— 3
7

J— TE[

1 SELETE
ISU e S

Motion along a straight line
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Chapter 2
Straight Line Motion
FERFED

In this chapter we will study kinematics i.e. how objects move along a
straight line.

The following parameters will be defined:

1. Displacement

2. Average velocity

3. Average Speed

4. Instantaneous velocity

5. Average and instantaneous acceleration

(2-1)



2.2 Motion

We find moving objects all around us.
The study of motion is called kinematics.
Examples:

e The Earth orbits around the Sun
A roadway moves with Earth’s rotation
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2.2 Motion

Here we will study motion that takes place in a
straight line.

Forces cause motion. We will find out, as a result of
application of force, if the objects speed up, slow
down, or maintain the same rate.

The moving object here will be considered as a
particle. If we deal with a stiff, extended object, we
will assume that all particles on the body move in the
same fashion. We will study the motion of a particle,
which will represent the entire body.



2.3 Position and displacement

The location of an object is usually given in terms of a standard
reference point, called the origin. The positive direction iIs taken to be
the direction where the coordinates are increasing, and the negative
direction as that where the coordinates are decreasing.

A change in the coordinates of the position of the body describes the
displacement of the body.
For example, if the x-coordinate of a body changes from x; to X,

then the displacement, Ax = (X

\ Z'Xl)-

Displacement is a vector quantity. That is, a quantity that has both
magnitude and direction information.

An object’s displacement is x = -4 m means that the object has
moved towards decreasing x-axis by 4 m. The direction of motion,
here, is toward decreasing X.



2.4 Average Velocity and Average Speed

x(m)

Atx=2mwhent=4s.
- Plotted here.

A common way to describe the
motion of an object is to show a
graph of the position as a function
of time.

It is at position x=-5m
when time {=0s.
That data is plotted here.

At x=0m when =3 s.
Plotted here.

1 1 1 1 1 1 1
-5 0 2
0s

. 1s defined
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Average velocity, or v,

+hhn Aienlan n mnnt 7

as tne aispiacement over

duration. A& mexn

The average velocity has the same
sign as the displacement



2.4 Average Velocity
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Here, the average velocity Is:
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This is a graph
of position x
versus time .

To find average velocity,
first draw a straight line,
start to end, and then
find the slope of the
line.

Start of interval

[Ru]

Vavg = Slope of this line

_rise Ax

This vertical distance is how far
run A

it moved, start to end:
Ax=2m-(-4m)=06m

- This horizontal distance is how long
it took, start to end:
At=4s5-15s5=53s



2.4 Average Speed

Average speed Is the ratio of the total
distance traveled to the total time duration.
It is a scalar quantity, and does not carry
any sense of direction.

1 total distance
Save = At

SITEIESR 7 |



Example’ motion: You drive a beat-up pickup truck along a straight road for

8.4 km at 70 km/h, at which point the truck runs out of gaso-
line and stops. Over the next 30 min, you walk another 2.0 km
farther along the road to a gasoline station.

(a) What is your overall displacement from the beginning
of your drive to your arrival at the station?

KEY IDEA

Assume, for convenience, that you move in the positive di-
rection of an x axis, from a first position of x; = 0 to a second
position of x, at the station. That second position must be at
x, = 8.4 km + 2.0 km = 10.4 km. Then your displacement Ax
along the x axis is the second position minus the first position.

Ax=x —x; =104 km — 0= 104 km. (Answer)

Thus, your overall displacement is 10.4 km in the positive
direction of the x axis.



Example, motion:

(b) What is the time interval Af from the beginning of your
drive to your arrival at the station?

KEY IDEA

We already know the walking time interval Aty (= 0.50 h),
but we lack the driving time interval Aty,. However, we
know that for the drive the displacement Axg, is 8.4 km and
the average velocity v,,g4 18 70 km/h. Thus, this average

velocity is the ratio of the displacement for the drive to the
time interval for the drive.

Calculations: We first write

ﬂlxdr
Vavedr — :
ave.dr ﬁfdr
Rearranging and substituting data then give us
Ax g 8.4 km
ﬂ[ = = = 0.12 h.
T vpear  70km/h

SG, At = ﬁfd[ + ﬁfw]k
=0.12h + 0.50 h = 0.62 h. (Answer)



Example, motion:

(c) What is your average velocity v,,, from the beginning of
your drive to your arrival at the station? Find it both numer-
ically and graphically.

KEY IDEA

From Eq. 2-2 we know that v, for the entire trip is the ratio
of the displacement of 10.4 km for the entire trip to the time in-
terval of 0.62 h for the entire trip.

Calculation: Here we find
Ax 104 km
‘v T A T 062N
= 16.8 km/h = 17 km/h.

