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בהתחלה התזוזה אם .x(t) = xm cos(ωt+ϕ) ע"י מתוארת המתנדנד הגוף תזוזת 4)
שווה ϕ אז ,x של שלילי בכיוון בהתחלה ומהירות ,x(0) = 0 אפס, הנה

0 (A)
π/2 (B)
π (C)

3π/2 (D)
2π (E)

מתחיל הגלגול אופקי. משטח על החלקה ללא מתגלגל 0.5m רדיוס בעל גלגל 5)
עובר הגלגל שמרכז המרחק .6 rad/s2 ושווה קבועה זוויתית ותאוצה מנוחה ממצב

הוא: שניות t = 3 עד t = 0 מ

0 (A)
27 m (B)

13.5 m (C)
18 m (D)

נכונה איננה תשובה אף (E)

במהירות במעגל ומסתובבת 0.5 m שאורכו לחוט מחוברת 2 kg שמסתה אבן 6)
הנו: המעגל למרכז ביחס הכולל הכוח מומנט .12 rad/s קבועה זוויתית

0 (A)
6.0 N ·m (B)
12 N ·m (C)
72 N ·m (D)
140 N ·m (E)

אנרגיות של היחס הארץ. כדור על ממשקלו שישית הנו הירח על גוף של משקל 7)
הנו הירח ועל הארץ כדור על מהירות באותה הנע הגוף של קינטיות

6:1 (A)
36:1 (B)
1:1 (C)
1:6 (D)
1:36 (E)

באותו נעים ושניהם קינטית אנרגיה אותה m2 ו m1 מסות בעלי גופים לשני 8)
של היחס ,m1 = 4m2 אם שמאלה. שניהם על מופעל קבוע כוח אותו (ימינה). כיוון

הנו m2 של לעצירה למרחק m1 של לעצירה המרחק

1:4 (A)
4:1 (B)
1:2 (C)
2:1 (D)
1:1 (E)

2



מעל גובה מאותו אופקי בכיוון זהות במהירויות זהים קליעים יורים זהים רובים 9)
א) נכונה: הבאות הטענות משלוש איזו הירח. על ופעם הארץ כדור על פעם הקרקע,
יותר קטן בקרקע לפגיעה עד התנועה זמן ב) הירח, על יותר גדולה האופקית התזוזה

המקרים. בשני שוות בקרקע הפגיעה ברגע הקליעים מהירויות ג) הארץ, כדור על

ג) רק (A)
וב) א) רק (B)
וג) א) רק (C)
וג) ב) רק (D)
השלוש כל (E)

הזמן .4 m/s ושווה קבוע שגודלה במהירות πm רדיוס בעל במעגל נע גוף 10)
הוא אחת להקפה הדרוש

2/π2 s (A)
π2/2 s (B)
π/2 s (C)
π2/4 s (D)
2/π s (E)

3



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות ‑ ב' חלק

בעל גוף מונח עליו חיכוך. ללא הרצפה על מונח m1 מסה בעל הגוף בשרטוט 1)
קבוע אופקי כוח וקינטי). (סטטי µ החיכוך מקדם עם חיכוך יש השניים ובין m2 מסה

? הגופים תאוצות מהן העליון. הגוף על לפעול מתחיל F

133PROB LE M S
PART 1

••25 Block B in Fig.
6-31 weighs 711 N.The coefficient of
static friction between block and
table is 0.25; angle u is 30°; assume
that the cord between B and the
knot is horizontal. Find the maxi-
mum weight of block A for which
the system will be stationary.

••26 Figure 6-32 shows three
crates being pushed over a concrete
floor by a horizontal force of
magnitude 440 N. The masses of the
crates are m1 ! 30.0 kg, m2 ! 10.0
kg, and m3 ! 20.0 kg. The coeffi-
cient of kinetic friction between the
floor and each of the crates is 0.700.
(a) What is the magnitude F32 of the
force on crate 3 from crate 2? (b) If
the crates then slide onto a polished
floor, where the coefficient of kinetic
friction is less than 0.700, is magni-
tude F32 more than, less than, or the
same as it was when the coefficient
was 0.700?

••27 Body A in Fig. 6-33 weighs
102 N, and body B weighs 32 N. The
coefficients of friction between A
and the incline are ms ! 0.56 and 
mk ! 0.25. Angle u is 40°. Let the
positive direction of an x axis be up
the incline. In unit-vector notation,
what is the acceleration of A if A is

F
:

WWWSSM nitude of the force that the child must exert on the rope to put
the chest on the verge of moving? (b) Write an expression for the
magnitude F required to put the chest on the verge of moving as a
function of the angle u. Determine (c) the value of u for which F is
a minimum and (d) that minimum magnitude.

F
:

Fig. 6-34 Problem 29.

Fig. 6-35 Problem 30.

Frictionless,
massless pulley

A

B

!

Fig. 6-33
Problems 27 and 28.

Frictionless,
massless pulley

B

C

A

!

B

A

Knot
!

Fig. 6-31 Problem 25.

m1
m2

m3

F

Fig. 6-32 Problem 26.

••30 A toy chest and its contents have a combined weight of 180
N. The coefficient of static friction between toy chest and floor is
0.42. The child in Fig. 6-35 attempts to move the chest across the
floor by pulling on an attached rope. (a) If u is 42°, what is the mag-

a
a1

–a1

µ0 k3µk2
µk

Fig. 6-36 Problem 32.

•••33 A 1000 kg boat is traveling at 90 km/h when its engine
is shut off. The magnitude of the frictional force between boat
and water is proportional to the speed v of the boat: fk 70v,
where v is in meters per second and fk is in newtons. Find the time
required for the boat to slow to 45 km/h.

•••34 In Fig. 6-37, a slab of mass m1 ! 40 kg rests on a friction-
less floor, and a block of mass m2 10 kg rests on top of the slab.
Between block and slab, the coefficient of static friction is 0.60, and
the coefficient of kinetic friction is 0.40. A horizontal force of
magnitude 100 N begins to pull directly on the block, as shown. In
unit-vector notation, what are the resulting accelerations of (a) the
block and (b) the slab?

F
:

!

!
f
:

k

SSM

Fig. 6-37 Problem 34.

m2
m1

x
 = 0

F
µ

••31 Two blocks, of weights 3.6 N and 7.2 N, are connected
by a massless string and slide down a 30° inclined plane.The coeffi-
cient of kinetic friction between the lighter block and the plane is
0.10, and the coefficient between the heavier block and the plane is
0.20. Assuming that the lighter block leads, find (a) the magnitude
of the acceleration of the blocks and (b) the tension in the taut
string.

••32 A block is pushed across a floor by a constant force that
is applied at downward angle u (Fig. 6-19). Figure 6-36 gives the ac-
celeration magnitude a versus a range of values for the coefficient
of kinetic friction mk between block and floor: a1 ! 3.0 m/s2, mk2 !
0.20, and mk3 ! 0.40.What is the value of u?

SSM

initially (a) at rest, (b) moving up the incline, and (c) moving
down the incline?

••28 In Fig. 6-33, two blocks are connected over a pulley. The
mass of block A is 10 kg, and the coefficient of kinetic friction be-
tween A and the incline is 0.20. Angle u of the incline is 30°. Block
A slides down the incline at constant speed. What is the mass of
block B?

••29 In Fig. 6-34, blocks A and B have weights of 44 N and 22 N,
respectively. (a) Determine the minimum weight of block C to
keep A from sliding if ms between A and the table is 0.20. (b) Block
C suddenly is lifted off A. What is the acceleration of block A if mk

between A and the table is 0.15?

halliday_c06_116-139hr.qxd  17-09-2009  12:36  Page 133

מישור על אליו), מחובר לא (אבל בקפיץ נוגע שהוא כך מוחזק m מסה בעל גוף 2)
ב קטן שאורכו כך מכווץ ,k קפיץ קבוע בעל הקפיץ, שרטוט). (ראו θ בזווית משופע
הנקודה בין המרחק מה הגוף. את משחררים מסוים ברגע רפוי. במצב מאורכו l
שחרור ברגע נמצא הוא שבה הנקודה לבין תנועתו במהלך הגוף מגיע אליה העליונה

? יקרה שזה כדי l להיות צריך ומה מהקפיץ, מתנתק שהגוף ידוע אם הקפיץ,
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•••34 A boy is initially seated on the top of a hemispherical ice
mound of radius R 13.8 m. He begins to slide down the ice, with
a negligible initial speed (Fig. 8-45). Approximate the ice as being
frictionless. At what height does the boy lose contact with the ice?

!

D

!

Fig. 8-44 Problem 33.

D

Fig. 8-46 Problem 36.

R

Fig. 8-45 Problem 34.

•••35 In Fig. 8-40, a block of mass m ! 3.20 kg slides from rest a
distance d down a frictionless incline at angle " ! 30.0° where it
runs into a spring of spring constant 431 N/m. When the block mo-
mentarily stops, it has compressed the spring by 21.0 cm. What are
(a) distance d and (b) the distance between the point of the first
block–spring contact and the point where the block’s speed is
greatest?

•••36 Two children are playing a game in which they try to hit
a small box on the floor with a marble fired from a spring-loaded
gun that is mounted on a table. The target box is horizontal dis-
tance D ! 2.20 m from the edge of the table; see Fig. 8-46. Bobby

its rest position to this stopping point? (b) What is the speed of the
block just as it touches the spring?

!

Fig. 8-41 Problem 30.

L ! 28 cm and mass m ! 0.012 kg, how much work is required to
pull the hanging part back onto the table?

•••33 In Fig. 8-44, a spring with k ! 170 N/m is at the top of a
frictionless incline of angle 37.0°.The lower end of the incline is
distance D 1.00 m from the end of the spring, which is at its re-
laxed length. A 2.00 kg canister is pushed against the spring until the
spring is compressed 0.200 m and released from rest. (a) What is the
speed of the canister at the instant the spring returns to its relaxed
length (which is when the canister loses contact with the spring)? (b)
What is the speed of the canister when it reaches the lower end of
the incline?

!
" !

••31 A block with mass
m 2.00 kg is placed against a
spring on a frictionless incline
with angle 30.0° (Fig. 8-42).
(The block is not attached to the
spring.) The spring, with spring
constant k 19.6 N/cm, is com-
pressed 20.0 cm and then re-
leased. (a) What is the elastic po-
tential energy of the compressed spring? (b) What is the change
in the gravitational potential energy of the block – Earth system
as the block moves from the release point to its highest point on
the incline? (c) How far along the incline is the highest point from
the release point?

••32 In Fig. 8-43, a chain is held on a frictionless table with one-
fourth of its length hanging over the edge. If the chain has length

!

" !

!
ILW

••30 A 2.0 kg breadbox on a frictionless incline of angle " !
40° is connected, by a cord that runs over a pulley, to a light spring
of spring constant k ! 120 N/m, as shown in Fig. 8-41. The box is
released from rest when the spring is unstretched. Assume that the
pulley is massless and frictionless. (a) What is the speed of the box
when it has moved 10 cm down the incline? (b) How far down the
incline from its point of release does the box slide before momen-
tarily stopping, and what are the (c) magnitude and (d) direction
(up or down the incline) of the box’s acceleration at the instant the
box momentarily stops?

!

m

Fig. 8-40 Problems 29 and 35.

!

m

k

Fig. 8-42 Problem 31.

Fig. 8-43 Problem 32.
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מסת חיכוך. ללא מרכזה סביב להסתובב יכולה שבשרטוט האחידה הדיסקה 3)
t = 0 שברגע עד במנוחה נמצאת הדיסקה .R הנו שלה ורדיוס m הנה הדיסקה
מהירות לדיסקה t = T ברגע בשרטוט. שרואים כפי כוחות שני עליה לפעול מתחילים
אחידה דיסקה של התמד מומנט ? F2 גודל מהו ידוע. F1 גודל השעון. נגד ω זוויתית

.I = mR2/2 הנו
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sec. 10-8 Torque
•45 The body in Fig. 10-36 is pivoted at O, and two
forces act on it as shown. If
r1 ! 1.30 m, r2 ! 2.15 m, F1 !
4.20 N, F2 ! 4.90 N, u1 ! 75.0°,
and u2 ! 60.0°, what is the net
torque about the pivot?

•46 The body in Fig. 10-37 is
pivoted at O. Three forces act on it: FA ! 10 N at point A, 8.0 m
from O; FB ! 16 N at B, 4.0 m from O; and FC ! 19 N at C, 3.0 m
from O.What is the net torque about O?

ILWSSM

••53 Figure 10-40 shows a
uniform disk that can rotate
around its center like a merry-go-
round. The disk has a radius of
2.00 cm and a mass of 20.0 grams
and is initially at rest. Starting at
time t ! 0, two forces are to be ap-
plied tangentially to the rim as indicated, so that at time t ! 1.25 s
the disk has an angular velocity of 250 rad/s counterclockwise.
Force has a magnitude of 0.100 N.What is magnitude F2?

••54 In a judo foot-sweep
move, you sweep your opponent’s
left foot out from under him while
pulling on his gi (uniform) toward
that side. As a result, your oppo-
nent rotates around his right foot
and onto the mat. Figure 10-41
shows a simplified diagram of
your opponent as you face him,
with his left foot swept out. The
rotational axis is through point O.
The gravitational force on him
effectively acts at his center of
mass, which is a horizontal dis-
tance d ! 28 cm from point O.
His mass is 70 kg, and his rota-
tional inertia about point O is 65
kg "m2.What is the magnitude of
his initial angular acceleration
about point O if your pull on his
gi is (a) negligible and (b) horizontal with a magnitude of 300 N and
applied at height h ! 1.4 m?

••55 In Fig. 10-42a, an irregularly shaped
plastic plate with uniform thickness and den-
sity (mass per unit volume) is to be rotated
around an axle that is perpendicular to the
plate face and through point O. The rota-
tional inertia of the plate about that axle is
measured with the following method. A cir-
cular disk of mass 0.500 kg and radius 2.00
cm is glued to the plate, with its center
aligned with point O (Fig. 10-42b). A string is
wrapped around the edge of the disk the way
a string is wrapped around a top. Then the
string is pulled for 5.00 s. As a result, the disk

F
:

a

F
:

g

F
:

1

FC C

FB

B

160°

90°
O

FA

A135°

Fig. 10-37 Problem 46.

F1

F4 R

r
O

Rotation
axis

F2

F3

F2

F1

Fig. 10-40 Problem 53.

Fig. 10-41 Problem 54.

O

d

com

Fg

Fa

h

Fig. 10-36 Problem 45.

Or1

!1

F1

r2

!2

F2

•47 A small ball of mass 0.75 kg is attached to one end of a
1.25-m-long massless rod, and the other end of the rod is hung from a
pivot. When the resulting pendulum is 30° from the vertical, what is
the magnitude of the gravitational torque calculated about the pivot?

•48 The length of a bicycle pedal arm is 0.152 m, and a downward
force of 111 N is applied to the pedal by the rider.What is the mag-
nitude of the torque about the pedal arm’s pivot when the arm is at
angle (a) 30°, (b) 90°, and (c) 180° with the vertical?

sec. 10-9 Newton’s Second Law for Rotation
•49 During the launch from a board, a diver’s angular
speed about her center of mass changes from zero to 6.20 rad/s in
220 ms. Her rotational inertia about her center of mass is 12.0
kg " m2. During the launch, what are the magnitudes of (a) her aver-
age angular acceleration and (b) the average external torque on
her from the board?

•50 If a 32.0 N " m torque on a wheel causes angular acceleration
25.0 rad/s2, what is the wheel’s rotational inertia?

••51 In Fig. 10-38, block 1 has mass
, block 2 has mass ,

and the pulley, which is mounted on a
horizontal axle with negligible friction,
has radius . When released
from rest, block 2 falls 75.0 cm in 5.00 s
without the cord slipping on the pulley.
(a) What is the magnitude of the acceler-
ation of the blocks? What are (b) ten-
sion and (c) tension ? (d) What is
the magnitude of the pulley’s angular ac-
celeration? (e) What is its rotational inertia? 

••52 In Fig. 10-39, a cylinder having a mass of 2.0 kg can rotate
about its central axis through point O. Forces are applied as shown:
F1 ! 6.0 N, F2 ! 4.0 N, F3 ! 2.0 N, and F4 ! 5.0 N. Also, r ! 5.0 cm
and R ! 12 cm. Find the (a) magnitude and (b) direction of the an-
gular acceleration of the cylinder. (During the rotation, the forces
maintain their same angles relative to the cylinder.) 

T1T2

R ! 5.00 cm

m2 ! 500 gm1 ! 460 g

ILWSSM

SSM

m1

T1 T2

m2

R

Fig. 10-38
Problems 51 and 83.

Fig. 10-39 Problem 52.

