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Figure 2.1

Position at t; = 1.0 s Positonat#, = 4.0s8
START i = - 1| FINTSH
]' 1P & '“““—-Q | Py ”T
. o
| _ i 1 f
| Displacement [rom ¢ lot; |
| ' x-axis ——f—x
O, Jx; = 19Ym xy =277 m
PR A — ey =D | =
P Ar = [ xy) = 258 m >
“x-coordinate of x-coordinate of
; dragsterat 1.0s dragster at 4.0 5
x 15 positive to the night of the When the dragster moves in the +x-direction, the displacement
origin ((J), negative Lo Lthe lelt Ax s positive and so0 1s the average x-velocily:
of 1L. Ax 258 m -,
U v — = = 86 m,s

Ar T 3.0s

Positions of a dragster at two times during its run.
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(a)
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100 F
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As the average x-velocity v, _, is calculated
over shorter and shorter time intervals ...
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(a)

x (m)
400
300

200 -

100 -

As the average x-velocity v
over shorter and shorter time intervals ...
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is calculated

(b)

400

300

200

... its value v
instantaneous x-velocity.

= Ax/At approaches the
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(a) (b) (0
X (m) x (m) x (m)
400 - 400 - 400 -
300 [ 300 300, - 160m -
; 40s ot .
200 200 - 200 | 40 m/s
100 + 100 100 - 160 m
P1 P
S R ' L—7(s) l l I L () —f=—T L T [ £(s)
@ / 1 2 3 4 5 oL 1 2 3 4 5 ot~ 1 2 3 4 5
As the average x-velocity v,,_, is calculated ... its value v,,_, = Ax/At approaches the The instantaneous x-velocity v, at any
over shorter and shorter time intervals ... instantancous x-velocity. given point equals the slope of the tangent
to the x-f curve at that point.
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(@) x-r graph (b) Particle’s motion
~ Slope zeror o, i e
.i E Ll
., C fy = 0 Gt

o~ X-T a?!m}gla

- Blope negative

n* Fu=0

. "

Iy

3 ;
(

ALZ .
S Slope positive: L
¥ Ig

-~ r, = [} .

* O an x-f graph, the slope of the tangent at any point equals the particle’s velocity at that poini

* The steeper the "1|Il|"'.' ||'".'-"-E|I'~ e or negative), the greater the |'|.I'.|I..'|l._' 5 ‘-|'l|.'|.'i| in the ||l.'l‘-|I|I". £ 0r neganve X-darechion,

(a) The z-t graph of the motion of a particular particle. (b) A motion diagram showing the position and velocity

of the particle at each of the times labeled on the z-t graph.
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l_" I'he particle i1s at x << 0 and moving

in +y-direction.

p—— x From 1, to {5 it speeds up, ..

. and from fy 1o f- il slows down,

then halis momentarily at 1,

From f- o i 1t speeds up

y=girection, ...

" ... and from g to iz it slows down
in —x-direction.

[
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wllive Velocdg on X-¢ 71‘0\}2'4

(a) x-r graph (b) Particle’s motion
~ Slope zero: v, ( e ) . .
A - - v - | . The particle is at x << 0 and moving
._*{ !||_ :I_- i ' & i -I"'.'\-'
i 1 Hr-direc o,
LSlope negative: SRR
N TR | o L . .
Iy é g x From i, 1o g il speeds up, ..
i B i | po= 04" and from g lo il slows down,
- Ie - X .
BT DIRRAES DTNCARTNEIILAnl Y ik |
0 then halt tarly at 1,
t | v .1' .h'- From - 1oy 1t speeds up i
& ¥ 0 v-direction, ...
Slope positive: N » U l’ ... and from 1, to 1z it slows down
v, =0 ¥ ' 0 in —e-direction.

* Unoan x-f graph. the slope of the tangent at any point equals the particle’s velocity at that point

# The steeper the slope (positive or negative), the greater the particle’s speed in the positive or negative y-direction,

(a) The z-t graph of the motion of a particular particle. (b) A motion diagram showing the position and velocity
of the particle at each of the times labeled on the z-f graph.
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(@) x-r graph (b) Particle’s motion
~ Slope zero: o, )] T
.i - Ll |
fy = ) 0
L5lope negative —
p" Fv.<0 o
] I g
-
=04
! | u
e -
‘ 0
¢ PRI
¥ =
. , 0
Slope positive: U
. Ig e
v, =0 ]

* O an x-f graph, the slope of the tangent at any point equals the particle’s velocity at that poini

* The steeper the "1|Il|"'.' ||'".'-"-E|I'~ e or negative), the greater the |'|.I'.|I..'|l._' 5 ‘-|'l|.'|.'i| in the ||l.'l‘-|I|I". £ 0r neganve X-darechion,

(a) The z-t graph of the motion of a particular particle. (b) A motion diagram showing the position and velocity

of the particle at each of the times labeled on the z-t graph.

