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54 MOTION IN ONE DIMENSION Chap. 3

required to attain the speed of 30 ft/sec, (d) the distance moved from rest to the time
the train had a speed of &

veling with a constant
: obile. (a) How far beyond the
e truck? (b) How fast will the car be

starting®point will the autnmnbile ove -
travglng at that instant? (It is instructive to plot a qualitative graph of = versus { for
each vehicle.) 500’ (90'/5

15. A car moyiy Rstant ur_ulcratmn covers the distance between two points
180 It apge?®M 6.0 see.  Iis ol g e second point 18 4 [1/see gy What
is @8 peed at The first point? (b) What is its acceleration? (¢) At what priorws-

ance from the first point was the ear at rest?

16. The engineer of a train moving at & speed v; sights a freight train a distance
d ahead of him on the same track moving in the same direction with a slower speed ve.
He puts on the brakes and gives his train a constant deceleration a. Show that

2
it d> {ilv-? vs) +  there will be no collision;
a

if d < _fi;_*_rc_)“, there will be a collision.
a

(Tt is instructive to plot a qualitative graph of = versus I for each train
17. Two trains, one traveling at 60 miles/'hr and the otherz Files /hr, are headed
agard one another along a straight level t e Lhey are 2.0 miles apart, both
engineers suniin - . prner s tra,m and apply their brakes. If the brakes
decelerate each tr'un at the rate of 3.0 It /sec?, determine whether there is a collision.

18, A rocket-driven sled running on a sizgisisleeg] track is used to investigate the
physiological effects of large neceleratigs®on humans. ne such sled ean attain a speed
of 1000 miles/hr in 1.8 see startigg®rom rest. (@) Assufne the aceeleration is constant,
and compare it to g. (b)) Wt is the distance traveleff in this time?

19. (@) With what sp#d must a ball be thrown yfrtically upward in order to ri
to a height of 50 1? gf0) How long will it be in thgfair?

20, Water driggfirom the nozzle of a shower ogfo the stall floor 81 in. below # The
drops fall at regfilar intervals of time, the first dgop striking the floor at the ing#ant the
fourth drop Lffgins to fall. Find the location offthe individual drops when a g#fop strikes
the floor,

21. If g body travels half its total path J the last second of its fall frgf rest, find tife
time and height of its fall. Txplain thgfphysically unacceptable sojftion of the qyfd-
ratic time equation.

22. An artillery shell is fired diregfly up from a gun; a rockgf, propelled by Jurning
fuel, takes off vertically from aflaunching area. Plot gfhlitatively (nurgbers not
required) possible graphs of a, vefsus ¢, of v, versus ¢, andgi y versus ¢ for egfh. Take
1 = 0 at the instant the shell faves the gun barrel g#fthe rocket leaves ghe ground.
Continue the plots until the roghket and the shell fall Jfick to earth; neglect #ir resistance;
assume that up is positive agfl down is negativg

23. A rocket is fired vegfically and ascepd® with a constant verticgfl acceleration of
64 ft/sec® for 1.0 min. Js fuel is thga”all used and it continues g& a free particle.
(@) What is the maximufh altitudes®ached? (1) What is the tota}ftime elapsed from
take-off until the rocket §gile®the carth?

24. A lead ball is dropped into a lake from a diving board 16 it alwe the water. Tt
hits the water with a eertain veloeity and then sinks o the hottom with this same con-
stant velocity. It reaches the bottom 5.0 sec after it is dropped. (a) How deep is



d ahead of him on the same track moving in the same direction with a
slower speed v.. He puts on the brakes and gives his train a constant de-
celeration a. Show that

f . P
—, there will be no collision;

" B o
=, there will be a collision.