(b)

(a)

O
Axle

Plate

Disk

String

Fig. 10-42
Problem 55.
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ɸɥɱɠ ɯɥɡɹɧɮ �ɳɸɥɶɮ ɺɥɠɧɱɥɰ ɳɣ �ɸɦɲ ɸɮɥɧ
ɤɡ ɷɸ ɭɩɸɴɱɮ ɡɩɶɤɬɥ ɺɩɴɥɱ ɤɧɱɥɰɬ ɲɩɢɤɬ ɠɰ

�ɡɥɸɩɷɡ� ɩɴɥɱ ɸɴɱɮɬ ɲɩɢɤɬ ɤɡɥɧ ɭɩɸɴɱɮ ɭɲ ɺɥɬɠɹɡ
ɺɥɷɣɡɰ �ɱɴɥɨɡ� ɺɥɩɴɥɱ ɺɥɡɥɹɺ ɷɸ ɺɥɩɠɷɩɸɮɠ ɺɥɬɠɹɡ

� ɤɧɬɶɤɡ

�
ɷɰ � � ɤɬɠɹ ɬɫ� ɺɥɩɠɷɩɸɮɠ ɺɥɬɠɹ � 
ɠ ɷɬɧ

ɭɩɣɠɮ ɺɫɬɤ ɡɫɥɫɥ ɹɮɹɤ �ɵɸɠɤ ɸɥɣɫɮ ɺɡɫɸɥɮɤ ɺɫɸɲɮɤ ɬɹ ɤɱɮɤ ɦɫɸɮ ��
�ɠɶɮɰ

ɭɩɸɧɠɤ ɭɩɴɥɢɤ ɩɰɹɬ ɸɹɠɮ ɵɸɠɤ ɸɥɣɫɬ ɸɺɥɩ ɡɥɸɷ �$�
ɭɩɸɧɠɤ ɭɩɴɥɢɤ ɩɰɹɬ ɸɹɠɮ ɹɮɹɬ ɸɺɥɩ ɡɥɸɷ �%�

ɭɩɸɧɠɤ ɭɩɴɥɢɤ ɩɰɹɬ ɸɹɠɮ ɭɩɣɠɮɬ ɸɺɥɩ ɡɥɸɷ �&�
ɭɩɴɥɢɤ ɺɹɥɬɹ ɥɩɣɥɷɣɥɷɡɹ ɹɬɥɹɮɤ ɦɫɸɮɡ �'�
ɭɩɣɠɮ ɭɲ ɵɸɠɤ ɸɥɣɫ ɸɡɧɮɤ ɥɷɤ ɲɶɮɠɡ �(�

ɸɧɠ ɸɥɣɫ ɺɩɰɮɦ�ɥɡɥ ɲɷɸɷɤ ɬɲɮ 25 P ɤɡɥɢɡ ɬɥɴɩɬ ɬɩɧɺɮ 5 NJ ɥɺɱɮɹ ɸɥɣɫ ��
ɤɦ ɣɩɬ ɤɦ ɭɩɲɰ ɭɤ �15 P�V ɺɥɸɩɤɮɡ ɺɩɫɰɠ ɤɬɲɮɬ ɲɷɸɷɤɮ ɷɸɦɰ 0.25 NJ ɥɺɱɮɹ

ɺɥɸɩɤɮɡ ɲɰ ɭɩɸɥɣɫɤ ɩɰɹ ɬɹ ɤɱɮɤ ɦɫɸɮ �2 V ɸɥɡɲɫ �ɺɥɹɢɰɺɤ ɠɬɬ

ɤɨɮ ɩɴɬɫ 11 P�V �$�
ɤɬɲɮ ɩɴɬɫ 11 P�V �%�
ɤɨɮ ɩɴɬɫ 15 P�V �&�

ɤɬɲɮ ɩɴɬɫ 15 P�V �'�
ɤɨɮ ɩɴɬɫ 20 P�V �(�

ɠɶɮɰ ɠɥɤ t = 0 ɲɢɸɡ �T ɸɥɦɧɮ ɯɮɦ ɭɲ ɤɨɥɹɴ ɺɩɰɥɮɸɤ ɤɲɥɰɺ ɲɶɡɮ ɷɩɷɬɧ ��
�ɤɶɷɤ ɺɠɸɷɬ ɲɰɥ �ɥɬɥɬɱɮ ɬɹ ɺɥɥɶɷɤ ɣɧɠɥ ɬɷɹɮ ɩɥɥɩɹ ɺɣɥɷɰ ɯɩɡ ɤɥɥɹ ɷɧɸɮɡ

ɸɹɠɫ ɭɥɷɮ ɥɺɥɠɡ ɠɶɮɰ ɠɥɤ ɤɠɡɤ ɭɲɴɡ

t = T �$�
t = T/2 �%�
t = T/4 �&�
t = T/8 �'�

ɤɰɥɫɰ ɤɰɰɩɠ ɤɡɥɹɺ ɳɠ �(�
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בהתחלה התזוזה אם .x(t) = xm cos(ωt+ϕ) ע"י מתוארת המתנדנד הגוף תזוזת 4)
אז ,vx(0) < 0 שלילית ומהירותו ,x(0) < 0 שלילית

0 < ϕ < π/2 (A)
π/2 < ϕ < π (B)

π < ϕ < 3π/2 (C)
3π/2 < ϕ < 2π (D)

.3π/2 או π או π/2 או 0 בדיוק שווה ϕ ז"א נכונה, איננה תשובה אף (E)

ללא מתגלגל ,I = MR2/2 התמד ומומנט M מסה ,R רדיוס בעל מלא גליל 5)
המסה מרכז ותאוצת אופקי בכיוון צירו על מופעל כוח אופקי. משטח על החלקה

הנם: f המשטח עם החיכוך וכוח F המופעל הכוח גודל .a הנה

f = 0 ,F = Ma (A)
f = Ma/2 ,F = Ma (B)
f = Ma ,F = 2Ma (C)

f = Ma/2 ,F = 2Ma (D)
f = Ma/2 ,F = 3Ma/2 (E)

עובר אשר הציר, סביב מסתובבת היא כאשר .R Mורדיוס מסה אחידה לדיסקה 6)
מסתובבת היא כאשר .Iω שווה שלה זוויתי תנע הדיסקה, למישור ומאונך מרכזה דרך
מהמרכז שמרחקה הנקודה דרך ועובר לנ"ל מקביל ציר סביב זוויתית מהירות באותה

שווה שלה זוויתי תנע ,h הנו

Iω (A)
(I +Mh2)ω (B)
(I −Mh2)ω (C)
(I +MR2)ω (D)
(I −MR2)ω (E)

העבודה הקרקע. מעל 1.5 m בגובה מושטת ביד 40 N שמשקלו בגוף מחזיק ילד 7)
הנה עושה שהוא

0 (A)
J 6 (B)

J 40 (C)
J 60 (D)
J 90 (E)

2



המופעל הכוח זמן. זה t כאשר ,t4 ל פרופורציונית חלקיק של קינטית אנרגיה 8)
ל פרופורציוני

t (A)
t2 (B)

1/t (C)
קבוע (D)

נכונה איננה תשובה אף (E)

בין המרחק מה .20 m/s במהירות אופקית 20 m שגובהו מבניין נזרק כדור 9)
g ≈ 10 m/s2 ? הקרקע הכדור פגיעת למקום הבניין תחתית

m 10 (A)
m 40 (B)
m 50 (C)
m 70 (D)

נכונה איננה תשובה אף (E)

המהירות שגודל כך אנכי במישור ומסתובבת 0.5m שאורכו לחוט מחוברת אבן 10)
? מסלולו של העליונה בנקודה האבן תאוצת מהי .4 m/s ושווה קבוע נשאר

מעלה כלפי ,9.8 m/s2 (A)
מטה כלפי ,9.8 m/s2 (B)
מעלה כלפי ,8 m/s2 (C)

מעלה כלפי ,32 m/s2 (D)
מטה כלפי ,32 m/s2 (E)

3



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות ‑ ב' חלק

השניים בין סטטי חיכוך מקדם מחוברים. אינם שבשרטוט M ו m הגופים, שני 1)
כדי אופקית m על להפעיל שצריך המינימלי הכוח מהו הרצפה. עם חיכוך אין ,µ הנו

? למטה יחליק שלא
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Radius

Radius

Fig. 6-39 Problem 49.

•••35 The two blocks (m ! 16 kg and M ! 88 kg) in Fig. 6-38
are not attached to each other.The co-
efficient of static friction between the
blocks is ms ! 0.38, but the surface
beneath the larger block is friction-
less. What is the minimum magnitude
of the horizontal force required to
keep the smaller block from slipping
down the larger block?

sec. 6-4 The Drag Force and Terminal Speed
•36 The terminal speed of a sky diver is 160 km/h in the spread-
eagle position and 310 km/h in the nosedive position. Assuming
that the diver’s drag coefficient C does not change from one posi-
tion to the other, find the ratio of the effective cross-sectional area
A in the slower position to that in the faster position.

••37 Continuation of Problem 8. Now assume that Eq. 6-14
gives the magnitude of the air drag force on the typical 20 kg stone,
which presents to the wind a vertical cross-sectional area of 0.040
m2 and has a drag coefficient C of 0.80. Take the air density to be
1.21 kg/m3, and the coefficient of kinetic friction to be 0.80. (a) In
kilometers per hour, what wind speed V along the ground is
needed to maintain the stone’s motion once it has started moving?
Because winds along the ground are retarded by the ground, the
wind speeds reported for storms are often measured at a height of
10 m. Assume wind speeds are 2.00 times those along the ground.
(b) For your answer to (a), what wind speed would be reported for
the storm? (c) Is that value reasonable for a high-speed wind in a
storm? (Story continues with Problem 65.)

••38 Assume Eq. 6-14 gives the drag force on a pilot plus ejection
seat just after they are ejected from a plane traveling horizontally
at 1300 km/h. Assume also that the mass of the seat is equal to the
mass of the pilot and that the drag coefficient is that of a sky diver.
Making a reasonable guess of the pilot’s mass and using the ap-
propriate vt value from Table 6-1, estimate the magnitudes of (a)
the drag force on the pilot " seat and (b) their horizontal deceler-
ation (in terms of g), both just after ejection. (The result of (a)
should indicate an engineering requirement: The seat must in-
clude a protective barrier to deflect the initial wind blast away
from the pilot’s head.)

••39 Calculate the ratio of the drag force on a jet flying at 1000
km/h at an altitude of 10 km to the drag force on a prop-driven
transport flying at half that speed and altitude. The density of air is
0.38 kg/m3 at 10 km and 0.67 kg/m3 at 5.0 km. Assume that the air-
planes have the same effective cross-sectional area and drag coeffi-
cient C.

••40 In downhill speed skiing a skier is retarded by both the
air drag force on the body and the kinetic frictional force on the
skis. (a) Suppose the slope angle is u ! 40.0°, the snow is dry snow
with a coefficient of kinetic friction mk ! 0.0400, the mass of the
skier and equipment is m ! 85.0 kg, the cross-sectional area of the
(tucked) skier is A ! 1.30 m2, the drag coefficient is C ! 0.150, and
the air density is 1.20 kg/m3. (a) What is the terminal speed? (b) If a
skier can vary C by a slight amount dC by adjusting, say, the hand
positions, what is the corresponding variation in the terminal
speed?

sec. 6-5 Uniform Circular Motion
•41 A cat dozes on a stationary merry-go-round, at a radius of 5.4
m from the center of the ride. Then the operator turns on the ride

F
:

ILW and brings it up to its proper turning rate of one complete rotation
every 6.0 s. What is the least coefficient of static friction between
the cat and the merry-go-round that will allow the cat to stay in
place, without sliding?

•42 Suppose the coefficient of static friction between the road
and the tires on a car is 0.60 and the car has no negative lift. What
speed will put the car on the verge of sliding as it rounds a level
curve of 30.5 m radius?

•43 What is the smallest radius of an unbanked (flat) track
around which a bicyclist can travel if her speed is 29 km/h and the
ms between tires and track is 0.32?

•44 During an Olympic bobsled run, the Jamaican team makes a
turn of radius 7.6 m at a speed of 96.6 km/h. What is their accelera-
tion in terms of g?

••45 A student of weight 667 N rides a steadily
rotating Ferris wheel (the student sits upright). At the highest
point, the magnitude of the normal force on the student from
the seat is 556 N. (a) Does the student feel “light” or “heavy”
there? (b) What is the magnitude of at the lowest point? If the
wheel’s speed is doubled, what is the magnitude FN at the (c) high-
est and (d) lowest point?

••46 A police officer in hot pursuit drives her car through a circular
turn of radius 300 m with a constant speed of 80.0 km/h. Her mass is
55.0 kg.What are (a) the magnitude and (b) the angle (relative to ver-
tical) of the net force of the officer on the car seat? (Hint: Consider
both horizontal and vertical forces.)

••47 A circular-motion addict of mass 80 kg rides a Ferris
wheel around in a vertical circle of radius 10 m at a constant speed
of 6.1 m/s. (a) What is the period of the motion? What is the mag-
nitude of the normal force on the addict from the seat when both
go through (b) the highest point of the circular path and (c) the
lowest point?

••48 A roller-coaster car has a mass of 1200 kg when fully
loaded with passengers. As the car passes over the top of a circu-
lar hill of radius 18 m, its speed is not changing. At the top of the
hill, what are the (a) magnitude FN and (b) direction (up or
down) of the normal force on the car from the track if the car’s
speed is v ! 11 m/s? What are (c) FN and (d) the direction if v !
14 m/s? 

••49 In Fig. 6-39, a car is driven at constant speed over a circular
hill and then into a circular valley with the same radius. At the top
of the hill, the normal force on the driver from the car seat is 0.The
driver’s mass is 70.0 kg. What is the magnitude of the normal force
on the driver from the seat when the car passes through the bottom
of the valley?

F
:

N

F
:

N
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••50 An 85.0 kg passenger is made to move along a circular path
of radius r ! 3.50 m in uniform circular motion. (a) Figure 6-40a is
a plot of the required magnitude F of the net centripetal force for a
range of possible values of the passenger’s speed v. What is the

Frictionless

m

M
F

Fig. 6-38 Problem 35.
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•••34 A boy is initially seated on the top of a hemispherical ice
mound of radius R 13.8 m. He begins to slide down the ice, with
a negligible initial speed (Fig. 8-45). Approximate the ice as being
frictionless. At what height does the boy lose contact with the ice?

!

D

!

Fig. 8-44 Problem 33.

D

Fig. 8-46 Problem 36.

R

Fig. 8-45 Problem 34.

•••35 In Fig. 8-40, a block of mass m ! 3.20 kg slides from rest a
distance d down a frictionless incline at angle " ! 30.0° where it
runs into a spring of spring constant 431 N/m. When the block mo-
mentarily stops, it has compressed the spring by 21.0 cm. What are
(a) distance d and (b) the distance between the point of the first
block–spring contact and the point where the block’s speed is
greatest?

•••36 Two children are playing a game in which they try to hit
a small box on the floor with a marble fired from a spring-loaded
gun that is mounted on a table. The target box is horizontal dis-
tance D ! 2.20 m from the edge of the table; see Fig. 8-46. Bobby

its rest position to this stopping point? (b) What is the speed of the
block just as it touches the spring?

!

Fig. 8-41 Problem 30.

L ! 28 cm and mass m ! 0.012 kg, how much work is required to
pull the hanging part back onto the table?

•••33 In Fig. 8-44, a spring with k ! 170 N/m is at the top of a
frictionless incline of angle 37.0°.The lower end of the incline is
distance D 1.00 m from the end of the spring, which is at its re-
laxed length. A 2.00 kg canister is pushed against the spring until the
spring is compressed 0.200 m and released from rest. (a) What is the
speed of the canister at the instant the spring returns to its relaxed
length (which is when the canister loses contact with the spring)? (b)
What is the speed of the canister when it reaches the lower end of
the incline?

!
" !

••31 A block with mass
m 2.00 kg is placed against a
spring on a frictionless incline
with angle 30.0° (Fig. 8-42).
(The block is not attached to the
spring.) The spring, with spring
constant k 19.6 N/cm, is com-
pressed 20.0 cm and then re-
leased. (a) What is the elastic po-
tential energy of the compressed spring? (b) What is the change
in the gravitational potential energy of the block – Earth system
as the block moves from the release point to its highest point on
the incline? (c) How far along the incline is the highest point from
the release point?

••32 In Fig. 8-43, a chain is held on a frictionless table with one-
fourth of its length hanging over the edge. If the chain has length

!

" !

!
ILW

••30 A 2.0 kg breadbox on a frictionless incline of angle " !
40° is connected, by a cord that runs over a pulley, to a light spring
of spring constant k ! 120 N/m, as shown in Fig. 8-41. The box is
released from rest when the spring is unstretched. Assume that the
pulley is massless and frictionless. (a) What is the speed of the box
when it has moved 10 cm down the incline? (b) How far down the
incline from its point of release does the box slide before momen-
tarily stopping, and what are the (c) magnitude and (d) direction
(up or down the incline) of the box’s acceleration at the instant the
box momentarily stops?

!

m

Fig. 8-40 Problems 29 and 35.

!

m

k

Fig. 8-42 Problem 31.

Fig. 8-43 Problem 32.
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271PROB LE M S
PART 1

and plate are rotated by a constant force of 0.400 N that is applied
by the string tangentially to the edge of the disk. The resulting an-
gular speed is 114 rad/s. What is the rotational inertia of the plate
about the axle?

••56 Figure 10-43 shows
particles 1 and 2, each of
mass m, attached to the ends
of a rigid massless rod of
length L1 ! L2, with L1 " 20
cm and L2 " 80 cm. The rod is held horizontally on the fulcrum
and then released. What are the magnitudes of the initial accelera-
tions of (a) particle 1 and (b) particle 2?

•••57 A pulley, with a rotational inertia of 1.0 #10$3 kg %m2 about its
axle and a radius of 10 cm, is acted on by a force applied tangentially
at its rim. The force magnitude varies in time as F " 0.50t ! 0.30t2,
with F in newtons and t in seconds.The pulley is initially at rest.At
t " 3.0 s what are its (a) angular acceleration and (b) angular speed?

sec. 10-10 Work and Rotational Kinetic Energy
•58 (a) If R " 12 cm, M " 400 g, and m " 50 g in Fig. 10-18, find
the speed of the block after it has descended 50 cm starting from
rest. Solve the problem using energy conservation principles. (b)
Repeat (a) with R " 5.0 cm.

•59 An automobile crankshaft transfers energy from the engine
to the axle at the rate of 100 hp (" 74.6 kW) when rotating at a
speed of 1800 rev/min. What torque (in newton-meters) does the
crankshaft deliver?

•60 A thin rod of length 0.75 m and mass 0.42 kg is suspended
freely from one end. It is pulled to one side and then allowed to swing
like a pendulum, passing through its lowest position with angular
speed 4.0 rad/s. Neglecting friction and air resistance, find (a) the
rod’s kinetic energy at its lowest position and (b) how far above that
position the center of mass rises.

•61 A 32.0 kg wheel, essentially a thin hoop with radius 1.20 m, is
rotating at 280 rev/min. It must be brought to a stop in 15.0 s. (a)
How much work must be done to stop it? (b) What is the required
average power?

••62 In Fig. 10-32, three 0.0100 kg particles have been glued to a
rod of length L " 6.00 cm and negligible mass and can rotate
around a perpendicular axis through point O at one end. How
much work is required to change the rotational rate (a) from 0 to
20.0 rad/s, (b) from 20.0 rad/s to 40.0 rad/s, and (c) from 40.0 rad/s to
60.0 rad/s? (d) What is the slope of a plot of the assembly’s kinetic
energy (in joules) versus the square of its rotation rate (in radians-
squared per second-squared)?

••63 A meter stick is held vertically with one end on
the floor and is then allowed to fall. Find the speed of the other end
just before it hits the floor, assuming that the end on the floor does
not slip. (Hint: Consider the stick to be a thin rod and use the con-
servation of energy principle.)

••64 A uniform cylinder of radius 10 cm and mass 20 kg is
mounted so as to rotate freely about a horizontal axis that is paral-
lel to and 5.0 cm from the central longitudinal axis of the cylinder.
(a) What is the rotational inertia of the cylinder about the axis of
rotation? (b) If the cylinder is released from rest with its central
longitudinal axis at the same height as the axis about which the
cylinder rotates, what is the angular speed of the cylinder as it
passes through its lowest position?

ILWSSM

•••65 A tall, cylindrical chimney falls over when its base is
ruptured.Treat the chimney as a thin rod of length 55.0 m.At the in-
stant it makes an angle of 35.0° with the vertical as it falls, what are
(a) the radial acceleration of the top, and (b) the tangential acceler-
ation of the top. (Hint: Use energy considerations, not a torque.) (c)
At what angle u is the tangential acceleration equal to g?  

