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Additional problems: The topics put presented in this chapter used be presented in two chapters. There are
more important problems to check your understanding. Make sure you do these problems as well as assigned
homework questions.

il

#2

#3

it

#5

#Ho

A railroad flatcar of weight W can roll without friction along a straight horizontal track. Initially, a man
of weight w is standing on the car, which is moving to the right with sped vj. What is the change in
velocity of the car if the man runs to the left so that his speed relative to the car is vyy?

An 8.0 kg body is traveling at 2.0 m/sec with no external force acting on it. At a certain instant, an
internal explosion occurs, splitting the body into two chunks of 4.0 kg mass each. The explosion gives
that chunks an additional 16 J of kinetic energy. Neither chunk leaves the ling of original motion.
Determine the speed and direction of motion of each of the chunks after the explosion.

A 1500 kg automobile starts from rest on a horizontal road and gains a speed of 72 km/hr in 30 seconds.
(a) What is the kinetic energy of the auto at the end of the 30 sec? (b) What is the average power
required of the car during the 30 sec interval? (c) What is the instantaneous power at the end of the 30
sec interval, assuming the acceleration is constant?

During a violent thunderstorm, hail of diameter 1.0 ecm fall directly downward at a speed of 25 m/sec.
There are estimated to be 120 hails per cubic meter of air. (a) What is the mass of each hailstone
(density 0.92 gfcm?')'? (b) Assuming that the hail does not bounce, find the magnitude of the average
force on a float room measuring 10 m X 20 m due onto the impact of the hail. (Hint: During impact, the
force on a hailstone from the roof is approximately equal to the net force on the hailstone, because the
gravitational force on it is small.)

A ball having a mass of 150 g strikes a wall with a speed of 5.2 m/sec and rebounds with only 50% of its
initial kinetic energy. (a) What is the speed of the ball immediately after rebounding? (b) What is the
magnitude of the impulse on the wall from the ball? (c) If the ball was in contact with the wall for 7.6
ms, what was the magnitude of the average force on the ball from the wall during this time interval?

Spacecraft Voyager 2 (of mass m and speed v relative to the Sun) approaches the planet Jupiter (of mass
M and speed of V), relative to the Sun). The spacecraft rounds the planet and departs in the opposite
direction. What is its speed, relative to the Sun, after this slingshot encounter, which can be analyzed as
a collision? Assume v = 12 km/sec and V, = 13 km/sec (the orbital speed of Jupiter). The mass of
Jupiter is much greater than the mass of the spacecraft (M>>m).

]



Solutions:

#1

W = weight of the car

w = weight of the man

vp = original velocity (ground velocity)

v. = Final velocity of the car (ground velocity)
vin = Final velocity of the man(ground velocity)
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Additional Problems Ch. 11.
#1 Two particles, each of mass m and speed v travel in opposite directions along parallel lines separated by

a distance d. (a) In terms of m, v, and d, find an expression for the magnitude L. of the angular
momentum of the two-particle system around a point midway between the two lines. (b) Does the
expression change if the point about which L is calculated is not midway between the lines? (c) Now
reverse the direction of travel for one of the particles and repeat (a) and (b).

#2 Two cylinders having radii R; and R; and rotational inertias I; and I, about their central axes are
supported by axles perpendicular to the plane. The large cylinder is initially rotating clockwise with
angular velocity wg. The small cylinder is moved to the right until it touches the large cylinder and is
caused to rotate by the frictional force between the two. Eventually, slipping ceases, and the two
cylinders rotate at constant rates in opposite directions. Find the final angular velocity o, of the small
cylinder in terms of I, I, Ry, R,, and w,.

#3 A wheel is rotating freely at angular speed 800 rev/min of a shaft whose rotational inertial is negligible.
A second wheel, initially at rest and with twice the rotational inertia of the first, is suddenly coupled to
tht same shaft. (a) What is the angular speed of the resultant combination of the shaft and two wheels?
(b)What fraction of the original rotational kinetic energy is lost?