[It is instructive to plot a qualitative graph of x versus t for each train.}
2 dn\ er's handbnok states th.u an aummnbzle \\1th guod bzakes and gmng

mhh is %0 ft. Assume that o
celeration is zero, and the accelerauon after he appln.s the brakes are both
the same for the two speeds. Calculate (a! the driver reaction time and bl
the acceleration,

SECTION 3-9

29. The position of a particle along the x-axis depends on the time according to

the equation
X = aggs”nt®,

where x 1s in meters and ¢ ing#€onds. 1a) What dimensions and units¥nust
a and b have! For the folJ#fving, let their numerical values be 3.0 and 1.0,
respectively. |H1 At whet time does the particle reach its maximum positive
x-position? |c] Whg€total length of path does the particle cover in the first
4.0 s! ) Whaghfs its displacement during the first 4.0 s7 (¢! What is the
particle’s velg€ity at the end of each of the first four seconds? |/} What is the
particle’s g#celeration at the end of each of the first four seconds: |g) What
is the ayfrage velocity for the time interval t = 2.0 to ¢t = 4.0 scconds?

Answgf: {al a: LT3 mis%; b: LT, m/s®. (bl t=2s. ¢/ 24 m. (d! —16 m.
let 3.4 0.0, —9.0, —24.0 m/s. |f] 0.0, —6.0, —12.0. —18.0 m/s*. (g} —10 m/s.

SECTION 3-11

Las
h

. @) With what speed must a ba rown vertically upward in ordé\to
rise (4 a height of 50 {4 Fow long will it be in the air?

. A tennis ffopped onto the floor from a height of 4.0 ft. It reboung® to
a height of 3.0 ft. If the ball was in contact with the floor for 0.010 gfwhat
was its average acceleration during contact? Answer: 2000 ftis

. While thinking of Isaac Newton, a person standing on a bridgg®verlooking
a highway inadvertently drops an apple over the railing jugp#s the front end
of a truck passcs directly below the railing, If the icle is moving at
55 km/h (34 mi/h) and is 12 m (39 ft| long, how above the truck must
the railing be if the apple just misses hitting th#®fear end of the truck:

. A lead ball is dropped into a lake from a digi#fg board 16 ft above the water.
It hits the water with a certain velocity#d then sinks to the bottom with
this same constant velocity. It reachg® the bottom 5.0 s after it is dropped.
(a! How deep is the lake? |h] Whatg® the average velocity of the ball? ¢} Sup-
pose all the water is drained J#®m the lake. The ball is thrown from the
diving board so that it agaip#eaches the bottom in 5.0 s. What is the initial

velocity of the ball? Ainswer: 1a) 128 fr. (b 29 ft/s. ) 51 {t/s upjaed

. A rocket is fired verticgfly and ascends with a constant vertjiga#®celeration
of 64 ft/s* for 1.0 mifl. Its fuel is then all used and je®ntinucs as a free
particle. (¢} What is fhe maximum altitude reg 7 bl What is the total
time elapsed from tak&Qff until the rgglee®Strikes the earth!

. A balloon is ascending at the rate of 12 m/s at a height 80 m above the
ground when a package is dropped. How long does it take the package to
reach the ground? Answer: 5.4 s,

<
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32  CHAPTER 2

MOTION ALONG A STRAIGHT LINF

A hot rod can accelerate from 0 to 60 km/h in 5.4 5. (a)
¥

at is its average acceleration, in m/s2. during this time? (b)
How far will it travel during the 5.4 s, assuming it Cleratity is
constant? (¢) How much time would it requirgs® go a distancg of
0.25 kmif its acceleration could be maingaffed at the value inffla)?

47P. A train started from rest and 1p#fed with constant acgflera-
tion. At one time it was traveling m/s, and 160 m farthfr on it
was traveling 50 m/s. Calculg(a) the acceleration, (hyfthe time
required to travel the 160 g mentioned, (c) the time fquired to
attain the speed of 30 m/gfand (d) the distance moy: TOm Test (o
the time the train had affpeed of 30 m/s, (¢) Graph g#versus s and v
versus 1 for the traingfrom rest.

