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SEGMENT 18 1

1 (2). A perfectly elastic ball is thrown against a vertical wall with
speed v, and rebounds with the same speed v.

A. The acceleration is not zero, because the direction of
motion of the ball changed.

B. The acceleration is not zero, because the position of the
ball is changed.

C. The acceleration is zero, because the direction of motion
of the ball changed.

D. The acceleration is zero, because the speed of the ball is
unchanged.

2 (2). A falling tennis ball strikes the floor vertically with a
speed of 16 ft/sec and rebounds upward at 14 ft/sec. The ball was
in contact with the floor for 0.0l seconas. What was its average

acceleration during contact?

A. 200 ft/sec?, directed upward
B. 200 ft/sec?, directed downward
C. 3,000 ft/sec?, directed upward
D. 3,000 ft/sec?, directed downward
3 (2). In the figure, the velocity of
a particle is plotted as a func-
tion of time. From the given
v choices, select the answer con-
taining points which indicate
equal acceleration.
. A, B, D and H
C : B. A, E and G
C. B and D
D. Cand F
B D H
E G o
A v —
; F




2 SEGMEXT 18

4 (2). The position of a particie can be described by the equation
X = A sin (¢-wt)

where A is a constant equa: to 10 m, ¢ is an angle equal to 57/6 radians,
and w represents some angul-~ speed and is equal to 2 radians/sec (dimen-
sions T71). Find the accei-ration of the particle at t = 1 sec.

(HINT: 27 radians = 360°.)

S (3. Two »alle, 1 and 2, are projected
from point A (see figure) each
- with initial speed of 28 m/sec and
B| V3 directions as shown in the figure.
A" A third ball, 3, is projected from
—- point B, located 10 meters above
10m v, A, with a horizontal velocity of
& A/\ao/°' 28 m/sec. The ball(s) hitting the
A “W 300 ground with the greatest vertical
'\$§ component of velocity is (are):
1
A. 1
h B. 3
C. 1 and 2 (equal)
¢ D. 1, 2, and 3 (equal)

6 (3). Two balls, 1 and 2 are projected from point A (see above figure)
with initial speed of 28 m/sec and directions as shown. A third ball, 3,
is projected from point B, located 10 meters above A, with a horizontal
velocity of 28 m/sec. The ball(s) hitting the ground last is (are):

A. 3

B. 2 and 3 (simultaneocusly)

C. 2

D. 1, 2, and 3 (simultaneously)

.-



SEGMENT 18 3

7 (3). A human cannonball is shot out of ¢ cannon, through a hcop and
into a pool of watcr. Assume that
the "cannonball" reaciies the high-
est point of his trajectory at the
hoop. Given that k = 120 ft,

Ym = 121 £+, and Yo = 40 ft, com-
pute the initial velocity of the
"cannonball".

Ym

Yo -

8 (3). A particle is projected from the origin with an initial velocity
of 40 m/sec, at 37° above
the horizontal. At the
same time a second particle
is projected from the point
(100 m, Ol with an initial

L=~ velocity v' . After 4.55
/’ \ seconds the two particles
-7 T T TS~ \ collide in midair. Deter-
v, - ~ o mine V'
0L - ~ o
Vs N

., \\

0 \© \

9 (3). A particle starts from rest with an initial acceleration of
2 m/sec?. Its velocity is given as a function of time by the equation

v = o + Bt + yt?

At the end of the 5th second its velocity is 15 m/sec. How far does it
travel during the first minute?
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10 (3). Particles a and b are projected at t = 0, as shown in the figure.
If we let U = V, the initial
velocities are (u . uav) =

(20 m/sec, ~10 m/sec) and (“bx’
uby) = (5 m/sec, 20 m/sec).

1N\\\ﬁ:q The initial positions are (x4,
YQO) = (O, 20 m) al‘ld (Xbo’ ybo) =
45 (10 m, 0).

11 (3). A projectile is shot from a point on a flat plain and just
clears a 10-foot fence

a distance x; away. If
xq = 125 ft and ¢ = 30°,
where does the projectile
land?