•••66 A uniform spherical shell of mass M " 4.5 kg and radius 
R " 8.5 cm can rotate about a vertical axis on frictionless bearings
(Fig. 10-44). A massless cord passes around the equator of the shell,
over a pulley of rotational inertia I " 3.0 # 10$3 kg % m2 and radius
r " 5.0 cm, and is attached to a small object of mass m " 0.60 kg.
There is no friction on the pulley’s axle; the cord does not slip on
the pulley. What is the speed of the object when it has fallen 82 cm
after being released from rest? Use energy considerations.

1 2

L1 L2

Fig. 10-43 Problem 56.

M, R

I, r

m

•••67 Figure 10-45 shows a rigid
assembly of a thin hoop (of mass m
and radius R " 0.150 m) and a thin
radial rod (of mass m and length L "
2.00R). The assembly is upright, but if
we give it a slight nudge, it will rotate
around a horizontal axis in the plane
of the rod and hoop, through the
lower end of the rod. Assuming that
the energy given to the assembly in
such a nudge is negligible, what would be the assembly’s angular
speed about the rotation axis when it passes through the upside-
down (inverted) orientation?

Additional Problems
68 Two uniform solid spheres have the same mass of 1.65 kg, but
one has a radius of 0.226 m and the other has a radius of 0.854 m.
Each can rotate about an axis through its center. (a) What is the
magnitude t of the torque required to bring the smaller sphere
from rest to an angular speed of 317 rad/s in 15.5 s? (b) What is the
magnitude F of the force that must be applied tangentially at the
sphere’s equator to give that torque? What are the corresponding
values of (c) t and (d) F for the larger sphere?

69 In Fig. 10-46, a small disk of radius
r " 2.00 cm has been glued to the edge
of a larger disk of radius R " 4.00 cm so
that the disks lie in the same plane.The
disks can be rotated around a perpen-
dicular axis through point O at the cen-
ter of the larger disk. The disks both
have a uniform density (mass per unit

Fig. 10-44 Problem 66.

Fig. 10-45 Problem 67.

Rotation
axis

Hoop

Rod

O

Fig. 10-46 Problem 69.
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אם קבועה במהירות נע חלקיקים מערכת של המסה מרכז 1)

אפס הנו זה על זה מפעילים שהחלקיקים הכוחות סכום (A)
אפס הנו החלקיקים על פועלים אשר החיצוניים הכוחות סכום (B)

אפס הנה בהתחלה המסה מרכז מהירות (C)
המסה למרכז ביחס סימטרית החלקיקים התפלגות (D)
המערכת של הגיאומטרי במרכז נמצא המסה מרכז (E)

חיכוך ללא אופקי משטח על עומדים 60 kg ו 40 kg מסות בעלי ילדים שני 2)
כל המוט את למשוך מתחילים הילדים הקצוות. בשני 10 m שאורכו במוט ומחזיקים
מרחק עובר 60 kg מסה בעל הילד נפגשים הם כאשר לזה. זה ומתקרבים לכיוונו אחד

4 m (A)
5 m (B)
6 m (C)

10 m (D)
מפעילים שהם בכוחות תלוי (E)

מחזור זמן עם ולמטה למעלה ומתנדנדת מושלם קפיץ של בקצה תלויה מסה 3)
יהיה המחזור זמן פי‑שניים, התנופה את מגדילים אם .T

T (A)
1.5T (B)
2T (C)

T/2 (D)
4T (E)

3



x = 2 cos(50t) הביטוי ע"י המתוארת פשוטה הרמונית תנועה מבצע חלקיק 4)
הנה m/s ב המרבית מהירותו בשניות. t ו במטרים x כאשר

100 sin(50t) (A)
100 cos(50t) (B)

100 (C)
200 (D)

נכונה איננה תשובה אף (E)

אופקית ברצפה מתגלגלות I = 0.5MR2 התמד מומנט בעלי זהות דיסקאות שתי 5)
מתגלגלת A דיסקה משופע. במישור למעלה כך ואחר שוות במהירויות החלקה ללא
זווית אותה עם משופע במישור מתגלגלת B דיסקה החלקה. ללא משופע במישור
הגובה שיא מהו .12 cm הנו A דיסקה מגיעה שאליו הגובה שיא חיכוך. ללא אבל

? B דיסקה מגיעה אליו

24 cm (A)
18 cm (B)
12 cm (C)
8 cm (D)
6 cm (E)

מקרב הוא .ω0 זוויתית במהירות מסתובב I0 התמד מומנט בעל קרח על מחליק 6)
? שלו החדש ההתמד מומנט מהו .4ω0 ל הזוויתית המהירות את ומגדיל לגופו ידיים

I0 (A)
I0/2 (B)
2I0 (C)

I0/4 (D)
4I0 (E)

נגוף על לפעול מתחיל 4 N שגודלו כוח .3 m/s במהירות נע 2 kg שמסתו גוף 7)
מרחק עובר הגוף זה זמן במשך .t2 ברגע לפעול ומפסיק התנועה בכיוון מסוים t1 ברגע

הנה הכוח של העבודה .5 m

12 J (A)
15 J (B)
18 J (C)
20 J (D)
38 J (E)

בעל במדרון למעלה ,80 N הנו הקרקע על במנוחה שמשקלו גוף, דוחף אדם בן 8)
בקצב יורדת ומהירותו המדרון לאורך 5 m מרחק עובר הגוף האופק. עם 30◦ זווית

הנה האדם שעושה העבודה .1.5 m/s2

−200 J (A)
61 J (B)

4



140 J (C)
200 J (D)
260 J (E)

כלפי 20m/s הנו שלה האנכי שהרכיב במהירות 60m שגובהו מצוק נזרקת אבן 9)
g = 10 m/s2 ? באוויר האבן תישאר זמן כמה מעלה.

4 s (A)
5 s (B)
6 s (C)
7 s (D)
8 s (E)

1.5 m רדיוס בעל במעגל אופקי במישור ומסתובב החוט לקצה מחובר גוף 10)
התאוצה שנייה תוך שלמים סיבובים שני עושה הוא אם קבועה. זוויתית במהירות

הנה שלו

0.24 m/s2 (A)
2.4 m/s2 (B)
24 m/s2 (C)

240 m/s2 (D)
2400 m/s2 (E)

5



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות ‑ ב' חלק

הגוף את להזיז כדי שרטוט(. )ראו mb שמסתו הגוף על נמצא mt שמסתו גוף 1)
אפשר מרבי כוח איזה .F0 אופקי כוח נדרש במקום, מוחזק התחתון כאשר העליון
הגופים של התאוצות ומה עליו יחליק לא שהעליון כדי התחתון הגוף על להפעיל

הרצפה. עם חיכוך אין ? זה במקרה

136 CHAPTE R 6 FORCE AN D MOTION—I I

!

m1

m2

Fig. 6-50 Problem 66.

Stone

!
F

Fig. 6-48 Problem 62.

!

90°

Fig. 6-51 Problem 67.

Additional Problems

60 In Fig. 6-46, a box of ant aunts (total mass m1 ! 1.65 kg) and
a box of ant uncles (total mass m2 ! 3.30 kg) slide down an in-
clined plane while attached by a
massless rod parallel to the plane.
The angle of incline is u ! 30.0°.
The coefficient of kinetic friction
between the aunt box and the in-
cline is m1 ! 0.226; that between
the uncle box and the incline is 
m2 ! 0.113. Compute (a) the ten-
sion in the rod and (b) the magni-
tude of the common acceleration
of the two boxes. (c) How would
the answers to (a) and (b) change if the uncles trailed the aunts?

61 A block of mass mt ! 4.0
kg is put on top of a block of mass
mb 5.0 kg. To cause the top block
to slip on the bottom one while the
bottom one is held fixed, a horizon-
tal force of at least 12 N must be ap-
plied to the top block. The assembly
of blocks is now placed on a hori-
zontal, frictionless table (Fig. 6-47). Find the magnitudes of (a) the
maximum horizontal force that can be applied to the lower block
so that the blocks will move together and (b) the resulting acceler-
ation of the blocks.

62 A 5.00 kg stone is rubbed across the horizontal ceiling of a
cave passageway (Fig. 6-48). If the coefficient of kinetic friction is
0.65 and the force applied to the stone is angled at u ! 70.0°, what
must the magnitude of the force be for the stone to move at constant
velocity?

F
:

!

SSM

mt

Fmb

Fig. 6-47 Problem 61.

rock is 1.2; between her back and the rock is 0.80. She has reduced
her push against the rock until her back and her shoes are on the
verge of slipping. (a) Draw a free-body diagram of her. (b) What is
the magnitude of her push against the rock? (c) What fraction of
her weight is supported by the frictional force on her shoes?

64 A high-speed railway car goes around a flat, horizontal circle
of radius 470 m at a constant speed. The magnitudes of the hori-
zontal and vertical components of the force of the car on a 51.0 kg
passenger are 210 N and 500 N, respectively. (a) What is the magni-
tude of the net force (of all the forces) on the passenger? (b) What
is the speed of the car?

65 Continuation of Problems 8 and 37. Another explana-
tion is that the stones move only when the water dumped on the
playa during a storm freezes into a large, thin sheet of ice. The
stones are trapped in place in the ice. Then, as air flows across
the ice during a wind, the air-drag forces on the ice and stones
move them both, with the stones gouging out the trails. The magni-
tude of the air-drag force on this horizontal “ice sail” is given by
Dice ! 4CicerAicev2, where Cice is the drag coefficient (2.0 " 10#3), r
is the air density (1.21 kg/m3), Aice is the horizontal area of the ice,
and v is the wind speed along the ice.

Assume the following: The ice sheet measures 400 m by 500 m
by 4.0 mm and has a coefficient of kinetic friction of 0.10 with the
ground and a density of 917 kg/m3. Also assume that 100 stones
identical to the one in Problem 8 are trapped in the ice. To main-
tain the motion of the sheet, what are the required wind speeds (a)
near the sheet and (b) at a height of 10 m? (c) Are these reason-
able values for high-speed winds in a storm?

66 In Fig. 6-50, block 1 of mass m1 2.0 kg and block 2 of
mass m2 3.0 kg are connected by a string of negligible mass and
are initially held in place. Block 2 is on a frictionless surface tilted
at u ! 30°. The coefficient of kinetic friction between block 1 and
the horizontal surface is 0.25. The pulley has negligible mass and
friction. Once they are released, the blocks move. What then is the
tension in the string?

!
!

63 In Fig. 6-49, a 49 kg rock climber is climbing a “chim-
ney.” The coefficient of static friction between her shoes and the

67 In Fig. 6-51, a crate slides down an inclined right-angled
trough.The coefficient of kinetic friction between the crate and the
trough is mk. What is the acceleration of the crate in terms of mk, u,
and g?

68 Engineering a highway curve. If a car goes through a curve too
fast, the car tends to slide out of the curve. For a banked curve with

m1

m2

!

Fig. 6-46 Problem 60.

Fig. 6-49 Problem 63.
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אין כן. גם נתונים k הקפיץ וקבוע θ הזוויתי ,m הנה שבשרטוט הגוף מסת 2)
כאשר מנוחה ממצב משוחרר הגוף ולחוט. לגלגלת מסה אין מקום, בשום חיכוך

? לעצירה עד המדרון לאורך עובר שהגוף המרחק רפוי.מה במצב הקפיץ
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•••34 A boy is initially seated on the top of a hemispherical ice
mound of radius R 13.8 m. He begins to slide down the ice, with
a negligible initial speed (Fig. 8-45). Approximate the ice as being
frictionless. At what height does the boy lose contact with the ice?

!

D

!

Fig. 8-44 Problem 33.

D

Fig. 8-46 Problem 36.

R

Fig. 8-45 Problem 34.

•••35 In Fig. 8-40, a block of mass m ! 3.20 kg slides from rest a
distance d down a frictionless incline at angle " ! 30.0° where it
runs into a spring of spring constant 431 N/m. When the block mo-
mentarily stops, it has compressed the spring by 21.0 cm. What are
(a) distance d and (b) the distance between the point of the first
block–spring contact and the point where the block’s speed is
greatest?

•••36 Two children are playing a game in which they try to hit
a small box on the floor with a marble fired from a spring-loaded
gun that is mounted on a table. The target box is horizontal dis-
tance D ! 2.20 m from the edge of the table; see Fig. 8-46. Bobby

its rest position to this stopping point? (b) What is the speed of the
block just as it touches the spring?

!

Fig. 8-41 Problem 30.

L ! 28 cm and mass m ! 0.012 kg, how much work is required to
pull the hanging part back onto the table?

•••33 In Fig. 8-44, a spring with k ! 170 N/m is at the top of a
frictionless incline of angle 37.0°.The lower end of the incline is
distance D 1.00 m from the end of the spring, which is at its re-
laxed length. A 2.00 kg canister is pushed against the spring until the
spring is compressed 0.200 m and released from rest. (a) What is the
speed of the canister at the instant the spring returns to its relaxed
length (which is when the canister loses contact with the spring)? (b)
What is the speed of the canister when it reaches the lower end of
the incline?

!
" !

••31 A block with mass
m 2.00 kg is placed against a
spring on a frictionless incline
with angle 30.0° (Fig. 8-42).
(The block is not attached to the
spring.) The spring, with spring
constant k 19.6 N/cm, is com-
pressed 20.0 cm and then re-
leased. (a) What is the elastic po-
tential energy of the compressed spring? (b) What is the change
in the gravitational potential energy of the block – Earth system
as the block moves from the release point to its highest point on
the incline? (c) How far along the incline is the highest point from
the release point?

••32 In Fig. 8-43, a chain is held on a frictionless table with one-
fourth of its length hanging over the edge. If the chain has length

!

" !

!
ILW

••30 A 2.0 kg breadbox on a frictionless incline of angle " !
40° is connected, by a cord that runs over a pulley, to a light spring
of spring constant k ! 120 N/m, as shown in Fig. 8-41. The box is
released from rest when the spring is unstretched. Assume that the
pulley is massless and frictionless. (a) What is the speed of the box
when it has moved 10 cm down the incline? (b) How far down the
incline from its point of release does the box slide before momen-
tarily stopping, and what are the (c) magnitude and (d) direction
(up or down the incline) of the box’s acceleration at the instant the
box momentarily stops?

!

m

Fig. 8-40 Problems 29 and 35.

!

m

k

Fig. 8-42 Problem 31.

Fig. 8-43 Problem 32.
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משחררים אם .R הנו הדיסקה רדיוס .m2 > m1 ,m2 m1ו מסות לגופים בשרטוט 3)
בחבל המתיחויות מהן .t זמן תוך l מרחק יורד 2 הגוף מנוחה, ממצב המערכת את

מסה. לו ואין הגלגלת על מחליק אינו החבל ? הדיסקה של ההתמד ומומנט

270 CHAPTE R 10 ROTATION

sec. 10-8 Torque
•45 The body in Fig. 10-36 is pivoted at O, and two
forces act on it as shown. If
r1 ! 1.30 m, r2 ! 2.15 m, F1 !
4.20 N, F2 ! 4.90 N, u1 ! 75.0°,
and u2 ! 60.0°, what is the net
torque about the pivot?

•46 The body in Fig. 10-37 is
pivoted at O. Three forces act on it: FA ! 10 N at point A, 8.0 m
from O; FB ! 16 N at B, 4.0 m from O; and FC ! 19 N at C, 3.0 m
from O.What is the net torque about O?

ILWSSM

••53 Figure 10-40 shows a
uniform disk that can rotate
around its center like a merry-go-
round. The disk has a radius of
2.00 cm and a mass of 20.0 grams
and is initially at rest. Starting at
time t ! 0, two forces are to be ap-
plied tangentially to the rim as indicated, so that at time t ! 1.25 s
the disk has an angular velocity of 250 rad/s counterclockwise.
Force has a magnitude of 0.100 N.What is magnitude F2?

••54 In a judo foot-sweep
move, you sweep your opponent’s
left foot out from under him while
pulling on his gi (uniform) toward
that side. As a result, your oppo-
nent rotates around his right foot
and onto the mat. Figure 10-41
shows a simplified diagram of
your opponent as you face him,
with his left foot swept out. The
rotational axis is through point O.
The gravitational force on him
effectively acts at his center of
mass, which is a horizontal dis-
tance d ! 28 cm from point O.
His mass is 70 kg, and his rota-
tional inertia about point O is 65
kg "m2.What is the magnitude of
his initial angular acceleration
about point O if your pull on his
gi is (a) negligible and (b) horizontal with a magnitude of 300 N and
applied at height h ! 1.4 m?

••55 In Fig. 10-42a, an irregularly shaped
plastic plate with uniform thickness and den-
sity (mass per unit volume) is to be rotated
around an axle that is perpendicular to the
plate face and through point O. The rota-
tional inertia of the plate about that axle is
measured with the following method. A cir-
cular disk of mass 0.500 kg and radius 2.00
cm is glued to the plate, with its center
aligned with point O (Fig. 10-42b). A string is
wrapped around the edge of the disk the way
a string is wrapped around a top. Then the
string is pulled for 5.00 s. As a result, the disk

F
:

a

F
:

g

F
:

1

FC C

FB

B

160°

90°
O

FA

A135°

Fig. 10-37 Problem 46.

F1

F4 R

r
O

Rotation
axis

F2

F3

F2

F1

Fig. 10-40 Problem 53.

Fig. 10-41 Problem 54.

O

d

com

Fg

Fa

h

Fig. 10-36 Problem 45.

Or1

!1

F1

r2

!2

F2

•47 A small ball of mass 0.75 kg is attached to one end of a
1.25-m-long massless rod, and the other end of the rod is hung from a
pivot. When the resulting pendulum is 30° from the vertical, what is
the magnitude of the gravitational torque calculated about the pivot?

•48 The length of a bicycle pedal arm is 0.152 m, and a downward
force of 111 N is applied to the pedal by the rider.What is the mag-
nitude of the torque about the pedal arm’s pivot when the arm is at
angle (a) 30°, (b) 90°, and (c) 180° with the vertical?

sec. 10-9 Newton’s Second Law for Rotation
•49 During the launch from a board, a diver’s angular
speed about her center of mass changes from zero to 6.20 rad/s in
220 ms. Her rotational inertia about her center of mass is 12.0
kg " m2. During the launch, what are the magnitudes of (a) her aver-
age angular acceleration and (b) the average external torque on
her from the board?

•50 If a 32.0 N " m torque on a wheel causes angular acceleration
25.0 rad/s2, what is the wheel’s rotational inertia?

••51 In Fig. 10-38, block 1 has mass
, block 2 has mass ,

and the pulley, which is mounted on a
horizontal axle with negligible friction,
has radius . When released
from rest, block 2 falls 75.0 cm in 5.00 s
without the cord slipping on the pulley.
(a) What is the magnitude of the acceler-
ation of the blocks? What are (b) ten-
sion and (c) tension ? (d) What is
the magnitude of the pulley’s angular ac-
celeration? (e) What is its rotational inertia? 