A car travelffig 56.0 km/h is 24.0 m £

the driver slams
{a) What was t
How fast was

49P A car gloving with constant ag cleration covg® the dis-
tance betwegh two points 60.0 m agffrt in 6.00 s. speed as it
passes the sgeond point is 15.0 m/gf (a) What isse speed ar the
first point? ) What is the accelffation? (cyfAt what prior dis-
tance from tRe first point was thefar at ¢ (d) Graph x versus r
and v versus 7 for the car, from st.

a barrier when
the brakes. The car hits tgf barrier 2.00 s lateg
car’s constant deceleraghn before impact J#0)
¢ car traveling at impa

S0P. Two subway Stops are scparated by 1
train accelerates at +1.2 m/s2 from rest
the distance and decelerates at =1
half. what are (a) its travel time a

Graph x, v. and a versus 1 for { ip.
@ To stop a car. you rggfliire first a cerain reaction me o

begin braking; then the cg slows under the constant brajffing de-
the total distance moved by
s is 186 fu when its initial speed i
initial speed is 30 mi/h. What ar
(b) the magnitude of the deceleratio

0 m. If a subway
ough the first half of
/s* through the sec

driving toward a traffic signal when it
ed is the legal speed limit of Vg = 35
ration rate is g = | ;
i 0 avoid havi

uration of the yellow Yeht are (a) 40 i and 2.8 s.
Zmand 1.8 s?7

possible, the stopping distanc
“‘reaction distance,”” which i

INTTIAL
SPEED
(m/s)

10

20
30

(a) If the maximum acg

(a) What reaction time is the driver assumed to have? (b) Whar is
the car's stopping distance il the ipi peed is 25 m/s?

ration that is tolerable for pas-
sengers in a subway traing® 1.34 m/s2, and subway stations are
located 806 m apart, Lis the maximum speed a subway train
can attain betweengfations? (b) What is the travel time between
stations? (c) If ge subway train stops for 20 s at cach station,
what is the y#imum average speed of a subway train, from one
start-up tggfhe next? (d) Graph x, v, and « versus 1.

550, elevator cab in the New York Marquis Marriott has a
totghrun of 624 ft. Its maximum speed is 1000 ft/min. Tts accel-
gration und decelcration both have a magnitude of 4.0 ft/s?. (a)
How far does the cab move while accelerating to full speed from
rest? (b) How long does it tak e the nonstop 624 ft run,

starting and ending at rest?
At the instant raffic W green. an automobile
starts with a consta leralfon a of 2.2 m/s2. At the same

instant a truck, travelj . .5 m/s, over-
¢ automobile. (a) How far beyon
¢ automobile overtake the truck? (b) Ho
traveling at that instant?

When a high-speed passenger train traveling at 100 mi/
rounds a bend, the engineer is shocked to see that a locomotiv.
has improperly entered onto the track from a siding 0.42 mi
ahead: see Fig. 2-26. The locomotive is moving at 18 mi/h. The
enginecr of the passenger train immediately applies the brakes, '
(a) What must be the magnitude of the resulting constant acceler-
ation if a collision is to be just avoided? (b) Assume that the

SR

AN
,;\\‘5\

I
T

FIGURE 2-26 Problem 57.




engineer is at v = 0 when, at t = 0, he first spots the locometive.
Sketch the x(r) curves representing the locomotive and passenger
train for the situations in which a collision is just avoided and not

quite avoided.

]

S5 Two trains. onc traveling at 72 km/h and the othg

' are headed toward one another along §ERT. level
track. When they a - gincer sees th
train and applies the brakes. The brakes dgg > each trainu
the rate of 1.0 m/s%. Is there a collisig®

S9P. Sketch a v(f) graph th
graph shown in Fig. 2-2
d &

ould be associated with Y a(n)

a(l)

FIGURE 2-27
Problem 39,

SECTION 2-8 Fr

«Fall Acceleration

1 2l g ! At a construghion site a pipe wrench strikes the ground with
2 speed of 24 mff. (a) From what height was it inadvertently
dropped? (b) Hog long was it falling? (c) Sketch graphs of v. v,
and a versus 7 @ the wrench.

J(u) With §hat speed g all be thiywn vertically from

zround level to nise maximum height of 5 m? (b) How long
w11l it be in the air? (c) Sketch graphs of y. v. ghd a versus r for the
5all. On the first two graphs. indicate the tighe at which 50 m is
~sached.

Raindrops fall to Earth from a gfoud 1700 m above the
Earth’s surface. If they were not slog®d by air resistance. how
“ast would the drops be moving wj€n they struck the ground?
Would it be safe to walk outside dffring a rainstorm?