<!

X,

12 (3). A cannon can project a shell with an initial speed of 500 ft/sec.
Assume that the shell leaves the cannon at ground level and lands 4685 ft
away; find the angle above the horizontal at which the shell was fired.

13 (3). An object with an initial speed of 100 m/sec is subject to a
deceleration proportional to its speed. The proportionalityv constant is
k = 0.51 sec”!. How far does the object travel in 4 seconds?
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14 (3). A ball is dropped from a certain height with zero initial velocity.
If the ball is subject to an acceleration a = q - kv, yith k = .12 sec”l,
what will be its speed at the end of the 10th second?

15 (3). An object is projected from ground level vertically upward, with
an initial speed of 100 m/sec. The air resistance results in a deceler-
ation proportional to the velocity, with proportionality constant

k = 0.2 sec”l. How long does it take the object to reach its i.ighest
point and what is its total time of flight?

16 (3). A projectile is fired from ground level with an initial speced of
200 ft/sec at an angle 6 above the horizontal. 1In addition to gravity

it is subjected to an acceleration a. = -k¥, with k = 0.12 sec”l, resuiting
from the air resistance. At t = 10 sec it hits the ground at a horizontal
Cistance of 700 ft from its starting point. At what time did the projectile
reach its highest point?

17 (4). Two stationary 20~lb blocks are shown attached to a spring
balance. The string connecting each block to the balance is massless and
the pulleys (different radii) are also massless as well as frictionless.
What is the reading on the spring balance?

_a——

//WW»?/Q/
7,

20 Ibs j 20 ibs
/
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18 (5). Kinetic frictio

Depends on the area oi surface contact.

. Is independent of the area of surface contact over wide limits.
Depends on the shape of the area.

Depends on the speed with which surfaces move.

OoOw

19 (5). 1In the diagram, two pulleys are shown each with a block attached.
The pulleys and string are assumed to be massless, and there is no fric-
tion in the bearings (ideal conditions again). If m, is v kg and m,
is 30 kg, what is the acceleration of block two?

CLLLLLLLL,

{

m,

20 (5). Consider the multiple pulley
arrangement shown. How large a force will
be required to lift a 300-1b automobile
engine at constant velocity with this
block and tackle? (Let's assume the ideal
conditions of massless ropes and pulleys,
and neglect friction.)
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21 (5). A force of 20 nt paralicl to ' : horizontal is shown pushing
a 3=kg block up an inclined plane. 1: coefficient of kinetic friction
(ug) is equal to 0.05, what is the f - of friction?
F <£§§§§§
—

22 (5). The longest runway at National Airport in Washington, D. C. is
6870 ft. Derarting jet aircraft can allow only 3000 ft for take-off in
order to clear obstacles at the end of the runway. A fully loaded Boeing
727 weights 100 tons (2000 1b = 1 ton) and has a take-off speed of

120 mi/hr. What constant force must be generated by the jets for take-
off?

23 (5). A 20-kg block starts from rest down the inclined plane (see dia-
gram). If y, = 0.1, and if the block begins at a vertical height of 2 m,
how long will it take to reach the bottom of the inclined plane?

""" 30°
7/ 7,
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24 (5). 1In the diagram below, two pulleys are shown hanging from the
ceiling. Assume m, descrnds at a constant velocity v,», what is the
velocity of m, ?

A. 2 v, up
L .
B. E-vl downward

L
€. 2V, upward A,

D. 2 vl downward

25 (6). An airplane is making a very steep turn (70 degrees, angle of
bank) ., What is the apparent weight of the pilot, or in other words, with
what force does the cockpit seat push on the pilot? (Pilot's mass is 70 kg).

