Sample Problem m

You drive a beat-up pickup truck along a straight road

for 824 km at 70 km/h, at which point the truck runs out
of gasoline and stops. Owver the next 30 min, you walk an-

other 2.0 km farther along the road to a gasoline station.

(a) What is your overall displacernent from the begin-
ning of your drive to your arrival at the station”?

CEY | . .
bl Assume, for convenience, that vou move in
the pmiti'-'& direction of an x axis, [Tom a first poﬁili{m ol

x; =10 to a second position of xp at the station. That
second position must be at x, =84 km + 20 km =
10.4 km, Then your displacement Ax along the x axis is
the second position minus the first position,

Caleulation: From Eq. 2-1, we have
Ar=r,—g =104 km—-0=104km. {Answer)

Thus, your overall displacement is 10.4 km in the posi-
tive direction of the x axis

(b) What is the time interval At from the beginning of
your drive to youwr arrival at the station”

m We already know the walking time interval

Arg (=030 h), but we lack the driving time interval
Afy. However, we know that for the drive the displace-
ment &xy is 84 km and the average velocity vygq 15
10 kmv'h, Thius, this average velocity is the ratio of the dis-
placement Tor the drive to the lime micrval for the drive,
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Fi. 25 ‘The lincs marked “Draving™ and *“Walking” are the
position = lime plots for the driving and walking stages, (The
plot for the walking stage assumes a constant rate of walking. )
The slape of the straight line joining the origin and the point
labeled *Station ™ iz the average velocity for the trip, from the
hegjnningm the station.

Calculations: We first write

Ve — ax x
= Arg
Rearranging and substituting data then give us
4dxy, H.4 km
Arg = = = .12 h.
B 70 k'h
5“. M L "j-rﬂ| + Iﬁlel

=012h + 050h =062h (Answer)

{cy What is your average velocity v,,, from the begin-
ning of your drive to your arrival at the station? Find it
both numerically and graphically,

LR From Eq. 2-2 we know that v, for the entire

trip i the ratio of the displacement of 10.4 km for ihe en-
tire trip 1o the time interval of 0,62 h for the ererire i,

Calculation: Here we find

i Ar 104 km

"t At 062h
= 168 kmh = 1Tkmh.  {Answer)
To find v,,, graphically, first we graph the function x(f)
as shown in Fig. 2-53, where the beginning and arrival
points om the graph are the origin and the point labeled
as “Station.” YWour average velocity is the slope of the
straight line connectling those points; that is, Ving is the

ratio of the rise {Ax = 10.4 km) to the e (&0 = 062 h),
which gives us v, = 16.8 km/'h.

(d) Suppose that to pump the gasoline, pay for it, and
wilk back to the truck takes vou amother 45 min. What
is your average speed from the beginning of your drive
to your return to the truck with the gasoline?

Your gverape speed is the ratio of the 1otal

distance you move to the total time interval you take to
make that move.

Caleulation: The total distance 15 8.4 km + 2.0 km +

20km = 124 km. The total time interval is 0,12 h +
050 h + 0.75 h = 137 h. Thus, Eq. 2-3 gives us
124 km
By = R 9.1 km'h. [ Answer)




5.—1rT'||:||:-! Problem

The position of a particle moving on an x axis is given by
r=T8+ 92 - 218, (2-5)

with x in meters and ¢ in seconds, What is its velocity at
¢ = 3557 Is the '-'n.:hh.‘il}' corslant, or 15 1t conbnuously
changing?

Mil}f is the first derivative (with respect

to time) of the position function xt).

Caleulations: For simplicity. the units have been omit-
ted from Eg. 2-5, but vou can insert them if you like
by changing the cocficients to 78 m, 92 mfs and

=] I11--'r'-1.'['1’|kiﬂg the derivative of Eq.2-5, we wrile

i i
— 7.8 4+ 92
cft ir { ‘

which becomes
p=0+92 - (321)F =92 — 632 (2-6)

Atr= 355

V= Z1%),

v=02— (63135 = —6B mis  (Answer)
At = 3.5 the particle is moving im the negative direc-
tion of x (note the minus sign ) with a speed of 68 m/s
Since the guantily ¢ appears in Eq. 2-6, the velociiy v
depends on f and sois continuously changing,

Sample Problem m Build your skill

A particle’s position on the x axis of Fig. 2-1 15 given by
=4 =27+ 1,
with x in meters and f in seconds

(a) Because position x depends on time ¢, the particle
must be moving, Find the particle’s velocity function
virh and acceleration function ali).

Fis, 2.7 Conttmed

with v in meters per second. Differentiating the velocily
function then gives us

a = +oi,
with @ in meters per second squared.

{Answer)

{b) Isthere ever a lime when v = (17
Calculation: Seiting v(r) = 0 yields
0= —27 + 37,
which has the solufion
4= *3s5 { Answer)

Thus, the velocity is zeTo both 3 s before and 3 s after
the clock reads 0.