\!!Asu

l_" I'he particle i1s at x << 0 and moving

in +y-direction.

p—— x From 1, to {5 it speeds up, ..

. and from fy 1o f- il slows down,

then halis momentarily at 1,

From f- o i 1t speeds up

y=girection, ...

" ... and from g to iz it slows down
in —x-direction.
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(@) x-r graph (b) Particle’s motion
~ Slope zeroc v, = 0 e o .
1 -' C t, = t:l—n-—m:L | X I'he particle i1s at x << 0 and moving
u A 0 “in Hr-direction,
~~Slope negative casmnre—,
p* S <0 U e :
i s ' g = x From 1, 1o 1y it speeds up, ..
-
[ | vo= 04 L and from fg 1o - it slows down,
I LY ) .
€ 0 . then halis momentarily ai 7,
i I - ..-' From i to 1, 1t speeds up in
¥ =t Lo
%, v (] V={1rect |
p T - -
.. and from £y to £ it slows down
g e x b
v, =0 2 ) 0 in —x-direction.

* O an x-f graph, the slope of the tangent at any point equals the particle’s velocity at that poini

* The steeper the "1|Il|"'.' ||'".'-"-E|I'~ e or negative), the greater the |'|.I'.|I..'|l._' 5 ‘-|'l|.'|.'i| in the ||l.'l‘-|I|I". £ 0r neganve X-darechion,

(a) The z-t graph of the motion of a particular particle. (b) A motion diagram showing the position and velocity
of the particle at each of the times labeled on the z-t graph.
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(@) x-r graph

Slope reroc v, = ()

.

"

[y
ETIE |

Slope positive:
R

* Om an x-f graph, the slope of the tangent at any

* The sieeper the slope (positive or negative),

(a) The z-t graph of the motion of a particular particle. (b) A motion diagram showing the position and velocity
of the particle at each of the times labeled on the z-t graph.
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- Blope negative

L_E_,r

ereater the partiicle’s speed in the positive or negative x-direction.

(b) Particle’s motion

n = | " The particle is at x < 0 and moving
fy = ) X . .
! 0 in +r-direction.
r'l-.l- L - .
in g p—— x From 1, to {5 it speeds up, ..
| vo= 04 L and from fg 1o - it slows down,
Irs Ly ) .
i 0 . then halis momentarily at 1,
U " From i, to 1, it speeds up in
n L 3 r p 1t SPEE T
] y=girection, ...
t U r v il From £ o fe it slows down
E A .
] in —x-direction.

point equals the particle’s velocity at that point

[
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) AccologaT 10,

Average x-acceleration of Change in x-component ol the particle’s velocity

AL AL T LT T,

a particle in straight-line

. . . . y » ',.'_"-. %
motion during iime " QUT Uq; U1s )
Ay = - = - minus initial

Av- ;
Jlir I — f|
" 3

Final a-velocily

interval from ¢, to t
c-velocity

=

Time interval ™ Final time minus initial tme
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) AccologaT 10,

Average x-acceleration of Change in x-component ol the particle’s velocity

a particle in straight-line g AT — _

motion during time S ﬁUI Uyl — U ]; Fimal '“L'!““”J*

interval from 1, to t, Uay-x — At - t — f minus initial

. 2 .1 v-velocity
Time interval ™™ Final time minus initial time
The instantaneous «+««......
: Av, dv,
x-acceleration of a particle g = lim X = .
in straight-line motion ... . ‘-\I—*) At dt ...
equals the limit of the particle’s average .. and equals the instantaneous rate

v-acceleration as the ume interval approaches zero ... of change of the particle’s x-velocity,
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10 A~~~
For a displaccment along the x-axis, an objcct’s average x-acceleration
L . . ' .
Ux  equals the slope of a line connecting the corresponding points on a
graph of x-velocity (v,) versus ume ().
Upy fpmm—rmm e e —— —
: I
: |
2 I
H I
3 I
. | . . _
! l‘lﬂx — Uz Ulx
'-i' |
F‘_ﬂ_ ."i| | - = a
*\S‘-QE’ "rpeseas Sl-:‘lpu ol langenl Lo v,-f curve al a given pmnl
p | = Instantaneous x-acceleration at that point,
o~
|
U I_L - _-'_. ________________
—_— Ar =1t — ¢
| | f
0 1 fa
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) AccologaT 10,