••52 In Fig. 10-39, a cylinder having a mass of 2.0 kg can rotate
about its central axis through point O. Forces are applied as shown:
F1 ! 6.0 N, F2 ! 4.0 N, F3 ! 2.0 N, and F4 ! 5.0 N. Also, r ! 5.0 cm
and R ! 12 cm. Find the (a) magnitude and (b) direction of the an-
gular acceleration of the cylinder. (During the rotation, the forces
maintain their same angles relative to the cylinder.) 

T1T2

R ! 5.00 cm

m2 ! 500 gm1 ! 460 g

ILWSSM

SSM

m1

T1 T2

m2

R

Fig. 10-38
Problems 51 and 83.

Fig. 10-39 Problem 52.

(b)

(a)

O
Axle

Plate

Disk

String

Fig. 10-42
Problem 55.
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,40 s תוך 180◦ ב הטיסה כיוון את משנה בהדרגה הוא .500km/h במהירות צפונה טס מטוס 1)
היא זה בסיבוב הממוצעת התאוצה קבוע. נשאר המהירות גודל כאשר

A B C D E
12.5km/h/s,
צפונה

12.5km/h/s,
מזרחה

12.5km/h/s,
דרומה

25km/h/s,
צפונה

25km/h/s,
דרומה

? במעלית משקלו מה .4m/s2 בתאוצה שעולה במעלית נמצא בבית, 700N ששוקל אדם, בן 2)
A B C D E
71N 290N 810N 700N 990N

מעל למעלה 30◦ בזווית שכיוונו בכוח אותו מושך ילד אופקי. משטח על נמצא 12kg שמסתו גוף 3)
? הגוף את להזיז כדי הדרוש המינימלי הכוח מהו 0.4 הנו סטטי חיכוך מקדם אם לאופק.

A B C D E
44 N 52 N 56 N 60 N 22 N

כאשר .1.5 · 105N/m הנו הקפיץ קבוע מתוח. לא קפיץ על 2m מגובה נופל 1.5kg שמסתו גוף 4)
? הקפיץ על הגוף שמפעיל הכוח מהו מקסימלית, הקפיץ התכווצות

A B C D E
15N 30N 1500N 2000N 3000N

משמר לא כוח 5)
A B C D E
את שובר
של שני החוק
ניוטון

שובר
החוק את
של השלישי
ניוטון

יכול לא
לעשות
עבודה

להיות חייב
מאונך
למהירות
שעליו הגוף
פועל הוא

תשובה אף
איננה מהנ"ל
נכונה

60◦ היא השיפוע זווית מחוספס. משופע מישור על מנוחה ממצב לנוע מתחיל 2.2kg שמסתו גוף 6)
שלו המכנית האנרגיה שינוי 2m מרחק עובר הגוף כאשר .0.25 הנו קינטי חיכוך מקדם האופק. עם

ב בערך משתנה
A B C D E
0 −5.5 J −10.8 J 5.5 J 10.8 J

נמצא הארץ כדור אטמוספרת של המסה מרכז 7)
A B C D E
באמצע בערך
הקרקע בין
הגבול לבין
של החיצוני
האטמוספרה

הקרקע ליד הגבול ליד
של החיצוני
האטמוספרה

במרכז בערך
הארץ כדור

תשובה אף
איננה מהנ"ל
נכונה

.450 rad לזווית מסתובב הגלגל 9 s תוך .20 rad/s זוויתית במהירות הראשון ברגע מסתובב גלגל 8)
שווה היא קבועה שלו זוויתית תאוצה אם

2



A B C D E
2.2 rad/s2 3.5 rad/s2 5.2 rad/s2 6.7 rad/s2 8.9 rad/s2

,(2/5)MR2 הנו שלו, המסה מרכז דרך שעובר לציר, ביחס אחיד מלא כדור של ההתמד מומנט 9)
ביחס ההתמד מומנט לכדור, משיק הסיבוב ציר אם הכדור. של רדיוס הנו R ו מסתו היא M כאשר

הנו זה לציר
A B C D E
MR2 (2/5)MR2 (3/5)MR2 (5/2)MR2 (7/5)MR2

מגבול .x = 50 cm ו x = 10 cm הגבולות בין x ציר לאורך מתנדנד לקפיץ, מחובר אשר גוף, 10)
שווים המחזור וזמן (אמפליטודה) התנופה .0.25 s תוך מגיע הוא לשני אחד

A B C D E
40 sm, 0.25 s 20 sm, 0.5 s 40 sm, 0.5 s 20 sm, 0.25 s 30 sm, 0.25 s

3



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות ‑ ב' חלק

שמפעיל כוח ה"גבעה" של העליונה בנקודה קבוע. מהירותו שגודל כך שבשרטוט במסלול נע רכב 1)
שני ? ה"עמק" של התחתונה בנקודה המושב על מפעיל שהנהג הכוח מהו מתאפס. מושבו על הנהג

.m הנה הנהג של ומסתו שווים הרדיוסים
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Radius

Fig. 6-39 Problem 49.

•••35 The two blocks (m ! 16 kg and M ! 88 kg) in Fig. 6-38
are not attached to each other.The co-
efficient of static friction between the
blocks is ms ! 0.38, but the surface
beneath the larger block is friction-
less. What is the minimum magnitude
of the horizontal force required to
keep the smaller block from slipping
down the larger block?

sec. 6-4 The Drag Force and Terminal Speed
•36 The terminal speed of a sky diver is 160 km/h in the spread-
eagle position and 310 km/h in the nosedive position. Assuming
that the diver’s drag coefficient C does not change from one posi-
tion to the other, find the ratio of the effective cross-sectional area
A in the slower position to that in the faster position.

••37 Continuation of Problem 8. Now assume that Eq. 6-14
gives the magnitude of the air drag force on the typical 20 kg stone,
which presents to the wind a vertical cross-sectional area of 0.040
m2 and has a drag coefficient C of 0.80. Take the air density to be
1.21 kg/m3, and the coefficient of kinetic friction to be 0.80. (a) In
kilometers per hour, what wind speed V along the ground is
needed to maintain the stone’s motion once it has started moving?
Because winds along the ground are retarded by the ground, the
wind speeds reported for storms are often measured at a height of
10 m. Assume wind speeds are 2.00 times those along the ground.
(b) For your answer to (a), what wind speed would be reported for
the storm? (c) Is that value reasonable for a high-speed wind in a
storm? (Story continues with Problem 65.)

••38 Assume Eq. 6-14 gives the drag force on a pilot plus ejection
seat just after they are ejected from a plane traveling horizontally
at 1300 km/h. Assume also that the mass of the seat is equal to the
mass of the pilot and that the drag coefficient is that of a sky diver.
Making a reasonable guess of the pilot’s mass and using the ap-
propriate vt value from Table 6-1, estimate the magnitudes of (a)
the drag force on the pilot " seat and (b) their horizontal deceler-
ation (in terms of g), both just after ejection. (The result of (a)
should indicate an engineering requirement: The seat must in-
clude a protective barrier to deflect the initial wind blast away
from the pilot’s head.)

••39 Calculate the ratio of the drag force on a jet flying at 1000
km/h at an altitude of 10 km to the drag force on a prop-driven
transport flying at half that speed and altitude. The density of air is
0.38 kg/m3 at 10 km and 0.67 kg/m3 at 5.0 km. Assume that the air-
planes have the same effective cross-sectional area and drag coeffi-
cient C.

••40 In downhill speed skiing a skier is retarded by both the
air drag force on the body and the kinetic frictional force on the
skis. (a) Suppose the slope angle is u ! 40.0°, the snow is dry snow
with a coefficient of kinetic friction mk ! 0.0400, the mass of the
skier and equipment is m ! 85.0 kg, the cross-sectional area of the
(tucked) skier is A ! 1.30 m2, the drag coefficient is C ! 0.150, and
the air density is 1.20 kg/m3. (a) What is the terminal speed? (b) If a
skier can vary C by a slight amount dC by adjusting, say, the hand
positions, what is the corresponding variation in the terminal
speed?

sec. 6-5 Uniform Circular Motion
•41 A cat dozes on a stationary merry-go-round, at a radius of 5.4
m from the center of the ride. Then the operator turns on the ride

F
:

ILW and brings it up to its proper turning rate of one complete rotation
every 6.0 s. What is the least coefficient of static friction between
the cat and the merry-go-round that will allow the cat to stay in
place, without sliding?

•42 Suppose the coefficient of static friction between the road
and the tires on a car is 0.60 and the car has no negative lift. What
speed will put the car on the verge of sliding as it rounds a level
curve of 30.5 m radius?

•43 What is the smallest radius of an unbanked (flat) track
around which a bicyclist can travel if her speed is 29 km/h and the
ms between tires and track is 0.32?

•44 During an Olympic bobsled run, the Jamaican team makes a
turn of radius 7.6 m at a speed of 96.6 km/h. What is their accelera-
tion in terms of g?

••45 A student of weight 667 N rides a steadily
rotating Ferris wheel (the student sits upright). At the highest
point, the magnitude of the normal force on the student from
the seat is 556 N. (a) Does the student feel “light” or “heavy”
there? (b) What is the magnitude of at the lowest point? If the
wheel’s speed is doubled, what is the magnitude FN at the (c) high-
est and (d) lowest point?

••46 A police officer in hot pursuit drives her car through a circular
turn of radius 300 m with a constant speed of 80.0 km/h. Her mass is
55.0 kg.What are (a) the magnitude and (b) the angle (relative to ver-
tical) of the net force of the officer on the car seat? (Hint: Consider
both horizontal and vertical forces.)

••47 A circular-motion addict of mass 80 kg rides a Ferris
wheel around in a vertical circle of radius 10 m at a constant speed
of 6.1 m/s. (a) What is the period of the motion? What is the mag-
nitude of the normal force on the addict from the seat when both
go through (b) the highest point of the circular path and (c) the
lowest point?

••48 A roller-coaster car has a mass of 1200 kg when fully
loaded with passengers. As the car passes over the top of a circu-
lar hill of radius 18 m, its speed is not changing. At the top of the
hill, what are the (a) magnitude FN and (b) direction (up or
down) of the normal force on the car from the track if the car’s
speed is v ! 11 m/s? What are (c) FN and (d) the direction if v !
14 m/s? 

••49 In Fig. 6-39, a car is driven at constant speed over a circular
hill and then into a circular valley with the same radius. At the top
of the hill, the normal force on the driver from the car seat is 0.The
driver’s mass is 70.0 kg. What is the magnitude of the normal force
on the driver from the seat when the car passes through the bottom
of the valley?

F
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••50 An 85.0 kg passenger is made to move along a circular path
of radius r ! 3.50 m in uniform circular motion. (a) Figure 6-40a is
a plot of the required magnitude F of the net centripetal force for a
range of possible values of the passenger’s speed v. What is the

Frictionless

m

M
F

Fig. 6-38 Problem 35.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B

dA

dB

Before

After

v0

vi
m

M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!

halliday_c09_201-240v2.qxd  4-09-2009  17:13  Page 235

271PROB LE M S
PART 1

and plate are rotated by a constant force of 0.400 N that is applied
by the string tangentially to the edge of the disk. The resulting an-
gular speed is 114 rad/s. What is the rotational inertia of the plate
about the axle?

••56 Figure 10-43 shows
particles 1 and 2, each of
mass m, attached to the ends
of a rigid massless rod of
length L1 ! L2, with L1 " 20
cm and L2 " 80 cm. The rod is held horizontally on the fulcrum
and then released. What are the magnitudes of the initial accelera-
tions of (a) particle 1 and (b) particle 2?

•••57 A pulley, with a rotational inertia of 1.0 #10$3 kg %m2 about its
axle and a radius of 10 cm, is acted on by a force applied tangentially
at its rim. The force magnitude varies in time as F " 0.50t ! 0.30t2,
with F in newtons and t in seconds.The pulley is initially at rest.At
t " 3.0 s what are its (a) angular acceleration and (b) angular speed?

sec. 10-10 Work and Rotational Kinetic Energy
•58 (a) If R " 12 cm, M " 400 g, and m " 50 g in Fig. 10-18, find
the speed of the block after it has descended 50 cm starting from
rest. Solve the problem using energy conservation principles. (b)
Repeat (a) with R " 5.0 cm.

•59 An automobile crankshaft transfers energy from the engine
to the axle at the rate of 100 hp (" 74.6 kW) when rotating at a
speed of 1800 rev/min. What torque (in newton-meters) does the
crankshaft deliver?

•60 A thin rod of length 0.75 m and mass 0.42 kg is suspended
freely from one end. It is pulled to one side and then allowed to swing
like a pendulum, passing through its lowest position with angular
speed 4.0 rad/s. Neglecting friction and air resistance, find (a) the
rod’s kinetic energy at its lowest position and (b) how far above that
position the center of mass rises.

•61 A 32.0 kg wheel, essentially a thin hoop with radius 1.20 m, is
rotating at 280 rev/min. It must be brought to a stop in 15.0 s. (a)
How much work must be done to stop it? (b) What is the required
average power?

••62 In Fig. 10-32, three 0.0100 kg particles have been glued to a
rod of length L " 6.00 cm and negligible mass and can rotate
around a perpendicular axis through point O at one end. How
much work is required to change the rotational rate (a) from 0 to
20.0 rad/s, (b) from 20.0 rad/s to 40.0 rad/s, and (c) from 40.0 rad/s to
60.0 rad/s? (d) What is the slope of a plot of the assembly’s kinetic
energy (in joules) versus the square of its rotation rate (in radians-
squared per second-squared)?

••63 A meter stick is held vertically with one end on
the floor and is then allowed to fall. Find the speed of the other end
just before it hits the floor, assuming that the end on the floor does
not slip. (Hint: Consider the stick to be a thin rod and use the con-
servation of energy principle.)

••64 A uniform cylinder of radius 10 cm and mass 20 kg is
mounted so as to rotate freely about a horizontal axis that is paral-
lel to and 5.0 cm from the central longitudinal axis of the cylinder.
(a) What is the rotational inertia of the cylinder about the axis of
rotation? (b) If the cylinder is released from rest with its central
longitudinal axis at the same height as the axis about which the
cylinder rotates, what is the angular speed of the cylinder as it
passes through its lowest position?

ILWSSM

•••65 A tall, cylindrical chimney falls over when its base is
ruptured.Treat the chimney as a thin rod of length 55.0 m.At the in-
stant it makes an angle of 35.0° with the vertical as it falls, what are
(a) the radial acceleration of the top, and (b) the tangential acceler-
ation of the top. (Hint: Use energy considerations, not a torque.) (c)
At what angle u is the tangential acceleration equal to g?  

•••66 A uniform spherical shell of mass M " 4.5 kg and radius 
R " 8.5 cm can rotate about a vertical axis on frictionless bearings
(Fig. 10-44). A massless cord passes around the equator of the shell,
over a pulley of rotational inertia I " 3.0 # 10$3 kg % m2 and radius
r " 5.0 cm, and is attached to a small object of mass m " 0.60 kg.
There is no friction on the pulley’s axle; the cord does not slip on
the pulley. What is the speed of the object when it has fallen 82 cm
after being released from rest? Use energy considerations.

1 2

L1 L2

Fig. 10-43 Problem 56.

M, R

I, r

m

•••67 Figure 10-45 shows a rigid
assembly of a thin hoop (of mass m
and radius R " 0.150 m) and a thin
radial rod (of mass m and length L "
2.00R). The assembly is upright, but if
we give it a slight nudge, it will rotate
around a horizontal axis in the plane
of the rod and hoop, through the
lower end of the rod. Assuming that
the energy given to the assembly in
such a nudge is negligible, what would be the assembly’s angular
speed about the rotation axis when it passes through the upside-
down (inverted) orientation?

Additional Problems
68 Two uniform solid spheres have the same mass of 1.65 kg, but
one has a radius of 0.226 m and the other has a radius of 0.854 m.
Each can rotate about an axis through its center. (a) What is the
magnitude t of the torque required to bring the smaller sphere
from rest to an angular speed of 317 rad/s in 15.5 s? (b) What is the
magnitude F of the force that must be applied tangentially at the
sphere’s equator to give that torque? What are the corresponding
values of (c) t and (d) F for the larger sphere?

69 In Fig. 10-46, a small disk of radius
r " 2.00 cm has been glued to the edge
of a larger disk of radius R " 4.00 cm so
that the disks lie in the same plane.The
disks can be rotated around a perpen-
dicular axis through point O at the cen-
ter of the larger disk. The disks both
have a uniform density (mass per unit

Fig. 10-44 Problem 66.

Fig. 10-45 Problem 67.

Rotation
axis

Hoop

Rod

O

Fig. 10-46 Problem 69.
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Fig. 6-39 Problem 49.

•••35 The two blocks (m ! 16 kg and M ! 88 kg) in Fig. 6-38
are not attached to each other.The co-
efficient of static friction between the
blocks is ms ! 0.38, but the surface
beneath the larger block is friction-
less. What is the minimum magnitude
of the horizontal force required to
keep the smaller block from slipping
down the larger block?

sec. 6-4 The Drag Force and Terminal Speed
•36 The terminal speed of a sky diver is 160 km/h in the spread-
eagle position and 310 km/h in the nosedive position. Assuming
that the diver’s drag coefficient C does not change from one posi-
tion to the other, find the ratio of the effective cross-sectional area
A in the slower position to that in the faster position.

••37 Continuation of Problem 8. Now assume that Eq. 6-14
gives the magnitude of the air drag force on the typical 20 kg stone,
which presents to the wind a vertical cross-sectional area of 0.040
m2 and has a drag coefficient C of 0.80. Take the air density to be
1.21 kg/m3, and the coefficient of kinetic friction to be 0.80. (a) In
kilometers per hour, what wind speed V along the ground is
needed to maintain the stone’s motion once it has started moving?
Because winds along the ground are retarded by the ground, the
wind speeds reported for storms are often measured at a height of
10 m. Assume wind speeds are 2.00 times those along the ground.
(b) For your answer to (a), what wind speed would be reported for
the storm? (c) Is that value reasonable for a high-speed wind in a
storm? (Story continues with Problem 65.)

••38 Assume Eq. 6-14 gives the drag force on a pilot plus ejection
seat just after they are ejected from a plane traveling horizontally
at 1300 km/h. Assume also that the mass of the seat is equal to the
mass of the pilot and that the drag coefficient is that of a sky diver.
Making a reasonable guess of the pilot’s mass and using the ap-
propriate vt value from Table 6-1, estimate the magnitudes of (a)
the drag force on the pilot " seat and (b) their horizontal deceler-
ation (in terms of g), both just after ejection. (The result of (a)
should indicate an engineering requirement: The seat must in-
clude a protective barrier to deflect the initial wind blast away
from the pilot’s head.)