(Answer)

To find v,y graphically, first we graph the function x(r) as
shown in Fig. 2-5, where the beginning and arrival points on
the graph are the origin and the point labeled as “Station.”
Your average velocity is the slope of the straight line connect-
ing those points; that is, v,,, is the ratio of the rise (Ax = 10.4
km) to the run (Ar = 0.62 h), which gives us Vavg = 16.8 km/h.

(d) Suppose that to pump the gasoline, pay for it, and walk
back to the truck takes you another 45 min. What is your

average speed from the beginning of your drive to your
return to the truck with the gasoline?

KEY IDEA

Your average speed is the ratio of the total distance you
move to the total time interval you take to make that move.

Calculation: The total distance is 84 km + 2.0 km + 2.0
km = 12.4 km. The total time interval is 0.12 h + 0.50 h +
0.75 h = 1.37 h. Thus, Eq.2-3 gives us

_ 124km

S = Tan 9.1 km/h. (Answer)
Driving ends, walking starts.
X
12
Smidiam Slope of this
| line gives
P8 average
: velocity.
16
5 ————How far
[ Ax =10.4 km
2
00 oz 04 ~06
Time (h)
How long:
At =0.62 h
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2.5: Instantaneous Velocity and Speed

The instantaneous velocity of a particle
at a particular instant is the velocity of the
particle at that instant.

Here At approaches a limiting value:

I Ax dx
v = hIim — :
Ar—0 Af dt

v thhAa imetantann Al '
Vv, l.IIC insStanitaneous VCIUbIl_y, ()

e
of the tangent of the position-time gr ph
at that particular instant of time.

tha clAarn
UIc sSivp

Velocity is a vector guantity and has with
It an associated sense of direction.



Example, instantaneous velocity:

We can find the velocity at any time from the slope of the
x(t) curve at that time.

Figure 2-6a is an x(f) plot for an elevator cab that is initially Calculations: The slope of x(7), and so also the velocity, is

. ‘ . zero in the intervals from 0 to 1 s and from 9 s on, so then
stationary, then moves upward (which we take to be the pos- TR . : .
the cab is stationary. During the interval bc, the slope is con-

itive direction of x), and then stops. Plot v(1). stant and nonzero, so then the cab moves with constant veloc-
ity. We calculate the slope of x(f) then as
Ax 24m — 4.0m
—=v= = +4.0 m/s. 2-5
25 At 80s—3.0s (2-3)
z 20 The plus sign indicates that the cab is moving in the positive
E 15 x direction. These intervals (where v = 0 and v = 4 m/s) are
2 plotted in Fig. 2-6b. In addition, as the cab initially begins to
& 10

move and then later slows to a stop, v varies as indicated in
the intervals 1 s to 3s and 8s to 9 s. Thus, Fig. 2-6b is the

0 > ¢ required plot. (Figure 2-6¢ is considered in Section 2-6.)
vz s Thie (s? T8 Given a v(¢) graph such as Fig. 2-6b, we could “work
(a) Slopes on the x versus { graph backward” to produce the shape of the associated x(r) graph
i are the values on the vversus tgraph.  (gjy 2 64). However, we would not know the actual values
v for x at various times, because the v(r) graph indicates only
\ ! o L changes in x. To find such a change in x during any interval,

we must, in the language of calculus, calculate the area
3 “under the curve” on the v(f) graph for that interval. For
example, during the interval 3 s to 8 s in which the cab has a
velocity of 4.0 m/s, the change in x is

L Ax = (4.0m/s)(8.0s —3.0s) = +20m. (2-6)

a d

. : L » ‘ . .
I TR R - e (This area is positive because the v(f) curve is above the

Time (s) t axis.) Figure 2-6a shows that x does indeed increase by 20

(&) Slopes on the v versus f graph m in that interval. However, Fig. 2-6b does not tell us the
are the values on the a versus t graph.

a values of x at the beginning and end of the interval. For that,
we need additional information, such as the value of x at
some instant.

Velocity (m/s)




2.6: Average and instant accelerations

N | +1 t+h h f | it t+h h f
AVErage acceieration IS tne cnange ot VEIoCIty Over tne Change Ol
As such,
l-"z - l"l AL:
Ay = =
. lh — k4 At

Here the velocity is v, at time t;, and the velocity is v, at time t,.

The instantaneous acceleration is defined as:
dv

a=—
dt

In terms of the position function, the acceleration can be defined as:

= dv _ d ( dx ) _d*xx
“= dr  dt . dr Codr?

The SI units for acceleration are m/s2.



2.6: Average and instant accelerations Colonel J. P. Stapp in a rocket sled,

which undergoes sudden change in

If a particle has the same sign for velocity and "
velocities.

acceleration, then that particle is speeding up.

Conversely, if a particle has opposite signs for the
velocity and acceleration, then the particle is
slowing down.

Our bodies often react to accelerations but not to
velocities. A fast car often does not bother the
rider, but a sudden brake is felt strongly by the
rider. This 1s common in amusement car rides,
where the rides change velocities quickly to thrill
the riders.

