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Equilibrium applications of Newton’s Laws DiBucci

Equations:

M F=0

Objective: Apply Newton’s Laws of Motion to analyze objects in equilibrium

1. The box hanging in the diagram below is in a state of static equilibrium. Calculate

the tension in each rope: T1 and T2. angle 1 = 55 degrees Angle 2= 43 degrees, each
angle is measured from the horizontal and corresponds to T1 and T2 in each rope.

T2

-

yz° 55°¢
M=43 8 kg

2. Repeat the same procedure for the box in this problem. Assume angle 1 = 30 degrees
and angle 2 = 60 degrees

T2 /T1

60° 30° "

M=100 kg
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1. Make a free body diagram for each mass in the diagram below, and calculate the
acceleration of the system and the tension in each rope. The coefficient of friction
between the 80 kg mass and the table is 0.100. Place your work on a separate sheet of
paper if needed.

80 kg

|

25 kg

10 kg

2. In the diagram below the box has a mass of 100 kg. The angle of the incline is 50
degrees. The coefficient of friction is 0.15.

a. Make a free body diagram for the mass on the inclined plane below.

b. Calculate the acceleration of the block down the incline.
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AP Physics DiBucci
Applications of Newton’s Laws .

Consider the following system: ' o

us=0.32 for all surfaces ,
STR w4

1. Make a FBD for the upper block. .

2. Make a FBD for the lower block. .

3. What is the magnitude of the normal force on block 2 that comes from block 17

4. What is the magnitude of the friction force that the surface applies to block 17

5. What is the maximum applied force that will allow the system to remain at rest?
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AP Physics

. A pplications of Newton’s Laws

s
in Figure P5.86, the coefficient of kinetic friction be-
ween the 2.00-kg and 3.00-kg blocks is 0.300. The

4

horizontal surface and the pulleys are frictionless,
and the masses are released from rest. (a) Draw a
free-body diagram for each block. (b) Determine the
acceleration of each block. (¢) Find the tension in
the strings.

FIGURE P5.86

. ) . The three blocks in Figure P5.85 are connected by
massless strings that pass over frictionless pulleys.

The acceleration of the system is 2.35 m/s? to the left

and the surfaces are rough. Find (a) the tensions in

the strings and (b) the coefficient of kinetic fricuon

between blocks and surfaces. (Assume the same ufor

both blocks.)

FIGURE P5.85

Per __ date
DiBucci

3)  Two blocks of mass 3.50 kg and 8.00 kg are con-
nected by a massless string that passes Over a friction-
less pulley (Fig. P5.87). The inclines are frictionless.
Find (a) the magnitude of the acceleration of each
block and (b) the tension in the stnng.

350 kg B.00 kg

FIGURE P5.87



Worksheet AP _PHYSICS Ll

1. If the coefficient of friction between a tire and the road is 0.4 , What is
the shortest distance in which a car can be stopped when it's speed is 30
m/s?

(answer: 115 m)

359
m [T

2. Find a and T for the system shown here:
m1=40 kg mo=10 kg ukx= 0.25

(answer: a=1.85 m/s/s T=117 N)

3. Find a and T for the system shown:
Assume that the motion is to the right.
ui= coefficient for the left side
ue= coefficient for the right side

answers:  a= mpg(sinf3 - uocosB) - myg(sing + ujcose)
(my + mp)

T=gm mp(sing + sinB + y1cose - uycosB)
(M1 + my)
NOTE: This is a time consuming problem but it is very important that you
can do problems that involve this type of algebraic manipiation. Do
yourself a favor and give it a try, even if it is frustrating! Remember, you

are an NA tiger!

4. Find a and T for Atwood's machine. Don't assume that the mases are
equal. o
( ASsvme sy F,nu) - :

(J

answers: a= (m, - my\g
mq + Mo

T=  2mimyg
mq + Mo




5. Find a and T for the system shown:

Assume that the motion is to the right. M,
ui1= coefficient for the left side
uo= coefficient for the right side N @

answers: a= mgq(sima - LLZCOS@) - Miguy
my +mp

T= mimog(sing + uy - upcosa)
my '+ Mo

6. Starting from rest it takes 4.0 seconds for the 6kg block to reach the
floor 2.0 m below. Find the coefficient of friction between the 8kg block
and the surface of the inclined plane.

(answer: px= 0.237) 6Ky
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Per. date

Friction Worksheet

- (1) If the coefficient of kinetic friction between a 35-kg

crate and the floor is 0.30, what horizontal force is re-
quired to move the crate at a steady speed across the
floor? What horizontal force is required if u, is zero?
(I) A force of 40.0N is required to start a 5.0-kg box
moving across a horizontal concrete floor. (a) What
is the coefficient of static friction between the box
and the floor? (b) If the 40.0-N force continues, the
box accelerates at 0.70 m/s?. What is the coefficient

ION
NO [Fovel

47.
- 7"‘",61
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DiBucci

(I1) A flatbed truck is carrying a heavy crate. The cc
efficient of static friction between the crate and th
bed of the truck is 0.75. What is the maximum rate a
which the driver can decelerate and still avoid hav
ing the crate slide against the cab?

- (I) On an icy day, you worry about parking your car i

your driveway, which has an incline of 12°, Your neigh
bor Ralph’s driveway bas an incline of 9.0°, and Bon
nie’s driveway across the street has one of 6.0°. The
coefficient of static friction between tire rubber and ict
is 0.15. Which driveway(s) will be safe to park in?

of kinetic friction? o, 87., 0.7

40.

41.

42,

43,

45.

730N

AT A Y e £ S i

H7m
150m

(I) (a) A box sits at rest on a rough 30° inclined plane.
Draw the free-body diagram, showing all the forces
acting on the box. (b)) How would the diagram change
if the box were sliding down the plane? (c) How would
it change if the box were sliding up the plane after an
initial shove? S'ee. pry ,‘/‘»8,/0‘44

(I) A 2.0-kg silverware drawer becomes stuck, so the
owner gradually pulls with more and more force.
When the applied force reaches 8.0N, the drawer
suddenly opens, throwing all the utensils to the floor.
Find the coefficient of static friction between the
drawer and the cabinet. {J = 0. |

(II) Drag race tires in contact with an asphalt sur-
face probably have one of the highest coefficients of
static friction in the everyday world. Assuming a
constant acceleration and no slipping of tires, esti-
mate the cocfficient of static friction for a drag racer
that covers the quarter mile in 6.0s. 2. 3

(I) For the system of Fig. 4-30 (Example 4-16),
how large a mass would body I have to have to pre-
vent any motion from occurring? Assume p, = 0.30.

. (II) A box is given a push so that it slides across the
floor. How far will it go, given that the coefficient of 1{. | M

kinetic friction is 0.20 and the push imparts an initial
speed of 4.0 m/s?

(II) Two crates, of mass 75 kg and 110 kg, are in con-
tact and at rest on a horizontal surface (Fig. 4—47). A
730-N force is exerted on the 75-kg crate. If the coef-
ficient of kinetic friction is 0.15, calculate (a) the ac-
celeration of the system, and (b) the force that each
crate exerts on the other.

75kg 110kg

FIGURE 4-47 Problem 45.

46. (II) (a) Show that the minimum stopping distance for
an automobile traveling at speed v is equal to /2. g,
where u, is the coefficient of static friction between
the tires and the road, and g is the acceleration of
gravity. (b) What is this distance for a 1200-kg car trav-
eling 95 km/h if u, = 0.75? (c) What would it be if the
car were on the Moon but all else stayed the same?

-5 UMxio™w

49. (II) A child slides down a slide with a 28° incline, anc
S at the bottom her speed is precisely half what il
© would have been if the slide had been frictionless.
Y Calculate the coefficient of kinetic friction between
the slide and the child.
50. (II) A coffee cup on the dashboard of a car slides
forward on the dash when the driver decelerates
from 40 km/h to rest in 3.5 s or less, but not if he de-
celerates in a longer time. What is the coefficient of
static friction between the cup and the dash?
51. (II) A wet bar of soap (mass = 150 grams) slides with-
out friction down a ramp 2.0m long inclined at 7.3°.
n How long does it take to reach the bottom? Neglea
> friction. How would this change if the soap’s mass
~ were 250 grams?
52. (II) The block shown in Fig. 4-48 lies on a smooth
plane tilted at an angle 8 = 22.0° to the horizontal,
(a) Determine the acceleration of the block as it
slides down the plane. (b) If the block starts from
rest 9.10m up the plane from its base, what will be
the block’s speed when it reaches the bottom of the
incline? Ignore friction.
& 3677/

F17%fg

FIGURE 4-48 Block on inclined plane.
Problems 52, 53, and 54.

53. (I) A block is given an initial speed of 3.0 m/s up
< E,the 22.0° plane shown in Fig. 4-48. (a) How far up
~ ~ the plane will it go? (b) How much time elapses be-:
SRS :’3 fore it returns to its starting point? Ignore friction.

: ? Prﬁﬁlem 53, as-
/(1) Repeat (a) Problem S2 aad (1) ‘

ﬂ i}l'llmgp:: = (.20 between the block and plane.

53, F‘(ll) An 18.0-kg box is released on a 37.0° incline and
-aocelerates down the incline at 0270 m/s? Find the
“friction force impeding its motion. How large is the

F‘ooefficicnt of friction?

Caw— - a



Section 4.8 The Normal Force, Section 4.9 Static and Kinetic
Frictional Forces

36. A 95.0-kg person stands on a scale in an elevator. What is |

he apparent weight when the elevator is (a) accelerating upward !
th: an acceleration of 1.80 m/s>. (b) moving upward at a con- :

tspeed. and (c) accelerating downward with an acceleration of !
130m/s2? !
5. ssm A rocket blasts off from rest and attains a speed of |
5 m/s in 15 s. An astronaut has a mass of 57 kg. What is the
1stronaut’s apparent weight during takeoff ?

38. A 55-kg person crouches on a scale and Jumps straight up.
As the person springs up, the reading on the scale suddenly rises '
0622 N. What is the acceleration of the person at this instant? ’

9. A person exerts a horizontal force of 267 N in attempting to -
nsh a freezer across a room, but the freezer does not move. What !
s the static frictional force that the floor exerts on the freezer?

0. A block whose weight is 45.0 N rests on a horizontal table. '
s horizontal force of 36.0 N is applied to the block. The coeffi- ;
lents of static and kinetic friction are 0.650 and 0.420, respec- :
tvely. Will the block move under the influence of the force, and, if
0. what will be the block’s acceleration? Explain your reasoning. »
L. ssm A 60.0-kg crate rests on a level floor at a shipping
ock. The coefficients of static and kinetic friction are 0.760 and
‘410, respectively. What horizontal pushing force is required to
) just start the crate moving and (b) slide the crate across the
ock at a constant speed?

2. Acupof coffec is sitting on a table in an airplane that is fly-

. at a constant altitude and a constant velocity. The coefficient

tic friction between the cup and the table is 0.30. Sudc!cnly.
i:alanc accelerates. its altitude remaining constant. What is the

ximum acceleration that the plane can have without the cup
ding backward on the table?

. A 92-kg baseball player slides into second base. Thc coeffi-
«nt of kinetic friction between the player and the ground is pt, =
51. (a) What is the magnitude of the frictional force? (b) If the
ayer comes to rest after 1.2 s, what is his initial speed?

l. A 6.00-kg box is sliding across the horizontal floor of an ele-
tor. The coefficient of kinetic friction between the box and the
yor is 0.360. Determine the kinetic frictional force that acts on
e box when the elevator is (a) stationary, (b) accelerating up-
ard with an acceleration whose magnitude is 1.20 m/s®, and
y accelerating downward with an acceleration whose magnitude

1.20 m/s*.