26 (6). A boy swings a sling shot in a vertical circle with a radius
equal to one meter. If the boy can turn the sling at 60 RPM, what is the
maximum horizontal range of his sling shot?
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27 (7). A block weighing 1€ 1b is initially at rest. It is made to move
through a distance of 100 ft in 10 sec by a constant force. How much work
must havi: been done? »

28 (7). A 10-kg block rests on & horizontal floor. The coefficient of
kinetic friction between the block and the floor is 0.2, A constant hori-
zontal force of 100 nt is now exerted on the block and it starts sliding.
What is the instantaneous power supplied by the force at the end of the
Sth second after the force is applied?

29 (7). A 5-kg block is moving around a circuiar loop in a spaceship
("weightless'). 1If the
afficient of kinetic
: .ction between the loop
block is 1.2 and the
» has a diameter of
1, how much work must
supplied to the block
; 2T revolution in order
for it to move with a
constant speed of
10 m/sec?
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30 (8). The potential energy of a nucleon in a nucleus is sometimes

given as U = - %.v " with k and u positive constants and r the distance

frou the center of the nucleus. What is the force on the nucleon as a
function of r?

k -ur 1
A. T © ( - + u)
B. -komr 1y
r
C. ku e 'T
r
p. -k .
r2

31 (8). A mass r-tu.ned to a spring slides back and forth on a friction-
less surface. v ~enter of its motion, its kinetic energy is equal

to 1.28 J. If mass-spring system is left undisturbed, which one of
the following kiuetic energy values will the mass never attain?

A, 0J
B. 1.73 -
Cc. 0.005

D. 1.25 ¢
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32 (8). Two masses, m, and m, , are connected by a spring. Both masses
rest upon a horizontal

n12 frictionless plane and the
/~> system moves in one dimen-
J777777777777777777/777  Sion, undergoing both vi-

bration and translation.

Masses m; and mp have velocities 'v; and v, with respect to an observer at
rest, relative to the plane. Calculate the difference between the total
energy as seen by a ''rest observer' and the total energy as seen Lv an
observer moving with constant velocity -u relative to the rest frame.
(Note that the velocity vectors have been written in scalar form since
the motion is in one dimension.)

2
A. (m1 + mz) u

2
B. (m1v1_+ m2v2) u + (1/2) (m1 + m2) u

C. (m, + m2) (v1 + v2) u+ (1/2) (m1 + m2) u?

1

33 (8). A 4-kg block slides down a 30° inclined plane. The block's speed
at point A is 1 m/sec, and
at B it is 3 m/sec. If
the distance from A to B

A along the incline is 2 m,
what is the work done by
friction between points

A and B?

30°
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A skier

A student skier (who can only schuss) finds himecelf traveling straight
down a 6° slope at a constant speed of 10 m/sec. At the i1vot of the
slope there is a 50 m level stretch followed by a dangerous drop. With-
out braking (he doesn't know how) or ditching, where will the skier come
to rest? (Neglect air resistance.)

A. at the foot of the slope

B. on the level stretch 5.1 m from the foot of the slope
C. 1.5 m before the drop

D. at the bottom of the drop
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35 (8). A projectile is shot from a height y, = 1 ft, with an init .!

v, = 6 tU/sec,
and an angle 8 = 37°%,
Neglecting air resis-
tance, what is the
projectile's velocity
when it hits the

ground?
A. v = 10 ft/sec;
» = 61.3°
B. v = 8.77 ft/sec;
é = 61.3°
C. v = 8.77 ft/sec;
(b ¢ = 56.8°
o
v D v = 6 ft/sec;

= 37°

©-
I
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36 (8).

A frictionless looped track, with a radius of 10 ft, is attached to a
spring balance calibrated to read directly in pcunds. When the 10-1b
block is at rest, 30 ft above the bottom of the loop, the balance reads
20 (assume the balance plate can only move vertically - no tilting).
What are the readings of the balance, when the block is at the bottom
and the top of the loop, respectively?
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37

A 10-1b block starts from rest at a point 20 ft high, and slides on the

frictionless looped track shown above. At what point on the circular path
will the block lose contact with the track? Determine this point by
finding the angle 6 shown in the diagram.
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38 (8). 1In the drawing below, a block of mass m is shown suspendad from
a massless, inextensible string which is connected to a spring of force
constant k = 800 nt/m through two massless and frictionless pulleys. The
block oscillates between two points, A and B, 50 cm apart. If the tension
in the string is 50 nt when the block is at point B, what is the mass of
the block? (The present information will be used in th: next two ques-
tions.)

o — =
| P
4 4
A
T
Zﬁ\ .._B A
T
m 50 cm
I 4
mg A
S
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39 (8). What is the speed of the block in the preceding question when
it passes the point midway between A and B?