The magnitude of acceleration falling near the
Earth’s surface is 9.8 m/s2, and is often referred to
as g.




Example, acceleration:

with x in meters and 1 in seconds.

(a) Because position x depends on time ¢, the particle must
be moving. Find the particle’s velocity function v(r) and ac-
celeration function a(f).

KEY IDEAS

(1) To get the velocity function v(f), we differentiate the po-
sition function x(f) with respect to time. (2) To get the accel-
eration function a(r), we differentiate the velocity function
v(f) with respect to time.

Calculations: Differentiating the position function, we find
y =27+ 32 (Answer)

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

a = +6r, (Answer)

with @ in meters per second squared.

(b) Isthere ever a time when v = 07

Calculation: Setting v(f) = 0 yields
0=-27+3

A nmowrar
By i

{ A
L4 2By I

Thus, the velocity is zero both 3 s before and 3 s after the
clock reads ().

(c) Describe the particle’s motion for f = 0.

Reasoning: We need to examine the expressions for x(7).
v(1), and a(r).

At 1 = 0, the particle is at x(0) = +4 m and is moving
with a velocity of v(0) = —27 m/s—that is, in the negative
direction of the x axis. Its acceleration is a(0)) = () because just
then the particle’s velocity is not changing.

For 0 < ¢ << 3 s, the particle still has a negative velocity.so
it continues to move in the negative direction. However, its
acceleration 1s no longer 0 but is increasing and positive.
Because the signs of the velocity and the acceleration are
opposite, the particle must be slowing.

Indeed, we already know that it stops momentarily at
f = 3 s. Just then the particle is as far to the left of the origin
in Fig. 2-1 as it will ever get. Substituting / = 3 s into the
expression for x(7), we find that the particle’s position just then
isx = —50 m. Its acceleration is still positive.

For 1 = 3 s, the particle moves to the right on the axis. Its
acceleration remains positive and grows progressively
larger in magnitude. The velocity is now positive, and it too
grows progressively larger in magnitude.



2.7: Constant acceleration

When the acceleration Is constant, its average and
Instantaneous values are the same.

a4 = Gy, = 1; : :_;[}. means that v = vo +ar. ..., (1)

Here, velocity at t=0 is v,

Similarly, = _ x-x which means that

1- .;-l"n'-g —_ f . [] _t- - .Y(] —I_ I:-:’l"l":"__:',r"

finally leading to x —xg= vt +3a’. ... (2)

Eliminating t from the Equations (1) and (2):

vZ = v} + 2a(x — xp)- ' (3)



2.7: Constant acceleration

Integrating constant
acceleration graph for
a fixed time duration
yields values for
velocity graph during
that time.

Similarly, integrating
velocity graph will
yield vaiues for
position graph.

Position

Slope varies

vit)

Velocity

Slope = a

=

=

(&)

=]

Acceleration

=

(e)

Slopes of the position
graph are plotted on
the velocity graph.

Slope of the velocity
graph is plotted on the
acceleration graph.



Example, constant acceleration:

Figure 2-9 gives a particle’s velocity v versus its position as it
moves along an x axis with constant acceleration. What is its
velocity at position x = 07?

KEY IDEA

We can use the constant-acceleration equations; in particu-
lar, we can use Eq.2-16 (v* = v§ + 2a(x — x;)), which relates
velocity and position.

First try: Normally we want to use an equation that includes
the requested variable. In Eq. 2-16, we can identify x; as 0 and
vy as being the requested variable. Then we can identify a sec-
ond pair of values as being v and x. From the graph, we have

The velocity is 8 m/s when
the position is 20 m.

The velocity is O when the
position is 70 m.

x (m)

Fig. 2-9 Velocity versus position.

two such pairs: (1) v =8 m/s and x = 20 m, and (2) v = 0 and
x = 70 m. For example, we can write Eq.2-16 as

(8 m/s)> = v§ + 2a(20 m — 0).

However, we know neither vy nor a.

(2-19)

Second try: Instcad of dircctly involving thc rcquested
variable, let’s use Eq. 2-16 with the two pairs of known data,
identifying vy =8 m/s and x; =20 m as the first pair and
v = (0 m/s and x = 70 m as the second pair. Then we can write

(0m/s)? = (8 m/s)? + 2a(70 m — 20 m),

which gives us @ = —0.64 m/s%. Substituting this value into
Eq. 2-19 and solving for v, (the velocity associated with the
position of x = 0), we find

vg = 9.5 m/s. (Answer)



2.9: Free-Fall Acceleration

this case objects close
to the Earth’s surface fall
towards the Earth’s
surface with no external
forces acting on them

except for their weight.

Use the constant
acceleration model with
“a” replaced by “-g”,
where g = 9.8 m/s? for
motion close to the
Earth’s surface.