36) - loxeco3N, 131N, Fog
37) 7.3 K¢ %

36) /-5 Mfs =

39) 267N

a6y 3.7 M/J?'

41) yy 70, 241N

42 2.9 n/s -
43) ssoN,7-2s

*45., ssm A skater with an initial speed of 7.60 m/s is gliding

across the ice. Air resistance is negligible. (a) The coefficient of
kinetic friction between the ice and the skate blades is 0.100. Find
the deceleration caused by kinetic friction. (b) How far will the
skater travel before coming to rest?

*46. During a shuffleboard game (played on a horizontal surface)
a disk is given an initial speed of 6.80 m/s. The coefficient of ki-
netic friction between the disk and surface is 0.290. How much
time passes before the disk comes to rest?

_ *47. The drawing shows a large cube (mass = 25 kg) being ac-

celerated across a horizontal frictionless surface by a horizontal
force P. A small cube (mass = 4.0 kg) is in contact with the front
surface of the large cube and will slide downward unless P is suf-
ficiently large. The coefficient of static friction between the cubes
is 0.71. What is the smallest magnitude that P can have in order to
keep the small cube from sliding downward?

e =0.71

Frictionless

**48. While moving in, a new homeowner is pushing a box across
the floor at a constant velocity. The coefficient of kinetic friction
between the box and the floor is 0.41. The pushing force is di-
rected downward at an angle 6 below the horizontal. When @ is
greater than a certain value, it is not possible to move the box, no
matter how large the pushing force is. Find that value of 6.

49 2).2 M, 33,8N, 1§.6N

75) 0.9 ¢0 ”/g"-/ e
7+9 5m

“) 2.39s

97 trson

“5) 65 °



Section 4.11 Equilibrium Applications of Newton’s Laws of
Motion

9. ssm A 12.0-kg lantern is suspended from the ceiling by two
'cm'cal wires. What is the tension in each wire?

50. A supertanker (mass = 1.70 X 10? kg) is moving with a
constant velocity. Its engines generate a forward thrust of 7.40 X
105 N. Determine (a) the magnitude of the resistive force exerted

on the tanker by the water and (b) the magnitude of the upward
buoyant force exerted on the tanker by the water.

51. As preparation for this problem, review Example 14. Sup- 56, A M_ercedes-Bcnz SOOSL- (m= 1700 lfg) is parkc?d on a
pose that the pilot suddenly jettisons 2800 N of fuel. If the plane is road ih'f“ L 15° above the horizontal. _What is the magnitude of
to continue moving with the same velocity under the influence of the static frictional force exerted on the tires by the road?

the same air resistance R, by how much does the pilot have tore- 57, ssm A 20.0-kg sled is being pulled across a horizontal sur-
duce (a) the thrust and (b) the 1ift? { face at a constant velocity. The pulling force has 2 magnitude of
52. A wire is stretched between the tops of two identical build- 80.0 N and is directed at an angle of 30.0° above the horizontal.
ings. When a tightrope walker is at the middle of the wire, the ten- Determine the coefficient of kinetic friction.

sion in the wire is 2220 N. Each half of the wire makes an angle

! . 58. The drawing shows a circus clown who weighs 890 N. The
of 8.00° with respect to the horizontal. Find the weight of the per- . coefficient of static friction between the clown's feet and the
former.

;  ground is 0.53. He puils vertically downward on a rope that passes
53. ssm A 1.40-kg bottie of vintage wine is lying horizontally . around three pulleys and is tied around his feet. What is the mini-
in the rack shown in the drawing. The two surfaces on which the mum pulling force that the clown must exert to yank his feet out
bottle rests are 90.0° apart, and the right surface makes an angle of from under himself?
45.0° with respect to the ground. Each surface exers a force on

the bottle that is perpendicular to the surface. What is the magni-

tude of each of these forces?

o
P 4

f

59. A bicyclist coasts at a constant velocity along a road that
slopes downward at an angle of 20.0° with respect to the horizon-
tal. The combined mass of the bicycle and rider is 75.0 kg. Find
S4. A student presses a book between his hands, as the drawing the magnitude of the resistive force that opposes the motion.
indicates. The forces that he exents on the front and back covers of

icular 1o the book and are horizontal. The
l;:o:o::,;: g; qrilc_-n"li';,cclllcocfﬁcicm of static friction between his 4 "f) 5%. sN

hands and the book is 0.40. To keep the book from falling, what - oy
is the magnitide of the minimum pressing force that each hand 53) Jpco’ MV 57 ) 0444
must exert? 1,67 x0TV 53) /0N

51 ivpoN, #ooN 5 D 25N
5X) 6§V

53) 920N

54y 39M

55 57, 606w
20,6004

§5. The helicoj in the drawing is moving horizontally to the :

right at a consta‘;ttc:/elocity. The weight of the helicopter is W = b‘6> H3o0own
. 53 800 N. The lift force L generated by the rotating blade makes

an angle of 21.0° with respect to the vertical. (a) What is the mag-

nitude of the lift force? (b) Determine the magnitude of the air re-

sistance R that opposes the motion.



0. A 43.8-kg sign is suspended by two wires, as the drawing
thows. Find the tension in wire 1 and in wire 2,

)

1. ssm A d4-kg chandelier is suspended 1.5 m below a ceiling

by three wires, each of which has the same tension and the same
length of 2.0 m (see the drawing). Find the tension in any wire.

*62. A skier is puiled up a slope at a constant velocity by a tow |

bar. The slope is inclined at 25.0° with respect to the horizontal.

The force applied to the skier by the tow bar is parallel to the

slope. The skier’s mass is 55.0 kg, and the coefficient of kinetic
friction between the skis and the snow is 0.120. Find the magni-
tude of the force that the tow bar exerts on the skier.

*63. A 0.600-kg kite is being flown at the end of a string. The
string is straight and makes an angle of 55.0° above the horizontal.
The kite is stationary and the tension in the string is 35.0 N. De-
termine the force (both magnitude and direction) that the wind ex-
erts on the kite. Specify the angle relative to the horizontal.

$¢64. The weight of the block in the drawing is 88.9 N. The coeffi-
cient of static friction between the block and the veniical wall is
0.560. What minimum force F is required to (a) prevent the block
from sliding down the wall (Hint: The static frictional force ex-
erted on the block is directed upward, parallel 1o the wall.) and
(b) start the block moving up the wali? (Hint: The static frictional
Jorce is now directed down the wall. )

1

Vertical
© wall

FHOTER R AN

-%%65. ssm A bicyclist is coasting straight down a hill at a con-
. stant speed. The mass of the rider and bicycle is 80.0 kg, and the
i hill is inclined at 15.0° with respect to the horizontal. Air resist-
.~ ance opposes the motion of the cyclist. Later, the bicyclist climbs
% the same hill at the same constant speed. How much force (di-
. tected parallel to the hill) must be applied to the bicycle in order
:; for the bicyclist to climb the hill?

(%66 A damp washcloth is hung over the edge of a table to dry.
3 » Part (mass = m_) of the washcloth rests on the table and

part (mass = mq) does not. The coefficient of static friction be-
tween the table and the washcloth is 0.40. Determine the maxi-
mum fraction {m 4/(m,, + m)] that can hang over the edge
without causing the whole washcloth to slide off the table.

60) 317N, 249w
61 1.9 xeo* N

§2) 256N
633 4o.oN, 598 ¢

]
i 69) 78.0n, 219N
!
)
i
|

§7-77 newe prge |

" 67) (5‘[‘”721 220N
68) 100N, 35N
§9) 1730N west
70) 612 N
70) YsnN, 37N
72 2-99 H/g”/ 29N
73) 6-6/s
74) lo N
75) BioN, 264 0N

'753 lr30 H/SL
77)1.3M, 65N

7§) 249 400 M

74) 4.5 nfs™ 1200 K



free response: Show ALL WORK for full credit.

. ?*mc% the tension in each cord for the systems shown
in Figure P5.26. (Neglect the mass of the cords.)

FIGURE P5.26

7). A car is traveling at 50.0 mi/h on a horizontal high- f
way. (a) If the coefficient of friction between road 1 M1 = l.blKkm
and tres on a rainy day is 0.10, what is the minimum

distance in which the car will stop? (b) What is the

stopping distance when the surface is dry and p =

0.60?
(MRrkE A PREE 300y DuwAGRAN ror

PULL GREDIT)

ZEéV"‘_,H?}.?M
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M.

A 3.0-kg block starts from rest at the top of a 30.0°
incline and slides 2.0 m down the incline in 1.5,
Find (a) the magnitude of the acceleration of the
block, (b) the coefficient of kinetic friction between
block and plane, (c) the frictional force acting on the
block, and (d) the speed of the block after it has slid
2.0 m.

(MAKE A FREE BodY DiAGRamM
For el CREDT)

F7E R, 0.36%, 9, 37N, 8.67m/¢

m, 2 ISk

MZ. = 30;,5

99006 14N

and tension in the string.  Assume no

1

M, = iscaj

£.53% e, 78N

M, = SOKj



\@m\\ rcatio

X Egulibriom

Medon 2 \?&,

) ra object In equilibrium has three forces ex-
,!r&o:: A 33-N force acts at 90°, and a
i 44-N force acts at 60°. What is the magnitude
and direction of the third force?
ﬂzm forces act on an object: the first, 60 N at
uo. the second, 40 N at 0°; the third, 80 N at
EY270°; the fourth, 40 N at 180°; and the fifth,
5 50 N at 60°. What is the magnitude and direc-
B¢ lion of a sixth force that produces equilibrium
‘ % 51 the object?
b8 A street iamp weighs 150 N. It is supported
gually by two wires that form an angle of
20" with each other.
What is the tension of each of these wires?
It the angle between the wires is reduced
fo 80.0°, what new force does each wire
ert?
‘the angle between the wires decrease,
what happens to the force in the wire?
wishes to hang a sign weighing 750 N so
Lable A attached to the store mekes a
-angle as shown in Figure 6-28. Cable
aftached to an adjoining building. Calcu-
the necessary tension in cable B.

"THINKING PHYSIC-LY

Rache! pulls her 18-kg suitcase at a constant
speed by pufling on a handle that makes an
angle 8 with the horizontal. The frictional force
on the suitcase is 27 N and Rache! exerls a
43-N force on the handle.
a. What angle does the handle make with the
horizontal?
b. What is the normal force exerted on the
suitcase? )
34. You place a box weighing 215 N on an in-
clined plane that makes a 35.0° angle with the
horizontal. Compute the component of the
gravitational force acting down the inclined
lane.

» 35. You slide a 325-N trunk up a 20.0° inclined

plane with a constant velocity by exerting a

force of 211 N paralle! to the inclined plane.

a. What is the component of the trunk's
weight paralle! to the plane?

b. What is the sum of your applied force, fric-
tion, and the parallel component of the
trunk’s weight? Why?

¢. What is the size and direction of the friction
force?

d. What is the cosfficient of friction?

» 36. What force would you have to exert on the

trunk In Problem 35 so that it would slide
down the plane with a constant velocity?
What would be the direction of the force?

» 37. A 2.5-kg block slides down a 25° inclined

plane with constant acceleration. The block

starts from rest at the top. At the bottom, its

velocity reaches 0.65 m/s. The length of the

incline is 1.6 m.

a. What is the acceleration of the block?’

b. What is the coefficient of friction between
the plane and block?

c. Does the result of either a or b depend on
the mass of the block?

TRY 0 JWSWER. Behrme looki~5 A |

(\NA. .M.C&»\\g

Woeight lifting or “pumping iron” has become
very popular in the last few years. When lifting
a barbell, which grip wiil exert less force on the
lifter's arms: one in which the arms are ex-
tended straight upward from the body so they
are at right angles to the bars, or one in which,
the arms are spread so that the bar is gripped
- closer to the weights? Explain.