The singlc cable supporific an unoccupied construction
=evator breaks when the elevglor is at rest at the top of a 120-m-
=~ ch building. (a) With whgl speed does the elevator strike the
zround? (b) How long wasgf falling? (¢) What was its speed when
* nassed the halfway poigll on the way down? (d) How long had it
~een falling when it pageed the halfway point?

iF. A hoodlum thrgvs a stone vertically downward with an
=itial speed of 12.0fm/s from the roof of Oing. O m
s=ove the ground. (afiow long does jieRe the stone 1o reacBthe
zound? (b) What is e stone at impact?

The Zero Gravity Research Facility at the NASA Fewis
Research Center includes a 145 m drop tower. This is anfvacu-
=ed vertical tower through which, among other possibifities. a

= diameter sphere containing an experimental packag® can be
Zropped. (a) How long is the sphere in free fall? (b) WRat is its
«=2d just as it reaches a catching device at the bottom e
vwer? (c) When caught. the sphere experiences an average de-

¢ specgeaf

her's

4 .

EXERCISES & PROBLEMS

irgh) graphs of v, v, and
when the fuel is ex-
m height. and when it

{3
0.544 m in 0.200 s. (a) What wg
speed at this height? (¢) How

s its initial speed? (b) What is its
nuch higher does it go?

It falls directly into? boat, moving with censtant velocity,
that was 12 m from the point of impact when the object was
released. Whar was the speed of the boat?

[70P A model rocket is fired vertically and uscends with a con-
stant vertical acceleration of 4.00 m/s* for 6.00 s. Its fuel is then

exhausted and it continu gee-full particle. (&) Whar is the

maximum altitudegefhed? AP What is the total time clapsed
from takeotf ] the rockeg#frikes the Earth?

7110, A#Basketball player. standing near the basket o grab a re-

beefid. jumps 76.0 cm vertically, How much (total) time does the

player spend (a) in the top 15.0 cm of this jump and (b) in the
bottom 15.0 em? Does this help explain why such players seem to
hang in the air at the tops of their jumps?




nives their uclocitieq v as [unctions of timc tas 1he conductors,

*«40 InFig.2-28,ared g
the color, move towgs

10 an x axis, Af Ligfe
isatx, =

!
s

with a spdgd of 24

*46 A hoodlug
an initial spe;

s be moving when they struck the ground? (b) Would it
M to walk outside during a rainstorm?

AR :tion site a pipe wrench struck the ground

s. (a) From what height was it inadver-
cntly dropged? (b) How long was it falling? (c) Sketch graphs
f v, v.and ayersus #or the wrench. SsMm

throws a stone vertically downward with
¥ of 120 m/s from the roof of a building,

1“"_ _ ' h h ieraLy = 4:'5 ‘E and ifiit;;;s & CD“\;‘a"l e 30.0 m abovgfthe ground. (a) How long does it take the stone

‘i T, (iCy ‘pass cach ol &t X 6 m. What are to reach (€ sround? (b) What is the speed of the stone at
(a) the initial velocity and (h) the acceleration of the green car? impact? =

*47 (a) With what spced must a ball be thrgfn vertically

x from ground level to rise to a maximumg#ight of 50 m?

(

F!G 2- 28 Problem54ﬂand 41

*247 Figure 2-28 shows a red
car and a green car that move
toward each other. Tigure 2-29
is a graph ol their motion,
showing the positions x,, = 270
m and xy= T at time
r=0."1 #fcen car has a con-
sta eed of 20.0 m/s and the
rgff car begins from rest. What
% the acceleration magnitude of the red car?

Xt

x(m)

L
e b

(s)
FIG. 2-29 Problem 41.

s
(

#2042 When a high-speed passenger train traveling at
161 km/h rounds a bend. the cngineer is shocked to sec that a
locomotive has improperly entered onto the track from a

S|

o versus f for the ball. On the first tw
at which 50 m is reached.