In vacuum, a feather and
an apple will fall at the
same rate.



Sample problem

In Fig. 2-11, 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 to reach its maximum
height?

KEY IDEAS

(1) Once the ball leaves the pitcher and before it returns to
his hand, its acceleration is the free-fall accelerationa = —g.
Because this is constant, Table 2-1 applies to the motion. (2)
The velocity v at the maximum height must be (.

Calculation: Knowing v, a, and the initial velocity
vy = 12 m/s, and seeking 7, we solve Eq. 2-11, which contains

B)Wi J.
v=0at

highest point

e B e
————--—-—-—-—-—-7————-————

- During
descent,

During ascent, ~ a=—g,
a=-g, | .speed
speed decreases, | Increases,
and velocity | and velocity
becomes less [ becomes
positive | more

| negative

[

[

Fig. 2-11 A pitcher tosses a

baseball straight up into the air.
The equations of free fall apply
for rising as well as for falling i
objects, provided any effects \
from the air can be neglected.

—alyR
|
|

those four variables. This yields

v—vy, 0—12m/s
a  —9.8m/s

= =12s. (Answer)
(b) What is the ball’s maximum height above its release

point?

Calculation: We can take the ball’s release point to be
vo = 0. We can then write Eq. 2-16 in y notation,set y — y5 =
vand v = 0 (at the maximum height), and solve for y. We get

vi—vi  0—(12mfs)*

YT T T 2(-98misd)

7.3 m. (Answer)

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

Calculations: We know v, a = —g, and displacement y —
Vo = 3.0 m, and we want £, so we choose Eq. 2-15. Rewriting
it for y and setting y; = 0 give us

vy = t’of — %gl‘z.
or 50m = (12 m/s)t — (3)(9.8 m/s?)r%.

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

492 — 12t + 5.0 = 0.
Solving this quadratic equation for ¢ yields

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 on the
way up and once on the way down.



2-10: Graphical integration in motion analysis

Starting from a = dvldt
f
: Vi — Vg = J a di. 8 Area
we obtain 1= Yo
fo | This area gives the
_ _ _ W\ change in velocity.
(v,= velocity at time t=0, and v,= velocity at h b ‘
timet=1t,). (@)
;
Note that ‘/&iﬁ T:is area givegtlthe
, _ change in position.
o I — (area between acceleration curve J{J I'l t
o adr= ~and time axis, from g to ' ®)
A
.. : X, — xg= | vdit,
Similarly, we obtain SR A

(X,= position at time t = 0, and X, = position
at time t=t,), and . ,
R

area between velocity curve)
~and time axis, from ftot; /°



Example, graphical solution:

“Whiplash injury” commonly occurs in a rear-end collision
where a front car is hit from behind by a second car. In the
1970s, researchers concluded that the injury was due to the
occupant’s head being whipped back over the top of the seat
as the car was slammed forward. As a result of this finding,
head restraints were built into cars, yet neck injuries in rear-
end collisions continued to occur.

In a recent test to study neck injury in rear-end collisions,
a volunteer was strapped to a seat that was then moved
abruptly to simulate a collision by a rear car moving at
10.5 km/h. Figure 2-13a gives the accelerations of the volun-
teer’s torso and head during the collision, which began at time
{ = 0. The torso acceleration was delayed by 40 ms because
during that time interval the seat back had to compress
against the volunteer. The head acceleration was delayed by
an additional 70 ms. What was the torso speed when the head
began to accelerate? ===

KEY IDEA

We can calculate the torso speed at any time by finding an
area on the torso a(f) graph.

Calculations: We know that the initial torso speed is vy = 0
at time f; = 0, at the start of the “collision.” We want the
torso speed v, at time {; = 110 ms, which is when the head
begins to accelerate.

area between acceleration curve
vy — vg = . . .
1 B and time axis, from f, to 1,

100

Head

50
Torso

a(m/s%)

0 40 80 120 160

The total area gives the
change in velocity.

(&)

For convenience, let us separate the area into three regions
(Fig.2-13b). From 0 to 40 ms, region A has no area:

areay = 0.

From 40 ms to 100 ms, region B has the shape of a triangle,
with area

areap = %(0.060 s)(50 m/s?) = 1.5 m/s.

From 100 ms to 110 ms, region C has the shape of a rectan-
gle, with area

areac = (0.010 s)(50 m/s?) = 0.50 m/s.
Substituting these values and vy = 0 into Eq. 2-26 gives us
vi 0=01 1.5m/s | 0.50 m/s,

or vy = 2.0 m/s = 7.2 km/h. (Answer)
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§ Ed [CHO2] Straight Line Motion
9™Ed [CH02] Motion along a Straight Line
(KiSPEEEEEYTEY | BHlL EREERELIS HESEE . )

8" Ed : Homework of Chapter 2
5,9,13, 15,17, 19,21, 25,2740, 41, 47, 49,51, 57, 63



8h Ed [Problem 2-5): 9" Ed [ Problem 2-5)

The position of an object moving along an x axis is given by x=3t—4¢" +1 , where X is in.meters
and t i seconds. Find the position of the object at the following values of t: (a) s, (b) 2s, (¢) 3s,
and (d) 4s. (e) What 1s the object’s displacement between /=0 and f=4s? (f) What 15 average
velocity for the tune mterval from =25 to t=4s? (g) graph x versus t fro 0<7<4s and
mdicate how the answer for (f) can be found on the graph.