:.1?'1 M Va ;Uuie.-'- ~
-——————'____‘T_. .
I am wsh abs. velues .
La) ?f‘a g" %d J i f" E
* %! L dnd ?Ezﬂ'j cae zﬂ‘r‘ i
L= =] { e .
ﬁ Y Tfaﬁnj A diecl gos a{
ﬂ‘?jnfpr mamen g
’_-._._'_.___-—-—-_-_‘-_-F —
\ vy "

- —

YA (O

;F.X':P:: + ?Lyﬁ
_—

1

— —n - I LIIQ C{ﬂcthﬂ‘sg mdﬁﬂ"\ Fﬁ:'ﬁl‘h ) i
* m(nx V) + MGV ) e Bl ey’ el el



11

"*.(f.v.mg.%mfnuzm&) 4 © = L A

2
2 A, = 4
= m Vi(zoy + mv (La) O < 2 o
., = 2,
T Wi V '{2{_ h/‘[ = (V2|
7 Me Vo
% || o
'{'1- ) .ur' m, _J__
= F 9
0. ¥ g
TN G rt
Lg'f = ._,QI. T ué’z
. T - =
E Txpot TEP
= ‘fﬂ' (T« V,) 2 ﬂz(ﬁy Va) m,= 1,
(“""Erciocf:m C—[lckmjg,
TA&;-QI =
- “W’l(“'e\{«&—‘« ) r m( Yy V.otin®) ‘ H*
Ta%@z; L,f{
= =Y. o mu’”lz [V (= (va)

"V (Y.-4))-
Tl My V \ ﬂj 2_1_2( AL Same 1esulf as P,

e e e i v
e e ==
i

Tﬁfﬂtwp?{n.@mfcasm; eccept /a a mﬁh%’..é::
jlfM et Yﬂ?‘éf’ij Corenlr closbuise. T e G‘ﬁjrﬂ

,_;
_/Q/T: —mV L T—n;l/'i'aflg
) Extig [
YMe
- i ) g
= m\ + Py
R A, | r

£l

~J



w2, Fi o a rsr.'ffmnf étﬂ—ﬂ! workng o & fﬁr}”‘

wheel ( s.7hat i€ il alns dam)

Fow g ﬁ;cfrﬁtﬂ t;-n::e' mhu:j on & S paller
wheel (5. ht 6 w2l speeel “'P)

A ¥ Py ae 7‘@6 and afafa.s}@ A rrf.ﬁ)' exast unl: |
Ae S Lnear vols aC amtecl pl. are el (¥ qpite)
(d&rﬁuﬁw armd.s ane :l.r_{'_fﬁu*f ¥ Wﬂﬁifﬁ")

Ir"F'I!i‘?l. 2 ;Q)'L ¥ Eq /C'.L E ﬁ;-‘f i-:{;_
Fay B 0{ a,ﬁ, = rf:‘;,p{&
Q S ﬂt tfmtprobntulu j
o QL ; (.-F-)t = RaF L
T(yw):-RFt —@ Z:( .y wﬁ) = Rt
t= 2t
Oe+— @ T 22t

T, Cllp= ) %o B F T

B,
I, (g~ @) = - 2= Laf

Mso, ot the conlect pt e lnsor spoeds shal be

Ae Stme Ve Riwy - Ru s

Wy K

e i L‘Lf
1. ( C Caf — Wig)s - %L&,c
%I Waf - L > - % L Jaf
A o laihg e Todp
C{)zj {%I,f%lz.)#.[mh
W ( Hi‘i‘ﬁ‘) W

fl= s



%3

ML:PH“'T%H
ZI
1 3
L
e
R
. —
I“g" = Yy
v &) z Iy + Iamje_ I:Iz,'—‘
T = (r2L)wy
I, Wy
a}j: 37, - - Sl Emw
b ?EL‘ = é I—mf*\;'l.z
REJ*-:? '%_ I, h:’.‘rz -+ é I?%z
) ‘% ki k)j'z L z‘l-(aI-\}k}T:

=4

(I-{' lasts ﬁ"ﬁf{ﬂm}mﬂ ﬁ)

—_—



ch 13 w T .82, 4z, w3

m,wzi;j v m@%mwﬁ{f@éq“hﬁ&f
%“fCBfm separalet by 120° fm each )

S, 5P so yad B 1Rl (B & whet we ocpeed

e .

e C';nﬂl”lq' ( 2y -+ lj)

T
F, = LA P el
S T
Fa = ” 3 m
R 271
i (sl g 36°5 )
‘i"" = = Fl o F.Ta + "E; = p
A
) s
E'ﬁ{ b i
'sz t [ = o ¢ GMTTﬁ C—-&-—-Ba“) + 5 .Ti? (&uﬂﬂ'b') =
Y =
: - Ll w2 3
Fnj * Py e Faj G —5= + 6 2R (4030 Ye ,.-;??’?r 2 (-a330°) = &
e =3 =
- am,m;: Hﬂjﬂ *
Ye 2 _,??.A,,__ﬁo
G %, mme z
: & Yz 30°
f?’-'; = |
F) Mjnqﬁwﬁ( "E‘ eacth jﬂ&( wiel ke dmble | bt [t vb Méﬁc’#
#32 R—ions M = Sxio ey

&
R=» 3x¢0 P

Ky - KEf + PE

KE{

i
Ay
™
«

1
.y
82



- e
F oS-

G ) - xio” Dol ever whink
= KE: - o m .z A #at PE ﬂ:ﬁov?o
] L el
EESTY W b "'E"L Ir
5 x5 7
J - 27fezrxe 7
22918 w1
EL' = =
q\b) I:f
KE = P =
Fxeot
PE - ‘g C 1", )2 ' _.[_
=1 "‘ﬂ-‘r‘f'f" = G e ( T
EA G —— 3x10° 5‘”’?‘)
# 42

PR TR £
Y% 2 o e sk

F""t = FWM + Fb}-m
C-:—,.mM & am

o

Y‘L {ETJZ
= 4 mM M
i =
4YE
= am (4m+m)y = L
Sy )" FC&«I‘T.-" m?
G
g;;;(amfm) e
A



Ch.

il

i3

fitd

#5

#o

P: EEE. ZWY" 47> vt

v W

M) 1&%(4.1{1-#’1}

T 4T Y-';
V & (4um)

'r" %
G@Mfﬂ)

T o4

13 additional problems:

The diagram on the right shows a spherical hollow inside ’{
a lead sphere of radius R; the surface of the hollow passes through

the center of the sphere and “touches™ the right side of the sphere. \

The mass of the sphere before hollowing was M. With what e e e e
gravitational force does the hollowed-out lead sphere attract a / m
small sphere of mass m that lies at a distance d from the center
of the lead sphere, on the straight line connecting the centers of the
sphere and of the hollow?

One model for a certain planet has a core of radius R and mass M surrounded by an outer shell of inner
radius R, outer radius 2R, and mass 4M. IfM - 4.1 X 102 kg and R = 6.0 X 10° m, what is the
gravitational acceleration of a particle at points (a) R and (b) 3R from the center of the planet?

A uniform solid sphere of radius R produces a gravitational acceleration of a, on its surface. At what
two distances from the center of the sphere is the gravitational acceleration a,/3?

A projectile is fired vertically from Earth’s surface with an initial speed of 10 km/sec. Neglecting air
drag, how far above the surface of Earth will it go?

Three identical stars of mass M are located at the vertices of an equilateral triangle with side L. At what
speed must they move if they all revolve under the influence of one another’s gravitational force in a
circular orbit circumscribing the triangle while still preserving the equilateral triangle?