*48 When startled, an arm,
it rises 0.544 m in the firs

0.544 m? (¢) How

is 80 m above

b) How long will it be in the air? (¢) Skeggh graphs of v. v. and

gPaphs. indicate the time

SS5M

fillo will leap upward. Suppose

200 s. (a) What is its initial speed
) What is its speed at the height of
higher does it go?

it leaves the ground;

49 A hot-air bfflloon is ascending at the rate of 12 m/s and
> ground when a package is dropped over the

ide. (a) How Jgng does the packagg Luks be ground?

b) With what s eground? SSM
*50 A bolt is dropped from a bridge under cgffStruction,
alling 90 m to the valley below the bridge. (a how much

all? What is its
s fall and (c) when

¢ does it pass through the last 20% of i
pycd (b) when it begins that last 20% g

it reXghes the valley bencath the bri
siding and is a distance D = 676 m ahc: ig. 2-30). - F :
e o 15 & dstance D m ahcad (Fig. 2-30). The 59 Ny ey falls from a bridggfat is 45 m above the water.
locomotive is moving at 29.0 km/h. The engineer of the high- : ; : ; :
2 = It falls Qrectly into a mog€l boat, moving with constant

speed train immediately applies the brakes. (a) What must

: : : oL = v
be the magnitude of the resulting constant deceleration if a

relocity,

1 is 12 m fromggfhe point of impact when the key is

collision is (o be just avoided? (b) Assume that the engincer is S icin ¢ e B -
atx = 0 when, at ¢ = (. he first spots the locomotive. Sketch **52 Attine = 0.app FFOPped lrom a bridge Oyto a
x(¢) curves for the locomotive and high-speed train for roadway benQath the bridge: somewhat later, applgd? is
the cases in which a collision is just avoided and is not thrown down from the same height. Figure 2-31 ggfes the
quite avoided. ol vertical positidhs v of the apples versus ¢ during thgsilling. un-

til both apples fave hit the roadway. With app

{imately what

D i speed is apple § thrown down?
B i il — G PRl
ngh—s_pccti ~
el _\._*\r\?\" Locomotive 50
ey g s
FIG.2-30 Problem 42. i ¥
‘

W43 You are arguing over a cell phone while trailing NS
anNgrked police car by 25 m: both your car an mBffice car 0 0.5 ! 15 2
are trawgling at 110 km/h. Your argyme €Tls your attention ¢4s)
om the PRlicegs - ong enough for you to look at the FIG. 2-31 Probl

chone and yeMS 1 won't do that! ™). At the beginning of that 2.0 s,
the policc officer begins braking suddcniy at 5.0 mf‘sl. (a) What is

shev were not S by air resistance, how fast would the t

#*53 As a runaway scig

i
breaks free to when it reaches

f{s)

vl

1gure 2-32 gives the
velocity of the package
ersus lime. from before it

he ground. (a) What maximum FIG. 2-32 Problem 53.
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PROBLEMS 75

a projectil] having an initial speed »; and angle
¢ that a projection angle of 45° gives,.

6. Show that the horizontal range
f projection 0gis B = (1?/q) M 26;.
the maximum horizontal

. Find the angle g€ projection

tw hlr-h the horizgfital range and ¥
he maximum hflght of a projec-
ile are equal,
8. In Galileo's Two New Sci-
nees the author states that “for
levations {(angles of projection)
hich exceed or fall short of 45°

jual . . . ", Prove this state-

: all target 150 1t a“a}.
w high above the target must
e gun be aimed so that the bullet will hit the target?
10. A dive bomber, diving at an angle of 53° with the vertieal, releases a homb at an
sititude of 2400 ft. The bomb hits the ground 5.0 sec after being released. (o) What
= the speed of the bomber? (b)) How far did the bomb travel horizontally during its
—"*?'t‘ {e) What were the horizontal and vertical components of its velocity ju
ore stmkmg the ground?
A batter hits a pitched ball at a height 4.0 ft above ground 50 thut®®nngle of
vjection is 45° and its horizontal range is 350 ft. The ball jsga wn the left field
Tapiere a 24-ft-high fence is located | WA * plate.  Will the ball clear
ihe fence!’
12. A football is kicked off with an initial speed of 64 L /se
£3°. Areceiver on the goal line 60 yd away in the directj
meet the ball at that instant. What must his spee it he is to cateh the b
=its the ground?
13. In a cathode-ray tube n beam of elegyns is projected horizont
© 1.0 X 107 em/sec into the region begeen o puir of horizontal
An electric field between the plates gferts a constant downwar
“ectrons of magnitude 1.0 X 10" M /sec?. TFind (a) the verti
“ezm in passing through the tes and (b) the velocity o
=zznitude) as it emerges fropa the plates.
14. (a) Show that if theacceleration of gravity chan
“ = projectile (sec Prol€m 6) of given initial speed voa
‘R where dR/R £ —dg/g. (b) If the aceclerati
gmount Ag (say going from one place to anoth
ge as well.  Let the change in
In 19