—REMREFNTRE  HUBSx=3-4+ (xBAISXK (BBY) HELEHES
(a) 1§56 (b) 28 (¢) 377 (d) 4 MREILE - (o) REEAS 490 » U8RI ? (f)
FFEIE 2 E] 4 M RISEESE (g) S 0</<4sfHE) CUENHEERE (f) 95X -

<E2>:(a) x=3(1)-4(01)+(1)' =0
(b) x=3(2)-4(2)°+(2)’ =2
() x=33)-4(3)*+(3)’ =0
(d) x=3(4)-4(4)*+(4) =12
(e) 12
Ax  12-(=2)

(£} v =—= =Tm/s
At 2







8™ Ed [Problem 2-9): 9" Ed [Problem 2-11]

You are to drive to an interview in another town, at a distance of 300km on an expressway. The
mterview 1s at 11:15 A M. you plan to drive at 100km/h, so you leave at 8:00 A.M. to allow some
extra time. You drive at that speed for the first 100k, but then construction work forces you to
slow to 40km/h for 40km. what would be the least speed needed for the rest of the trip to arrive in
time for the interview?

(T B EFFERE 300km FRRYIMEES - EEEHESFE L 110 15 - 5HEEE 100koh » FTE
B2 8 ELHEE - j2IEF(E T 100km BRI FEFEL 0 SEEES 40km/h 7 T 40km - HE%
—ERIREEITE SR - HE T T EER] 2

= e

8 : 00 100km/h 40km/h 2 km/h i Fia
* 300km >
- 100km
<BE> 1~ BB =———=
| | 100km / h

HEEEEEE 9 00AM
s 40km
Zsk:L_'_;E‘H_:I: = —
.’% l:.zﬂ:’ [] TFE% A0%m 7
HEEEEZAE 10 0 00AM
3 ~ T’ FEEE = 300km —100km — 40km = 160km
11 @ 15AM 5iEZF] » FRDAF T ERRE =1.25h

160k
SEE
T s

—128km /' h




8" Ed [Problem 2-13] : 9" Ed [Problem 2-13]

You drive on Interstate 10 from San Antonio to-Houston, half the tume at 55km/h and the other half
at 90km/h. On the way back you travel half the ‘distance at 55km/h and the other half at 90km/h.
what 1s your average speed (a) from San Antonio to Houston, (b) from Houston back to San
Antonio, and (c) for the entire trip?(d) What is your average velocity for the entire trip? (e) Sketch
x versus t for (a), assuming the motion 1s all in the positive x direction. Indicate how the average
velocity can be found on the sketch.

(i ER %fTE’JIUﬁ;LJ‘I‘IE%”“E%JE EET R EREEREME IE— 0V DL SSkm/haY
TR R—A D O0kn/h /75 - [EEES - AR — R AURERED SSk/h ESETTES
SR IEREIFETELL O0km/h 7TEE - R IER (I EL R BEFIRENE » (b) fERETEE]
EZRER  OBETRE  (ORETENTHEEE  FED@F x-tE - Bl LT EE

4
55><Z+90><£
<HBENa) s, = 2T 2 =72 5km
D
= - = ’%
(b) s, D2 DI = 8.3k /
55 90
(c) Sav—iﬁ')i—?()kmxh
725 683






8" Ed [Problem 2-15) : 9™ Ed [Problem 2-15)

(a) If a particle’s position is given by x=4-12¢+3¢" (where t is in seconds and X is in meters),
what 1ts velocity at t=1s? (b) Is 1t moving in the positive or negative direction of x just then? (c)
What is 1ts speed just then? (d) Is the speed increasing or decreasing just then? (Try answering the
next two questions without further calculation.) (e) Is there ever an mstant when the velocity 1s zero?
If so, give the time t; if not, answer no. (f) Is there a time after #=3s" when the particle 1s moving
in the negative direction of x? If so, given the tume t; 1f not, answer no.