40 (8). Suppose that, at the time the block of the previous question is
passing the midpoint between A and B on the upswing, the string is cut.
lHow high does the block rise?

41 (8). The energy released by the first atomic bomb was estimated to be
equivalent to that released by 20,000 tons of TNT. One ton of TNT releases
about 1200 kilowatt-hours of energy. Approximately, how much mass was
converted into energy in the explosion of the first atomic bomb?

42 (8). At a certain instance the potential energy of a proton is
3.25 x 108 eV. If the proton is free to accelerate, so that its poten-
tial energy is converted into kinetic energy, what will be the proton's
speed when its potential energy becomes zero? (Hint: Assume that a
particle must be treated relativistically when its speed exceeds 0.l c.)

DATA: 1 eV (electron volt) = 1.6 x 10719 j,
Proton rest mass, mg = 1.67 x 10727 kg.
Speed of light ¢ = 3 x 108 m/sec.

43 (9). TFor a rigid solid body at rest, the center of mass is

A. different than it would be if the body were in motion.

B. infinitely distant from the body

C. always fixed relative to the body

D. always located at the point of the body having the
highest mass density
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44 (9). Calculate the y-coordinate of the center of mass of the triangular
y plate shown in the figure. The
plate has a uniform mass-per-

a {acota,= unit-area equal to o.

‘\0

45 (9). A 4-kg particle is traveling due north with a speed of 20 m/sec.
A second particle of mass 6 kg is traveling eastward at 10 m/sec. Calcu-
late the total kinetic energy of these two particles in their center of
mass reference frame.

46 (10). For one-dimensional motion, Newton's second law is expressed by

<4 .
F = it (mv) .

When relativistic effects are taken into account this law can be expressed
as follows:

A. F=m

B. F:ma=._m.ia.._
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47 (10). A midshipman dives from aft in a stationary rowhoat. His mass
is 70 kg and that of the rowboat 140 kg. The horizontal compounent of his
velocity when his feet leave the boat is 3 m/sec, relative to the water.
What is the momentum of the center of mass of the system consisting of
the diver and boat immediately after the dive?

48 (10). Sand is dropped onto a conveyor belt at a rate dm/dt. The
external force required to keep the belt moving at constant velocity is

%ext =v EE’ If the cost of energy is c¢ dollars/joule, what is the

cost, in dollars, for moving a total mass m?

A. cmv?

1
B. 3 cmv?2
C. 2 cmv?2
D cv? QE

49 (10). A billiard ball is dropped into the middle of two unequal
billiard balls which are stationary on the floor, and sc¢..!t«rs them apart.
If the incident ball does not roll after impact, which of the following
statements about the motion of the target balls is true?

A. The magnitude of the velocity vectors of the two masses are
equal.

B. The momentum vectors of the two masses must make angles of
180° with each other.

C. None of the above.
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50 (11). In a one~dimensional elastic collision of
mass,

A. the final velocity of ecither body is equal
velocity of the other.

B. the final momentum of either body is equal
momentum of the other body.

C. the final kinetic energy of either body is
initial kinetic energy of the other body.

D. All of the above.

51 (11). A l-ounce shell is fired with a muzzle sp
directly at a large oak block and penetrates to a de
Assuming a constant deceleration in the block, what

the force exerted on the shall while it is moving in

SEGMENT 18

two bodies of equal

to the initial

to the initial

equal to the

eed of 3200 ft/sec

pth of 1 font.

is the magnitude of
the block?

