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A 90 0-kg fullback running east with a speed of 500 m /s 1s

tackled by a 95.0-kg opponent running north with a speed
of 300 m /s If the colhsion s perfectly inelasac, (a) calou-
late the speed and direction of the players pust after the
tackle and (b) determine the mechanical energy lost as a
result of the collision. Account for the missing energy.

Two automohiles of equal mass approach an mtersectuon
Chne vehicle s maveling with velociry 13.0 m/s toward the
east, and the other 1s raveling north with speed vs;. Ner
ther driver sees the other. The vehicles collide in the inter-
section and stck together, leaving parallel skid marks at an
angle of 35.0° north of east. The speed limit for both roads
1= 35 mi/h, and the drver of the northward-moving veli-
cle claims he was within the speed himit when the colhsion
occurred. Is he telling the trudhr
Two particles with masses w and 3w are moving toward
each other along the x axis with the same mminal speeds ;.
Particle m 1s traveling to the left, while parucle 3ais wavel-
ing to the right. They undergo an elasuc glancing collision
such that particle m is moving downward after the collision
at right angles from s imual direcuon. {a) Find the final
speeds of the mwo partcles. (b) What 15 the angle @ at
which the parucle 3w is scattered?

b A water molecule consists of an oxvgen atom with two hy-

drogen atoms bound o 10 (Fig, P390, The angle berween
the two bonds s 106°, If the bonds are (L1000 nm long,
where i1s the center of mass of the molecule?

The mass of the Farth is 598 % 107 kg, and the mass of
the Moon is 7.36 %X 10°? kg. The distance of separation,
measured between their centers, is 3.84 % 10° m. Locate
the center of mass of the Earth-Moon system as measured
from the center of the Earth

m}'t uniform prece of sheet steel 1s shaped as in Figure PU41L.

Compute the x and y coordinates of the center of mass of

the piece.
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In the 1965 Olympic Games, University of Oregon jumper
Dick Foshury introduced a new technique of high jumping
called the “Fosbury flop.” It contnbuted to raising the
world record by abour 3 cm and 15 presently used by
nearly every world-class jumper. In this techmique, the

Jumper goes over the bar face up while arching his back as

much as possible, as in Figure P9.44a. This action places
his center of mass ouwtside his body, below his back. As his
bady goes over the bar, his center of mass passes below the
bar. Because a given energy imput implies a certain eleva-
tion for his center of mass, the action of arching his back
means his body s higher than if his back were stranght. As
a model, consider the jumper as a tun wnform rod of
length L. When the rod is straight, its center of mass 1s at
s center. Now bend the rod in a crcular are so that it sub-
tends an angle of 90.0% at the center of the arc, as shown
i Frgure Y 44b. In this configuraton, how far ouesade the
rod 15 the center of mass?

(a) Consider an extended object whose different poruons
have different elevanons. Assume the free-fall accelera-
tion 1s uniform over the object. Prove that the gravita-
tional potental energy of the object-Earth system s
given by U, = Mgyey where Mis the total mass of the ob-
ject and yep is the elevanon of its center of mass above
the chosen reference level. (b)) Calculate the gravitational
potenual energy assoctated with a ramp constructed on
level ground with stone with density 3 800 kg/m® and
everywhere 3.60 m wide. In a side view, the ramp appears
as a nght mangle with height 15.7 m at the top end and
base G4.8 m (Figure PY.42).

.-‘t 200kg partucle has a veloory (22001 — 3.005) m//s, and

a A00kg parncle has a velociy (1001 4+ GO0 m /s
Find {a) the velocity of the center of mass and (k) the total
momentum of the system.

ERUI]]L‘U (770 kg) entertains Juhiet (55.0 kgl by plaving hus

guitar from the rear of their boat at rest in sall water, 270 m
away from Juliet. who is in the front of the boat. After the
serenade, Julier carefully moves to the rear of the boat (away
from shore) to plant a kiss on Romeo’s cheek. How far does
the B0.0kg boat move toward the shore 1t is facing?

"
i
~, G0
L
b

-

(k)
Figure P9.44

Figure P9.42



L5 §
L¥-=)

b,

The first stage of a Saturn Vo space vehicle consumed
i—uu.l and oxidizer at the rate of 150 % 1% kg/s, with an
exhaust speed of 2.60 ¥ 10% m/s. {a) Caleulate the thrust
produced by these engines. (b) Find the acceleravon of
the vehicle just as it lifted off the launch pad on the Farth
if the vehicles initial mass was 3.00 % 10°% kg, Note: You
must include the gravitatonal force to solve part ().

- Avocket for use in deep space is 1o be capable of boostung

a total load (pavlead plus rocket frame and engine) of
.00 metnic tons o a speed of 100000 m/s. (a) It has an en-
gine and fuel designed to produce an exhaust speed of
2000 m s, How much fuel plus axidizer is t'u.-quirccl'r' (b If
a different fuel and engine design could give an exhaust
speed of 5000 m/s, what amount of turJ and oxicdizer

would be required for the same task?

An orbitng spacecraft 15 descnbed not as a “zero-g” but
rather as a “microgravity” environment for its occupants aned
for on-board  expenments. Astronauts experience slight
lurches due to the motons of equipment and other astro-
nauts, and due o venung of matenals from the craft. As
sume that a 3 500kg spacecraft undergoes an acceleranon
of 2680 ge= 245 % 1077 m/s* due to a leak from one of its
hydraulic control systems. The Hhud 1s known to escape with
aspeed of 7.0 m/s into the vacuum of space. How much
fluid will be lostin 1 hoaf the leak s not stopped?

A small Block of mass wy = 0,500 kg 1s released from rest
at the top of a curveshaped fnicuonless wedge of mass
ma = 200 kg, which sis on a fncoonless horizontal sur-
face as in Figure PY.60a. When the block leaves the wedge,
its velociny 158 measured o be 400 ms 1o the right, as in
Figure P9.60k. (a) What is the velociry of the wedge after
the block reaches the horzontal surface? (b) What 1s the
height & of the wedger
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GG, Small 1ce cubes, each of mass 500 g, shde down a fricuon-

less wrack in a steady stream. as shown in Figure PYO.G6.
Starting from rest. each cube moves down through a net
vertdcal distance of 1.50 m and leaves the bottom end of

the track at an angle of 4007 above the hortzontal. At the “}Q"

highest point of 1ts subsequent trajectory, the cube strikes
a vertical wall and rebounds with half the speed it had
upon impact. If 10.0 cubes strike the wall per second. what

average force 1s exented on the wall?

T1. A chamn of length I and towal mass M s released from rest

with its lower end just touching the top of a table, as in Fig-
ure PU.71a. Find the force exerted by the table on the
chain after the chain has fallen through a distance x. as n
Figure PU.71b. (Assume each link comes to rest the instant
it reaches the wable.)

Sand frem a statonary hopper falls onto a moving con-
vevor belt at the rate of 5.00 kg/s as in Figure PY.72, The
conveyor belt is supported by fricionless rollers and moves
at a constant speed of (.750 m /s under the acton of a con-
stant honzontal external force Fog supphed by the motor
that drives the belt. Find (a) the sand’s rate of change of
momentum in the horzontal direcuon, (b the Force of
Incuon exerted by the belt on the sand, (<) the external
force Foy. (d) the work done by Fop in 1 s, and {e) the
kinetc energy acquired by the falling sand each second
due to the change n its horzontal moton. (f) Why are
the answers to (d) and (&) different?
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