(a) BER—BEIES x=4-120+3 (tEMSPIxENSK) Ft 8 I HE HEES
[T ? ( b ﬂ?tET  ERFIE x & x HEZE) ? (OIFERSM ? (d) ZREEREN
iR ? (& T R EEEA R RRE ZEE) () EH—EEEEREE? (HEr=3s
o BRSNS AFESE ? MRG  MEASRIARTE  EREENG -

v B

< F’__'l‘\.. t fotean | o
e ) 6/ s

Is) = —12+6(1) =6 / s

(
(b) &7E
(c) speed M =6m/s

(d) For 0 < t< 2 s, |v| decreases until 1t vanishes. For 2 < # < 3 s, |v| mncreases from zero to the
value 1t had m part (c). Then, |v| 1s larger than that value for 7> 3 s.

(e) t=2sFF 'PW7

() v=—12+6tm/s > t>25E > v>0 T ﬁ(ﬁd*ﬁz%pféz R ELL)



Rth Fd [ Problem 2-17) : th Fd [ Problem 2-17)
Ak ll. AV L A% AL = 4 7 ‘ - A vk ‘J.J.\.Ll\-l.ll.— A ¥ ‘

The positionof a particle moving along x axis is given in centimeter by x=9.75+1.50#, where t is
m second. Calculate (a) the average velocity during the time nterval 7=2s to 7=3s: (b) the
instantaneous velocity at #=2s; (c) the instantaneous velocity at #=3s: (d) the instantaneous
velocity at #=2.5s; and (e) the mstantaneous velocity when the particle 1s midway between its
positionat f=2s and f=3s.(f) Graph x versus t and indicate your graphically.

— BRI TR x $REE) - IS x=9.75+1.50° (tBEAE - xBHEAS) - 55 (a)
AR 2-3 MR ISEE - (b) 7 2 ?F’J)El?rEﬁEﬁElﬁﬁ. c(c) 3 HIE’TH%EHE?L E o (d)
£ 2.5 PSRIBEREE - (o) 25 2-3 B > frr i EREEEEEE - () #id x-t

9.75+1.5(3)1-[9.75+1.5(2° |
<8E> ! (a) v, =[ +1.5( ;)] [? +1.520)] =28.5¢m/ s
IS — LS

(b) v=4.5¢
v(t =2s5)=4.52)" =18cm/ s
(c) v(t=3s)=4.5(3)" =40.5¢cm /s
(d) v(r=2.55)=4.5(2.5)* =28.13cm/ s

(@) x = U=2+x(=3) [9.75+1.5(2%)]+[9.75+1.5(3%)]
m 2 = 2

fx -9.75
t =3 ’"I—_ ~2.596 ~ 2.6s
%

v(t =2.65)=4.5(2.6)’ =30.42cm/ s

=36




() &E

x(om)

40 (0

20-




8" Ed [Problem 2-19) : 9™ Ed [Problem 2-197]
At a certain tume a particle had a speed of 18m/s 1 the positive x direction, and 2.4s later its speed
was 30m/s 1n the opposite direction. What 1s the average acceleration of the particle during this 2.4s

mterval?

RS D 1Sn/sSRE/SX AEELE 0 24s 0 SEEMH 30m/s [AE 0 [ 2.4s
R TIEE ?

_30m )2 |
> g :( 0m/s) USWS):—ZOW’SE

" 24s




8" Ed [Problem 2-21]) : 9" Ed [Problem 2-22] %

The position of a particle moving along the x axis depends on the time according to the equation
x =¢t>—bt’, where x is in meters and t in seconds. What are the units of (a) constant ¢ and (b)
constant b? Let their numerical values be 3 and 2, respectively. (¢) At what time does the particle
reach 1ts maximum positive X position? From t=0s to t=4s, (d) what distance does the particle move
and (e) what 1s 1ts displacement? Find 1ts velocity at tumes (f) 1s, (g) 2s. (h) 3s. and (1) 4s. Find 1ts
acceleration at tumes (j) 1s, (k) 2s. (1) 3s. and (m) 4s.

— BRI TIAE x EEE) > HUBRHER x=c’ - HRE  x EMEX  tEMS - (a)
HER cBVEMSA 7 (b) B bEMSA ? sEBHSFE3IR 2 (c) £ 045 7217

BEx BERAE? (d) R 2E%/VEERE? (o) (IREE[ ?ERMES (f) 1s (g) 2s (h)
3s (1) 4s ERAERE ? FIERES (j) Is (k) 2s (1) 3s (m) 4s BFHIILEE ?