52 (12). I
| K
| -
uy | 1< ) 692
' | 10,
I ~
| :;3
Before _ After
An ice hockey puck (1) is moving w .1 a speed u, in the positive x- .rection,

and it collides perfectly elastically with two stationary identical pucks
(2 and 3). After the collision puck 1 has come to rest, and pucks 2 and

are moving wigh velocities V¥, and 33 respectively.
between ?2 and v3? (The present information will be
questions.)

What is the angle
used in the next two
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53 (12). For the collision described in the preceding problem, let

u; = 25 ft/sec and 6, = 53°. Furthermore. assume that the collision takes
place on a frictionless floor. How far apart will pucks 2 and 3 be

four seconds after the ccllision?

54 (12). Let the collision described in problem 53 (12) take place on
a horizontal plane, and let the coefficient of kicntic friction between
the plane and the pucks be u = 0.25. If just before the collision

u, = 25 ft/sec and after the collision 6, = 53°, how far apart will the
pucks be after they both come to a stop?

55 (12). A 3~kg steel ball is fastened to the end of a 1-m '"'massless"
rod pivoted at point O. The
rod is released when in the
horizontal position and at the
lowvest point of the swing

I l

j— ,e: 1 m—> the ball collides perfectly
O 00 elastically with a 9-~kg steel

\ l block resting on a table.

The coefficient of kinetic
| friction between the block a
I and the table is 0.2, while
| the pivot at O is friction-
| less. Find the distance
[ traveled by the block on the
-_~C) table before coming to rest.
(Neglect air resistance.)

———
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56 (12).
ionless

[,. ible
A block is resti. a frictionless horizontal table. The block is tied
to a cord the o: 4 of which is tied to a ring. A vertical pin fixe
to the table pa:- :rough the ring. A l-ounce bullet with a muzzle
velocity of 150 :¢ in a direction normal %o the cord strikes the
block and remaizx sdded in it. If the maximum tensi>n that the cord
can withstand is . » What is the minimum weight that the block can

have in order shm: e cord does not break?




oy

o<t
~

8=75"
o | : ;
C D
e is projected from t . origin with initial velocity of 80 ft/sec
.= 77 above the horizontal (see diagram above). At the same time an
ienr_cal ball (2) is released from point A with zero initial velocity.
-« 5o balls collide perfectly elastically at point B at the moment
=11 _ reaches its highest altitude and some time later ball 1 hits the
:r-ound at point C such that points A, B, and C lie on a vertical line.

" tisily ball 2 hits the ground at point D. How far is point D from the
srigin? (Hint: Treat the two balls as point particles.)
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58 - lZ). Us ST s of tre particles inw:
m_ = T 10727 .
P
- 107%7 k. and
- o= 10727 kg,
to calculate t-=: i@ follecwing nuclear rez  .on.
- - -+ SO
where K; ro:: s total x_.net. <=nergy be Hrz the coll: 2 and Kp
the total mimeiic : v after the - .ision. . <he Li’ nu .3 1is
assumed stc:ioma: Ky is tn2 ki :ic ene-yv -7 the prot. In the
above reac-.om zhiz—:¢  actually an sermedizze sucleus for- . that of
Beryllium 'Eef,. -: cer, Bg® 5 a - - looswiy bound nucle .ad zhe
released ern.ry¥ .- == _.gh to breszk i. -to twc alphas.
The energy of :ae- 1hove reaction (net =mergy -elezsed) is gi--en by
= - + -
Q : Km1 Km2 Kp
For convenience . s.2.l use the followzn subucrzpts:
a + zlpna particle (He“}
p :or t  orcton (H!), and
2 - the _ithium seven nucieus (Li7).
59 (12). 1In .nec - -=ceding problem we found -hat the net ene: zy released
in the nuclear -=action
P + Llw - 200 + j
- is Q = 2.77 x 10" - . Assuming that the tarzzt Li’ nucleus is at res:

and chat the incomding wroton's ener— is negl:zible compared to J, caicm-
late the speeds o= th= two a-partic:=s after —ne reaction.