1

29. 74 N, 253°

30. 34 N, 223°

31.a. 7, =T, = 150 N; b. T,
= T, = 106 N; c. decreases
toward 75 N
Refer to Problems-and Solu-
tions Manual for diagram.

32. 433 N, right
Refer to Problems and Solu-
tions Manual for diagram.

33. a. 51°;b. 1.4 x 102N, up
Refer to Problems and Solu-
tions Manual for diagram. .

34. 123N
Refer to Problems and Solu-
tions Manual for diagram.

35. a. 111 N; b. zero, constant
velogity, c¢. 100 N, down
plane; d. 0.327

36. 11 N, up u_m:m
37. a. 0.13 m/s®; b. 0.452; ¢. no

Answer To

THINKING PHYSIC-LY

Only the force perpendicular to the
barbell contributes to lifting it. A
grip in which the arms are ex-
tended straight forward from the
body, so that all the force exerted
is perpendicular to the bar, will ex-
ert less force on the weightlifter's
arms. Spreading the arms so that
the bar is gripped closer to weights
reduces the component of force
perpendicular to the bar. The lifter
must exert more total force for the

perpendicular component to equal

the force exerted when the arms
are perpendicular to the bar.
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Name Per. date
Uniform circular motion DiBucci

Consider the diagram below

P

B
An object is moving in uniform circular motion in a horizontal circle

The mass of the object is 10 kg.
The angular speed is 70 rev/min (RPM)

A) sketch the velocity and acceleration vector for each point

B) Calculate the angular speed in rad/sec

C) Calculate the linear speed ( magnitude of the tangential velocity) in m/s ( = 20"&3

D) If the centripetal force suddenly went to zero at point A, sketch the path the object
would take.

E) Calculate the centripetal acceleration in m/s/s

F) Calculate the Centripetal force in Newtons

G) Sketch the centripetal force vector at points A and B

Show yvour work here:




Name
Uniform circular motion -
< oo v B -
Equations: Qe =Y c r v
r

Directions: Complete the following problems in detail. Show all work for full credit

|. What is the maximum speed with which a
1050-kg car can round a turn of radius 70m on a
flat road if the coefficient of friction between tires
and road is 0.807 Is this result independent of the

mass of the car? ng L{M/S_J

-3 . A device for training astronauts and jet fighter
pilots is designed to rotate the trainee in a horizontal
circle of radius 10.0 m. If the force felt by the trainee
is 7.75 times her own weight, how fast is she rotat-
ing? Express your answer in both m/s and rev/s.

(275, 0.429F refs )

=2_ A coin is placed 11.0 cm from the axi i

turntable of variable speed. When t;):ss;i:; zt?ttlll:f
turntable is slowly increased, the coin remains fixed
on ‘the tux;ntable until a rate of 36 rpm is reached, at
wfhlch point the coin slides off. What is the coe}ﬁ-
cient of static friction between the coin and the

turntable? CO 1Sg )

Pe;r . date
DiBuca

arr -

_,t,r...— ‘/~}: - }\} N

(Mala Free BoDY b%gmmﬁ)
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How Fast Can It Spin?

A ball of mass 0.500 kg is attached to the end of a cord whose
length is 1.50 m. The ball is whirled in a horizontal circle as
in Figure 6.2. If the cord can withstand a maximum tension
of 50.0 N, what is the maximum speed the ball can have

before the cord breaks? ('2 .2 m/s)

: FHGURE 6.2 When \he string breaks, the ball
Q moves in the direction tangent to the circular
path.

What Is the Maximum Speed of the Car? -

A 1500-kg car moving on a flat, horizontal road negotiates a
curve whose radius is 35.0 m as in Figure 6.4. If the coeff-
cient of static friction between the tires and the dry pavement
1s 0.500, find the maximum speed the car can have in order

to make the turn successfully. (,3 -l m/j)




The Conical Pendulum

A smail body of mass m is suspended from a suring ot length
L. The body revolves in a horizontal circle of radius r with
constant speed v, as in Figure 6.8, (Since the string sweeps
oul the surface of « cone, the system is known us a conical
pendudum.) Find the specd of the body and the period of
revolution, T/,, defined as the time needed 1o complete one

revolution.

\/: ﬁjfll & mu:
T=2m /L 0se

J

Llet’'s Go loop-fhe-l_ocp

A pilot of mass min a jet aircraft executes a ““loop-the-loop”’
maneuver as illustrated in Figure 6.7a. In this flying pattern
the aircraft moves in a vertical circle of radius 2.70 km at e;
constant speed of 225 m /s. Determine the force exerted by the
seaton the pilotat (a) the bottom of the loop and (b) the top
of the loop. Express the answers in lerms of the weight of the
pilot, mg.

B,QI Mg, Cs Q” Mj

me mg

FIGURE 6.3 (Kxample 6.2) The conical pendulum and its

free-body dingran.




Satellite Motion

This example treats the problem of a satellite moving in a iR R
circular orbit around the Earth. In order to understand this
problem, we must first note that the gravitational force be-
. tween two particles having masses m, and m,, separated by 2
distance r, is attractive and has a magnitude

F=¢ 1"‘7;"2 1

where G = 6.672 X 10~ "' N-m?/ kg2 This is Newton's law of
gravity, which we shall discuss in detail in Chapter 14.

Now consider a satellite of mass m moving in a circular
orbit around the Earth at a constant speed v and at an alti-
tude 4 above the Earth's surface as in Figure 6.6. (a) Deter-
mine the speed of the satellite in terms of G, A, R (the radius
of the Earth), and Mg (the mass of the Earth).

3/

——— S

. : T
V=1 GME - (=
\/-'?crh /77:) <VG"‘£ :

The Banked Exit Ramp

An engineer wishes to design a curved exit ramp for a toll "Cf’s 6
road in such a way that a car will not have to rely on friction to -
round the curve without skidding. Suppose that a typical car ,
rounds the curve with a speed of 30.0 mi/h (13.4 m/s) and <
that the radius of the curve is 50.0 m. At what angle should nsin 6
the curve be banked?

20,10 L
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I.

4.

PRACTICE PROBLEMS

A grinding wheel (radius 7.6 cm) is rotating at 1750 rpm.
a. What is the speed of a point on the outer edge of the wheel?

14 *14

b. What is the centripetal acceleration of the point?

A Exeo? WA

An airplane is flying in a horizontal circle of radius 1.5 km with a speed of 450 km/h. What is the magnitude of
the centripetal acceleration of the plane?

/0 M/j 3

An airplane is flying in a horizontal circle of radius 1.0 km. What must be the speed of the plane if the pilot is
lo experience a centripetal acceleration three times that of gravity?

gé0 LM/A ~

If the pilotin problem 3 has a mass of 75 kg, what centripetal force acts on him?

2200N



Chapter 5 95

ircle inside a large vertical drum which has a radius of 10.0 m. If

5 A trick motorcyclist moves in a horizontal ¢
d the drum is 0.60, what is the smallest possible speed that

the coefficient of static friction between the tires an
the motorcycle and rider can have?

2m/s

hen the coefficient of static friction between the tires and

6. A car can barely negotiate a 50.0 m unbanked curve w
s to safely go around the curve without relying

road is 0.80. How much bank would the curve require if the car i

on friction?
39°

7 A satelite is placed in a circular polar orbit. What must be the height above the surface of the earth of its orbit

if it is to pass over the same point on the equator twice per day?

3.59 xt07m= 22, 300m)

8. A spacecraft orbits Mars (mass = 6.40 X 1023 kg) in a circular orbit of radius 8.01 X 10° km. What is the

period of the spacecraft?

£.06x:0% A
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%, How many revoiutions per minute must a rotating space station (r = {200 m) turn to provide an artificial

gravity of 0.50 g”?
® Uil

10. An airplane pulls out of a dive in a vertical circle of radius 1.0 km traveling with a speed of 550 km/h. How
many times greater is the apparent weight of the pilot than his true weight?

34

11. The moon of a planel is observed 1o have a nearly circular orbit, r = 4.00 X 10> km. and
21.5 days. Whatis the mass of the planet?

/,/ £y 2y 4
‘ D) kf’

an orbital period of

12. A 1.5 kg toy motorcycle is moving on the inside of a vertical chreular track (r = 1.0 m). It arrives at the top of
the track with a speed of 5.0 m/s. What force does the track exert on the motorcycle?

230
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Section 5.1 Uniform Circular Motion, Section 5,2 Centripeta

Acceleration
1. ssm How long does it take a p
110 m/s. to fly once around 8 circle whose ra

Jane. traveling at a speed of
dius is 2850 m?

2. The tips

speed of 21 m/s in a circle that has a radius of 0.053»m,r)H0w
much time does it take for the blades to make one revolution’

3. A horse races once around a circular track in a time of 118 s,

with a speed of 17 m/s. What is the radius of the track?

‘4> Review Conceptual Example 2 in preparation for this prob-

lem. In Figure 5.4. an object. after being released from its circular
path, travels the distance OA in the same time it would have
moved from O to P on the circle. The speed of the object on and
off the circle remains constant at the same value. Suppose that the
radius of the circle in Figure 5.4 is 3.6 m and the angle #is 25"
What is the distance OA?

5,7/ssm Computer-controlled display screens provide drivers in
the Indianapoiis 500 with a variety of information about how their
cars are performing. For instance. as a car is going through a turn,
a speed of 221 mi/h (98.8 m/s) and a centripetal acceleration of
3.00 g (three tumes the acceleration due 1o gravity) are displayed.
- Determine the radius of the tum (in meters).

6. Review Conceptual Exampie 2 as background for this prob-
lem. One kind of slingshot consists of a pocket that holds a pebblc
and is whirled on a circle of radius r. The pebble iy refcased from
the circle at the angle 6. so that it will hit the target. The distance
to the target from the center of the circle is o, (See the drawiny.
which is not to scale.) The circular path is paraliel 1o the ground.
and the target lies in the plane of the circle. The distance d is ten
times the radius r. lgnore the cftect of pravity in pulling the stone
downward after it is released. and find the angle 0,

\T arge!

y

d

-7 ; 3 _Pebble

7 Jor '
\ 4 \
/ / \
i 35°\/8 \
¢ .

i

Z‘Z The blade of a windshield wiper moves through an angle of

.0° in 0.28 5. The tip of the blade moves on the arc of a circle
that has a radius of 0.76 m. What is the magnitude of the cen-
tripetal acceleration of the tip of the blade”

*8. The earth rotates once per day about an axis passing through
the north and south poles. an axis that is perpendicular to the
Plane of the equator. Assuming the earth is a sphere with a radius
of 6.38 X 10° m, determine the speed and centripetal acceleration

"of 2 person situated (a) at the cquator and (b) at a latitude of 30.0°
north of the equator.

of the blades in a food blender arc moving with a

*9. ssm The large blade of a helicopter is rotating in a horizont:
circle. The length of the blade is 6.7 m. measured from its tip ¢
the center of the circle. Find the ratio of the centripetal accelers
tion at the end of the blade 1o that which exists at g point locate
3.0 m from the center of the circic.

. . . S .
10. 44 centrifuge is a device in which a small container ¢
Material is rotated at a high speed on a circular path. Such a de
vice is used in medical laboratories, for instance, to cause th

more dense red blood cells to seule through the less dense blood
serum and collect at the bottom of the conainer. Suppose the cen-
tripetal acceleration of the sample is 6.25 x 103 times larger than
the acceleration due to gravity. How many revolutions per minute
15 the sample making. if it is located at a radius of 5.00 cm from
the axis of rotation?