<EZ> . EFlc=3 > b=2
(a) c BYEENL : m/s’
(L)L RYEST  m/s’

(c) v= ax _ 2ct —3bt°
dt

t=0FF » v=2ct—3bt" =0
- 2¢  2(3m/s?)
FrLLt = e —3(2%”33) —1s
(d) x(ls)=3(1)" -2 =1
x(2s)=3(2)" —2(2) =4
x(3s) =3(3)° —2(3)* =-27
x(4s5)=3(4)" —2(4)* =-80
BTLL Os-4s TEEBLEREE  FREF FURERBES 82m-( 0s-1s 5577 lmels-4s>7= 7 8lm- )



(e) x(0s)=3(0)"=2(0) ' =0
EFLLAIF25 80m

) v =%=6r—6r3m15
v(ls) = (6)(1) - (6)(1)* =0

(2) v(25)=(6)(2)-(6)(2)" =-12

(h) v(3s)=(6)(3)-(6)(3) =-36

(1) v(4s)=(6)(4)—(6)(4)* ==T2m /s

() a :%: 2c—6bt =6-12tm/ s’
a(ls) =6-12(1)=-6

(k) a(2s)=6-=12(2)==18

(1) a(3s)=6=12(3)=-30

(m) a(4ds)=6-12(4)=-42



8" Ed [Problem 2-25] : 9" Ed [Problem 2-31]
Suppose a focket ship in deep space moves with constant acceleration equal to 9.8m/s* which
gives the 1llusion of normal gravity during the flight. (a) If 1t starts from rest, how long will 1t take

to acquire a speed one-tenth that of light, which travels to 3x10°m/s? (b) how far will it travel in
s0 domg”

B — EATAERZERLN.8m/ 5" MIERTT - QMETHIILLE  SATHZINE
Tz — 2 OELEEE T 2E0EE?

<EZ>(a) v=at

3 lU /
= Lo DTS 51085 =35 4d

a 98m/s’

?
(b) x:larz——@ gm 52210/ s m”) = 4.59%10"m
2 98m/s”



8" Ed [Problem 2-27) : 9™ Ed [Problem 2-23

An electron with an initial velocity v, =1.5x10’m/s enters a region of length L=1.00 cm where it
is electrically accelerated. It emerges with v, =5.7x10°m/s. What is its acceleration, assume

constant?

—ETLIFE Y, =1.5x10m/ s EAE—ASHIEEE » Llv, =5.7x10°m /s EESH - £
BEMEE  HEMEE S

- ———— — —— — ——————

(B224)
<EB> v’ =v) +2as
v vy (57x10°m/s) = (1.53x10°m / 5)’

a= . =1.6x10"m/ s’
2s 2(0.01m)




8" Ed [Problem 2-40] : 9% Ed: [Problem 2-34)
In Fig. 2-28, a red car and a green car, identical except for the color, moving toward each other in
adjacent lanes( #2728 ) and parallel to an x axis. At time #=0, the red carisat x, =0 and the

green car is at x, =220m.. It the red car has a constant velocity of 20kmv/h, the cars pass each other

at x=44.5m , and1fit-has a constant velocity of 40km/h, they pass each other at x =76.6m . what
are (a)the 1nitial velocity and (b) the acceleration of the green car?

B 228 F I EET - FEE T BNENTEEREAEE  POR xEWE=0
® o ABETMEREx, =0 MEETUERE v, =220m - IIRAEETREEEE 20 08
NG BT MEERTE x = 44.5m - IR EEEEES 40 2B/ ETIHERE x=76.6m -
ke (a) FIEEEA (b) JHEE ?

(& 2-28)



e A45m 44.5x107 fm

<@E> 1~ FTEDL 20km /b [EE R EE & R SR (6] = =8.01s
i TLE TE E R & ERE 8 - 0k 0k
Gt n 5) 4R+, (m/s*) IRFERTAE « 76 7 220-44.5 =175 5m
>
s =v,t+—at
2
; ) 1 ) . ~
175.5= v, (8.01)-&-503(8.01) .................. 1 5
, e st b . e T76.6m . T76.6%107 fom
2~ fL B DL 40km / h [E] TE £ FE R Bk A 6 ] = 6.894s

40km (h 40km i
tkEL LAy, (m/ s) WIERE - ag(}??/sz)j][liﬁl_if%ﬁﬁﬁ » BT 220-76.6 =143 .4m

s =v,t+—at’

1 , .
143.4 = vg(6.894) -|—Eag(6.894)' .................. 25
(1x0) f1 (230) BEAER - 1B
v, =13.9m/s

_ . 2
ag—2m/s



8" Ed [Problem 2-41] : 9™ Ed [Problem 2-35]
Figure 2-28 shows a res car and a green car that move toward each other. Figure 2-29 1s a graph of
thewr motion, showing the positions x,, =270m and x,=-35m attime f=0.The green car has

a constant speed of 20111/5 and the red car begins from rest. What 1s the acceleration magnitude of
the red car?

2-28 HR T (ERLE RAfEE - AR - B 2-29 EEEE 0 R TR =0RUER
Xy =270mAll x,, = -35m - FFEEEEFERS 200s - TFLEILFFILARRER 1:EE) - ALE N

EE A

([E 2-28)

<Ef> : WETE 12 FOEFIES

=5 | 20m/sx12s =240m
%IE%T 270 —(—35)— 240 = 65m
,,,?, 12 2s  2(65m)

_ _ B 2
((s) a—rz— 172 =09m/s

(& 2-29)

% (m)




8" Ed [Problem 2-47]) : 9" Ed [Problem 2-45)
(a) With what speed must a ball be thrown v er’rlcally from giound level fo rise to a maximum height

Ul )Ulll \U) HU\-\" lUllg Wlll ll Ut' J.ll. UJ.U dl.l \L} Ol&t’lbll g.ldl)llb Ul )": V.odIa da Versius f i_lfji' lhe b'dll. Ul
the first two graphs, indicate the time at which 50m 1s reached.