the kick xtartq unning to
1 hefore it

£ with a speed
es 2.0 em long.
eceleration on the
displacement of the

e heam {(direction ani/f

: by an amount dy, t
angle of projectio

f Ag, AR are small
¢ (United States) estab-

U #7258 meters/see®). By how mueHiwo 11g record have differed if he had

we=peted Tinstead in 1956 at Melbourne (y = 9.7999 meters/sec?)? (In t}m. con-

sestion see “Bad Physics in Athletic Measurements,” by P. Kirkpatrick, Ameriean
~wal of Physics, February 1944.)

5. Electrons, nuclei, atoms and moleeules, like all forms of matter, will fall under the

= Feence of gravity.  Consider separately a beam of clectrons, of nuelei, of atoms, and

- =olecules traveling a horizontal distance of 1.0 meter. Let the average speed be



s e TR L i

e

s of projection 8, is R = {vo*/g] sin 280 Then show that a projection angle of

45° gives the maximum range {Fig. 4-14]. |b] Show that the maximum height
S reached by the projectile iS Yamy = (Vo SID 8,212z \c) Find the angle of pro-
< jection at which the range and the maxigaam height of a projectile are
= equal, Answer; Ic) 76°
< | 8. A projectile is fired horizontal#irom a gun logated 144 ft (44 m) above a
2 horizontal plane with a mp#zle speed of 800 /s 240 m/s). \al How long %
% does the projectile remgj ir? (bl At wifat horizontal distance doe
B it strike the ground? :
% 9 ::s::llloFltzhis o figure 4-14

: ‘s. Y Problems 7. and 15

= velocity is g
;.: vertical),
= the tot
) of thegball imagnitude and

direction| the instantD
br- (a) 11 m. (b] 23 m. (c) 17 m/s, 63° below the horizontal. (a
10. Electrons, nuclei, atoms, and molecules, like all forms of matter, will fall

under the influence of gravity. Consider separa tely a beam of electrons, of

nuclei, of atoms, and of molecules traveling a horizontal distance of 1.0 m.

Let the average speed be for an electron 3.0 X 107 m/s, for a thermal neutron ¢

2.2 % 10° m/s, for a neon : nd for an oxygen molecule
ms move through vacuum ver rizontal
find by how much their paths deviate from a straight
cal displacement in 1.0 m due to gravity. How do thesc results co
pare to that for a beam of golf balls {use reasonable data)?! What is the con-
trolling factor here?

_ A dive bomber, diving at an angle of 53° with the vertical, releases a homb
at an altitude of 730 m. The bomb hits the ground 5.0 s after being released.
{a) What is the speed of the bomber? |b} How far did the bomb travel hori-
zontally during its flight! |c} What were the horizontal and vertical com-
ponents of its velocity just before striking the ground?
Answer: |a) 200 m/s. |\b} 810 m. let v = 160 mfs, v.= 170 m/s.
_ A football is kicked off with an initial speed of 64 ft/s at a projection apf
of 45°. A receiver on the goal line 60 yd away in the direction of
starts running to meet the ball at that instant. What must be bi
d if he is to catch the ball before it hits the grou g€Ce, in this con-
nection; i A ille in American Journal
of Physics, October 1968.]
13. In a cathode-ray tube a beam of electrons is projected horizontally with a
speed of 1.0 x 10° cm/s into the region between a pair of horizontal plates
2.0 cm long. An electric field betwee exerts a constant down-
ward acceleration on the electro magnitude§.0 % 10" cm/s. Find 4
the vertical displacement of beam in passing through the plates and
(b) the velocity of the b idirection and maggftudel as it emerges from
the plates.
Answer: |a] 2.0
14. A batter hits a

b} v, = 1.0 x 10° cm/s, =02 % 10° cm/s down.

fhed ball at a height of 4.0 fffabove the ground so that i
fon is 45° and its initial speeghs 110 it/s. The ball is hi
field line where a 24-ft high fgiice is located 320 ft fr

plate.