60 12). Corsider the reverse (endcrthermic —eaction

+ . -qQ - p-l"L:'L.~
where Q' .: che energy :hat must fe s.amewer - the reaction To t=xe :lace.
In problem 58 (12) we found That when L:” . .ombarded with protmms the
energy released, Q, is 2.777 x 10~1Z |, 1If -- che reaction abowe ane of
the c-particles is stationary, wiat mmst be tme threshold (minimsms) kinetic
energy of the incidemt o-particie in order timt the reaction take place?

ERIC

Aruitoxt provided by Eic:
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61 (13). Kepler was able to formulate ris - f plznetary motions irom
data supplied by

A. Ptolemy
B. Copernicus
C. Tycho Brahe
D. Galileo
62 (13). Of the following statements, : a e one which best repre-

sents Kepler's first law of planetary mo-

A. A line joining any planet to tr sweeps out equal areas
in equal times.

B. The square of the period of an® :. 1cc about the sun is
proportional to the cube of th: mlanet's mean distance
from the sun.

C. All planets move in elliptical =r-..:zs having the sun as one
focus.

D. The force of attraction between =zt sun and each planet
is along the line joining the tw< ind has magnitude which
is proportional to the product c: their masses and inversely
proportional to the square of thk= jistance between them.

63 (13). Pluto is the most distant of th¢ nizm2 plznets from the sun.
Izs mean orbital radius is 5.9 x 10° km, z: compar=c to 0.15 x 109 km for
the Earth's mean orbital radius. Determine the relatiom between an Earth
year and a Pluto year.
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ERIC

Aruitoxt provided by Eic:

- SEGMENT

-4 _3). ©0f the four sices . selezt the cne - .ich 4.3 Zhe stateme:. .
k . Newton's law ¢ iniverzz. gravitation =zable .. to

A 2rive Kepl - thre: .aws of planezarvy m

£ aswer toae c. .zio- Wz v do bodies a: :v- -ach other?"

C. s'nthesize zz- -sc-ia. and celestial mechez .. :nto a

s.ngle tneory

D. calculatz the z:xc: _erazion of graviz—~ -z. i surface
of the Earth.

65 (1Z). The universal gravizational constaat, G

A. may be computed from theory

B. must be determined experimentally

C. is only correct near the surface of the Earth

D. is procoortional te the square of the c.~tance between the
masses involved.

66 (13). Assume that gravi-acicmal (primed) z- 3 iner:ial {unprime ma
are not the same, and define

AYII |

R

'3

o0
1]

i

e

Wwhat is the "acceleratzomn of zravity' at the sur-face of :rhe Earth or =
particle of inertial mmss m whose gravitational mass iv: 1’

A. gﬂg '
e

B. ?:‘;

C. ET g’

D. %i-g'
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- 3). For a per
zxie thrcugh b: o
_sucde =f 37° than
Jith a "massless

T

6: 13,. Newton's la:
~zzz7 IZor point masses

-ded bodies if m,

37T e

a’

;- scher .czl Earth
~.n much moTe
s at c-he equa:c

l;n

25 &

(L

~—-ing balance.)

“tezion.
rer
be

uriversel go .
_rticles). FE:ow
1, are taxen

o
~1

"% radius 9.37 ~ 10" m wich

70~xg =man weigh at a

(Assume the weighinz to be

F =G mlm:/rz, Wwas _orma-

it also applies to zer-zin
“he masses of the beiies

irve .ved, 2nd r the dis. .. .ce between Ii.: £ -dme-ric centers. Of the
fell-=Zng -our classes, select the most :. sive class of bodies to
whoz> %ewton's law of ui:versal gravita: pplzes.

A All spheres w..=~ uniform mass c¢_ . :i=ibucion

3.  All spheres :h e function of the

cdistance frcm

C. All spheres

D. All solixme ¢ -
&9  14)., Sazxm's
~staTion abouz

::yshLO-kg masE 7

0se mass density
t

z3 ax.s is 10 hre.

e center

14 min.