Rules for the Sign of z-Acceleration

If x-velocity is: ... X-acceleration is:

Positive & increasing Positive: Particle

(getting more positive)  is moving in
+x-direction &
speeding up
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) AccologaT 10,

Rules for the Sign of z-Acceleration

If x-velocity is: ... X-acceleration is:

Positive & increasing Positive: Particle

(getting more positive)  is moving in
+x-direction &
speeding up

Positive & decreasing Negative: Particle
(getting less positive) 1S moving in

+x-direction &
slowing down

\!!Asu
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~NAccolog
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Rules for the Sign of z-Acceleration

If x-velocity is:

... X=acceleration is:

Positive & increasing
(getting more positive)

Positive & decreasing
(getting less positive)

Negative & increasing
(getting less negative)

Positive: Particle
1S moving in
+x-direction &
speeding up

Negative: Particle
IS moving in
+x-direction &
slowing down

Positive: Particle
IS moving in
—x-direction &
slowing down
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) AccologaT 10,

Rules for the Sign of z-Acceleration

If x-velocity is: ... X-acceleration is:

Positive & increasing Positive: Particle

(getting more positive) 1S moving in
+x-direction &
speeding up

Positive & decreasing Negative: Particle

getting less positive) IS moving in
+x-direction &
slowing down

Negative & increasing Positive: Particle

(getting less negative) IS moving in
—x-direction &
slowing down

Negative & decreasing  Negative: Particle
(getting more negative)  1s moving in
—x-direction &

\I]Asu speeding up
!

[
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(a) vt graph

~NAccalog

10~/

(D) Particle's motion

v T T
J " T Tua . . - . .
slope zeroz a, = U b= ) et B . Particle is moving in —x-direction (v, < 0), and
"'-.lr. \ o " slowing down (©, and o, have opposite signs).
@ e
C ™ Particle 15 instantaneously al rest (v (3,
gy — X )
he = and about to move in +x-direction {a ().
v=10 -
E:' "I _ﬂ' r ......
I|I -I‘ f — [} et . ) B
/ 3 \ i Particle is moving in +x-direction (o, 0y s
9 - 2 = & X - ;
A f  Slope positive: ; \ £ ( speed is instantancously not changing (a, = 0).
F, *4 ] a, - 1) ., 5
L L :
| . ) . \ ' Particle is instantaneously at rest (o (1,
‘|'| Slope negative: i — T ) )
0 - n b= {]' ;|II|_‘| ;||'||'|,II_ Lo move m —x=-irection (a,. <= U
i, A .-r .
i I
; v e . " Particle is moving in —x-direction (¢ = (), and
3 -:—.._ _ - .
= &

« On a v -f graph, the slope of the tangent at any point equals the particle’s acceleration at that point.

* The steeper the slope (positive or ne

(a) The vz-t graph of the motion of a different particle from that shown in Fig. 2.8, (b) A motion diagram
showing the position, velocity, and acceleration of the particle at each of the times labeled on the v.-t graph.

Vasu

cative), the greater the particle’s acceleration in the positive or negative x-direction

speeding up (v, and a, have the same sign),
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(a) vt graph

~NAccalog

10~/

(b) Particle's motion

v  F T T
, . -t » et aa . . - 4 4
slope zeroz a, = 0 o) — ] r.. Particle is moving in —x-direction (o, << 0), and
-'"-1(" ' o © slowing down (p, and a, have opposite signs).
B s
C ™ Particle 15 instantaneously al rest (v (3,
gy =il X )
B/ I g u=0 and about to move in +x-direction {a 0.
u— - I U 1
((( 3 e
- =10 &7 T - I --
: \ u Particle is moving in +x-direction (o, 0y s
. Lo f~ & = X - i
4 / slope positive: \ £ ( speed is instantancously not changing (a, = 0).
i T a, = 0 ok
I - ao . ps )
f . . . \ i Particle 15 instantaneously at rest (© {0},
! Slope negative: i — . .
" [l v, . o y = 0 and about to move in —x-direction (a, < 0)
i R
v e "Particle is moving in —xr-direction (o, << ), and
= III. -:—.._ X -

« On a v -f graph, the slope of the tangent at any point equals the particle’s acceleration at that point.