#(15,/)Galileo, in his Two New Sciences, sta : ions langles of
projection} which exceed or fall short amounts, the ranges
are equal. . . ."" Prove this statement. Sge Fig,

16. A ball rolls off the top of a stairway with P rizontal velocity of magnitude
5.0 ftis. The steps are 8.0 in. high and 8.0 in. wide. Which step will the ball
hit first?

17. |a) Show that if the acceleration due to gravity changes by an amount dg.
the range of a projectile (see Problem 7} of given initial speed vy and angle
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A third baseman wishes 10
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ning broad jump record of 8.09 m at the Olympic Games at Berlin
(g = 9.8128 m/s?). Assuming the same values of v, and 0. by
how much would his record have differed il he had competed
instead in 1956 at Melbourne (g = 9.7

w to {fst base, 127 fi dis-
" he throws the ball
from first base will
ust the third base-

tant. His best throwing speed is
horizontally 3.0 ft above the
it hit the ground? (b) At w

the ground? (¢) What

'-'-IZPJ During volcany

blasted out of the

f air on the
? (c) Would

? lgnore, for the momenty
. (b) What would be the time of flig
the air increase or decrease your ans

FIGURE 436 Problem 43,

@ A fothall player punt§ the football so that it wif have a
“‘hang time"" (time of flight) §4.5 s and land 50 yggfway. If the
ball leaves the player's foot §10 [t above the grogsfl, what initial
velocity (magnitude and dirgtion) must the bghtl have?

45P. A golfer tees off fronfthe top of a righ giving the golf ball
an initial velocity of 43 m/s§t an angle g€30° above the horizon-
tal. The ball strikes the faifvay a hffizontal distance of 180 m
from the tee. Assume the fai evel. (a) How high is the rise
above the fairway? (b) What is the speed of the ball as it strikes
the lairway?

46P. A projectile is fired with an initial speed v, = 30.0 m/s
from the level ground at a target on the ground a distance R =
20.0 m away (Fig. 4-37). Find the two projection angles.

MOTION IN TWO AND THREE DIMENSIONS

ligh trajectory

fiyer can throw a ball if his maximum throwing range is 60 m?
48P, A certain airplane has a speed of 180 mi/h and is diving at.
an angle of 30.0° below the horizontal when a radar decoy is
released. (Sce Fig. 4-38.) The horizonal distance between the
release point and the point whereghe decoy strikes the ground is
2300 ft. {a) How high was the plane when the decoy was re-

leased? (b) How long was the decoy in the air?
]

30,00

FIGURE 4-38
49P. A football is kicked off with an initial speed of 64g#s at a
projection angle of 45°. A receiver 60 yd away int 3
the kick starts running to meet the ball at thaig

is average speed if he is o g4
ground?

nt. What must
just before it hits the

ey

sistance.

A ball rolls horizontally off the top of a stairway with a
speed of 5.0 fUs. The steps are 8.0 in. high and 8.0 in. wige.
Which stgg e ball hit first?

m 'An airplane Jiving at an angle of 53.0% with vertical.

eases a projectilff at an altitude of 730 m. The pygfectile hits the
ground 5.00 s afg being released. (a) What igffhe speed of the
aircraft? (b) Hoy far did the projectile travelfforizontally during
its flight? (c) What were the horizontal apgf vertical components
of its velocity st before striking the ggfund?

a height of 20 mand hits
times its initial speed. What

52P. A ball igthrown horizontally fi
the ground wigh a speed that is t
was the initigl speed?

(a) Diing a tennis giffich, a player serves at 23.6 m/s, the

ball leaving §e racquggorizontally 2.37 m above the court sur-
face. By hov does the ball clear the net, which is 12 m
away and 0.90 m high? (b) Suppose the player serves the ball as
before except that the ball leaves the racquet at 5.00° below the
horizontal. Does the ball clear the net now?