Zeaia stremgtt - zre 3 y = 10.5 zm/sec??
i Zs). The :zrav.::zional poteantial as
= —enter of a
GM .
Al - ;7-everywwsre
E. - for r<R: -~ Egvfor r>R
R b g
C. 0 for r<R; - %M-for r>R
D. - gfr far r<R; - gy-for >R

O

ERIC

Aruitoxt provided by Eic:

revolutiom having ur ‘. rm mass distribution

:zuatorial racius is 60.-+J0 km and the period of its
«2at is the apparemt weight
4« Taint on the Saturn's =guatcr if the gravitationzl

function of distanceyr, from
unitc:wi spherical shell o- radius R and mass M is given bvw
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71 (14 . The gravit lo:... . .aztizal as : f_nction distance, r, “rom
the center o: a unifo -d- sphere of ~us R am: mas: M giwven by
. GM
28 - — averyw .<ire
- Gl Git
R or r<i: - — fer r>R
R ba
- GMr oM.
<. —— r R; — Zor 1>k
5R3 for ; - >
5 Mr2 3G c s G foo R
. - = o] -Zy = = for
2R3 2P ’ r

72 (1<, The choir made earlier fer the gravitationmal Hotential energy
of @ mzss m at a dosance y from the surface of the Earzh, U = mgy, is

valic
A only near : .! .bove the surface of the Zarth, wius the
reference - sizicn for zero potent:zal tazsen at infinity
z. &I anv poin’ in spaEn:
c cnly =ar - 41 above the surface of the Z=rth, » .th the
Eart- = suz:ace taken zs the zero potent_al re:_zrence
C. only [ :r particles nea: and above the surZa.ce o the Earth

and for parcicles below the surface of thke Tart no matter
how deep, providec the Zarth's surface is taken is the zero
potential reference

T0 (L4). Suppowme a rocke: blssts ff and achieves -Ts maximum velocity,
Ve © ¥m/sec, imstantanecmws. 7y, Wiat is the heigzc measured from the
Eart:’'s surface) of maximum ascent of the rocket? Neglect air resistance.

ERIC

Aruitoxt provided by Eic:
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74 (l4). At an altitude of 1,600 ka above the Eartn's surfzce, the es-
cape speed is 10 xm/sec. 1In order that a rocket at this zltitude with
this speec actually escape the Earth's gravitational iield, the largest
angle which its velocZitv vector can mzke with the lire Srom the Earth's
center is (see diagrarm)

-]
v
6,400 km «
o
- - - ——
\ /1600 km

A. zero
B. 90°
C. arn angle betwe-n 90° and I80°
D. 180°

75 (l4). Suppose that an outside agent were momentar.iy to stop the moon
in its orbit ab: t the Zarth and sun; that is, brimg .t to rest with re-
spect to the sur and then give it a swift kick tow:ird the Earth. What
speed must the -gent impart to the mown, setting it in uotion directly
toward the Farth. in order to thereby znock the Earth-moor system out of
the solar s:+.=m.! Assume th:- the col..=ior between the Zarth and the
moon is tctaily inelastic, and thaz tie sun-Earth-moam configuration is
as in the diagram. (The average swmeed of the Eartn-mmon system in its

orbit about the sun is 3.4 x 10% m/sec.)

|
— r.=1.5x10"'m Y
I

earth
‘o moon ®
My = 2XT0 kg M =0.01 M
m e

ERIC

Aruitoxt provided by Eic:
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76 (i-.. An Earth satellite at a moderate altitude in circular orbit

wil> 1 se energy bzcause of air resistance. The rate at which energy is
lost i. slow enough so that successive orbits can be approximated by circles
of sli.ntly differing radii. What will be the altitude of a 1,000-kg

satz1l]l _te after it does 9 <« 108 j of work against air iriction, ii its
ini-iz. altitude was 270 km“% Assume circular orbits and take Rg = 6,400 km,
G=6.97 x 10711 ntm2/kg2 and My = 6 x 102* kg. (This information will be
used in the following question as well.)

77 (14). What are the initial and final speeds of the satellite in the
previous question?