* The steeper the slope (positive or ne

(a) The vz-t graph of the motion of a different particle from that shown in Fig. 2.8, (b) A motion diagram
showing the position, velocity, and acceleration of the particle at each of the times labeled on the v.-t graph.

Vasu

cative), the greater the particle’s acceleration in the positive or negative x-direction

speeding up (v, and a, have the same sign),
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(a) vt graph

~NAccalog
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r":||.
dlope rero: a, L]
.
—_.-
H/ \ D
] .- - i
Fi]lﬂ_':u POSIve: \ ]
.'1*'4__.-" i, - [ ...-}.!;
/ Slope |'.-|.':1.|Iiw' \
i, () P

« On a v -f graph, the slope of the tangent at any point equals the particle’s acceleration at that p

* The steeper the slope (positive or ne

(a) The vz-t graph of the motion of a different particle from that shown in Fig. 2.8, (b) A motion diagram
showing the position, velocity, and acceleration of the particle at each of the times labeled on the v.-t graph.

Vasu

(b) Particle's motion

" Particle is moving in

a-direction (o, << 0), and

X f

slowing down (v, and @, have opposite signs).

™ Particle 15 instantaneously at rest (o (3,

X .

and about to move in +x-direction (a, ().

Particle is moving in +x-direction (v, = 0); its
X .. i

specd 15 instantancously not changing (o, ()},
""" Particle is instantaneously at rest (v 0,
X

i1 T
v N
[y = ) —te
T
-
ty —®
v==0
a = [}i'.
[}
I“ L
> = 1)
a
v e
Ig ————

cative), the greater the particle’s acceleration in the positive or negative x-direction

" Particle is moving in

and about to move in —x-direction (a, < 0)
r-direction (o, =< 0), and
speeding up (),

and ¢, have the same sign).
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(a) vt graph

r":Il.
dlope rero: a, L]
....1(?

B D

E:' 'I A
. 5y

Fi]lir:u POSIve: \\
' BN i, ! e ]
/ Slope |'.-|.':1.|Iiw'

« On a v -f graph, the slope of the tangent at any point equals the particle’s acceleration at that p

* The steeper the slope (positive or ne

(a) The vz-t graph of the motion of a different particle from that shown in Fig. 2.8, (b) A motion diagram
showing the position, velocity, and acceleration of the particle at each of the times labeled on the v.-t graph.

Vasu

£

\

~NAccalog
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(b) Particle's motion

i
U
[, = ()~
i
.
ty —®

" Particle is moving in

a-direction (o, << 0), and

X )

slowing down (v, and @, have opposite signs).

™ Particle 15 instantaneously al rest (v (3,

X )

and about to move in +x-direction (g, (.

Particle is moving in +x-direction (v, = 0); its
X .. i

specd is instantancously not changing (o, (J}.
""" Particle is instantaneously at rest (v 0,
X

te ot
[
I L
. P v =1
a
)
'rﬂ:

cative), the greater the particle’s acceleration in the positive or negative x-direction

" Particle is moving in

and about to move in —x-direction (a, < 0)
r-direction (o, =< 0), and

speeding up (v, and a, have the same sign),
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(a) vt graph

~NAccalog

10~/

r":||.
dlope rero: a, LA
....1(?
B \ D

] .- - I

Fi]lﬂ_':u POSIve: L

"1*'4_.--" g, =0 H _}'!:.

/ Slope |'.-|.':1.|Iiw' \
i, () P

« On a v -f graph, the slope of the tangent at any point equals the particle’s acceleration at that

* The steeper the slope (positive or ne

(a) The vz-t graph of the motion of a different particle from that shown in Fig. 2.8, (b) A motion diagram
showing the position, velocity, and acceleration of the particle at each of the times labeled on the v.-t graph.

Vasu

(b) Particle's motion

i
U
[, = ()~
i
.
ty —®

" Particle is moving in

™ Particle 15 instantaneously at rest (o

Particle is moving in

te ot
[
I L
. “ v =1
a
)
'rﬂ:

cative), the greater the particle’s acceleration in the positive or negative x-direction

" Particle is moving in

a-direction (o, << 0), and
slowing down (v, and @, have opposite signs).
1},

and about to move in +x-direction (a. ).
0y 1is

r-direction | [

specd is instantancously not changing (o,

(1,
II':l

Particle is instantaneously at rest (v
and about to move in —x-direction (a, -
r-direction (o, =< 0), and

speeding up (v, and a, have the same sign),
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