QEZHRZHEE » TR (S EEERLMEIEASTE S0 K895 2 (b)E
%Eﬂa‘f '-BT"(.EF"{'_%’%KO (C)mﬁ}r 'V #D'ﬂ?—jt. EY't .*D“'t *Eﬁfb‘(ﬁ% 50
RSt 5 B fa] 2

<fZ>:(a) v’ :vé +2as (c) ZE
¥
v, =285 =/2(9.8m/ s*)50m) = 31 3m /s D,

(b) s=v,t —%grz

2 26130 )

g 9.8




8" Ed [Problem 2-49) : 9" Ed [Problem 2-49)

A hot-air balloon 1s ascending at the rate of 12m/s and 1s 80m above the ground when a package 1s
dropped over the side. (a) How long does the package take to reach the ground? (b) With what
speed does 1t hit the ground?

— BARIRLA 12 K/ EFF - TEEEHE 80 >KEF - —EHRIETE - QBIEFMETLSD
BERT ? (b)FEHETESRE{a ?

S0m

1
<EE> : (a) yzyo+vof—5gf“

%(9.8)3‘2 —(12)r—(80)=0

12+\/122 —4(%)(—80)
‘= 5 2 — 5.4s
2(Z=
( - )

b)) v=v,—gr=12—-(9.8)5.4)=-4Im/s
ZEHhEEFESR 41m /s



8™ Ed [Problem 2-51) : 92 Ed [ Problem 2-53 ]
A key falls from a bridge that.is 45m about the water. It falls directly into a model boat, moving
with constant velocity.-that 1s 12m form the point of impact when the key is released. What 1s the

speed of the boat?

— (B SRRLILREZKE 45 KEVG LR T - CEEEEEI—(EFEEEEIREL £ - ERL—F
Gk | & R A finBEsERUIETE L 12 7k uﬁﬁi%f%ﬁ ?

<EE> 45= %(9.8)(12)

s ELyE B AL RRFT ey ¢ = ﬁ::%s

12 _
EAARER v, = By =4m/s



8" Ed [Problem 2-57] : 9" Ed [Problem 2-57)

To test the quality of a tenms ball, you drop 1t onto-the floor from a height of 4m. It rebounds to a
height of 2m If the ball 1s in contact with the floor for 12ms. (a) what 1s the magnitude of its average
acceleration during that contact and (b) 1s the average acceleration up or down?

5T ek mE 1TH B 4 XSEREHIR L - BEREER] 2 XSE - IIRKER
HEEES 12 21 - (a) MEREPEEE AN (b) PEIEEERE BEEET ?

<HE> 1 (a) v, =4/2g5 =+/2(9.8)(4) =885m /s
=\2g(As) =+J2(9.8)(2) = 6.26m s
V=% 6:26m/ s —(~8.85m/s)
A 12><10‘3s

=1.26x10°m/s’



8" Ed [Problem 2-63] : 9" Ed [Problem 2-61]

A steel ball 1s dropped from a building’s roof and passes a window, taking 0.125s to fall from the
top to the bottom of the window, a distance of 1.2m. It then falls to a sidewalk and bounces back
past the window. moving from bottom to top i 0.125s. Assume that the upward flight 1s an exact

reverse of the fall. The time the ball spends below the bottom of the window 1s 2s. How tall 1s the
building?

—HERIE—EEYRIR[EEESEIE—&E = - 6 7 0.125s s [HinE R KRS » FERE 1.2
>R e IRRPER| N ATE > BREEE L > {EEEEEIRIE T 0.125s » {EREF T FFEEL =T #2147
PERE—i - BREEEF T G/EBIREE 2 ) - BEYE o5 2

<#Z>: BEE T FlAsERv, =0
Y=y =12m
t,—1, =0.125s

1 5
y2=n=wlty—t)+-glt,~4)

AR

1.2—%(9_3)(0_125)2 y0
v, = 0135 =8.99m/s . %’Tl
2 _ 5o o (8.99)* _ I LI.Zm
vy =2y, = = 29.8) =4.12m },2

EEST AerIRER 2/ RRRERESEETFEER 1
t;,—t =14+0.125=1.125s

-
£

1
ys—n =w(t —f1)+5g(33 —1)

¥, —4.12:(8.99)(1.125)+%(9.8)(l.125)3

v; =20.4m
SR 20.4 45