••39 Calculate the ratio of the drag force on a jet flying at 1000
km/h at an altitude of 10 km to the drag force on a prop-driven
transport flying at half that speed and altitude. The density of air is
0.38 kg/m3 at 10 km and 0.67 kg/m3 at 5.0 km. Assume that the air-
planes have the same effective cross-sectional area and drag coeffi-
cient C.

••40 In downhill speed skiing a skier is retarded by both the
air drag force on the body and the kinetic frictional force on the
skis. (a) Suppose the slope angle is u ! 40.0°, the snow is dry snow
with a coefficient of kinetic friction mk ! 0.0400, the mass of the
skier and equipment is m ! 85.0 kg, the cross-sectional area of the
(tucked) skier is A ! 1.30 m2, the drag coefficient is C ! 0.150, and
the air density is 1.20 kg/m3. (a) What is the terminal speed? (b) If a
skier can vary C by a slight amount dC by adjusting, say, the hand
positions, what is the corresponding variation in the terminal
speed?

sec. 6-5 Uniform Circular Motion
•41 A cat dozes on a stationary merry-go-round, at a radius of 5.4
m from the center of the ride. Then the operator turns on the ride

F
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ILW and brings it up to its proper turning rate of one complete rotation
every 6.0 s. What is the least coefficient of static friction between
the cat and the merry-go-round that will allow the cat to stay in
place, without sliding?

•42 Suppose the coefficient of static friction between the road
and the tires on a car is 0.60 and the car has no negative lift. What
speed will put the car on the verge of sliding as it rounds a level
curve of 30.5 m radius?

•43 What is the smallest radius of an unbanked (flat) track
around which a bicyclist can travel if her speed is 29 km/h and the
ms between tires and track is 0.32?

•44 During an Olympic bobsled run, the Jamaican team makes a
turn of radius 7.6 m at a speed of 96.6 km/h. What is their accelera-
tion in terms of g?

••45 A student of weight 667 N rides a steadily
rotating Ferris wheel (the student sits upright). At the highest
point, the magnitude of the normal force on the student from
the seat is 556 N. (a) Does the student feel “light” or “heavy”
there? (b) What is the magnitude of at the lowest point? If the
wheel’s speed is doubled, what is the magnitude FN at the (c) high-
est and (d) lowest point?

••46 A police officer in hot pursuit drives her car through a circular
turn of radius 300 m with a constant speed of 80.0 km/h. Her mass is
55.0 kg.What are (a) the magnitude and (b) the angle (relative to ver-
tical) of the net force of the officer on the car seat? (Hint: Consider
both horizontal and vertical forces.)

••47 A circular-motion addict of mass 80 kg rides a Ferris
wheel around in a vertical circle of radius 10 m at a constant speed
of 6.1 m/s. (a) What is the period of the motion? What is the mag-
nitude of the normal force on the addict from the seat when both
go through (b) the highest point of the circular path and (c) the
lowest point?

••48 A roller-coaster car has a mass of 1200 kg when fully
loaded with passengers. As the car passes over the top of a circu-
lar hill of radius 18 m, its speed is not changing. At the top of the
hill, what are the (a) magnitude FN and (b) direction (up or
down) of the normal force on the car from the track if the car’s
speed is v ! 11 m/s? What are (c) FN and (d) the direction if v !
14 m/s? 

••49 In Fig. 6-39, a car is driven at constant speed over a circular
hill and then into a circular valley with the same radius. At the top
of the hill, the normal force on the driver from the car seat is 0.The
driver’s mass is 70.0 kg. What is the magnitude of the normal force
on the driver from the seat when the car passes through the bottom
of the valley?
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••50 An 85.0 kg passenger is made to move along a circular path
of radius r ! 3.50 m in uniform circular motion. (a) Figure 6-40a is
a plot of the required magnitude F of the net centripetal force for a
range of possible values of the passenger’s speed v. What is the

Frictionless

m

M
F

Fig. 6-38 Problem 35.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B

dA

dB

Before

After

v0

vi
m

M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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and plate are rotated by a constant force of 0.400 N that is applied
by the string tangentially to the edge of the disk. The resulting an-
gular speed is 114 rad/s. What is the rotational inertia of the plate
about the axle?

••56 Figure 10-43 shows
particles 1 and 2, each of
mass m, attached to the ends
of a rigid massless rod of
length L1 ! L2, with L1 " 20
cm and L2 " 80 cm. The rod is held horizontally on the fulcrum
and then released. What are the magnitudes of the initial accelera-
tions of (a) particle 1 and (b) particle 2?

•••57 A pulley, with a rotational inertia of 1.0 #10$3 kg %m2 about its
axle and a radius of 10 cm, is acted on by a force applied tangentially
at its rim. The force magnitude varies in time as F " 0.50t ! 0.30t2,
with F in newtons and t in seconds.The pulley is initially at rest.At
t " 3.0 s what are its (a) angular acceleration and (b) angular speed?

sec. 10-10 Work and Rotational Kinetic Energy
•58 (a) If R " 12 cm, M " 400 g, and m " 50 g in Fig. 10-18, find
the speed of the block after it has descended 50 cm starting from
rest. Solve the problem using energy conservation principles. (b)
Repeat (a) with R " 5.0 cm.

•59 An automobile crankshaft transfers energy from the engine
to the axle at the rate of 100 hp (" 74.6 kW) when rotating at a
speed of 1800 rev/min. What torque (in newton-meters) does the
crankshaft deliver?

•60 A thin rod of length 0.75 m and mass 0.42 kg is suspended
freely from one end. It is pulled to one side and then allowed to swing
like a pendulum, passing through its lowest position with angular
speed 4.0 rad/s. Neglecting friction and air resistance, find (a) the
rod’s kinetic energy at its lowest position and (b) how far above that
position the center of mass rises.

•61 A 32.0 kg wheel, essentially a thin hoop with radius 1.20 m, is
rotating at 280 rev/min. It must be brought to a stop in 15.0 s. (a)
How much work must be done to stop it? (b) What is the required
average power?

••62 In Fig. 10-32, three 0.0100 kg particles have been glued to a
rod of length L " 6.00 cm and negligible mass and can rotate
around a perpendicular axis through point O at one end. How
much work is required to change the rotational rate (a) from 0 to
20.0 rad/s, (b) from 20.0 rad/s to 40.0 rad/s, and (c) from 40.0 rad/s to
60.0 rad/s? (d) What is the slope of a plot of the assembly’s kinetic
energy (in joules) versus the square of its rotation rate (in radians-
squared per second-squared)?

••63 A meter stick is held vertically with one end on
the floor and is then allowed to fall. Find the speed of the other end
just before it hits the floor, assuming that the end on the floor does
not slip. (Hint: Consider the stick to be a thin rod and use the con-
servation of energy principle.)

••64 A uniform cylinder of radius 10 cm and mass 20 kg is
mounted so as to rotate freely about a horizontal axis that is paral-
lel to and 5.0 cm from the central longitudinal axis of the cylinder.
(a) What is the rotational inertia of the cylinder about the axis of
rotation? (b) If the cylinder is released from rest with its central
longitudinal axis at the same height as the axis about which the
cylinder rotates, what is the angular speed of the cylinder as it
passes through its lowest position?

ILWSSM

•••65 A tall, cylindrical chimney falls over when its base is
ruptured.Treat the chimney as a thin rod of length 55.0 m.At the in-
stant it makes an angle of 35.0° with the vertical as it falls, what are
(a) the radial acceleration of the top, and (b) the tangential acceler-
ation of the top. (Hint: Use energy considerations, not a torque.) (c)
At what angle u is the tangential acceleration equal to g?  

•••66 A uniform spherical shell of mass M " 4.5 kg and radius 
R " 8.5 cm can rotate about a vertical axis on frictionless bearings
(Fig. 10-44). A massless cord passes around the equator of the shell,
over a pulley of rotational inertia I " 3.0 # 10$3 kg % m2 and radius
r " 5.0 cm, and is attached to a small object of mass m " 0.60 kg.
There is no friction on the pulley’s axle; the cord does not slip on
the pulley. What is the speed of the object when it has fallen 82 cm
after being released from rest? Use energy considerations.

1 2

L1 L2

Fig. 10-43 Problem 56.

M, R

I, r

m

•••67 Figure 10-45 shows a rigid
assembly of a thin hoop (of mass m
and radius R " 0.150 m) and a thin
radial rod (of mass m and length L "
2.00R). The assembly is upright, but if
we give it a slight nudge, it will rotate
around a horizontal axis in the plane
of the rod and hoop, through the
lower end of the rod. Assuming that
the energy given to the assembly in
such a nudge is negligible, what would be the assembly’s angular
speed about the rotation axis when it passes through the upside-
down (inverted) orientation?

Additional Problems
68 Two uniform solid spheres have the same mass of 1.65 kg, but
one has a radius of 0.226 m and the other has a radius of 0.854 m.
Each can rotate about an axis through its center. (a) What is the
magnitude t of the torque required to bring the smaller sphere
from rest to an angular speed of 317 rad/s in 15.5 s? (b) What is the
magnitude F of the force that must be applied tangentially at the
sphere’s equator to give that torque? What are the corresponding
values of (c) t and (d) F for the larger sphere?

69 In Fig. 10-46, a small disk of radius
r " 2.00 cm has been glued to the edge
of a larger disk of radius R " 4.00 cm so
that the disks lie in the same plane.The
disks can be rotated around a perpen-
dicular axis through point O at the cen-
ter of the larger disk. The disks both
have a uniform density (mass per unit

Fig. 10-44 Problem 66.

Fig. 10-45 Problem 67.

Rotation
axis

Hoop

Rod

O

Fig. 10-46 Problem 69.
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Radius

Radius

Fig. 6-39 Problem 49.

•••35 The two blocks (m ! 16 kg and M ! 88 kg) in Fig. 6-38
are not attached to each other.The co-
efficient of static friction between the
blocks is ms ! 0.38, but the surface
beneath the larger block is friction-
less. What is the minimum magnitude
of the horizontal force required to
keep the smaller block from slipping
down the larger block?

sec. 6-4 The Drag Force and Terminal Speed
•36 The terminal speed of a sky diver is 160 km/h in the spread-
eagle position and 310 km/h in the nosedive position. Assuming
that the diver’s drag coefficient C does not change from one posi-
tion to the other, find the ratio of the effective cross-sectional area
A in the slower position to that in the faster position.

••37 Continuation of Problem 8. Now assume that Eq. 6-14
gives the magnitude of the air drag force on the typical 20 kg stone,
which presents to the wind a vertical cross-sectional area of 0.040
m2 and has a drag coefficient C of 0.80. Take the air density to be
1.21 kg/m3, and the coefficient of kinetic friction to be 0.80. (a) In
kilometers per hour, what wind speed V along the ground is
needed to maintain the stone’s motion once it has started moving?
Because winds along the ground are retarded by the ground, the
wind speeds reported for storms are often measured at a height of
10 m. Assume wind speeds are 2.00 times those along the ground.
(b) For your answer to (a), what wind speed would be reported for
the storm? (c) Is that value reasonable for a high-speed wind in a
storm? (Story continues with Problem 65.)

••38 Assume Eq. 6-14 gives the drag force on a pilot plus ejection
seat just after they are ejected from a plane traveling horizontally
at 1300 km/h. Assume also that the mass of the seat is equal to the
mass of the pilot and that the drag coefficient is that of a sky diver.
Making a reasonable guess of the pilot’s mass and using the ap-
propriate vt value from Table 6-1, estimate the magnitudes of (a)
the drag force on the pilot " seat and (b) their horizontal deceler-
ation (in terms of g), both just after ejection. (The result of (a)
should indicate an engineering requirement: The seat must in-
clude a protective barrier to deflect the initial wind blast away
from the pilot’s head.)

••39 Calculate the ratio of the drag force on a jet flying at 1000
km/h at an altitude of 10 km to the drag force on a prop-driven
transport flying at half that speed and altitude. The density of air is
0.38 kg/m3 at 10 km and 0.67 kg/m3 at 5.0 km. Assume that the air-
planes have the same effective cross-sectional area and drag coeffi-
cient C.

••40 In downhill speed skiing a skier is retarded by both the
air drag force on the body and the kinetic frictional force on the
skis. (a) Suppose the slope angle is u ! 40.0°, the snow is dry snow
with a coefficient of kinetic friction mk ! 0.0400, the mass of the
skier and equipment is m ! 85.0 kg, the cross-sectional area of the
(tucked) skier is A ! 1.30 m2, the drag coefficient is C ! 0.150, and
the air density is 1.20 kg/m3. (a) What is the terminal speed? (b) If a
skier can vary C by a slight amount dC by adjusting, say, the hand
positions, what is the corresponding variation in the terminal
speed?

sec. 6-5 Uniform Circular Motion
•41 A cat dozes on a stationary merry-go-round, at a radius of 5.4
m from the center of the ride. Then the operator turns on the ride

F
:

ILW and brings it up to its proper turning rate of one complete rotation
every 6.0 s. What is the least coefficient of static friction between
the cat and the merry-go-round that will allow the cat to stay in
place, without sliding?

•42 Suppose the coefficient of static friction between the road
and the tires on a car is 0.60 and the car has no negative lift. What
speed will put the car on the verge of sliding as it rounds a level
curve of 30.5 m radius?

•43 What is the smallest radius of an unbanked (flat) track
around which a bicyclist can travel if her speed is 29 km/h and the
ms between tires and track is 0.32?

•44 During an Olympic bobsled run, the Jamaican team makes a
turn of radius 7.6 m at a speed of 96.6 km/h. What is their accelera-
tion in terms of g?

••45 A student of weight 667 N rides a steadily
rotating Ferris wheel (the student sits upright). At the highest
point, the magnitude of the normal force on the student from
the seat is 556 N. (a) Does the student feel “light” or “heavy”
there? (b) What is the magnitude of at the lowest point? If the
wheel’s speed is doubled, what is the magnitude FN at the (c) high-
est and (d) lowest point?

••46 A police officer in hot pursuit drives her car through a circular
turn of radius 300 m with a constant speed of 80.0 km/h. Her mass is
55.0 kg.What are (a) the magnitude and (b) the angle (relative to ver-
tical) of the net force of the officer on the car seat? (Hint: Consider
both horizontal and vertical forces.)

••47 A circular-motion addict of mass 80 kg rides a Ferris
wheel around in a vertical circle of radius 10 m at a constant speed
of 6.1 m/s. (a) What is the period of the motion? What is the mag-
nitude of the normal force on the addict from the seat when both
go through (b) the highest point of the circular path and (c) the
lowest point?

••48 A roller-coaster car has a mass of 1200 kg when fully
loaded with passengers. As the car passes over the top of a circu-
lar hill of radius 18 m, its speed is not changing. At the top of the
hill, what are the (a) magnitude FN and (b) direction (up or
down) of the normal force on the car from the track if the car’s
speed is v ! 11 m/s? What are (c) FN and (d) the direction if v !
14 m/s? 

••49 In Fig. 6-39, a car is driven at constant speed over a circular
hill and then into a circular valley with the same radius. At the top
of the hill, the normal force on the driver from the car seat is 0.The
driver’s mass is 70.0 kg. What is the magnitude of the normal force
on the driver from the seat when the car passes through the bottom
of the valley?

F
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••50 An 85.0 kg passenger is made to move along a circular path
of radius r ! 3.50 m in uniform circular motion. (a) Figure 6-40a is
a plot of the required magnitude F of the net centripetal force for a
range of possible values of the passenger’s speed v. What is the

Frictionless

m

M
F

Fig. 6-38 Problem 35.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B

dA

dB

Before

After

v0
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m
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Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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and plate are rotated by a constant force of 0.400 N that is applied
by the string tangentially to the edge of the disk. The resulting an-
gular speed is 114 rad/s. What is the rotational inertia of the plate
about the axle?

••56 Figure 10-43 shows
particles 1 and 2, each of
mass m, attached to the ends
of a rigid massless rod of
length L1 ! L2, with L1 " 20
cm and L2 " 80 cm. The rod is held horizontally on the fulcrum
and then released. What are the magnitudes of the initial accelera-
tions of (a) particle 1 and (b) particle 2?

•••57 A pulley, with a rotational inertia of 1.0 #10$3 kg %m2 about its
axle and a radius of 10 cm, is acted on by a force applied tangentially
at its rim. The force magnitude varies in time as F " 0.50t ! 0.30t2,
with F in newtons and t in seconds.The pulley is initially at rest.At
t " 3.0 s what are its (a) angular acceleration and (b) angular speed?

sec. 10-10 Work and Rotational Kinetic Energy
•58 (a) If R " 12 cm, M " 400 g, and m " 50 g in Fig. 10-18, find
the speed of the block after it has descended 50 cm starting from
rest. Solve the problem using energy conservation principles. (b)
Repeat (a) with R " 5.0 cm.

•59 An automobile crankshaft transfers energy from the engine
to the axle at the rate of 100 hp (" 74.6 kW) when rotating at a
speed of 1800 rev/min. What torque (in newton-meters) does the
crankshaft deliver?

•60 A thin rod of length 0.75 m and mass 0.42 kg is suspended
freely from one end. It is pulled to one side and then allowed to swing
like a pendulum, passing through its lowest position with angular
speed 4.0 rad/s. Neglecting friction and air resistance, find (a) the
rod’s kinetic energy at its lowest position and (b) how far above that
position the center of mass rises.

•61 A 32.0 kg wheel, essentially a thin hoop with radius 1.20 m, is
rotating at 280 rev/min. It must be brought to a stop in 15.0 s. (a)
How much work must be done to stop it? (b) What is the required
average power?

••62 In Fig. 10-32, three 0.0100 kg particles have been glued to a
rod of length L " 6.00 cm and negligible mass and can rotate
around a perpendicular axis through point O at one end. How
much work is required to change the rotational rate (a) from 0 to
20.0 rad/s, (b) from 20.0 rad/s to 40.0 rad/s, and (c) from 40.0 rad/s to
60.0 rad/s? (d) What is the slope of a plot of the assembly’s kinetic
energy (in joules) versus the square of its rotation rate (in radians-
squared per second-squared)?

••63 A meter stick is held vertically with one end on
the floor and is then allowed to fall. Find the speed of the other end
just before it hits the floor, assuming that the end on the floor does
not slip. (Hint: Consider the stick to be a thin rod and use the con-
servation of energy principle.)

••64 A uniform cylinder of radius 10 cm and mass 20 kg is
mounted so as to rotate freely about a horizontal axis that is paral-
lel to and 5.0 cm from the central longitudinal axis of the cylinder.
(a) What is the rotational inertia of the cylinder about the axis of
rotation? (b) If the cylinder is released from rest with its central
longitudinal axis at the same height as the axis about which the
cylinder rotates, what is the angular speed of the cylinder as it
passes through its lowest position?