1) 160¢

2)0.01bs
3) 3roMm
4Y )61

5) 334N
() é1° y
7) 4™

I,6?XID“L ”‘/LS"*-

4) 7.
10) 10,600 ™ min



Section 5.3 Centripetal Force

“1Y. A 125-kg crate rests on the flatbed of a truck that moves at
a speed of 15.0 m/s around an unbanked curve whose radius is
66.0 m. The crate does not ship relative 10 the truck. Obtain the
magnitude of the static frictional force that the truck bed exerts on
the crate.

12. A car s safely negotiating an unbanked circular wm at a
speed of 21 m/s. The maximum static frictional force acts on the
nres. Suddenly a wet patch in the road reduces the maximum sta-
ne frictional force by a factor of three. If the car is to continue
<afely around the curve, 10 what speed must the driver slow the
g

13 ssm Review Example 3, which deals with the bobsled in
Figure 5.5. Also review Conceptual Example 4. The inass of the
sled and its two riders in Figure 5.5 is 350 kg. Find the magnitude
of the centripetal force that acts on the sled during the tum with a
radius of (a) 33 m and (b) 24 m.

147 A child is twirling & 0.0120-kg ball on a strine in a hori-
romal circle whose radius is 0.100 m. The ball travels once
around the circle in 0.500 5. (3) Determine the centripetai force
acting on the ball. (b) If the speed is doubled. does the centripe-
tal force double? If not. by what factor does the centripetal force
increase?

15. A model airplane is being flown on a guideline that can sus-
tatn at most 180 N of tension. The mass of the plane is 0.75 kg,
and its speed is 28 m/s. Assuming that the puideline is nearly par-
allel to the ground, what is the radius of the smallest horizontal
circle in which the planc can be flown?

16. A stone has a mass of 6.0 X 107" kg and is wedped into the
tread of an automobile tire, as the drawing shows. The coefficient
of static friction between the stone and cach side of the tread
channel is 0.90. When the tire surtace is rotating at 13 m/s, the
stone flies out of the tread. The magnitude F of the normal force
that each side of the tread channel exens on the stone is 1.8 N.
Assume that only static friction supplies the centripetal force, and
determine the radius r of the tirc.

Sides of
tread channe!

n

/6’) Oflfé‘p’\

995 iXto3p, 157y,

20) Vet

*17. ssm www The hammer throw is a track and field event in
which a 7.3-kyg bail {ihe “hammer "} is whirled around in a circle
several times and released. It then moves upward on the famil-
iar curving path of projectile motion and eventually retumns 10
carth, some distance away. The world record for this distance is
86.75 m. achicved in 1986 by Yuriy Sedykh. Ignore air resistance
and the fact that the ball is released above the ground rather than
at ground level. Furthermore, assume that the ball is whirled on a
circle that has a radivs of 1.8 m and that its velocity at the instant
of release is directed 41° above the horizontal. Find the magnitude
of the centnpeial force acting on the ball just prios 16 the moment
of release.

*18. What is the minimum coefficient of static friction neces- 5
sary to allow a penny 1o rotate along with a 33{-rpm record
{diameter = 0.300 m), when the penny is placed at the outer edge
of the record?

*19. A “swing” nde al a camnival consists of chairs that are swung
in a circle by 12.0-m cables attached 10 a vertical rotating pole, as
the drawing shows. Suppose the total mass of a chair and its occu-
pant 1s 220 kg. (a) Detenmine the tension in the cable attached to
the chair. (b) Find the speed of the chair.

**20. A ngid massless rod is rotated about one end in 4 horizontal

circle. There is a mass m, attached 10 the center of the rod and a
mass m, attached to the outer end of the rod. The inner section of
the rod sustains three times as much tension as the outer section.
Find the ratio m,/m, .

INY24 N

’ﬂllﬂ/}

13) 1 2xe0 W, L7 x0T
) 0¥ TN, , g T
Iﬁ') 3.3m
14)0.3imM
17) 3500N



Section 5.4 Banked Curves

3. 330 A vwive ol ey 120 s banked sl oan angic of 187
At what speed can it be nepotiated under icy conditions where
friction is negligible?

jZ; At what angle should a curve of radius 150 m be banked. so
cars can travel safely at 25 m/s without relying on {riction?

“23,. On a banked race track, the smallest circular path on which
cars can move has a radius of 112 m, while the largest has a radius
"~of 165 m. as the drawing illustrates. The height of the outer wall is

18 m. Find (a) the smallest and (b) the largest speed at which cars
can move on this track without relying on friction.

*24. There is a similarity between a plane banking into a turn and
i car going around a banked curve. The lifung force L in Figure
5.10 plays the same role as the normal force Fy in Figure 5.11
(a) Derive an expression that relates the banking angle 1o the
speed of the plane. the radius of the turn, and the acceleration due
10 gravity. {b) At what angle with respect 1o the horizontal should
a plane be banked when traveling at 195 m/s around a wum whose

radius is 8250 m?

*25. ssm www Refer 1o problem 24 before attempting to
solve this problem. A jet tm = 2.00 X 10% kp), flying ot 123 m/s,
banks to make a horizontal circular turn. The radius of the turn s

3810 m. Calculate the necessary Lifting force.

*26. The drawing shows a bagpage caroosel at an airport. Your

suitcase has not slid all the way down the slope and is poing
around at a constant speed on a circle (7 = 11.0 m) as the carousel
wms. The coefficient of static friction between the suitcase and
the carousel is 0.760, and the angle # in the drawing is 36.0°. How
much time is required for your suitcase to go around once”?

21} zom/¢

22) 6=23°

#3) 14w, 23 s
*4) Wwe:f'/rj ;
25) 2,12 (0N
26) 55

2.5. 1



Section 5.7 Vertical Circular Motion

*37. ssm The condition of apparent weightlessness for the pas-
¢, Beugers can be created for a brief instant when a plane flies over
“the top of a vertical circle. At a speed of 215 m/s. what is the ra-
~dius of the vertical circle that the pilot must use?

5‘3& A fighter pilot dives his plane toward the ground at 230 m/s.
~He pulls out of the dive on 2 venical circle. What is the minimum
“radius of the circle. so that the normal force exerted on the pilot
by his seat never exceeds three times his weight?

39. The maximum tension that a 0.50-m siring can tolerate is
14 N. A 0.25-kg ball attached 1o this string is being whirled in a
vertical circle. What is the maximum speed that the ball can have
(a) at the top of the circle and (b) at the bottom of the circie?
(Hint: The tension serves the same
Figure 5.2.)

40. A downhill skier, whose mass is 50.0 kg, artains a speed of

purpose as the normal force in

21.0 m/s just as she reaches the point where a Jump is necessary
(point A in the drawing). When she leaves the ground. her velocity
is horizontal. In other words, point A is at the bottom of the circu-
lar arc AB (radius = 27.0 m). Determine the normal force acting
on the skis at point A.

41. ssm A 2100-kg demolition ball swings at the end of a 15-m
cuble on the arc of a vertical circle. At the lowest point of the
~wing. the ball is moving at a speed of 7.6 m/s. Determine the
tension in the cable. (Hint: The tension serves the same purpose
as the normal force at point | in Figure 5.21. )

*42.  Aroller-blader is traveling up one side of a hill and down the
other side, trying 1o go fast enough 1o lose contact with the ground
as she goes over the top. The crest is a circular arc with a radius of
20.0 m. Determine the minimum speed that she needs to achieve
at the top of the hill.

*43. A stone is tied to a string (length = 0.950 m) and whirled in
a circle at the same constant speed in two different ways. First, the
circle is horizontal and the string is nearly parallel to the ground.
Next. the circle is venical. In the ventical case the maximum ten-
sion in the string is 10.0% larger than the tension that exists when
the circle is horizontal. Determine the speed of the stone.

**44. In an auwtomatic ctothes dnier, a hollow cylinder moves the
1

l

clothes on a venical circle (radius r = 0.32 m), as the drawing
shows. The apphance 15 designed so that the clothes tumble gently
as they dry. This means that when a piece of clothing reaches an
angle of 0 above the horizonial, it loses contact with the wail of
the cylinder and falls onto the clothes below. How many revolu-
tions per second should the cylinder make in order that the clothes
lose contact with the wall when 6 = 70.0°?

30)H.72x007m
%)3:7x/0%m
3(1) 5 ,%ff”/s
H0) |, 31 xcO3N
q0) 2,9xc 0N
1) 14.0"/e

“3) 7.657Ys

94> 0,85 Y



Section 5.5 Satellites in Circular Orbits, Section 5.6 Apparent
Weightlessness and Artificial Gravity

.27. A satellite is placed i orbit 6.00 X 10* m above the surface

of Jupiter. Jupiter has a mass of 190 X 1077 kg and a radius of

7.14 X 107 m. Find the orbital speed of the satellite.

28. Suppose the surface (radius = r) of the space station in Fig-

ure 5.19 is rotating at 35.8 m/s. What must be the value of r for

the astronauts to weigh one-half of their earth weight?

29. ssm www A satclhie is in a circular orbit around an un-
known planet. The satellite has a speed of 1.70 X 104 m/s. and
the radius of the orbit is 5.25 X 10® m. A second satellite also has
a circular orbit around this same planet. The orbit of this second
satellite has a radius of 8.60 X 10® m. What is the orbital speed of
the second satellite?

30. Venus rotates slowly about its axis. the period being 243
days. The mass of Venus is 4.87 X 10 kg. Determine the radius
for a synchronous satellite in orbit about Venus.

3i. The moon orbits the carth at a distance of 3.85 x 10F m. As-
sume that this distance is between the centers of the earth and the
moon and that the mass of the earth is 5.98 X 102 kg. Find the

period for the moon’s motion around the eanh. Express the an-
swer in days and compare it to the length of a month.

32. The earth travels around the sun once a year in an approxi-
mately circular orbit whose radius is 1.50 % 10" m. From these
data determine (a) the orbital spced of the earth and (b) the mass
of the sun.
.33. ssm A satellite has a mass of 5850 kg and is in a circular
orbit 4.1 X 10°> m above the surface of a planet. The period of the
) 'rbit is two hours. The radius of the planet is 4.15 X 10° m. What
is the true weight of the satellite when it is at rest on the planet’s
m’face"

5'34 The earth orbits the sun once a year at a distance of 1.50 X
10'! m. Venus orbits the sun at a distance of 1.08 X 10'' m. These
distances are between the centers of the planets and the sun. How
long (in earth days) does it take for Venus to make one orbit
around the sun?

*35. Two satellites, A and B, are in different circular orbits about
the earth. The orbital speed of satellite A is twice that of satellite
* B. Find the ratio (7, /T, ) of the periods of the satelites.

*36. To create anificial gravity, the space station shown in the
drawing is rotating at a rate of 1.00 rpm. The radii of the cylindri-

- cally shaped chambers have the ratio rafrg = 4.00. Each chamber

* A simulates an acceleration due 1o gravity of 10.0 m/s". Find val-
ues for (a) r,, (b) rg, and (c) the acceleration due 1o gravity that
is simulated in chamber B.

7\ ~:m
“ \h“ 'Bl

iRt R
. ) T TR
Chamber Chamber Chamber
A B A

27) 4,2 %00"Ys
X8) 267Fm
29 I. 33 %¢ 0 M/5
30) .54 xioT m
31y 272, S Awpr
3’)9,??)00:’ "1/
A0l k107 kg
3 XAk 0TV
1) 22 3cdagl
35) 0125

-
>
24
J

76) 9().»1/ 228m Q'fr‘“/g =



A P PHYSILS

o
w A small coin is placed on the outer edge of a record 26 cm in diameter. If the coefficient of static

’/‘o between the coin and the record is 0.2, what is the maximum period of rotation of the turntable before
coin slips off? What is its frequency in rev - min™'?