547, In Sample Problem 4-8. suppose that a second identical

~ harbor defense cannon is emplaced 30 m above sea level, rather

that at sea level. How much longer is the horizontal distance from




Chapter 4 | Motion in Two and Three Dimensions

sec. 4-4  Average Acceleration and Instantaneous
Acceleration

=11 A particle moves so that its position (in meters) a
a function of time (in scconds) is r =i + 47 + k. Wrile
expressions [or (a) its velocity and (b) its acceleration as func-
tions of time, S5M

3.0j + 3.0k and then
"0k (in melers per second).
roton’s average acceleration
b) the magnitude of @,,,, and (c)
the positive direction of the x axis?

#12 A proton initially has ¥V = 4, 0i
4.0slaterhas Vv = =2.0i — ”OJ
For that 4.0 s, what are (a) thg
iy, in unit-vector notation
the angle between @, a
#13 The position 7
given by 7 = (2.00¢
meters and ¢ in seco

a particle moving in an xy plane is
5.000i = (6.00 — 7.00rY], with 7 in
Os. In unit-vector notation. calculate (a)

locity, and the (e) magnitude and (I) direction of

the average acceleration?

ts a,=40m/s’ and a, = —-20m/s’. Iis initial
velocity Qas components v, = 8.0 m/s an ’-! =12m/s. In
unil-vectdg notation. what is the velocityfighie cart when it
reaches its dgeatest y coordinate?

: ebble over a horizon-

2016 A modiTMeinduccalerere® ¢

tal xy plane with a constant aecel ition @ = (5.00 m/s™)i +
(7.00 m/s?)j. At time ¢ = 0, the velgffity is (4.00 m/s)i. What are
the (a) magnitude and (b) angld of its velocity when it has

been displaced by 12.0 m parallgl to the x axis?

#*17 A particle leaves the gfigin with an initial velocity v =
(3. DOL) m/s and a consta acceleration @ = (—1.00i —
0.500j) m/s*. When it reachgh its maximum x coordinatg, wha
are its (a) velocity and (b) gosition vector?  ssmnLw

*¢18 The velocity v of

partlcle mnvmg m lhl: x)

veetor 1 (2()0 }1 4 (JDOm)] locatcs the pamcle. ehi

v= (SOU mis)i
Atr=4.00s, wha
siiion vector in un

4 2.00 m/s)j.
re (a) its po-

its direction of travel dnd the

positive direction of the x axis? -_._,_{Jx
»¢220 In Fig. 4-35, particle A g
moves along the line vy = 30 m 2

with a constant velocity v of &G
magnitude 3.0 m/s and parallel  FIG.4-35 Problem 20.

M cart is propelled over an vy plane with acceleration

1o the x axis. At the instant particle A passes the y axis, particle B
lcaves the origin with zero initial speed and constant acceleration
a of magnitude 0.40 m/s®>, What angle # between @ and the
psitive direction of the y axis would result in a collision?

2__

) At what horizontal dist
trike the ground? (c) Wha
i e ground?
¢ ghid Field Championships in
- m, breaking by a full 5 em
the 23-year long-jump g set by Bob Beamon. Assume
that Powell's speed on t was 9.5 m/s (about equal to that
of a sprinter) and that # =#.80 m/s? in Tokyo. How much less

Tokyo. Mike Powell ju

f same speed? -

high. It strikes the floor at a point 1.52 m hori-
the table edge. (a) How long is the ball in the
atis its speed at the instant it leaves the table?

°25 A ¢ n igtial speed of
10 m/s 1o oard. It hits at
point Qont ater. (a) What is
the distance PQ the dart board is the

dart released?

226 In Fig. 4-36, a stonc is ggjected at a cliffl of height %
with an initial speed of 42 /s directed at angle &, = 60.0°
above the horizontal. The stone strikes at A, 550 after
launching. Find (a) the height /i of the cliff, (b) the speed of the
just before impact at A, and (¢) the maximum height #
acled above the ground.

.

FIG, 4-36 Problem 26.

»27 A certain airplane has a
speed ol 290.0km/h and is
diving at an angle of # = 30.0°
below the horizontal when
the pilot releases a radar de-
coy (Fig. 4-37). The horizontal
distance between the release
point and the point where the
decoy strikes the ground is d =
700 m. (a) How long is the de-
coy in the air? (b) How high
was the release point? 1tw

FIG. 4-37 Problem 27.