Show that if an object is in an elliptical orbit with semi-major axis about a planet of mass M, then its
distance r from the planet and speed v are related by V= am ( 2 -1

One way to attack a satellite in Earth orbit is to launch a swarm of pellets in the same orbit as the
satellite but in the opposite direction. Suppose a satellite in a circular orbit 500 km above Earth’s
surface collides with a pellet having mass 4.0 g. (a) What is the kinetic energy of the pellet in the
reference frame of the satellite just before the collision? (b) What is the ratio of this kinetic energy to
the kinetic energy of a 4.0 g bullet from a modern army rifle with a muzzle speed of 950 m/sec?
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Ch. 15 additional problems:

#1

#3

|\

a)

>
i

A simple harmonic oscillator consists of a block of mass 2.00 kg attached to a spring of spring constant
100 N/m. What t = 1.00 sec, the position and velocity of the block are x =0.129 m and v = 3.415 m/sec.

(a) What is the amplitude of the oscillations? What were the (b) position and (c¢) velocity of the block at
t =0 sec?

A massless spring hangs from the ceiling with a small object attached to its lower end. The object is
initially held at rest in a position y; and oscillates up and down, with its lowest position being 10 cm
below yi. (a) What is the frequency of the oscillation? (b) What is the speed of the object when it is 8.0
c¢m below the initial position? (¢) An object of mass 300 g is attached to the first object, after which the
system oscillates with half the original frequency. What is the mass of the first object? (d) Relative to y;,
where is the new equilibrium (rest) position with both objects attached to the spring?

Suppose that the two spring in fig 15-30 have different spring constant k, and k;. Show that the
frequency f of oscillation of the block is then givenby  Jv i+ 102

t= fs.r,(_
oo V= 3YS Ve
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Chapter 18 additional problems -~ = 10°C =« (20°C-28'c) = - 4ub'c

#1 The Pyrex glass mirror in the telescope at the Mr. Palomar Observatory has a diameter of 200
inches. The temperature ranges from —10 "C to 50 °C on Mt. Palomar. In micrometers, what
is the maximum change in the diameter of the mirror, assuming that the glass can freely
expand and contract?

#2 The area A of a rectangular plate is "ab". lts coefficient of linear expansion is «. After a
temperature rise AT, side a is longer by Aa and side b by Ab. Show that if the small quantity
(AaAb)/ab is neglected, then AA = 2aAAT.

#3 A pendulum clock with a pendulum made of brass is designed to keep accurate time at 20 “C.
If the clock operates at 0.0 °C, what is the magnitude of its error, in seconds per hour, and
does the clock run fast or slow?

#4 How much water remains unfrozen after 50.2 kJ is transferred as heat from 260 g of liquid
water initially at its freezing point?

#5 An energetic athlete can use up all the energy from a diet of 4000 Cal/day. If he were to use

up this energy at a steady rate, how would his rate of energy use compare with the power of a
100 W bulb?

#6 How many grams of butter, which has a usable energy content of 6.0 Cal/g, would be
equivalent to the change in gravitational potential energy of a 73.0 kg man who ascends from
sea level to the top of Mt. Everest, at elevation 8.84 km? Assume that the average value of g
is 9.80 m/sec”.

#7  Suppose that a man holding a container, and there is water inside. If he is making 30 shakes
each minute and the water 30 cm each shake, how long must he shake the container to
change water temperature from 15 "C to 100 “C? Neglect any loss of thermal energy by the
container.

#B In a solar water heater, energy from the sun is gathered by water that circulates through tubes
in a rooftop collector. The solar radiation energy the collector through a transparent cover and
warms the water in the tubes; this water is pumped into a holding tank. Assume that the
efficiency of the overall system is 20%. What collector area is necessary to raise the
temperature of 200 L of water in the tank from 20 °C to 40 °C in 1.0 hour when the intensity of
incident sunlight is 700 W/m?*?
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