ILWSSM

•••65 A tall, cylindrical chimney falls over when its base is
ruptured.Treat the chimney as a thin rod of length 55.0 m.At the in-
stant it makes an angle of 35.0° with the vertical as it falls, what are
(a) the radial acceleration of the top, and (b) the tangential acceler-
ation of the top. (Hint: Use energy considerations, not a torque.) (c)
At what angle u is the tangential acceleration equal to g?  

•••66 A uniform spherical shell of mass M " 4.5 kg and radius 
R " 8.5 cm can rotate about a vertical axis on frictionless bearings
(Fig. 10-44). A massless cord passes around the equator of the shell,
over a pulley of rotational inertia I " 3.0 # 10$3 kg % m2 and radius
r " 5.0 cm, and is attached to a small object of mass m " 0.60 kg.
There is no friction on the pulley’s axle; the cord does not slip on
the pulley. What is the speed of the object when it has fallen 82 cm
after being released from rest? Use energy considerations.

1 2

L1 L2

Fig. 10-43 Problem 56.

M, R

I, r

m

•••67 Figure 10-45 shows a rigid
assembly of a thin hoop (of mass m
and radius R " 0.150 m) and a thin
radial rod (of mass m and length L "
2.00R). The assembly is upright, but if
we give it a slight nudge, it will rotate
around a horizontal axis in the plane
of the rod and hoop, through the
lower end of the rod. Assuming that
the energy given to the assembly in
such a nudge is negligible, what would be the assembly’s angular
speed about the rotation axis when it passes through the upside-
down (inverted) orientation?

Additional Problems
68 Two uniform solid spheres have the same mass of 1.65 kg, but
one has a radius of 0.226 m and the other has a radius of 0.854 m.
Each can rotate about an axis through its center. (a) What is the
magnitude t of the torque required to bring the smaller sphere
from rest to an angular speed of 317 rad/s in 15.5 s? (b) What is the
magnitude F of the force that must be applied tangentially at the
sphere’s equator to give that torque? What are the corresponding
values of (c) t and (d) F for the larger sphere?

69 In Fig. 10-46, a small disk of radius
r " 2.00 cm has been glued to the edge
of a larger disk of radius R " 4.00 cm so
that the disks lie in the same plane.The
disks can be rotated around a perpen-
dicular axis through point O at the cen-
ter of the larger disk. The disks both
have a uniform density (mass per unit

Fig. 10-44 Problem 66.

Fig. 10-45 Problem 67.

Rotation
axis

Hoop

Rod

O

Fig. 10-46 Problem 69.
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היא עוברת רבע 1) ילדה רצה לאורך מעגל אופקי כך שגודל המהירות שלה קבוע.
גודל התאוצה שלה הוא .5 s תוך ,25m באורך מעגל,

A B C D E
0.3m/s2 0.6m/s2 1.6m/s2 3.9m/s2 6.3m/s2

מחוברים באמצעות חוט במנוחה, 350N ו 250N אשר שוקלים 2) שני גופים,
המערכת החוט עובר מעל גלגלת ללא מסה וללא חיכוך. ללא מסה שאינו מתארך.

כוח המתיחות בחוט הנו משוחררת לנוע.
A B C D E
210N 290N 410N 500N 990N

מאיץ בכיוון אופקי את הגוף אשר נמצא על משטח אופקי 50N 3) כוח שגודלו
באיזה כיוון יש לכוון את הכוח לקבלת תאוצה .1. מקדם חיכוך קינטי הנו מחוספס.

מקסימלית ?
A B C D E
60◦ מעל
לאופק

45◦ מעל
לאופק

60◦ מתחת
לאופק

45◦ מתחל
לאופק

בכיוון אופקי

הנם b ו a כאן .F = ax+ bx2 הוא מגיב בכוח x 4) כאשר מותחים פס גומי באורך
שווה x = L ל x = 0 העבודה הדרושה כדי למתוח את הגומי מ קבועים.

A B C D E
aL2 + bLx3 aL+ 2bL2 a+ 2bL bL aL2/2+bL3/3

5) כוח שפועל על חלקיק הנו משמר אם
A B C D E
עבודתו שווה
לשינוי אנרגיה
קינטית של
שחלקיק

הוא מקיים
חוק שני של
ניוטון

הוא מקיים
חוק שלישי
של ניוטון

עבודתו
תלויה
בנקודת
התחלה
ונקודת הסוף
ולא תלויה
במסלול בין
שתי הנקודות

הוא איננו
כוח החיכוך

20N/m קבוע הקפיץ הנו בכיוון אופקי. 15g 6) קפיץ מושלם משמש לזריקת המסה
ברגע עזיבת הקפיץ אנרגיה קינטית של המסה היא בהתחלה. 7 cm והוא מכווץ ב

A B C D E
0 2.5 · 10−2 J 4.9 · 10−2 J 9.8 · 10−2 J 1.4 J

נע במהירות 8kg שמסתו B כאשר גוף ,2m/s נע במהירות 4kg שמסתו A 7) גוף
מהירות של מרכז המסה של שני הגופים היא .A בכיוון הפוך לכיוון תנועתו של 3m/s

2



A B C D E
1.3m/s
בכיוון תנועתו
A של

1.3m/s
בכיוון תנועתו
B של

2.7m/s
בכיוון תנועתו
A של

1.0m/s
בכיוון תנועתו
B של

5.0m/s
בכיוון תנועתו
A של

תאוצה זוויתית היא בהתחלה. 18 rad/s 8) מהירות זוויתית של גלגל מסתובב היא
עד העצירה הגלגל מסתובב לזווית .−2 rad/s2

A B C D E
81 rad 160 rad 245 rad 330 rad 410 rad

9) מומנט ההתמד של כדור מלא אחיד ביחס לציר העובר דרך מרכז המסה הנו
הכדור תלוי בחוט בעל אורך הוא רדיוס שלו. R היא מסה שלו ו M כאשר ,(2/5)MR2

מהו מומנט ההתמד של הכדור ביחס לנקודת התלייה אשר מחובר לפני כדור. 3R

A B C D E
(2/5)MR2 9MR2 16MR2 (47/5)MR2 (82/5)MR2

10) בתנועה הרמונית פשוטה התזוזה משיווי משקל מקסימלית כאשר
A B C D E
התאוצה הנה
אפס

המהירות
היא
מקסימלית

המהירות
היא אפס

אנרגיה
קינטית היא
מקסימלית

התנע הנו
מקסימלי

3



אין סעיפים כל שאלה 20 נק', חלק ב' - שאלות פתוחות,

אם נתונים אשר עצר באדום (ראו שרטוט), ,B ברכב A 1) באיזו מהירות פגע רכב
? µ ומקדם חיכוך קינטי ,v0 ,d ,θ
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••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
:

!

!

B

A

d

v0

!

P
x

mC

F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?

v 
(m

/s
)

0 0.5
t (s)

1.0

vs

Fig. 6-30 Problem 24.
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2) כדור גדול ומעליו כדור קטן משוחררים בו זמנית מאותו גובה (להזניח את
כל ההתנגשויות אלסטיות. להתייחס כאילו הם גופים נקודתיים). רדיוסים של הכדורים,

מה צריך להיות יחס המסות כדי שהכדור הגדול יישאר על הרצפה ?
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••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
:

!

!

B

A

d

v0

!

P
x

mC

F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?

v 
(m

/s
)

0 0.5
t (s)

1.0

vs

Fig. 6-30 Problem 24.
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x (cm)
0 xw

1 2

Fig. 9-66 Problem 67.

h

1

2
Frictionless µk

Fig. 9-67 Problem 68.

1 2

2d d

Fig. 9-69 Problem 70.

speeds are vAi 5.5 m/s, vBi 2.5
m/s, and vBf 4.9 m/s. What are the
(a) speed and (b) direction (left or
right) of velocity ? (c) Is the col-
lision elastic?

•61 A cart with mass 340 g
moving on a frictionless linear air
track at an initial speed of 1.2 m/s
undergoes an elastic collision with
an initially stationary cart of un-
known mass. After the collision, the first cart continues in its origi-
nal direction at 0.66 m/s. (a) What is the mass of the second cart?
(b) What is its speed after impact? (c) What is the speed of the two-
cart center of mass?

•62 Two titanium spheres approach each other head-on with the
same speed and collide elastically. After the collision, one of the
spheres, whose mass is 300 g, remains at rest. (a) What is the mass
of the other sphere? (b) What is the speed of the two-sphere center
of mass if the initial speed of each sphere is 2.00 m/s?

••63 Block 1 of mass m1 slides along a frictionless floor and into a
one-dimensional elastic collision with stationary block 2 of mass
m2 ! 3m1. Prior to the collision, the center of mass of the two-
block system had a speed of 3.00 m/s. Afterward, what are the
speeds of (a) the center of mass and (b) block 2?

••64 A steel ball of mass 0.500 kg
is fastened to a cord that is 70.0 cm long
and fixed at the far end.The ball is then
released when the cord is horizontal
(Fig. 9-65). At the bottom of its path,
the ball strikes a 2.50 kg steel block ini-
tially at rest on a frictionless surface.
The collision is elastic. Find (a) the
speed of the ball and (b) the speed of
the block, both just after the collision.

••65 A body of mass 2.0 kg makes an elastic collision with
another body at rest and continues to move in the original
direction but with one-fourth of its original speed. (a) What is the
mass of the other body? (b) What is the speed of the two-body cen-
ter of mass if the initial speed of the 2.0 kg body was 4.0 m/s?

••66 Block 1, with mass m1 and speed 4.0 m/s, slides along an x
axis on a frictionless floor and then undergoes a one-dimensional
elastic collision with stationary block 2, with mass m2 ! 0.40m1.The
two blocks then slide into a region where the coefficient of kinetic
friction is 0.50; there they stop. How far into that region do (a)
block 1 and (b) block 2 slide?

••67 In Fig. 9-66, particle 1 of mass m1 ! 0.30 kg slides rightward
along an x axis on a frictionless floor with a speed of 2.0 m/s. When
it reaches x 0, it undergoes a one-dimensional elastic collision
with stationary particle 2 of mass m2 0.40 kg. When particle 2
then reaches a wall at xw 70 cm, it bounces from the wall with no
loss of speed. At what position on the x axis does particle 2 then
collide with particle 1?

!
!

!

SSM

SSM

v:Af

!
!! ••68 In Fig. 9-67, block 1 of mass m1 slides from rest along a

frictionless ramp from height h 2.50 m and then collides with
stationary block 2, which has mass m2 ! 2.00m1.After the collision,
block 2 slides into a region where the coefficient of kinetic friction
mk is 0.500 and comes to a stop in distance d within that region.
What is the value of distance d if the collision is (a) elastic and (b)
completely inelastic?

!

vAf  = ? vBf 

vAi vBi

Fig. 9-64 Problem 60.

Fig. 9-65 Problem 64.

•••69 A small ball of mass m
is aligned above a larger ball of
mass M ! 0.63 kg (with a slight sep-
aration, as with the baseball and bas-
ketball of Fig. 9-68a), and the two are
dropped simultaneously from a
height of h ! 1.8 m. (Assume the ra-
dius of each ball is negligible relative
to h.) (a) If the larger ball rebounds
elastically from the floor and then
the small ball rebounds elastically
from the larger ball, what value of m
results in the larger ball stopping
when it collides with the small ball?
(b) What height does the small ball
then reach (Fig. 9-68b)?

•••70 In Fig. 9-69, puck 1 of mass m1 ! 0.20 kg is sent sliding
across a frictionless lab bench, to undergo a one-dimensional elas-
tic collision with stationary puck 2. Puck 2 then slides off the bench
and lands a distance d from the base of the bench. Puck 1 rebounds
from the collision and slides off the opposite edge of the bench,
landing a distance 2d from the base of the bench. What is the mass
of puck 2? (Hint: Be careful with signs.)

Basketball

Baseball

(a) Before (b) After

Fig. 9-68 Problem 69.

sec. 9-11 Collisions in Two Dimensions
••71 In Fig. 9-21, projectile particle 1 is an alpha particle and
target particle 2 is an oxygen nucleus. The alpha particle is scat-
tered at angle u1 64.0° and the oxygen nucleus recoils with speed
1.20 " 105 m/s and at angle u2 51.0°. In atomic mass units, the
mass of the alpha particle is 4.00 u and the mass of the oxygen nu-
cleus is 16.0 u.What are the (a) final and (b) initial speeds of the al-
pha particle?

••72 Ball B, moving in the positive direction of an x axis at speed
v, collides with stationary ball A at the origin. A and B have differ-
ent masses.After the collision, B moves in the negative direction of
the y axis at speed v/2. (a) In what direction does A move? (b)

!
!

ILW

halliday_c09_201-240v2.qxd  4-09-2009  17:37  Page 236

mass m ! M/4.00 on its outer edge, at radius R2. By how much does
the cat increase the kinetic energy of the cat–ring system if the cat
crawls to the inner edge, at radius R1?   

••55 A horizontal vinyl record of mass 0.10 kg and radius 0.10 m
rotates freely about a vertical axis through its center with an angu-
lar speed of 4.7 rad/s. The rotational inertia of the record about its
axis of rotation is 5.0 " 10#4 kg $ m2. A wad of wet putty of mass
0.020 kg drops vertically onto the record from above and sticks to
the edge of the record. What is the angular speed of the record im-
mediately after the putty sticks to it?

••56 In a long jump, an athlete leaves the ground with an
initial angular momentum that tends to rotate her body forward,
threatening to ruin her landing. To counter this tendency, she ro-
tates her outstretched arms to “take up” the angular momentum
(Fig. 11-18). In 0.700 s, one arm sweeps through 0.500 rev and the
other arm sweeps through 1.000 rev.Treat each arm as a thin rod of
mass 4.0 kg and length 0.60 m, rotating around one end. In the ath-
lete’s reference frame, what is the magnitude of the total angular
momentum of the arms around the common rotation axis through
the shoulders?

••57 A uniform disk of mass 10m and radius 3.0r can rotate freely
about its fixed center like a merry-go-round. A smaller uniform
disk of mass m and radius r lies on top of the larger disk, concentric
with it. Initially the two disks rotate together with an angular ve-
locity of 20 rad/s. Then a slight disturbance causes the smaller disk
to slide outward across the larger disk, until the outer edge of the
smaller disk catches on the outer edge of the larger disk.Afterward,
the two disks again rotate together (without further sliding). (a) What
then is their angular velocity about the center of the larger disk? (b)
What is the ratio K /K0 of the new kinetic energy of the two-disk sys-
tem to the system’s initial kinetic energy?

••58 A horizontal platform in the shape of a circular disk rotates
on a frictionless bearing about a vertical axle through the center of
the disk.The platform has a mass of 150 kg, a radius of 2.0 m, and a
rotational inertia of 300 kg $ m2 about the axis of rotation. A 60 kg
student walks slowly from the rim of the platform toward the cen-
ter. If the angular speed of the system is 1.5 rad/s when the student
starts at the rim, what is the angular speed when she is 0.50 m from
the center?

••59 Figure 11-52 is an overhead
view of a thin uniform rod of length
0.800 m and mass M rotating horizon-
tally at angular speed 20.0 rad/s about
an axis through its center. A particle
of mass M/3.00 initially attached to
one end is ejected from the rod and travels along a path that is per-
pendicular to the rod at the instant of ejection. If the particle’s speed
vp is 6.00 m/s greater than the speed of
the rod end just after ejection, what is
the value of vp?

••60 In Fig. 11-53, a 1.0 g bullet is
fired into a 0.50 kg block attached to
the end of a 0.60 m nonuniform rod of
mass 0.50 kg. The block–rod–bullet
system then rotates in the plane of the
figure, about a fixed axis at A. The ro-
tational inertia of the rod alone about
that axis at A is 0.060 kg $ m2. Treat the
block as a particle. (a) What then is

the rotational inertia of the block–rod–bullet system about point
A? (b) If the angular speed of the system about A just after impact
is 4.5 rad/s, what is the bullet’s speed just before impact?

••61 The uniform rod (length 0.60
m, mass 1.0 kg) in Fig. 11-54 rotates
in the plane of the figure about an
axis through one end, with a rota-
tional inertia of 0.12 kg $m2. As the
rod swings through its lowest posi-
tion, it collides with a 0.20 kg putty
wad that sticks to the end of the rod.
If the rod’s angular speed just before
collision is 2.4 rad/s, what is the angu-
lar speed of the rod–putty system
immediately after collision?

•••62 During a jump to his
partner, an aerialist is to make a quadruple somersault lasting a
time t ! 1.87 s. For the first and last quarter-revolution, he is in the
extended orientation shown in Fig. 11-55, with rotational inertia 
I1 ! 19.9 kg $m2 around his center of mass (the dot). During the
rest of the flight he is in a tight tuck, with rotational inertia I2 !
3.93 kg $m2. What must be his angular speed v 2 around his center
of mass during the tuck?
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Rotation
axis

Fig. 11-52 Problem 59.

A

Bullet
Block

Rod

Fig. 11-53 Problem 60.

Fig. 11-54 Problem 61.

Rod

Rotation axis
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Parabolic
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I1

!1

I2

!2

!1

Fig. 11-55 Problem 62.

•••63 In Fig. 11-56, a 30 kg
child stands on the edge of a sta-
tionary merry-go-round of radius
2.0 m. The rotational inertia of the
merry-go-round about its rotation
axis is 150 kg $ m2. The child catches
a ball of mass 1.0 kg thrown by a
friend. Just before the ball is caught,
it has a horizontal velocity of mag-
nitude 12 m/s, at angle f ! 37° with
a line tangent to the outer edge of
the merry-go-round, as shown. What is the angular speed of the
merry-go-round just after the ball is caught?

•••64 A ballerina begins a tour jeté (Fig. 11-19a) with an-
gular speed and a rotational inertia consisting of two parts:

for her leg extended outward at angle 
to her body and for the rest of her body (pri-Itrunk ! 0.660 kg $m2

% ! 90.0&Ileg ! 1.44 kg $m2
'i

v:

Fig. 11-56 Problem 63.

"

Child

Ball

v
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מהירות הקליע לפני רגע לפני פוגע בגוף נקודתי ונשאר בו. m 3( קליע בעל מסה
הגוף מחובר לקצה של מוט וכל .M מסת הגוף הנה בכיוון אופקי. v הפגיעה הנה
ומסתו l אורך המוט הנו .A המערכת יכולה להסתובב סביר ציר הסיבוב המקובע
אחרי .I הנו A המוט אינו אחיד ומומנט ההתמד שלו ביחס לציר הסיבוב .M0 היא
מה .θ הגוף והקליע ביחד) מסתובבת לזווית מקסימלית הפגיעה כל המערכת (המוט,

לבין מרכז המסה של המוט ? A המרחק בין
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••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
:

!

