is equal to
the slope of the green tangent
line at t = 2 s, which is =20 m/s2.

v:( m/s)

v, = 40 — big® = 40 — 5(0)> = +40 m/s 10

0, = 40 — blg? = 40 — 5(2.0)2 = +20 m/s v

20

Uy~ V% Ve~ Ve 20m/s—40m/s 10
ey b= & . lg — l@ - 20s—0s 0

~10
—10 m/s* N

{(s)

-30
0 1 2 3 1

The negative sign is consistent with our expectations: the average acceleration, represented by the slope of the blue
line joining the initial and final points on the velocity-time graph, is negative.




(B) Determine the acceleration at t = 2.0 s.

vy = 40 — 5(1 + An? = 40 — 562 — 10t At — 5(An?

Av,_ = Upyp — Uy = —10t At — 5(AD?

Av,
a, _ﬂlm? _ﬂlﬂﬂ]( 106 — 5 At) = —10¢

= (—10)(2.0) m/s* = —20 m/s*

Because the velocity of the particle is positive and the acceleration is negative at this instant, the particle is slowing
down.

Notice that the answers to parts (A) and (B) are different. The average acceleration in part (A) is the slope of the
blue line in Figure 2.9 connecting points @ and ®. The instantaneous acceleration in part (B) is the slope of the green
line tangent to the curve at point (. Notice also that the acceleration is not constant in this C’Kil][lp]f:. Situations involv-
ing constant acceleration are treated in Section 2.6.



Acceleration and Velocity, Directions

= When an object’s velocity and acceleration (driving force) are in the same
direction, the object is speeding up. In this case the acceleration is positive.

= When an object’'s velocity and acceleration (driving force) are in the
opposite direction, the object is slowing down. In this case the acceleration

IS negative.
This car moves at -\ —— - — — —
constant velocity (zero » | g9 -
$ N 1 a o W PN [ >~ £ 2N A

acceleration). it & >
This car has a constant v P - — — —
acceleration in the > | ™ 5{1\!(‘{:\ L gt sm - P
direction of its velocity. '

P e -
This car hasa - — — — o e
constant acceleration : ;zﬁ - lfﬁﬁ\ 5-;?;\ ‘;:F» £ .
in the direction m
opposite its velocity. o - I . . -




2.5 One-Dimensional Motion with Constant

Acceleration

If the acceleration of a particle
varies in time, its motion can be
complex and difficult to analyze.

 Simple type of 1-D motion is
that in which the acceleration
is constant. When this is the
case, the average acceleration
over any time interval is
numerically equal to the
instantaneous acceleration a,
at any instant within the
interval, and the velocity
changes at the same rate
throughout the motion.

Slope = @,

Slope = @r,;

Tl ———

Ll ]

L

()

Slope = 0

T,

|

0

{c)



Quick Quiz 2.5 2.11, match each » - graph on the left with the
Figure gra
a, - graph on the right that best describes the motion.

[
£ 3
()
L
i i
(c) Active Figure 2.11 (Quick Quiz 2.5) Pans (a),
{b), and (c) are v.-f graphs of objects in one-
a dimensional motdon. The possible accelerations of

each object as a function of time are shown in
scrambled order in (d). (e), and (f).

? At the Active Figures link at

ttpo/ /weww. pseb.com, you can practice
matching appropriate velocity vs. time
(F) graphs and acceleration vs. time graphs.




Kinematic Equations

» The kinematic equations can be used with any particle to solve

any problem involving one-dimensional motion with a constant
acceleration

Kinematic Equations for Motion of a Particle Under Constant Acceleration

Equation Information Given by Equation
3 — P ! Velocity as a b ~11 f 11 »
Usf Vs a., €locilty as a runcuon ol ume
X/ = x; + ;!,-(v\., + vyt Position as a function of velocity and time

| < e . . D
X x; + vt + Sa.t= Posiuon as a function of nme

<) ) - » - - - -
Uy~ = vy~ + 2a,.(xy— x;) Velocity as a function of position




Kinematic Equations
S

g The equation: v, = v, ; + a,t determine an object's velocity at
any time t when we know its initial velocity and its acceleration

= The equation: Xf=Xj+ Uyl + > axtz gives final position in terms

of velocity and acceleration

= The equation:v, ;* = v, ;* + 2a,(x; — x;)gives final velocity in
terms of acceleration and displacement



Example 2.7: Carrier Landing

A jet lands on an aircraft carrier at a speed of 63 m/s.
(A) What is its acceleration (assumed constant) if it stops in 2.0 s due
to an arresting cable that snags the jet and brings it to a stop?