L}
@ A circular track of 120 m radius on a level road is banked for a velocity of 10 m - s™!. What should
be the minimum cocfficient of friction between the tires and the road for an automobile rounding the curve at
25m-s71? CULVE. THE FIesr paar of Tue: protleas. Assumes ws enicmon PeSeni
‘ YOou (an DETEMMME @ From Twis. IN TRE SEcous pasr a

FRiLatm pene Is a00ee (poimting Deahid ) MAT Al For The

’ UM Spced )

@ A highway curve has a radius of
500 m. At what angle should it be banked so that a
car traveling at 90 km - hr~? will not skid?

o



@ A cord is tied to a bucket of water and
the bucket is swung in a vertical circle of radius
0.75 m. Deiermine ihe minimum veiocity of the bucket
. if no water is to spill out of it.

@ Compare the weight of an 80 kg explorer
at the North Pole with her weight at the equator.
Assume that the earth is spherical and therefore g has
the same value everywhere on the earth’s surface.

ANWWIt

D T=1.625s @ 4,98 ' @‘ 7.29° @ e 2.1 Mg

f- 27RPM

@ W __=78YN
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*5.7 VERTICAL CIRCULAR MOTION

F33 5157

Motorcycle stunt drivers often perform a feat in which they drive their cycles
around a vertical circular track, as in Figure 5.154. Usually, the speed varies in this
stunt, decreasing as the cycle moves upward and increasing as the cycle comes
downward. When the speed of travel on a circular path changes from moment to
moment, the motion is said to be “nonuniform.” Nonetheless, we can use the
concepts that apply to uniform drcular motion in order to gain considerable
insight into the motion that occurs on a vertical circle.

As the speed changes in the motorcycle trick, the magnitude of the centripetal

force also changes. There are four points on the circle, however, where the
centripetal force can be identified easily, as Figure 5.15b indicates. As you look at
Figure 5.15b, keep in mind that the centripetal force is not a new and separate
force of nature. Instead, at each point the centripetal force is the net sum of all the
force components oriented along the radial direction and points toward the center
of the circle. The drawing shows only the weight of the cycle plus rider (magni-

tude = mg) and the normal force pushing on the cycie (magnitude = Fy). The

ropulsion and braking forces are omitted for simplicity and, in any event, do not
act in the radial direction. The magnitude of the centripetal force at each of the
four points is given below in terms of mg and Fy:

mv,?

(1) Fy=— =Fgy —mg

) muv,?

(2) Fp= =Fn
mu,?

3) P¢a='—“‘r =Fns + mg
mo?

4) Fu= r‘ = Fnq

As the cycle goes around, the magnitude of the normal force changes. It
changes because the speed changes and because the weight does not have the
same effect at every point on the circle. At the bottom, the normal force and the
weight oppose one another, giving a centripetal force of magnitude Fy, — mg. At

OLVING INSIGHT -

the top, the normal force and the weight reinforce each other to provide a cen- The “;mzm i:h:l:e mn::
tripetal force whose magnitude is Fy; + mg. At points 2 and 4 on either side, only ﬂf.:ld theec:nter ot:e a mfx:rin path.
Fn; and Fy, provide the centripetal force. The weight is tangent to the circle at As shown here, there may be several
points 2 and 4 and has no component pointing toward the center. If the speed at forces that contribute to this net force.*

each of the four points is known, along with the mass and the radius, the normal
forces can be determined from the equations above.

Riders who perform the loop-the-loop trick know that they must have atleast a
minimum speed at the top of the circle to remain on the track. This speed can be
determined by considering the centripetal force at point 3. The speed v, in the
equation mv,?/r = Fy; + mg is a minimum when Fy, is zero. Then, the speed is
given by v, = Vrg. At this speed, the track does not exert a normal force to keep the
cycle on the circle, because the weight mg provides all the centripetal force. For
a radius of 9.0 m, for example, this expression predicts a minimum speed of
9.4 m/s (21 mi/h). Under these conditions, the rider experiences an apparent
weightlessness like that discussed in Section 5.6, because for an instant the rider
and the cycle are falling freely toward the center of the circle.

(a) A vertical loop-the-loop motorcycle stunt. (b) The normal force F and
*of the cycle and the rider are shown here at four locations.

Net Incom



Section 4.5 Tangential and Radial Accelertion
E Figure P4.35 represents, at a given instant, the ol
acceleration of w particle moving clockwise in o circle
of radius 2.50 m. At this instant of time, lind (a) the
centripetal aceeleration, (b) the speed of the pirti-

cle, und (¢) its tangeniad acceleration.

o= 1A 0 mY
// Y
“
,/‘\\ / \\ “th,
) 250 ,/\\- a .
1 ~a/ 30.0° |
1
\
| 1
3 /
N i
'

36 A point on a rotting tieniable 2000 ¢m from the
center weeelerites from rest 1o 0.700 mss in 1,70 s,
At 1= 12565, find the omgnitide and direction of
() the cenmipetal weecleration, () the tngential
acceleration, suud (¢) the 1ol accelerivion of the
point.

/\ train slows down as it rounds g shrp, level nomn,
stowing from 90.0 ki/h o 0.0 kmi/hy i the 1H0%
that it mkes 1o round the bend, The radius of the
carve 1y 150 m Compute the aecelervation ar the oo
ment the wain speed reaches 500 kin/h.

3%. A pendulum of fength 100 m SWINES i o vertienl
pline (Fig. P4.16). When ihe pendudan is in the two
horizontal positions 8 = 90° and § = 270% its speed

is 5.00 m/s. () Find the nagnitude of the Cenripe-
tal acceleration and tingential acecleration for these
positions. (b) Draw vector diagrams to determine the
direction of the total acceleration for these two posi-
tions. (¢) Calculate the magnitude and direction of
the total acceleration,

39. A student attaches a ball 1o the end of a string
0.600 m in length and then switigs the ball ina vern-
cal circle, The speed of the ball is 4.30 m/s at s
highest point and G.50 m/s at its lowest point, Find
i1s acceleration at (a) its highest point and (b) s
lowest point.

40. A ball swings in o vertical cirele a1 the end of a rope
150 mlong. When it is 36.9° past the lowest point on
its way up, the ball's toral acceleration is (— 2251 +
20.2)) m/s% For that instant, (o) sketeh a vector dia-
gram showing the components of s acceleration,
(b) determine the magnitde of its centripetal accel
eration, and (¢) determine the magnitude and direc-
tion of its velocity,
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. An air puck of mass 0.250 kg is tied to a string and

allowed to revolve in a circle of radius 1.00 m on a
horizontal, frictionless table. The other end of the
string passes through a hole in the center of the 1able
and a mass of 1.00 kg is ved 1o it. The suspended
mass remains in equilibrium while the puck revolves.
(a) What is the tension in the string? (b) Whatis the
central force acting on the puck? (c) What is the
speed of the puck?

12 The speed of the tip of the minute hand on a town

clock is 1.75 X 1073 m/s. (a) What is the speed of
the tip of the second hand of the same length?
(b) What is the centripetal acceleration of the tip of
the second hand?

A coin placed 30.0 cm from the centerof a rotating,

horizontal turntable slips when its speed is 50.0
cm/s. (a) What provides the central force when the
coin is stationary relative to the turntable? (b) What
is the coefficieni of static friction between coin and
turntable?

Section 6.2 Nonuniform Circular Motion

5230'005 M7

14. A car traveling on a straight road at 9.00 m/s goes

over a hump in the road. The hump may be regarded
as an arc of a circle of radius 11.0 m. (a) Whatis the
apparent weight of i 600-N woman in the car as she
rides over the hump? (b) What must be the speed of
the car over the hump if she is 10 experience weight-
fessness? (That is, her apparent weight is zero.)

A pail of water is rotated in a vertical circle of radius

1.00 m. What s the minimum speed of the pail at the
top of the circle if no water is to spill out?

V6. A hawk flies in a horizontal arc of radius 12.0 m ata

constant speed of 4.00 m/s. (a) Find its centripetal
acceleration. (b) 1t continues to fly along the same
horizontal arc but increases its speed at the rate of
1.20 m/s2. Find the acceleration (magnitude and di-
rection) under these conditions.

[17.] A 40.0-kg child sits in a swing supported by two

I7A.

chains, each 3.00 m long. If the tension in each chain
at the lowest point is 350 N, find (a) the child’s
speed at the lowest point and (b) the force of the
seat on the child at the lowest point. (Neglect the
mass of the seat.)

A child of mass m sits in a swing supported by two
chains, each of length R. If the tension in each chain
at the lowest point is 7, find (a) the child’s speed at
the lowest point and (b) the force of the seat on the
child at the lowest point. (Neglect the mass of the
seat.)

< A 0.40-kg object is swung in a vertical circular path

Jatxel

on a string 0.50 m long. Il a constant speed of
4.0 m/s is maintained, what is the tension in the
string when the object is at the top of the circle?
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FIGURE P6.19

19. A car initally traveling eastward turns north by trav-

(2]

eling in a circular path at uniform speed as in Figure
P6.19. The length of the arc ABC is 235 m, and the
car completes the turn in 36.0 5. (a) What is the ac-
celeration when the car is at Blocated at an angle of
45.0°? Express your answer in terms of the unit vec-
tors i and j. Determine (b) the car’s average speed
and (c) its average acceleration during the 36.0-s in-
terval.

A roller-coaster vehicle has a mass of 500 kg when
fully loaded with passengers (Fig. P6.20). (a) If the
vehicle hasa speed of 20.0 m /s at point A, whatis the
force exerted by the track on the vehicle at this
point? (b) What is the maximum speed the vehicle
can have at B and still remain on the track?

X

O

FIGURE P6.20

Tarzan (m = 85.0 kg) tries to cross a river by swing-

ing from a vine. The vine is 10.0 m long, and his
speed at the bottom of the swing (as he just clears the
water) is 8.00 m/s. Tarzan doesn’t know that the
vine has a breaking strength of 1000 N. Does he
make it safely across the river?
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Soection 6.1
. Circular Moton

Newton's Second Law Applied 1o Uniform

1. A oy car moving it constant speed completes one
lap around a circular track (a distince of 200 m)in
25.0 s. (a) What is the average speedy (b)Y Hothe mass
of the car is 1.50 kg, what is the magnitude of the
central force that keeps it ina circle:

2. In a cyclotron (one type ol particle aceclerator),

deuteron (of atomic mass 2 u) reaches a himal speed
of 109% of the speed of light while moving inw corewe
lar path of radius 0.48 m. The deuteron as main-
tamed in the circular path by a mapncue loree. Whan
magnitude of force is required?

The wheels of a certain roller coasier are hoth above
and below the rails as shown in Figure P6.3 so that
the car will not teave the rails, 1 the mass supported
by this particular wheel is 320 kg and the radius of
this section of track 1s thm, (a) what is the magni-
tude and direction of the force that the track exerts
on the wheel when the speed of the car is 20 m/s:
(b) What would be the net force exerted on a 60-kg
person riding in the carz (¢) What supphes this
forcer

%: “":";( N

FIGURE P6.3

. In a hydrogen atom, the clectron i orbit around the

proton feels an attractive force of about 8.20 X
1078 N, If the radius of the orbitis 5,30 % 10711y,
what is the frequency in revolutions per second? See
the front cover for additonal data.

!l [.] A 3.00-kg mass attached 1o a light string rotates on a

D F.om(s 369N
2){-22x TN
3) 5400N Down

léooN, Wegid |
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~J

horizontal, frictionless table. The radius of the circle

is 0.800 m, and the string can support a mass of

25.0 kg before breaking. What range of speeds can
the mass have before the string breaks?