!

B

A

d

v0

!

P
x

mC

F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?

v 
(m

/s
)

0 0.5
t (s)

1.0

vs

Fig. 6-30 Problem 24.

halliday_c06_116-139hr.qxd  17-09-2009  12:36  Page 132

236 CHAPTE R 9 CE NTE R OF MASS AN D LI N EAR MOM E NTU M

HALLIDAY REVISED

x (cm)
0 xw

1 2

Fig. 9-66 Problem 67.

h

1

2
Frictionless µk

Fig. 9-67 Problem 68.

1 2

2d d

Fig. 9-69 Problem 70.

speeds are vAi 5.5 m/s, vBi 2.5
m/s, and vBf 4.9 m/s. What are the
(a) speed and (b) direction (left or
right) of velocity ? (c) Is the col-
lision elastic?

•61 A cart with mass 340 g
moving on a frictionless linear air
track at an initial speed of 1.2 m/s
undergoes an elastic collision with
an initially stationary cart of un-
known mass. After the collision, the first cart continues in its origi-
nal direction at 0.66 m/s. (a) What is the mass of the second cart?
(b) What is its speed after impact? (c) What is the speed of the two-
cart center of mass?

•62 Two titanium spheres approach each other head-on with the
same speed and collide elastically. After the collision, one of the
spheres, whose mass is 300 g, remains at rest. (a) What is the mass
of the other sphere? (b) What is the speed of the two-sphere center
of mass if the initial speed of each sphere is 2.00 m/s?

••63 Block 1 of mass m1 slides along a frictionless floor and into a
one-dimensional elastic collision with stationary block 2 of mass
m2 ! 3m1. Prior to the collision, the center of mass of the two-
block system had a speed of 3.00 m/s. Afterward, what are the
speeds of (a) the center of mass and (b) block 2?

••64 A steel ball of mass 0.500 kg
is fastened to a cord that is 70.0 cm long
and fixed at the far end.The ball is then
released when the cord is horizontal
(Fig. 9-65). At the bottom of its path,
the ball strikes a 2.50 kg steel block ini-
tially at rest on a frictionless surface.
The collision is elastic. Find (a) the
speed of the ball and (b) the speed of
the block, both just after the collision.

••65 A body of mass 2.0 kg makes an elastic collision with
another body at rest and continues to move in the original
direction but with one-fourth of its original speed. (a) What is the
mass of the other body? (b) What is the speed of the two-body cen-
ter of mass if the initial speed of the 2.0 kg body was 4.0 m/s?

••66 Block 1, with mass m1 and speed 4.0 m/s, slides along an x
axis on a frictionless floor and then undergoes a one-dimensional
elastic collision with stationary block 2, with mass m2 ! 0.40m1.The
two blocks then slide into a region where the coefficient of kinetic
friction is 0.50; there they stop. How far into that region do (a)
block 1 and (b) block 2 slide?

••67 In Fig. 9-66, particle 1 of mass m1 ! 0.30 kg slides rightward
along an x axis on a frictionless floor with a speed of 2.0 m/s. When
it reaches x 0, it undergoes a one-dimensional elastic collision
with stationary particle 2 of mass m2 0.40 kg. When particle 2
then reaches a wall at xw 70 cm, it bounces from the wall with no
loss of speed. At what position on the x axis does particle 2 then
collide with particle 1?

!
!

!

SSM

SSM

v:Af

!
!! ••68 In Fig. 9-67, block 1 of mass m1 slides from rest along a

frictionless ramp from height h 2.50 m and then collides with
stationary block 2, which has mass m2 ! 2.00m1.After the collision,
block 2 slides into a region where the coefficient of kinetic friction
mk is 0.500 and comes to a stop in distance d within that region.
What is the value of distance d if the collision is (a) elastic and (b)
completely inelastic?

!

vAf  = ? vBf 

vAi vBi

Fig. 9-64 Problem 60.

Fig. 9-65 Problem 64.

•••69 A small ball of mass m
is aligned above a larger ball of
mass M ! 0.63 kg (with a slight sep-
aration, as with the baseball and bas-
ketball of Fig. 9-68a), and the two are
dropped simultaneously from a
height of h ! 1.8 m. (Assume the ra-
dius of each ball is negligible relative
to h.) (a) If the larger ball rebounds
elastically from the floor and then
the small ball rebounds elastically
from the larger ball, what value of m
results in the larger ball stopping
when it collides with the small ball?
(b) What height does the small ball
then reach (Fig. 9-68b)?

•••70 In Fig. 9-69, puck 1 of mass m1 ! 0.20 kg is sent sliding
across a frictionless lab bench, to undergo a one-dimensional elas-
tic collision with stationary puck 2. Puck 2 then slides off the bench
and lands a distance d from the base of the bench. Puck 1 rebounds
from the collision and slides off the opposite edge of the bench,
landing a distance 2d from the base of the bench. What is the mass
of puck 2? (Hint: Be careful with signs.)

Basketball

Baseball

(a) Before (b) After

Fig. 9-68 Problem 69.

sec. 9-11 Collisions in Two Dimensions
••71 In Fig. 9-21, projectile particle 1 is an alpha particle and
target particle 2 is an oxygen nucleus. The alpha particle is scat-
tered at angle u1 64.0° and the oxygen nucleus recoils with speed
1.20 " 105 m/s and at angle u2 51.0°. In atomic mass units, the
mass of the alpha particle is 4.00 u and the mass of the oxygen nu-
cleus is 16.0 u.What are the (a) final and (b) initial speeds of the al-
pha particle?

••72 Ball B, moving in the positive direction of an x axis at speed
v, collides with stationary ball A at the origin. A and B have differ-
ent masses.After the collision, B moves in the negative direction of
the y axis at speed v/2. (a) In what direction does A move? (b)

!
!

ILW
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mass m ! M/4.00 on its outer edge, at radius R2. By how much does
the cat increase the kinetic energy of the cat–ring system if the cat
crawls to the inner edge, at radius R1?   

••55 A horizontal vinyl record of mass 0.10 kg and radius 0.10 m
rotates freely about a vertical axis through its center with an angu-
lar speed of 4.7 rad/s. The rotational inertia of the record about its
axis of rotation is 5.0 " 10#4 kg $ m2. A wad of wet putty of mass
0.020 kg drops vertically onto the record from above and sticks to
the edge of the record. What is the angular speed of the record im-
mediately after the putty sticks to it?

••56 In a long jump, an athlete leaves the ground with an
initial angular momentum that tends to rotate her body forward,
threatening to ruin her landing. To counter this tendency, she ro-
tates her outstretched arms to “take up” the angular momentum
(Fig. 11-18). In 0.700 s, one arm sweeps through 0.500 rev and the
other arm sweeps through 1.000 rev.Treat each arm as a thin rod of
mass 4.0 kg and length 0.60 m, rotating around one end. In the ath-
lete’s reference frame, what is the magnitude of the total angular
momentum of the arms around the common rotation axis through
the shoulders?

••57 A uniform disk of mass 10m and radius 3.0r can rotate freely
about its fixed center like a merry-go-round. A smaller uniform
disk of mass m and radius r lies on top of the larger disk, concentric
with it. Initially the two disks rotate together with an angular ve-
locity of 20 rad/s. Then a slight disturbance causes the smaller disk
to slide outward across the larger disk, until the outer edge of the
smaller disk catches on the outer edge of the larger disk.Afterward,
the two disks again rotate together (without further sliding). (a) What
then is their angular velocity about the center of the larger disk? (b)
What is the ratio K /K0 of the new kinetic energy of the two-disk sys-
tem to the system’s initial kinetic energy?

••58 A horizontal platform in the shape of a circular disk rotates
on a frictionless bearing about a vertical axle through the center of
the disk.The platform has a mass of 150 kg, a radius of 2.0 m, and a
rotational inertia of 300 kg $ m2 about the axis of rotation. A 60 kg
student walks slowly from the rim of the platform toward the cen-
ter. If the angular speed of the system is 1.5 rad/s when the student
starts at the rim, what is the angular speed when she is 0.50 m from
the center?

••59 Figure 11-52 is an overhead
view of a thin uniform rod of length
0.800 m and mass M rotating horizon-
tally at angular speed 20.0 rad/s about
an axis through its center. A particle
of mass M/3.00 initially attached to
one end is ejected from the rod and travels along a path that is per-
pendicular to the rod at the instant of ejection. If the particle’s speed
vp is 6.00 m/s greater than the speed of
the rod end just after ejection, what is
the value of vp?

••60 In Fig. 11-53, a 1.0 g bullet is
fired into a 0.50 kg block attached to
the end of a 0.60 m nonuniform rod of
mass 0.50 kg. The block–rod–bullet
system then rotates in the plane of the
figure, about a fixed axis at A. The ro-
tational inertia of the rod alone about
that axis at A is 0.060 kg $ m2. Treat the
block as a particle. (a) What then is

the rotational inertia of the block–rod–bullet system about point
A? (b) If the angular speed of the system about A just after impact
is 4.5 rad/s, what is the bullet’s speed just before impact?

••61 The uniform rod (length 0.60
m, mass 1.0 kg) in Fig. 11-54 rotates
in the plane of the figure about an
axis through one end, with a rota-
tional inertia of 0.12 kg $m2. As the
rod swings through its lowest posi-
tion, it collides with a 0.20 kg putty
wad that sticks to the end of the rod.
If the rod’s angular speed just before
collision is 2.4 rad/s, what is the angu-
lar speed of the rod–putty system
immediately after collision?

•••62 During a jump to his
partner, an aerialist is to make a quadruple somersault lasting a
time t ! 1.87 s. For the first and last quarter-revolution, he is in the
extended orientation shown in Fig. 11-55, with rotational inertia 
I1 ! 19.9 kg $m2 around his center of mass (the dot). During the
rest of the flight he is in a tight tuck, with rotational inertia I2 !
3.93 kg $m2. What must be his angular speed v 2 around his center
of mass during the tuck?
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Rotation
axis

Fig. 11-52 Problem 59.

A

Bullet
Block

Rod

Fig. 11-53 Problem 60.

Fig. 11-54 Problem 61.

Rod

Rotation axis

Release
Catch

Parabolic
path of
aerialist

Tuck

I1
I1

!1

I2

!2

!1

Fig. 11-55 Problem 62.

•••63 In Fig. 11-56, a 30 kg
child stands on the edge of a sta-
tionary merry-go-round of radius
2.0 m. The rotational inertia of the
merry-go-round about its rotation
axis is 150 kg $ m2. The child catches
a ball of mass 1.0 kg thrown by a
friend. Just before the ball is caught,
it has a horizontal velocity of mag-
nitude 12 m/s, at angle f ! 37° with
a line tangent to the outer edge of
the merry-go-round, as shown. What is the angular speed of the
merry-go-round just after the ball is caught?

•••64 A ballerina begins a tour jeté (Fig. 11-19a) with an-
gular speed and a rotational inertia consisting of two parts:

for her leg extended outward at angle 
to her body and for the rest of her body (pri-Itrunk ! 0.660 kg $m2

% ! 90.0&Ileg ! 1.44 kg $m2
'i

v:

Fig. 11-56 Problem 63.

"

Child

Ball

v

halliday_c11_275-304hr2.qxd  29-09-2009  13:18  Page 302

4



במהירות זורמים בנחל המים עומדים. במים 10km/h במהירות לנוע יכולה סירה 1)
צריכה כיוון באיזה לגדה. ביחס צפונה בדיוק לנוע חייבת הסירה מערבה. 5km/h

? למים ביחס הסירה לנוע

A B C D E
20◦, צפון-
מזרחה

30◦, צפון-
מזרחה

45◦, צפון-
מזרחה

60◦, צפון-
מזרחה

תלוי ברוחב
הנחל

שמחובר בחוט תלוי כדור .3m/s2 בתאוצה ישר קוו לאורך אופקית נע רכב 2)
? לאנך החוט בין זווית מה לרכב. ביחס במנוחה נמצא הכדור הרכב. לתקרת

A B C D E
17◦ 45◦ 57◦ 68◦ לדעת צריכים

אורך את
החוט

הקרש של אחד קצה .10m שאורכו אופקי מחוספס קרש על מונח קטן גוף 3)
מתחיל הגוף השני, הקצה מעל 6m של בגובה הוא כאשר באטיות. להרים מתחילים

הנו סטטי חיכוך מקדם להחליק.
A B C D E
0.8 0.25 0.4 0.6 0.75

החופשי לקצה מחוברת 2kg מסה כאשר מתקרה. אנכית תלוי מושלם קפיץ 4)
מתארך הקפיץ נוסף, כוח שמפעילים לאחר .6 cm הנה הקפיץ התארכות הקפיץ, של
הכוח ע"י מוארך שהוא הזמן במשך הקפיץ שעושה העבודה מהי נוספים. 10 cm ב

? הנוסף
A B C D E
−3.6 J −2.7 J −3.4 · 10−5 J 3.3 J 3.6 J

בהתחלה אחרים. מגופים השפעה ואין זה על זה כוחות מפעילים גופים שני 5)
הגופים גומלין פעולת של בסוף .10m/s במהירות נע B וגוף 5m/s במהירות נע A גוף
ו 4m/s במהירות נע A משתנות: שלהם מהירויות אבל התחלתיים למקומם חוזרים

כי: להסיק אפשר .7m/s במהירות נע B
A B C D E
אנרגיה
פוטנציאלית
התשנתה

אנרגיה
גדלה מכנית
כוחות בגלל
משמרים לא

אנרגיה
קטנה מכנית
כוחות בגלל
משמרים לא

אנרגיה
גדלה מכנית
כוחות בגלל
משמרים

אנרגיה
קטנה מכנית
כוחות בגלל
משמרים

.80N/m קפיץ קבוע בעל מושלם קפיץ של אחד לקצה מחובר 0.5kg שמסתו גוך 6)

חיכוך. ללא אופקי משטח על מתנדנד והגוף לקיר מחובר הקפיץ של האחר קצהו
המהירות .0.5m/s הנה הגוף מהירות הרפוי, מאורכו 4 cm ב גדול הקפיץ אורך כאשר

(בערך) הנה הגוף של המקסימלית

2



A B C D E
0.2m/s 0.3m/s 0.5m/s 0.7m/s 0.9m/s

אם מקום באותו נשאר החלקיקים מערכת של המסה מרכז 7)
A B C D E
זז לא הוא
בהתחלה
כל וסכום
הכוחות
החיצוניים
לאפס שווה

זז לא הוא
בהתחלה
כל וסכום
הכוחות
הפנימיים
לאפס שווה

כל סכום
הכוחות
החיצוניים
מכוח קטן
סטטי חיכוך
מקסימלי

כוחות אין
חיכוך
פנימיים

תשובה אף
איננה מהנ"ל
נכונה

ע"י הנתונה משתנה זוויתית בתאוצה מנוחה ממצב להסתובב מתחיל גלגל 8)
מסתובב הגלגל t זמן תוך בשניות. נמדד t הזמן כאשר ,α(t) = 6t2 (rad/s4) הביטוי

לזווית
A B C D E
[(1/8)t4] rad [(1/4)t4] rad [(1/2)t4] rad [t4] rad 12 rad

כאשר .0.7kg·m2 הוא מרכזה דרך העובר לציר ביחס דיסקה של ההתמד מומנט 9)
הוא החדש ההתמד מומנט הסיבוב, מציר 0.4m במרחק 2kg נקודתית מסה מוסיפים

A B C D E
0.5kg ·m2 0.3kg ·m2 0.7kg ·m2 0.8kg ·m2 1.0kg ·m2

ע"י נקבעים הרמוני מתנד של (פאזה) ומופע (אמפליטודה) תנופה 10)
A B C D E
תדירות תדירות

זוויתית
מיקום
התחלתי
בלבד

מהירות
התחלתית
בלבד

מיקום
התחלתי
ומהירות
התחלתית
ביחד

3



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות - ב' חלק

ל מופעל F כוח בהתאמה. ,mW ו mC מסות בעלי גופים, שני נראים בשרטוט 1)
איזה בהתאמה. fW ו fC הנם הגופים על הפועלים החיכוך כוחות אופקי. בכיוון mC

? W גוף על C גוף מפעיל כוח
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••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
:

!

!

B

A

d

v0

!

P
x

mC

F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?
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Fig. 6-30 Problem 24.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B
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v0
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M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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The scale on the t axis is set by ts ! 4.0 N "m. What is the angular
momentum of the disk about the rotation axis at times (a) t ! 7.0 s
and (b) t ! 20 s?

sec. 11-11 Conservation of Angular Momentum
•43 In Fig. 11-47, two skaters, each
of mass 50 kg, approach each other
along parallel paths separated by 3.0
m. They have opposite velocities of
1.4 m/s each. One skater carries one
end of a long pole of negligible mass,
and the other skater grabs the other
end as she passes. The skaters then
rotate around the center of the pole. Assume that the friction
between skates and ice is negligible. What are (a) the radius of the
circle, (b) the angular speed of the skaters, and (c) the kinetic energy
of the two-skater system? Next, the skaters pull along the pole until
they are separated by 1.0 m. What then are (d) their angular speed
and (e) the kinetic energy of the system? (f) What provided the en-
ergy for the increased kinetic energy?

•44 A Texas cockroach of mass 0.17 kg runs counterclockwise
around the rim of a lazy Susan (a circular disk mounted on a verti-
cal axle) that has radius 15 cm, rotational inertia 5.0 # 10$3 kg " m2,
and frictionless bearings. The cockroach’s speed (relative to the
ground) is 2.0 m/s, and the lazy Susan turns clockwise with angular
speed v0 ! 2.8 rad/s.The cockroach finds a bread crumb on the rim
and, of course, stops. (a) What is the angular speed of the lazy
Susan after the cockroach stops? (b) Is mechanical energy con-
served as it stops?

•45 A man stands on a platform that is rotating
(without friction) with an angular speed of 1.2 rev/s; his arms are
outstretched and he holds a brick in each hand.The rotational iner-
tia of the system consisting of the man, bricks, and platform about
the central vertical axis of the platform is 6.0 kg " m2. If by moving
the bricks the man decreases the rotational inertia of the system to
2.0 kg " m2, what are (a) the resulting angular speed of the platform
and (b) the ratio of the new kinetic energy of the system to the
original kinetic energy? (c) What source provided the added 
kinetic energy?

•46 The rotational inertia of a collapsing spinning star drops to 
its initial value. What is the ratio of the new rotational kinetic en-
ergy to the initial rotational kinetic energy?

•47 A track is mounted on a
large wheel that is free to turn with
negligible friction about a vertical
axis (Fig. 11-48). A toy train of mass
m is placed on the track and, with
the system initially at rest, the
train’s electrical power is turned on. The train reaches speed 0.15
m/s with respect to the track.What is the angular speed of the wheel
if its mass is 1.1m and its radius is
0.43 m? (Treat the wheel as a hoop,
and neglect the mass of the spokes
and hub.)