B vxf_vxiw{]_ﬁ?lmzs

' t 205
= -39 m/s

(1

(A) If the jet touches down at position x; = 0, what is its final
position?

x =5+ 5(v, + v)t=0+3(63m/s +0)(20s) = 63m



Exercise 1

A truck covers 40.0 m in 8.50 s while smoothly slowing down to
a final speed of 2.80 m/s. (a) Find its original speed. (b) Find its
acceleration.



2.6 Freely Falling Objects

A freely falling object is any object moving freely
under the influence of gravity alone, regardless of its
initial motion. Objects thrown upward or downward
and those released from rest are all falling freely
once they are released. Any freely falling object
experiences an acceleration directed downward,
regardless of its initial motion.

* At the Earth’s surface, the value of gis
approximately 9.80 m/s2.

* we always choose a,=-g=-9.80 m/s2



Free fall equations

Vyf = Vyi — 8L

1
Ay = vyt —>8 t?

l?y_fz = 1:';1.—'{'2 — 2g(4y)



Example 2.12 HNot a Bad Throw for a Rookie!

A stone thrown from the top of a building is given an initial
velocity of 2000 m /s straight upward. The building is 50.0' m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using {y = 0 as the tme
the stone leaves the thrower’s hand at posidon @&, deter-
mine (A) the ime at which the stone reaches its maximum
height, (B) the maximum height, (C) the tme at which the
stone remurns o the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and positnon of the stone at § = 5.00 s,

TF e

0 = 20.0 m/s + (— 9.80 m/s%)¢

Ymax = ¥8 = Ya T thal T %ﬂfz
8 = 0 + (20.0 m/s) (2.04 5) + 3(—9.80 m/s*)(2.04 5)
= 204m

Jo =t a0
0=0+200t-490¢* | (D)

e = Uy T ap= 20.0 m/s + (—9.80 m,/s%) (4.08 s)

= —20.0m/s

f= 4.08s,

ip=2045
g =204 m

— 0
3 = —0.80 m/s"

B L=-408s
=0
e = =200 m/'s
iy = —9.80 m/s

fe=583s

4} _'I'E =500 m

ﬁi_rE=—ELSﬂ m/s



Example 2.12 Not a Bad Throw for a Rookie!

A stone thrown from the top of a building is given an inital
velocity of 2000 m /s straight upward. The building is 50.0' m
high, and the stone just misses the edge of the roof on its
way down, as shown in Figure 2.14. Using iy = () as the dme
the stone leaves the thrower’s hand at posidon @), deter-
mine (A) the dme at which the stone reaches its maximum
height. (B) the maximum height, (C) the time at which the
stone returns to the height from which it was thrown,
(D) the velocity of the stone at this instant, and (E) the veloc-
ity and positon of the stone at § = 5.00 s,

ip = g + ﬂjt: Om/s + (— 9.80 m/s%) (2.96 )

= —29.0m/s
1o = wya + a4, = 20.0m/s + (—9.80 m/s%) (5.00 s)
= —29.0m/s

Yo =3y + i+ %.ﬂ:z,..!2
=0+ ({(—20,0m/s)(5.00s — 4.08 5)
+ %{—E.Eﬂ m,/s2) (5.00 s —4.08 5)2

= —225m

TF e

ip=2045
jg=204m

— 0
3 = —0.80 m/s"

fr=408s
=0
e = =200 m/'s
iy = —9.80 m/s

i=585%s

¥ =—a0.0m
v =-37.1 m.-"'a»E
ai_rE=—ELSﬂ m/s



Example :John throws the ball straight upward and after 1 second it reaches its
maximum height then it does free fall motion which takes 2 seconds. Calculate the
maximum height and velocity of the ball before it crashes the ground. (g=10m/s?)

1s

V=gt

V= g.t=10m/s% 1s=10m/s

at the top our velocity is zero,
ball does free fall

ball is thrown with 10 m/s velecity

V=-g.t we put "-" sign in front of the g because
V=-g.t=-10m/s?.2s= -20m/s ~ we take upward direction "+"

1 2
Distance= 'l g.7

1
hmax= _E IUPT‘I.I"’EE.{EEIIE

hmmc: EDITI