6. A satetlite of mass 300 kg is i a circular orbit around

the Earth at an altitude cqual to the Larth’s mean
radius (see Example 6.5). Find (a) the sarellite’s or-
bital speed, (b) the period of its revolution, and
(€) the gravitational force acting on it.

. While two astronauts were on the surface of the
Moon, a third astronaut orbited the Moon. Assume

SY CAVLTITY,
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(Problem 6) (NASA/Peter Amold, Inc.)

the orbit to be circular and 100 km above the surface
of the Moon. H the mass and radius of the Moon ure
7.40 X 1022 kg and 1.70 X 105 m, respectively, de-
termine (a) the orbiting astronaut’s acceleration,
(b) his orbital speed, and {(c) the period ol the orbit.

An antomobile moves at constant speed over the
crest of a il The driver moves in a vertical circle of
raciius 18.0 m. At the top of the hill, she notices that
she barely remains in contact with the seat. Find the
speed of the vehicle.

An automobile moves at constant speed over the
crest of a hill. The driver moves in a vertical circle of
radius K. At the top of ithe hill, she notices that she
barely remains in contact with the seat. Find the
speed of the vehicle.

(] A crate of epps is located in the middle of the flat bed

10.

of a pickup truck as the wtruck negotates an un-
banked curve in the road. The curve may be re-
garded as an arc of a circle of radius 35 m. If the
cocfhicient of static Iricuon between crate and truck
is 0.60, what must be the maximum speed of the
truck i the crate is not o shder

A 5h-kg ice skater is moving at 4.0 m/s when she
grabs the loose end of a rope the opposite end of
which is tied 1o 4 pole. She then moves in a circle of
radius 0.80 m around the pole. (a) Determine the

force exerted by the rope on her arms. (b) Compare
this force with her weight.
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Circular Motion
Review Problems

AP Physics B

|, A rolleroaster vehicle has a mass of 500 kg when
fully loaded with passengers (Fig. P6.20). (a) If the
vehicle has a speed of 20.0 m /s at point A, what s the
force exerted by the track on the vehicle at this
point? (b) What is the maximum speed the vehicle
can have at B and still remain on the track?

A model airpiane of mass 0.75 kg flies in a horizontal
circle at the end of a 60-m control wire, with a speed
of 35 m/s. Compute the tension in the wire if it
makes a constant angle of 20° with the horizontal.
The forces exerted on the airplane are the pull of the
control wire, its own weight, and aerodynamic lift,
which acts at 20° inward from the vertical as shown in
Figure P6.43.




An amusement park ride consists of a large vertical
cylinder that spins about its axis fast enough that any
person inside is held up against the wall when the
floor drops away (Fig. P6.49). The coefficient of
static friction between person and wall is u, and the
radius of the cylinder is R. (a) Show that the maxi-
mum period of revolution necessary to keep the per-
son from falling is T = (4114Rp.,/g)"’. (b) Obtain a
numerical value for Tif R = 4.00 m and K, = 0.400.
How many revolutions per minute does the cylinder
make?

2.5,

FIGURE P6.49

4 A child’s toy consists of a small wedge that has an
acute angle 8 (Fig. P6.44). The sloping side of the
wedge is frictionless, and the wedge is spun at a con-
stant speed by rotating a rod that is firmly attached to
itat one end. Show that, when the mass mrises up the
wedge a distance L, the speed of the mass is

v=gLsin 8

FIGURE P6.44
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DATE —————— | PIRIOD ————— NAME

EXPERIMENT - Kepl er’s

8.1 Laws

Purpose
Plot a planetary orbit and apply Kepler's Laws.

Concept and Skill Check

The motion of the planets has intrigued astronomers since they first gazed at the stars, moon, and
planets filling the evening sky. But the old ideas of eccentrics and equants (combinations of
circular motions) did not provide an accurate accounting of planetary movements. Johannes
Kepler adopted the Copernican theory that Earth revolves around the sun (heliocentric, or sun-
centered, view) and closely examined Tycho Brahe’s meticulously recorded observations on Mars’
orbit. With these data, he concluded that Mars’ orbit was not circular and that there was no point
around which the motion was uniform. When elliptical orbits were accepted, all the discrepancies
found in the old theories of planetary motion were eliminated. From his studies, Kepler derived
three laws that apply to the behavior of every satellite or planet orbiting another massive body.

1. The paths of the planets are ellipses, with the
center of the sun at one focus.

2. An imaginary line from the sun to a planet
sweeps out equal areas in equal time intervals,
as shown in Ffigure 1.

3. The ratio of the squares of the periods of any
two planets revolving about the sun is equal to
the ratio of the cubes of their respective aver-
age distances from the sun. Mathematically,
this relationship can be expressed as

T2
sz er'

Figure 1. Kepler's law of areas.

In this experiment, you will use heliocentric data
tables to plot the positions of Mercury on polar
graph paper. Then you will draw Mercury’s orbit. The distance from the sun, the radius vector, is
compared to Earth’s average distance from the sun, which is defined as 1 astronomical unit or
1AU. The angle, or longitude, between the planet and a reference pointin space is measured from
the zero degree point, or vernal equinox.

Materials
polar graph paper sharp pencil metric ruler

Procedure

1. Orient your polar graph paper so that the zero degree point is on your right as you view the
graph paper. The sun is located at the center of the paper. Label the sun without covering the
center mark. Move about the center in a counter-clockwise direction as you measure and mark
the longitude. 4

2. Selectan appropriate scale to represent the values for the radius vectors of Mercury’s positions.
Since Mercury is closer to the sun than is Earth, the value of the radius vector will always be less
than 1 AU. In this step, then, each concentric circle could represent one-tenth of an AU.
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3. Table 1 provides the heliocentric positions of Mercury over a period of several months. Select
the set of data for October 1 and locate the given longitude on the polar graph paper. Measure
out along the longitude line an appropriate distance, in your scale, for the radius vector for this
date. Make a small dot at this point to represent Mercury’s distance from the sun. Write the
date next to this point.

4. Repeat the procedure, plotting all given longitudes and associated radius vectors.

5. After plotting all the data, carefully connect the points of Mercury’s positions and sketch the
orbit of Mercury.

Observations and Data

Table 1
Scme Hellocentrc Positlons for Mercury for O* Dynamical Time'
Radius vector Longitude Radius vector Longitude
Date (AU) (degrees) Date (AU) {degrees)
Oct. 11,1990 0.319 114 Nov. 16 0.458 280
3 0.327 126 18 0.452 285
5 0.336 137 20 0.447 2N
7 ' 0.347 147 22 0.440 297
. 9 0.358 157 24 0.432 304
1 0.369 166 26 0.423 310
13 0.381 175 28 0.413 317
15 0.392 183 30 0.403 325
17 0.403 191 Dec. 2 0.392 332
19 0.413 198 4 0.380 340
21 0.423 205 6 0.369 349
23 0.432 211 8 . 0.357 358
25 0.440 217 10 0.346 8
27 0.447 223 12 0335 18
29 0.453 229 14 0.326 29
31 0.458 235 16 0.318 41
Nov. 2 0.462 241 18 0312 53
0.465 246 20 0.309 65
0.466 251 22 0.307 78
0.467 257 24 0.309 30
10 0.466 262 26 : 0312 102
. 12 0.464 268 28 0319 114
14 0.462 273 30 0327 126 q

‘Adapted from The Astronomical Almanac for the Year 1990, U.S. Government Printing Office, Washington, D.C., 20402, p. £9.
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Analysis
1. Does your graph of Mercury’s orbit support Kepler's law of orbits?

2. Draw aline from the sun to Mercury’s position on December 20. Draw a second line from the
sun to Mercury’s position on December 30. The two lines and Mercury’s orbit describe an area
swept by an imaginary line between Mercury and the sun during the ten-day interval of time.
Lightly shade this area. Over a small portion of an ellipse, the area can be approximated by
assuming the ellipse is similar to a circle. The equation that describes this value is

area = (8/360°)nr2,
where r is the average radius for the orbit.

Determine 6 by finding the difference in degrees between December 20 and December 30.
Measure the radius at a point midway in the orbit between the two dates. Calculate the area in
AUs for this ten-day period of time.

3. Select two additional ten-day periods of time at points distant from the interval in Question 2
and shade these areas. Calculate the area in AUs for each of these ten-day periods.

4. Find the average area for the three periods of time from Questions 2 and 3. Calculate the
relative error between each area and the average. Does Kepler's law of areas apply to your
graph?
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2 f
5. Calculate the average radius for Mercury’s = =

orbit. This can be done by averaging all the =" T T — — Plaret
radius vectors or, more simply, by averaging ~ ~ /‘ ~
the longest and shortest radii that occur | / N\
along the major axis. The major axis is |/ A
shown in Figure 2. Recall that the sun is at Sun 4 5 .
one focus; the other focus is located at a \ F
point that is the same distance from the N °2 g,eg:&se /
center of the ellipse as the sun, but in the ~ -
opposite direction. ~ | — =7 Major axis

a A (22)

Figure 2. The major axis passes through the two foci
(F and F') and the center of the e!hpse The value ea
determines the location of the foci; e is the eccentri-
city of the orbit. If e = 0, the orbit is a circle, and
the foci merge at one, central point.

From Table 1, find the longest radius vector. Then, align a metric ruler so that it describes a
straight line passing through the point on the orbit that represents the longest radius vector and
. through the center of the sun to a point opposite on the orbit. Find the shortest radius vector
by reading the longitude at this opposite point and consulting Table 1 for the corresponding e
radius vector. Average these two radius vector values. Using the values for Earth’s average
radius (1.0 AU), Earth’s period (365.25 days), and your calculated average radius of Mercury’s
orbit, apply Kepler's third law to find the period of Mercury. Show your calculations.

6. Refer again to the graph of Mercury’s orbit that you plotted. Count the number of days required
for Mercury to complete one orbit of the sun; recall that this orbital time is the period of
Mercury. Is there a difference in the two values (from Questions 5 and 6) for the period
of Mercury? Calculate the relative difference in these two values. Are the results from your
graph consistent with Kepler's law of periods?
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Application

There has been some discussion about a hypothetical planet X that is on the opposite side of the
sun from Earth and that has an average radius of 1.0 AU. If this planet exists, what is its period?
Show your calculations. ‘

Extension

Using the data in Table 2, plot the radius vectors and corresponding longitudes for Mars. Does the
orbit you drew support Kepler's law of ellipses? Select three different areas and find the area per
day for each of these. Does Kepler's law of areas apply to your model of Mars¢

Table 2
Some Heliocentric Positions for Mars for O Dynamical Time®
Radius-vector Longitude Radius vector Longitude
Date (AU) (degrees) Date (AU) (degrees)
Jan. 1,1990 1.548 231 july .12 1.382 343
17 1.527 239 28 1.387 353
Feb. 2 1.507 247 Aug. 13 1.395 3
18 1.486 256 29 1.406 13
Mar. 6 1.466 265 Sept 14 1.420 23
22 1.446 274 30 1.436 32
Apr. 7 1.429 283 Oct. 16 1.455 42
23 1.413 293 Nov. 1 1.474 51
May 9 1.401 303 17 1.495 60
25 C1.39 313 Dec. 3 1.516 68
June 10 1.384 323 19 1.537 76
26 1.381 333 jan. 4,199 1.557 84

"Adapted from The Astronomical Almanac for the Year 1990, U.S. Government Printing Office, Washington, D.C,, 20402, p. E12.
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7.7. KEPLER’S LAWS OF PLANETARY MOTION

After years of analyzing the astronomical data taken by Tycho Brahe, early in the
seventeenth century Johannes Kepler announced three laws that described the
motion of planets around the sun. The first two laws were published in 1609 and
the third in 1619. These laws, called Kepler’s laws, may be stated as follows:

1. Law of Orbits: Planets move in elliptical orbits with the sun at one focus.

11. Law of Areas: A line (or position vector) joining any planet 1o the sun
sweeps oul equal areas in equal intervals of time.