78 (14). What would be the length of the day if the Earth's rotation
rate were such that masses were weightless at the equator? Take
g = 9.78 m/sec? and Y = 9.81 m/sec?2 at the equator, and Ry, = 6.37 x 108 m.

79 (14). What would be the period of a space platform in circular orbit
just above the surface of the moon? Use Ry = 1,700 km, and
Mp = 8 x 1022 kg.




80 (14). Refer to the following diagram of an elliptic planctary orbit
about the sun. (The eccentricity has been somewhat exaggerated,)

Vo

<!

Wh'.ch is the correct relationship between the orbital speeds of a planet
at the three positions shown?

A v, > v v

17 % 7 Y3
B =

v, v3 < v2

C. V. >V >V

3 2 1

D v1 = v3 > v2

8l (14). At what distance from the Earth along the line of the sun is
the gravitational field strength equal to zero? Use Mg = 3.3 x 105 Mg,
Fog = 1.5 x 1011 ., and neglect other members of the solar system.
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82 (14). The esczpe speed from the surface of the Earth is 11.2 km/sec;
that from the sun at tie position of the Earth's orbit is 42 km/sec. The
mean orbital speed of the Earth about the sun is 29.8 km/sec. Two rockets
are fired from the Farth's surface, tangent to the Earth's orbit, in
opposite directions. Each has a speed of 15 km/sec relative to the Earth.
Neglecting the effects of other members of the solar system and air resis-
tance, and referring to the accompanying diagram, select the statement
which best describes the fate of the two rockets.

Sense of earth's
orbital motion

—_— OEarih

;i»

/1"

y |
%

A. Both rockets will escape the solar system.

B. Rocket 1 will escape the solar system; rocket 2 will go
into an elliptical orbit about the sun.

C. Rocket 1 will escape the solar system;
rocket 2 will return to the Earth.

D. Rocket 1 will go into an elliptical orbit about the sun;
rocket 2 will return to the Earth.



SEGMENT 18 33

83 (14). We wish to derive the —atnemat: al statement of Kepler's second
law that a line joining a planet o the sux sweeps out equal areas in equal
times. Referring to the diagram, i~t the planet travel from P, to P. in
time At. Calculate the area AA swept oul in this time interval. Approxi-
mate the arc P1P° to a straight line, but make no other approximations.

r22 sinA® cosAf

N[+

B. % r.2 A8

1
c. L r.r, sinA8
2 172
) .
D. E r1r2 AB
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84 (l4). 1In the previous question (page 33), we found that the area
swept out in a short time At by the radius vector from the sun to a
planet is AA = (1/2) r, T, sind@.

State Kepler's second law in mathematical form. (Hint: Recall that the
definition of angular velocity is w = d6/dt.)

dA _ 1 2.2
A. it > rw
B dA - l-rzw cos9
dt 2
C da = 1 r2w = constant
dt 2
D. g% = l-r2 sinw = constant

85 (14). What is the ratio of the angular speed of the Earth (actually,
of the center of mass of the Earth-moon system) about the sun at perihelion
to that at aphelion? The distances from the sun are respectively

1.47 x 10! m

Ip

r 1.52 x 101! m

a




SEGMENT 18 35

86 (14). The first artificial Earth satellite, Sputnik I, had a perigee
and apogee of approximately 6,600 and 7,300 km, respectively. Use Keplcer's
second law and conservation of energy to derive its speeds at perigee and
apogee. (Hint: At periTee Tnd aETgee the velocity vector is perpendicular
= |0 x r| = wr.)

to the radius vector, |¥
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87 (14). Kepler's third law for the special case of circular orbits is
expressed as

2
2 - 4n°
T =™

r3

e

In the general case of elliptical orbits, the same equation holds if the
radius of the circular orbit, r, is replaced by the semi-major axis of
the ellipse, a.

— — S— —
— —

la- 2a —

Use the data given in the previous question; namely r_ = 6,6C0 km,
r, = 7,300 km, to calculate the period of Sputnik I.