{c) Describe the particle's motion for ¢ = 0,

Reaszsning: We need to examine the expressions for
x(f). wit), and air).

(1) Tor get the velocity fumction w(f), we
differentiate the position function x(r) with respect to
time. (2) To get the acceleration function a(r), we differ-
entiate the velocity function v{s) with respect to lime,

Calculations: Differentiating the position function, we find
v= =27+ 37,

{ Answer)

ALt =0, the particle is a1 x{0) = +4 m and is moving
with & velocity of v(0)) = —27 m/s—that s, in the nega-
tive direction of the x axis. Its accele ration is a{0) = 0 be-
cause just then the particle’s velocity is not changing.

For 0 <¢t<3s5 the particle still has a negative
velocily, 5o il comlinwes o move in the negative direction.
However, its acceleration is no longer (0 but is increasing
and positive, Bacause the signs of the velocity and the ac-
celeration are opposite, the particle must be slowing.

Indeed, we :-1|rr:ad:.r kmow that 1t stopps n]nn}cnlarll'_','
alt = 3 & Just then the particla is as far to the left of the
origin in Fig 2-1 as it will ever get. Substituting r =3 5
into the expression for x(r), we find that the particle’s posi-
tion just then is ¥ 50 m. Its acceleration is still positive.

For t = 3 5, the particle moves to the right on the
axis. Its acceleration remains positive and grows pro-
gressively lafger in magnitude. The velocity 18 now posi-
tive, and il too grows progressively larger in magnitude.



Sample Problem m

The head of a weodpecker is moving forward at a speed
of 7.49 m's when the beak makes first contact with a free
limb, The beak stops after penctrating the limb by 1.87

mim. Assuming the acceleration to be constant. find the
acceleration magnitude in terms ol g.

KEY IDEA | .
- We can use the constant-sceeleration agqua-

tions: in particular, we can use Eg. 2-16 {v° = 1§ +
2a(x = x,)). which relates velocity and displace ment.

Caleulations: Because the woodpecker's head stops,
the final velacity is v = 0. The initial velocity is v,
749 mvs, and the displacemment during the constant
acceleration is x — x;, = 187 % 10 " m. Substituting
these values into Eq. 2-16, we have

F = (749 m's)® + 2a(1.87 = 10 ¥ m).
or a = —1.500 = 10" m/s>

Sample Problem [JEE}

Dividing, by g = 9.8 m/s* and taking the absolute value,
wi find that the magnitude of the head's acceleration is

a = (1.53 X 10¥)e. { Answer)

Comment: This typical acceleration magnitude for a
woodpecker is abowt 7O times the acceleration magni-
tude of Colonel Stapp in Fig. 2-7 and certainly would
hawe been lethal to him. The ability of a woodpecker to
withstanc such huge acceleration magmitudes is not well
understood, but there are two main arguments, (1) The
wiosodpecker’s motion is almost along s straight line. Some
rescarchers believe that concussion can ocour in humans
and animals when the head is rapidly rotated around the
neck (and brain stem), but that it is less likely in straight-
line motion, (2) The woodpecker's brain s attached so
well to the skull that there is hittle residual movement or
oscillation of the brain just after the impact and no chanees
for the tissue connecting the skull and beain to tear,

In Fig. 2-12, a pitcher tosses a baseball up along a y axis,
with an initial speed of 12 m/s. =

{a) How long does the ball take 1o reach its maximum
height?

(1) Onee the ball leaves the pitcher and

before it returns Lo his hand, its acceleration is the free-
fall acceleration a= -g. Because this is constant,
"Table 2-1 applies to the motion. (2} The welooiiy v at the
maximum height must be 0.

Calculation: Knowing v, w, and the initial velocity
vy = 12 mfs, and seekimg 1, we solve Eq. 2-11, which con-
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tains those four variables. This yiclds
v — vy 0 —12mfs
i —0.8 m/s’

{b) What is the ball’s maximum height above its release
point?

i= = .25 (Answer)

Calculation: We can take the ball’s release point o
be v, = 0. We can then write Eg. 2-16 in ¥ motation, sel
¥y —yp=y amd v =10 {at the maximum height), and
solve for v We get

vi—wl 0 - (12 ms)
fh = = = I ‘?.3 k
YT 2(—9.8 ms) .

(c) How long does the ball take to reach a point 5.0 m
above its release point?

( Answer)

Caleulations: We know v, 2 2. and displacement
¥ — ¥ = 50 m, and we want i, so we choose Eq. 2-15.
Rewriting it for y and setting yy = ( give us

¥ = vt = ;gl':,
or 50m = (12 més) — (0.8 mis?),

If we temporarily omit the units (having noted that they
ang consistent ), we can rewrite this as

40982 — 1+ 50=10.
S{:lving this quudrﬂliﬂz I wation for i ],'ir:lds
t=053s and r=19s [ Answer)

There are two such times! This is not really surprising
because the ball passes twice through y = 5.0 m, once
o the way up and once on the way dewn,