111. Law of Periods: The square of the period of revolution of any planet is
proportional 10 the cube of the semimajor axis of the orbit.

Newton’s law of universal gravitation was given shortly after Kepler’s laws,
and it provided the theoretical description of the motion of planets,*consistent
with experimental facts. There is a fundamental difference between Newton’s
laws of motion and Kepler’s laws. Newton’s laws are about motion and force, in
general, and as such implicitly involve an interaction between objects, whereas

- Kepler's laws describe the motion of a planetary system and do not involve

interaction. Newton’s laws are dynamic, giving relations between force, mass,
distance, and time, whereas Kepler's laws are kinematic, giving the relation
between distance and time. Kepler’s laws should apply not only to a solar system
but to moons going around planets and to artificial satellites. In addition, Kepler’s
laws are valid whenever an inverse square force law is involved.

We have already seen that the first of these laws, the law of orbits, follows
directly from Newton’s law of gravitation, that is, from the inverse square nature
of the force of gravitation. The second law, the law of areas, results from the fact
that the angular momentum remains constant. We have already shown this to be
true (see Section 7.3), because gravitational force is a conservative force; hence
angular momentum is conserved. In this section, we prove the third law, the law
of periods.
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Figure 7.20 Shapes of different orbits and their equations
in rectangular and plane polar coordinates.
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TABLE 7.1. Kepler's Third Law Applied 1o Planets and Satellites

e a (x10” km) ' T (yr) 2IT?
Planets
Mercury 0.206 5.79 0.24 3.39 x 10*®
Venus ' 0.007 10.82 0.62 3.31 x 108
Earth 0.017 14.96 1.00 3.36 x 10*®
Mars 0.093 22.79 1.88 3.37 x 10*
Jupiter 0.048 77.83 . 1186 3.37x 10"
Saturn 0.055 142.7 29.46 3.36 x 10*®
Uranus 0.047 286.9 84.01 3.36 x 10®
Neptune , 0.009 449.8 164.97 3.37x 10"
Pluto 0.249 590.0 '248.4 3.35x 10®
Satellites
Cosmos 382 0.260 18,117 143 2.91 x 10°
ATS 2 0.455 24,123 219.7 2.91 x 10°

Explorer 28 . 0.952 273,740 8.4x 10" 2.91 x 10°
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(7.108)

while the maximum value of r is obtained from Egs. (7.104) and (7.105) by
substituting = 7 and cos 6 = — 1 and using the value of r, from Eq. (7.107); that

s 1+e L' 1

= = e I — 7.
T max r r()l__e mK 1—e ( 109)
We can solve Eq. (7.107) to obtain e; that is,
‘ 2
=— - 7.110
¢ mKr, ! (7.110)
Combining Egs. (7.106) and (7.103), we get
[ 2EL?
e=11+ Lz (7.111)
mK

Thus we have obtained the values of r; (=maximum radius), r, (=r, = minimum
radius), A, and e given by Egs. (7.109), (7.108), (7.103), and (7.111), respective-
ly. As shown in Fig. 7.18, the value of e determines the shape of the orbit.

Ellipse 11
B<e<1)

Parabola
(e=1)

Hyperbola
(e>1)

_ A2 1? 1= 1+2£L2
€= ThK mKr, mK?

Figure 7.18 The value of the eccentricity e determines the
shape of the orbit.
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Chap. 7 Central Force

From Fig. 7.17, for E, =V,, the different orbits are

Vo, <E<O, O0<e<l, ellipse

E=V,, e=0, circle (special case of ellipse)
E=0, e=1, parabola

E>0, e>1, hyperbola

E<V,, e<0, not allowed

These orbits are shown in Figs. 7.18 and 7.20.

(a) Ellipse:’ An ellipse is a curve traced by a point so that the sum of its
distances from two fixed points F and F' (called foci) is constant; that is (Figs.
7.19 and Fig. 7.20),

r+r' =2a

Using Fig. 7.19, one obtains the following equation of an ellipse in polar
coordinates with the origin at one focus:

_ a(1-¢%)
1—ecos@

(7.112)

where a, the semimajor axis, is related to the minimum radius r, by the relation

ro=a(l—e) (7.113)
while the semiminor axis b is given by
b=a(l-é)"? (7.114)

where e < 1. We can further calculate the length of the major axis in terms of the
energy of a particle. According to Egs. (7.107), (7.108), and (7.109),

2
20=Fpn F Py = LI 3 (7.115a)

,-(—-—-o-«——’-t-—-—-‘o-—————-b-.

r,
max
Tmin

Figure 7.19 Definitions of different quantities in elliptical
orbits.




NAME

. EXPERIMENT Keoler's
e 81 La\%s

10° : 2 i
260° = 100
100° 260°
= 90°
H
2£: £ = + SSSs=c=c me
280°) 80°
80° 280°
200° 70
i ; 200°
1
300° A 00
60° 300°
i
T
T
T
e ! 50
500 i e
} 9
T
il
IEENEAN
i
20° .l
@ ’ | "
I
!
!
i m!
3° U 0° 0 i 2 3
%° 20° 10° 350° 40° 3%0°

54 LABORATORY MANUAL



EXPERIMENT

o~ e

3.1

b2l o

NAME

150°

[

hy

1!
1!

-
e : e :
[ 1 St : =
e S e = EE SEESSEEE _
= SSSsw
-
»0r
&
CrAG % A
= ;- &
A 2 (10E1 1844 TUM
29071 / g e 3¥ SSEN £§ 511 -
Py ar l& M
07| ! T
/ ¢ v
!
T+t 44
7 1 o
00 ‘ i ”', T "\t
[ 4 LA LE00Y AL Ry
i1, JHTT 1 .
, 7 x 954 D3t 1na e LA 0A VAV "\, :‘ |
4 SEILERR 15001 IAN! 5 Sapl)
4 ST i \
ingy £08) HIM AL AALE :
5 I3 Uil JRRAAS A
b O iy 5 I8} T
halved : 4 ? Ldig it H X
[ X 18 PB8 15 SsA T "
Py Xy ! ?.\‘ [ y
y I Rg: T T T
§ it H Y I
) ) T r
) ; “ : 152 088
. b, s I "
X + ¥ ! 3
» . i H \
. < ! e \
FAT ; ; . BN e
T 1B B -
\‘x M t v y )
S —t f .x‘ + \ A 139
20 e * e :
«© 1 T . 1 T
i 1
T
T
1
N ¥ <
" BRRE t

i

¥y ¥y

3

§a

4§
¥§

54 LABORATORY MANUAL

gy



.‘_,...-_...__..

Section 4.7 The G ravitational Force

19. The mass of one small ball is 0.001 50 kg, and the mass of
another is 0.870 kg. If the center-to-center distance between these
(wo balls is 0.100 m. find the magnitude of the gravitational force
that each exerts on the other.

20. A rock of mass 45 kg accidentally breaks loose from the
edge of a cliff and falls straight down. The magnitude of the air re-

magnitude of the acceleration of the rock?

21. ssm In preparation for this problem, review Conceptual Ex-
ample 7. A space traveler whose mass js 115 kg leaves earth.
What are his weight and mass (a) on earth and (b) in interplane-
tary space where there are no nearby planetary objects?

22. On earth, two parts of a space probe weigh 11 000 N and

3400 N. These parts are separated by a center-to-center distance of
12 m and may be treated as uniform spherical objects. Find the

magnitude of the gravitational force that each part exerts on the !

other out in space, far from any other objects.

23. The drawing shows three particles far away from any other
objects and located on a straight line. The masses of these parti-

cles are m, = 363 kg, mp = 517 kg, and me = 154 kg. Find the

A B [o
2T e o e i e o e ﬁ"-——-o‘ - ——
- N "y |
L ! o
" T 1

0.500 m

magnitude and direction of the net gravitational force acting on (a)
particle A, (b) particle B, and (c) particle C.

24. The drawing (not to scale) shows one alignment of the sun,
earth. and moon. The gravitational force Fgy that the sun exerts on
the moon is perpendicular to the force Fgy that the earth exerts on
the moon. The masses are: mass of sun = 1.99 X 10% kg, mass
of earth = 5.98 X 10%* kg, mass of moon = 7.35 X 10% kg.
The distances shown in the drawing are rgy, = 1.50 X 10'' m and
rew = 3.85 X 108 m. Determine the magnitude of the net’ gravita-
tional force on the moon.

SM

Moon

AR . —

Fem
TEM
&

Earth

25. ssm Mars has a mass of 6.46 X 10% kg and a radius of
339 X 10 m. (a) What is the acceleration due to gravity on
Mars? (b) How much would a 65-kg person weigh on this planet?

26. As pointed out in the text, your weight W), on the moon is
approximately one-sixth of its value W on the earth. The masses
and radii of the moon and the earth are given on the inside of the
front cover. Use these data and calculate a more exact value (to 3
significant digits) for the ratio W,,/We.

27. The mass of a robot is 5450 kg. This robot weighs 3620 N
more on planet A than it does on planet B. Both planets have the
same radius of 1.33 X 107 m. What is the difference M, — My in
the masses of these planets?

28. A space traveler weighs S80 N on earth. What will the trav-
eler weigh on another planet whose radius is three times that of
the earth and whose mass is twice that of the earth?

29. ssm Synchronous communications satellites are placed in a
circular orbit that is 3.59 X 107 m above the surface of the earth.
What is the magnitude of the acceleration due to gravity at this
distance?

.- N .
sistance that opposes its downward motion is 250 N. What is the 30. Three uniform spheres are located at the corners of an equi-

lateral triangie. Each side of the triangle has a length of 1.20 m.
Two of the spheres have a mass of 2.80 kg each. The third sphere
(mass unknown) is released from rest. Considering only the gravi-
tational forces that the spheres exert on each other, what is the
magnitude of the initial acceleration of the third sphere?

*31. At adistance H above the surface of a planet, the true weight

PO——

of a remote probe is one percent less than its true weight on the
surface. The radius of the planet is R. Find the ratio H/R.

*32, A spacecraft is on a journey to the moon. The masses of the

earth and moon are, respectively, 5.98 X 10* kg and 7.35 X

102 kg. The distance between the centers of the earth and th
moon is 3.85 X 10° m. At what point. as measured from the cen
ter of the earth, does the gravitational force exerted on the craft b:
the earth balance the gravitational force exerted by the moon

This point lies on a line between the centers of the earth and th
moon.

*33, ssm www Several people are riding in a hot-air balloon
The combined mass of the people and balloon is 310 kg. The bal
loon is motionless in the air, because the downward-acting weigh
of the people and balloon is balanced by an upward-acting “buoy
ant” force. If the buoyant force remains constant, how much mas

should be dropped overboard so the balloon acquires an uvpwar
acceleration of 0.15 m/s??

*34, Jupiter is the largest planet in our solar system. having
mass and radius that are, respectively. 318 and 11.2 times that ¢
earth. Suppose that an object falls from rest near the surface ¢
each planet, and that each object falls the same distance befor

Striking the ground. Determine the ratio of the time of fall o
Jupiter to that on earth.

