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until velocity is zero

Total area under
acceleration curve i
zero!

v—vy=a(t—0)

= (at + vy)dt

x t t
=af tdt+v0fdt
__J0 0

1 74
X = X +I70t+zat
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Table 2.2

Kinematic Equations for Motion of a Particle Under Constant Acceleration
Equation Information Given by Equation

“‘
Ugp = Ut @yl Velocity as a function of time
xp =t %(vx,— + vyt Position as a function of velocity and time
xXp = X+ vt + §ax£2 Position as a function of time |
v_\.[g = p,2 + 2a,(xp—x;3) Velocity as a function of position |

Note: Motion is along the x axis.

@ 2004 Thomson/Brocks Cole
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Ya=0
tA=0
vy =20m/s

a,=—g=-9.8m/s?

vg=0=—gtg +vy

= —9.8tp + 20

ag =—g =—9.8m/s?
20

—m=204s

Ygp=— gt%+UAtg+yA

1
Yp=~39. 8(2.04)% +20 % 2.04 + 0 = 20.408

=
=

® 2004 Thomson/Brooks Cole

ac=—-g =-9.8m/s*

tC — ZtB =4.08s
ap = —g = -9.8m/s*

tD =5s
Yb

1 2
= _Eg(tD_ tc)
+Vcl(to - tc)
=-39.8X (5—4.08)%2-20
X (5—4.08)+0=-22.5

vp=—g(tp —tc) +v¢
= —g(5 — 4.08) + v,
=-29.0

—

=
=
!

® 2004 Thomson/Brooks Cole

L% |
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ag =—g =—9.8m/s?
Y =—50m
v — vh = —29(Yg — ¥p)

Vg

- /297 -2x98x (505225

vy =-—37.148m/s

v =—g(tg—tp) +vp SN

—37.1=-9.8(ty — 5) — 29
_ (-37.1+29)

te -9.8
=5.83s

1
YE = _Egt% + vAtE'I'YA

—50 = —29.8t% + 20t5+0

ty =

#4,9i\.“m_f5.835

4.9 T |-175s

2004 Thomson/Brooks Cole

Example 2.1 Calculating the Average Velocity and Speed

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

_ Ax xXp— %; XE — XA
v, = = —
YAl =t lF— Iy
—53m — 30m —83m
50s — 0s 50 s
= —=1.7m/s
127 m _
Average speed = — = 2.5m/s
50 s

[y

Table 2.1

-
Position of the Car at '
Various Times

Position t(s) x(m)
() 0 30
10 52 |
© 20 38 |
©)] 30 0
® 40 —37
® 50 —53

18



Example 2.3 Average and Instantaneous Velocity

A particle moves along the x axis. Its position varies with
time according to the expression x = —4f + 2¢* where x is M
in meters and  is in seconds.” The position-time graph for ||
this motion is shown in Figure 2.4. Note that the particle
moves in the negative x direction for the first second of mo- |
tion, is momentarily at rest at the moment = 15, and
moves in the positive x direction at times £ > 1 s.

x(m) ) N '
10 L

Slope =4 m/s

Slope ==2m/s

0 / i(s)

(A) Determine the displacement of the particle in the time
intervals /= 0tof=lsandt=1stof=3s.

Axa—B = X — X; = Xg — XA
=[—4(1) + 2(1)2] — [—4(0) + 2(0)?]

= —2m

AxB—-D = XpT X; T Xp T X
[—4(3) + 2(3)2] — [—4(1) + 2(1)?]

+8m

(B) Calculate the average velocity during these two time in- ¥
tervals.

n Axp - —2m
VA —RB) = = = —2m/s
A8 At ls /

- Axgp 8 m
U\(B—D) — A = T = +4 lTl/S

10/21/2017
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“ind the instantaneous velocity of the particle at t = 2.5 s.
(C) Find locity of the | 1 t=2

x(m)
10

Slope ==2m/s

Slope =4 m/s
/

/,a
rd

i(s)

Example 2.5 Average and Instantaneous Acceleration

The velocity of a particle moving along the x axis varies in |

g

. . . 9 \
time according to the expression v, = (40 — 5¢%) m/s, |

where {is in seconds.

?f\(ﬂl/\)
40 e

30

20

10

-10

=20

=30

[
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(A) Find the average acceleration in the time interval £ = 0
tot= 2.0s.

\‘\
va = (40 — 514%) m/s = [40 — 5(0)2 ) m/s = + 40 m/s ;

vg = (40 — 51g°) m/s = [40 — 5(2.0)2 ] m/s = + 20 m/s

vy vy ve—va (20 — 40) m/s b
”.\_ = — —] y

lf—1; lg — Ia (20 —0)s

= —10m/s*

_

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

v
a, = dtx = —10t

Example 2.7 Carrier Landing

Ajet lands on an aircraft carrier at 140 mi/h (=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 airplane and
brings it to a stop?

—~~
g = o~ Vi 0 — 63m/s
' { 20s N\

= —31 m/s®

21
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(B) If the plane touches down at position x; =0, what is the

final position of the planer
B ‘

xp= x;+ 5(vg + vt =0 + $(63m/s + 0)(2.0s)

= 63 m

Example 2.8 Watch Out for the Speed Limit!

A car traveling at a constant speed of 45.0 m/s passes a
trooper hidden behind a billboard. One second after the
speeding car passes the billboard, the trooper sets out
from the billboard to catch it, accelerating at a constant
rate of 3.00 m/s’>. How long does it take her to overtake
the car?

=45 /s
Uycar = 45.0 m/s

]

/62
Ay yooper = 300 m/s

10/21/2017
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Xcar = XB + Uxcarl = 45.0 m + (45.0 m/s) ¢
Xf= X + vt + 5l 12 b
Xrooper = 0+ (0)t+ §a.\-th = %(% 00 lIl/S") 12

=T

X trooper

5(3.00m/s%) (% = 45.0 m + (45.0 m/s)!

xCEll"

|

1.5022 — 45.0¢ — 45.0 = 0

1t

= 31.0s.

‘\

-~

j_,

What If? What if the trooper had a more powerful motorcy-

cle with a larger acceleration? How would that change the
time at which the trooper catches the car?

1 C

§axtz — Uxcart —xg =10
W

_ Uy car = ’\/v.azccar +F Qa,ch

10/21/2017
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Conceptual Example 2.11 Follow the Bouncing Ball

and bounces three times before it is caught. Sketch graphs
of its position, velocity, and acceleration as functions of
time, with the + y direction defined as upward.

®

A tennis ball is dropped from shoulder height (about 1.5 m) l

ik
(%11

1.0

y(m)
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