35, Two particles are located on the x axis. Particle | has a mas
m and is at the origin. Particle 2 has amass 2m and is at x = +/
Where on the x axis should a third panicie be located so that th
magnitude of the gravitational force on both particie | and partic|

2 doubles? Express your answer in terms of L. Note that there ai
two answers.
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Motion in the Heavens and on Earth

PROBLEMS

8.1 Motion in the Heavens and on Earth

Use G = 6670 » 10 "' Nm? kg*

732 Jupiter 1s 5.2 tmes tarther than Earth is from
the sun. Find Jupiers orbital penod in earth
y€ars.

2. Uranus requires 84 years 1o cucle the sun
Find Uranus' orbtal radius as a multiple of
E anh’'s orbual radws.

3. Venus has a penod ot revotution of 225 earth
days. Find the distance between the sun and
Venus, as a muiiple of Earth’'s orbial radius.

4. If a small planet were located 8.0 times as fat
from the sun as Eanh. how many years would
it take the planet 1o orbit the sun?

5. A sateliite 15 placed in an orbit with a radius
that is half the radws of the moon's orbit. Find
its penod in units of the penod of the moon.

6. An apparatus like the one Cavendish used 10
find G has a large tead ball that is 5.9 kg in
mass and a small one that1s 0.047 kg Ther
centers are sepalated by 0.055 m. Fing the
force of attraction between them.

7. Use the data in Table B-t to compute the
gravitational force the sun exers on Jupder.

8. Tom has a mass of 70.0 kg and Sally has a
mass of 50.0 kg. Tom and Sally are standing
20.0 m apan on the dance lloor. Sally looks
up and she sees Him. She leels an attraction.
It the attraction is gravitation, ind its size. As-

sume both can be replaced by sphencal

masses.

9. Two balls have theit centers 2.0 m apan. One
has a mass of 8.0 kg. The other has a mass
of 6.0 kg. What is the gravitational force be-
tween them?

10. Two bowling balls each have a mass of
6.8 kg. They are located next 1o one another
with their centers 21.8 cm apan. What gravi-
1ational force do they exen on each other?

11. Sally has a mass of 50.0 kg and Eanth has a

mass of 5.98 x 10°* kg. The radius of Earth '

is 6.371 x 10°m.

a. What is the force of gravitational attraction |

between Sally and Earth?
b. What is Sally's weight?

12. The gravitational force between two electrons
1.00 m apart is 542 » 10 "' N. Find the ~

mass of an electron.

13. Two spherical balls are placed so their cen-
ters are 2.6 m apart. The force between the
two balls is 275 x 107 '? N. What is the

mass of each ball if one ball 1s twice the mass;

of the other ball?

14. Using the tact that a 1.0-kg mass weighs.

9.8 N on the surlace of Earth and the radius
of Earth is roughly 6.4 » 10°m,

a. calculate the mass of Earth.

b. calculate the average density of Eanth.

15. The moon is 3.9 = 10° km trom Earth’s cen-
ter and 1.5 » 10® km from the sun’s center.
it the masses of the moon, Earth, and sun are
7.3 » 10%xg.6.0 « 107 kg.and2.0 > 10% kg.
respectively. find the ratio of the gravitational
lorces exerted by Earth and the sun on the

mAann

1. 12 yrs

2. 19 Ie

3. 0.724 r¢

4. 23 yrs

5. 0.35 T

6. 6.1 x 10 ° N
7. 417 x 10® N
8. 584'x 10 '°N

9. 80 x 10°"°N
10. 6.5 x 10°8N
11. a. 491 N
b. 430 N
12. 9.01 x 107 kg
13. m, = 0.37 kg
m, = 0.75 kg
14. 2. 6.0 x 10* kg
b. 55 x 10° kgm®
15. 101023
16. 100 N
17. 1.989 x 10% kg
18. 5.6 x 10%® kg
19. 6.3 x 10** kg
very close

20. 2. 307 x 10°m's;b. 240h
21. a.1.2 x 102 min; b. 1.6 x 10°
m/s
22. a.02mis?, b.2 x 10'N
23. a.1.80 x 10°N: b. 800 N
24. 265 x 10° km
25. a.70s:;b.28s
26. 6.68 N/kg
27. a. 2.0 x 10®N;
b. 0.0028 N/kg
28. 352 N

16. A torce of 40.0 N 1s required to pull a 10.0-kg
wooden block at a constant velocity across a
smooth glass surlace on Earth. What lorce
would be required 10 pull the same wooden
block across the same glass surface on the
planet Jupiter?

17. Use the intormation for Earth from Table 8-1
1o calculate the mass of the sun using New:
ton’s vanations of Kepler's third taw.

18. Mimas, a moon of Saturn, has an orbital (3
dius of 1.87 = 10® m and an orbital perod of
about 23 h. Use Newlon's version of Kepler's
third law and these data 1o find the mass of
Saturn.

18 Use Newton's versian of Kepler's third taw 10
tnd the mass of Eanth, The moon is 3.9 *
10° m away trom Eanh and the moon has 3
period of 27.33 days. Compare this mass
the mass found in Problem 14.

8.2 Using the Law of Universal Gravitation

20. A geosynchronous satelfite appears 10 reman
over one spot on Earth. A geosynchronou:
sateltite has an orbital radws of 4.23 x 107 m
a. Calculate its speed in orbit.

b. Calculate its period.

21. On July 19, 1969, Apollo II's orbit arcund th
moon was adjusted 10 an average orbit ¢
111 km. The radius of the moon is 1785 kn
and the mass of the moon is 7.3 x 107 kg.
a. How many minutes did it take 1o orbi

once?

b. At what velocity did it orbit the moon?

%2. The asteroid Ceres has a mass 7 x 107 k
and a radius of 500 km.

a. What is g on the surace?

b. How much would a 85-kg astronaut weigt
on Ceres?

23 'The radius of Eanh is about 6.40 » 10° kn
A 7.20 x 10°-N spacecrat travels away fror
Earth. What is the weight of the spacecraft ¢
the following distances from Earth's surface’
4. 640 x 10°km b, 1.28 x 10* km

24, How high does a rocket have 1o go abov
Earth’s surface until its weight is halt what
would be on Earth?

25. The tormula for the period of a pendulum, |
is T = 2u\/Tg].

a. What would be the period of a 2.0 m lon
pendulum on the moon's surface? Th
moon’s mass is 7.34 x 10% kg and its rz
dius is 1.74 x 10% m,

b. What is the period of this pendulum o
Eanth?

26. A 1.25-kg book in space has a weight ¢
8.35 N. What is the vaiue of the gravitationz
field at that location?

27. The moon's mass is 7.34 x 107 kg and it i
3.8 x 10° m away from Earth. Earth’s mas:
can be found in Table 8-1.

a. Calculate the grevitational force of attrac
tion between the two,

b. Find Earth's gravitational field at the moon

28. Eanth's gravitational field is 7.83 N'kg at the
altitude of the space shuttie. What is the sizq
of the torce of aftraction between a student
mass of 45.0 kg, and Eanh?
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Worksheet

-2 [Imagine that you are holding a book weighing 6 N

[

At rest on the palm of your hand. Complete the follow-

ing sentences:
1) A downward force of magnitude 6 N is exerted on

the book by
b) An upward force of magnitude is
exerted on by the hand.

¢) Is the upward force in part (b) the reaction to the
downward force in part (a)?

The reaction to the force in part (a) is a force of
. exerted on
by . Its direction 1s

1

magnitude

¢) The reaction to the force in part (b) is a force of
magnitude . exerted on
by . Its direction is

f) The forces in pars (a) and (b) are equal and op-
posite because of Newton’s law.
g) The forces in parts (b) and (e) are equal and op-
posite because of Newton's — law.
Suppose now that you exert an upward force of magni-
tude 8 N on the book.
h) Does the book remain in equilibrium?

i) Is the force exerted on the book by the hand
equal and opposite to the force exerted on the

book by the earth?

Is the force exerted on the book by the earth
equal and opposite to the force exerted on the

earth by the book?

k) Is the force exerted on the book by the hand
equal and opposite to the force exerted on the

hand by the book?
Finally, suppose that you snatch your hand away while
the book is moving upward.
1) How many forces then act on the book?

m) Is the book in equilibrium?

i)

5—12 Find the tension in each cord in Fig. 5-18 if the
wetght of the suspended object is w.

(a)

FIGURE 5-18

AP Phvsics

5-46
a) Block A in Fig. 5-28 weighs 100 N. The coefficient
of static friction between the block and the surface
on which it rests is 0.40. The weight w is 30.0 N,
and the system is in equilibrium. Find the friction
force exerted on block A.

WA

FIGURE 5-28

b) Find the maximum weight w for which the system
will remain in equilibrium. ’
5-25 The first two steps in the solution of Newton's
second law problems are to select an object for analvsis
and then to draw free-body diagrams for that object.
Draw a free-body diagram for each of the following
situations:

a) a mass M sliding down a frictionless inclined plane
of angle 6;

b) a mass M sliding up a frictionless inclined plane of
angle 6,

¢) a mass M sliding up an inclined plane of angle 6
with kinetic friction present;

d) masses M and m sliding down an inclined plane of
angle 8 with friction present, as shown in Fig.
5-25a. Here draw free-body diagrams for both m
and M. ldentify the forces that are action—reaction
pairs.

e) Draw free-body diagrams for masses m and M
shown in Fig. 5-25b. Identify all action-reaction
pairs. There are frictional forces between all sur-
faces in contact. The pulley is frictionless and
massless.

In all cases, be sure you have the correct direction of
the forces and are completely clear on what object is
causing each force in your free-bodv diagram

(b)

" FIGURE 5-25
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a) the earth

b) 6 N, the book

¢) no

d) 6 N, the earth, the book; upward
e) 6 N, the hand, the book; downward
f) first

g) third

h) no

i) no

j) yes

k) yes

1) gravity of the earth
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DiBucci

Applications of Newton’s laws Worksheet e

i . An8.5kg hanging block is connected by a string over
¢ a pulley to a 6.2kg block sliding on a flat table (Fig.
P5.47). If the coefficient of sliding friction is 0.20,

find the tension in the string. T-4r {6 N

FIGURE P5.47

: oy ‘

Sy “A block of mass m = 2.0 kg is released from rest & =
0.5 m from the surface of a table, at the top of a
0 = 30° incline as shown in Figure P5.41. The incline
is fixed on a table of height H = 2.0 m, and the in-
cline is frictionless. (a) Determine the acceleration of
the block as it slides down the incline. (b) What is the
speed of the block as it leaves the incline? (c) How
far from the table will the block hit the floor?
(d) How much time has elapsed between when the
block is released and when it hits the floor? (¢) Does
the mass of the block affect any of the above calcula-

dons? 7,/qm/s‘._
¢qaq,
X=).35m
.14 s

‘ 3 Three masses are cor}hegted on the table as shown in
* Figure P5.59. The table has a coefficient of sliding
friction of 0.35. The three masses are 4.0 kg, 1.0 kg,
and 2.0 kg, respectively, and the pulleys are friction-
less. (a) Determine the acceleration of each block
and their directions. (b) Determine the tensions in
the twocords. ~ “ .
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ass 3.50 kg and 8.00 kg a;e con-
i tion-

d by a massless stng dxatp?sscsover? Tic
:‘ccs?cullZy (Fig. P5.87). The inclines are frictionless.
4 leration of each

Find (a) the magnitud.e ot: the acce
block and (b) the tension In the string.
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[,"f' Two blocks of m

AGURE P5.87

5; The system shown in Figure P5.87 has an accel.cm-
«?. Assume the coefficient

ton of magnitude 1.5 m/ e coefh
of kinetic friction between block and mchne. is the
same for both inclines. Find (a) d?c coefﬁc:}cnt of
kinetic friction and (b) the tension in 9‘..‘_521“3',
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