•48 A Texas cockroach first rides
at the center of a circular disk that
rotates freely like a merry-go-
round without external torques.
The cockroach then walks out to
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the edge of the disk, at radius R. Figure 11-49 gives the angular
speed v of the cockroach – disk system during the walk. The scale
on the v axis is set by va ! 5.0 rad/s and vb ! 6.0 rad/s. When the
cockroach is on the edge at radius R, what is the ratio of the bug’s
rotational inertia to that of the disk, both calculated about the ro-
tation axis?

•49 Two disks are mounted (like a merry-go-round) on low-fric-
tion bearings on the same axle and can be brought together so that
they couple and rotate as one unit.The first disk, with rotational in-
ertia 3.30 kg " m2 about its central axis, is set spinning counterclock-
wise at 450 rev/min. The second disk, with rotational inertia 6.60
kg " m2 about its central axis, is set spinning counterclockwise at 900
rev/min.They then couple together. (a) What is their angular speed
after coupling? If instead the second disk is set spinning clockwise
at 900 rev/min, what are their (b) angular speed and (c) direction
of rotation after they couple together?

•50 The rotor of an electric motor has rotational inertia Im !
2.0 # 10$3 kg " m2 about its central axis. The motor is used to
change the orientation of the space probe in which it is mounted.
The motor axis is mounted along the central axis of the probe; the
probe has rotational inertia Ip ! 12 kg " m2 about this axis.
Calculate the number of revolutions of the rotor required to turn
the probe through 30° about its central axis.

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

••52 A cockroach of mass m lies on the rim of a uniform disk
of mass 4.00m that can rotate freely about its center like a merry-
go-round. Initially the cockroach and disk rotate together with an
angular velocity of 0.260 rad/s. Then the cockroach walks halfway
to the center of the disk. (a) What then is the angular velocity of
the cockroach–disk system? (b) What is the ratio K /K0 of the new
kinetic energy of the system to its initial kinetic energy? (c) What
accounts for the change in the ki-
netic energy?

••53 A uniform thin rod of
length 0.500 m and mass 4.00 kg can
rotate in a horizontal plane about a
vertical axis through its center. The
rod is at rest when a 3.00 g bullet
traveling in the rotation plane is fired
into one end of the rod. As viewed
from above, the bullet’s path makes angle u ! 60.0° with the rod (Fig.
11-50). If the bullet lodges in the rod and the angular velocity of the
rod is 10 rad/s immediately after the collision, what is the bullet’s
speed just before impact?   

••54 Figure 11-51 shows an
overhead view of a ring that can ro-
tate about its center like a merry-
go-round. Its outer radius R2 is 0.800
m, its inner radius R1 is R2/2.00, its
mass M is 8.00 kg, and the mass of
the crossbars at its center is neg-
ligible. It initially rotates at an angu-
lar speed of 8.00 rad/s with a cat of

ILWSSM

Fig. 11-47 Problem 43.

Fig. 11-48 Problem 47.

Fig. 11-49 Problem 48.
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Fig. 11-51 Problem 54.
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••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?
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Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
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Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F
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Fig. 6-28 Problem 22.
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Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3
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1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
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••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?
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Fig. 6-30 Problem 24.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.
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Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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The scale on the t axis is set by ts ! 4.0 N "m. What is the angular
momentum of the disk about the rotation axis at times (a) t ! 7.0 s
and (b) t ! 20 s?

sec. 11-11 Conservation of Angular Momentum
•43 In Fig. 11-47, two skaters, each
of mass 50 kg, approach each other
along parallel paths separated by 3.0
m. They have opposite velocities of
1.4 m/s each. One skater carries one
end of a long pole of negligible mass,
and the other skater grabs the other
end as she passes. The skaters then
rotate around the center of the pole. Assume that the friction
between skates and ice is negligible. What are (a) the radius of the
circle, (b) the angular speed of the skaters, and (c) the kinetic energy
of the two-skater system? Next, the skaters pull along the pole until
they are separated by 1.0 m. What then are (d) their angular speed
and (e) the kinetic energy of the system? (f) What provided the en-
ergy for the increased kinetic energy?

•44 A Texas cockroach of mass 0.17 kg runs counterclockwise
around the rim of a lazy Susan (a circular disk mounted on a verti-
cal axle) that has radius 15 cm, rotational inertia 5.0 # 10$3 kg " m2,
and frictionless bearings. The cockroach’s speed (relative to the
ground) is 2.0 m/s, and the lazy Susan turns clockwise with angular
speed v0 ! 2.8 rad/s.The cockroach finds a bread crumb on the rim
and, of course, stops. (a) What is the angular speed of the lazy
Susan after the cockroach stops? (b) Is mechanical energy con-
served as it stops?

•45 A man stands on a platform that is rotating
(without friction) with an angular speed of 1.2 rev/s; his arms are
outstretched and he holds a brick in each hand.The rotational iner-
tia of the system consisting of the man, bricks, and platform about
the central vertical axis of the platform is 6.0 kg " m2. If by moving
the bricks the man decreases the rotational inertia of the system to
2.0 kg " m2, what are (a) the resulting angular speed of the platform
and (b) the ratio of the new kinetic energy of the system to the
original kinetic energy? (c) What source provided the added 
kinetic energy?

•46 The rotational inertia of a collapsing spinning star drops to 
its initial value. What is the ratio of the new rotational kinetic en-
ergy to the initial rotational kinetic energy?

•47 A track is mounted on a
large wheel that is free to turn with
negligible friction about a vertical
axis (Fig. 11-48). A toy train of mass
m is placed on the track and, with
the system initially at rest, the
train’s electrical power is turned on. The train reaches speed 0.15
m/s with respect to the track.What is the angular speed of the wheel
if its mass is 1.1m and its radius is
0.43 m? (Treat the wheel as a hoop,
and neglect the mass of the spokes
and hub.)

•48 A Texas cockroach first rides
at the center of a circular disk that
rotates freely like a merry-go-
round without external torques.
The cockroach then walks out to
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the edge of the disk, at radius R. Figure 11-49 gives the angular
speed v of the cockroach – disk system during the walk. The scale
on the v axis is set by va ! 5.0 rad/s and vb ! 6.0 rad/s. When the
cockroach is on the edge at radius R, what is the ratio of the bug’s
rotational inertia to that of the disk, both calculated about the ro-
tation axis?

•49 Two disks are mounted (like a merry-go-round) on low-fric-
tion bearings on the same axle and can be brought together so that
they couple and rotate as one unit.The first disk, with rotational in-
ertia 3.30 kg " m2 about its central axis, is set spinning counterclock-
wise at 450 rev/min. The second disk, with rotational inertia 6.60
kg " m2 about its central axis, is set spinning counterclockwise at 900
rev/min.They then couple together. (a) What is their angular speed
after coupling? If instead the second disk is set spinning clockwise
at 900 rev/min, what are their (b) angular speed and (c) direction
of rotation after they couple together?

•50 The rotor of an electric motor has rotational inertia Im !
2.0 # 10$3 kg " m2 about its central axis. The motor is used to
change the orientation of the space probe in which it is mounted.
The motor axis is mounted along the central axis of the probe; the
probe has rotational inertia Ip ! 12 kg " m2 about this axis.
Calculate the number of revolutions of the rotor required to turn
the probe through 30° about its central axis.

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

••52 A cockroach of mass m lies on the rim of a uniform disk
of mass 4.00m that can rotate freely about its center like a merry-
go-round. Initially the cockroach and disk rotate together with an
angular velocity of 0.260 rad/s. Then the cockroach walks halfway
to the center of the disk. (a) What then is the angular velocity of
the cockroach–disk system? (b) What is the ratio K /K0 of the new
kinetic energy of the system to its initial kinetic energy? (c) What
accounts for the change in the ki-
netic energy?

••53 A uniform thin rod of
length 0.500 m and mass 4.00 kg can
rotate in a horizontal plane about a
vertical axis through its center. The
rod is at rest when a 3.00 g bullet
traveling in the rotation plane is fired
into one end of the rod. As viewed
from above, the bullet’s path makes angle u ! 60.0° with the rod (Fig.
11-50). If the bullet lodges in the rod and the angular velocity of the
rod is 10 rad/s immediately after the collision, what is the bullet’s
speed just before impact?   

••54 Figure 11-51 shows an
overhead view of a ring that can ro-
tate about its center like a merry-
go-round. Its outer radius R2 is 0.800
m, its inner radius R1 is R2/2.00, its
mass M is 8.00 kg, and the mass of
the crossbars at its center is neg-
ligible. It initially rotates at an angu-
lar speed of 8.00 rad/s with a cat of

ILWSSM

Fig. 11-47 Problem 43.

Fig. 11-48 Problem 47.

Fig. 11-49 Problem 48.
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Fig. 11-50 Problem 53.

Axis

"

Fig. 11-51 Problem 54.

R1

R2
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חיכוך) (ללא אופקי משטח על להסתובב יכול ,m ומסתו l שאורכו אחיד, דק מוט 3(
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••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
:

!

!

B

A

d

v0

!

P
x

mC

F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?

v 
(m

/s
)

0 0.5
t (s)

1.0

vs

Fig. 6-30 Problem 24.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B

dA

dB

Before

After

v0

vi
m

M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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The scale on the t axis is set by ts ! 4.0 N "m. What is the angular
momentum of the disk about the rotation axis at times (a) t ! 7.0 s
and (b) t ! 20 s?

sec. 11-11 Conservation of Angular Momentum
•43 In Fig. 11-47, two skaters, each
of mass 50 kg, approach each other
along parallel paths separated by 3.0
m. They have opposite velocities of
1.4 m/s each. One skater carries one
end of a long pole of negligible mass,
and the other skater grabs the other
end as she passes. The skaters then
rotate around the center of the pole. Assume that the friction
between skates and ice is negligible. What are (a) the radius of the
circle, (b) the angular speed of the skaters, and (c) the kinetic energy
of the two-skater system? Next, the skaters pull along the pole until
they are separated by 1.0 m. What then are (d) their angular speed
and (e) the kinetic energy of the system? (f) What provided the en-
ergy for the increased kinetic energy?

•44 A Texas cockroach of mass 0.17 kg runs counterclockwise
around the rim of a lazy Susan (a circular disk mounted on a verti-
cal axle) that has radius 15 cm, rotational inertia 5.0 # 10$3 kg " m2,
and frictionless bearings. The cockroach’s speed (relative to the
ground) is 2.0 m/s, and the lazy Susan turns clockwise with angular
speed v0 ! 2.8 rad/s.The cockroach finds a bread crumb on the rim
and, of course, stops. (a) What is the angular speed of the lazy
Susan after the cockroach stops? (b) Is mechanical energy con-
served as it stops?

•45 A man stands on a platform that is rotating
(without friction) with an angular speed of 1.2 rev/s; his arms are
outstretched and he holds a brick in each hand.The rotational iner-
tia of the system consisting of the man, bricks, and platform about
the central vertical axis of the platform is 6.0 kg " m2. If by moving
the bricks the man decreases the rotational inertia of the system to
2.0 kg " m2, what are (a) the resulting angular speed of the platform
and (b) the ratio of the new kinetic energy of the system to the
original kinetic energy? (c) What source provided the added 
kinetic energy?

•46 The rotational inertia of a collapsing spinning star drops to 
its initial value. What is the ratio of the new rotational kinetic en-
ergy to the initial rotational kinetic energy?

•47 A track is mounted on a
large wheel that is free to turn with
negligible friction about a vertical
axis (Fig. 11-48). A toy train of mass
m is placed on the track and, with
the system initially at rest, the
train’s electrical power is turned on. The train reaches speed 0.15
m/s with respect to the track.What is the angular speed of the wheel
if its mass is 1.1m and its radius is
0.43 m? (Treat the wheel as a hoop,
and neglect the mass of the spokes
and hub.)

•48 A Texas cockroach first rides
at the center of a circular disk that
rotates freely like a merry-go-
round without external torques.
The cockroach then walks out to
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the edge of the disk, at radius R. Figure 11-49 gives the angular
speed v of the cockroach – disk system during the walk. The scale
on the v axis is set by va ! 5.0 rad/s and vb ! 6.0 rad/s. When the
cockroach is on the edge at radius R, what is the ratio of the bug’s
rotational inertia to that of the disk, both calculated about the ro-
tation axis?

•49 Two disks are mounted (like a merry-go-round) on low-fric-
tion bearings on the same axle and can be brought together so that
they couple and rotate as one unit.The first disk, with rotational in-
ertia 3.30 kg " m2 about its central axis, is set spinning counterclock-
wise at 450 rev/min. The second disk, with rotational inertia 6.60
kg " m2 about its central axis, is set spinning counterclockwise at 900
rev/min.They then couple together. (a) What is their angular speed
after coupling? If instead the second disk is set spinning clockwise
at 900 rev/min, what are their (b) angular speed and (c) direction
of rotation after they couple together?

•50 The rotor of an electric motor has rotational inertia Im !
2.0 # 10$3 kg " m2 about its central axis. The motor is used to
change the orientation of the space probe in which it is mounted.
The motor axis is mounted along the central axis of the probe; the
probe has rotational inertia Ip ! 12 kg " m2 about this axis.
Calculate the number of revolutions of the rotor required to turn
the probe through 30° about its central axis.

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

••52 A cockroach of mass m lies on the rim of a uniform disk
of mass 4.00m that can rotate freely about its center like a merry-
go-round. Initially the cockroach and disk rotate together with an
angular velocity of 0.260 rad/s. Then the cockroach walks halfway
to the center of the disk. (a) What then is the angular velocity of
the cockroach–disk system? (b) What is the ratio K /K0 of the new
kinetic energy of the system to its initial kinetic energy? (c) What
accounts for the change in the ki-
netic energy?

••53 A uniform thin rod of
length 0.500 m and mass 4.00 kg can
rotate in a horizontal plane about a
vertical axis through its center. The
rod is at rest when a 3.00 g bullet
traveling in the rotation plane is fired
into one end of the rod. As viewed
from above, the bullet’s path makes angle u ! 60.0° with the rod (Fig.
11-50). If the bullet lodges in the rod and the angular velocity of the
rod is 10 rad/s immediately after the collision, what is the bullet’s
speed just before impact?   

••54 Figure 11-51 shows an
overhead view of a ring that can ro-
tate about its center like a merry-
go-round. Its outer radius R2 is 0.800
m, its inner radius R1 is R2/2.00, its
mass M is 8.00 kg, and the mass of
the crossbars at its center is neg-
ligible. It initially rotates at an angu-
lar speed of 8.00 rad/s with a cat of
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Fig. 11-47 Problem 43.

Fig. 11-48 Problem 47.

Fig. 11-49 Problem 48.
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Fig. 11-50 Problem 53.
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Fig. 11-51 Problem 54.
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מרחק ישר קוו לאורך טס המטוס .200km/h הנה לאוויר ביחס המטוס מהירות 1)
הרוח מהירות למסלול. ניצב בכיוון נושבת רוח הטיסה בזמן .10h תוך 1600km

? מהי קבועה.

A B C D E
120km/h, 160km/h, 45km/h, 60km/h, אי אפשר

לדעת

במרחק מסתובבת קרוסלה לתקרת מסה ללא חוט באמצעות מחובר קטן גוף 2)
זוויתית במהירות מסתובבת הקרוסלה .20 cm החוט של אורכו מהמרכז. 2.5m

? לאנך החוט בין הזווית מהי .2 rad/s
A B C D E
30◦ 45◦ 60◦ 0◦ לדעת צריכים

מסת את
הגוף

לאותו כאשר .3.5m/s2 שלו התאוצה גודל במדרון, להחליק קטן לגוף נותנים אם 3)
.6.5m/s2 שלו התאוצה גודל מדרון, באותו למעלה התחלתית מהירות מספקים גוף

.g = 10m/s2 בחישובים ? החיכוך מקדם מהו
A B C D E
0.83 0.52 0.33 0.17 0.05

הקפיצים קבועי בטור. מחוברים קפיצים, שני על מהתקרה תלוי 1kg שמסתו גוף 4)
? ביחד הקפיצים שני של פוטנציאלית אנרגיה מהי .50N/m ו 100N/m הם

A B C D E
0 J 1.5 J 5 · 10−5 J −3 J בסדר תלויה

החיבור

? נכונה טענה איזו 5)
A B C D E
כוחות
אינם פנימיים
עבודה עושים

כוחות
אינם פנימיים
את משנים
המערכת תנע

בהיעדר
כוחות
חיצוניים
המסה מרכז
זז לא

הטענות כל
נכונות הנ״ל

אחת אף
איננה מהנ״ל
נכונה

הרמוניות לתנודות רק נכון (מה הרמוניות תנודות של הייחודית התכונה מהי 6)
)? אחרות מתנודות בהבדל

A B C D E
מחזוריות הן אנרגיה

נשמרת
במקסימום
ההתרחקות
מהירות
מתאפסת

מחזור זמן
תלוי אינו
באנרגיה

התכונות כל
הנ״ל

2



תאוצה גליל לאיזה מדרון. באותו החלקה ללא מתגלגלים חלול וגליל מלא גליל 7)
? יותר גדולה

A B C D E
חלול מלא שוות תלוי

ברדיוסים
במסות תלוי

זוויתית בתאוצה להסתובב מתחיל 50 cm ורדיוסו 2kg שמסתו (חישוק) גלגל 8)
עליו פועל אשר הכוח מומנט מהו .10 rad/s זוויתית למהירות מגיע 5 s ותוך קבועה

? זו תנועה במשך
A B C D E
0.5N ·m 1.0N ·m 1.5N ·m 2.0N ·m 10.5N ·m

ההתנגשות לפני אלסטית. מתנגשים 50g ו 100g שמסתם קטנים כדורים שני 9)
משנים שניהם ההתנגשות אחרי בהתאמה. שמאלה, 8m/s ו ימינה 4m/s מהירותם

? ההתנגשות אחרי הכיוונים בין הזווית מה התנועה. כיוון
A B C D E
אפשר אי
לדעת

45◦ 90◦ 135◦ 180◦

45◦ בזווית 10m/s במהירות הקואורדינטות מראשית נזרק 1kg שמסתו גוף 10)
? הגובה בשיא הקואורדינטות) לראשית (ביחס הגוף של זוויתי תנע שווה למה לאופק.

A B C D E
5.5kg ·m2/s 10.5kg ·m2/s 17.5kg ·m2/s 20.5kg ·m2/s 25kg ·m2/s

3



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות ‑ ב' חלק

על מופעל F כוח בהתאמה. ,mW ו mC מסות בעלי גופים, שני נראים בשרטוט 1)
מהו .aW היא שלו ותאוצה µW הנו W לגוף קינטי חיכוך מקדם אופקי. בכיוון mC

? אפשריים התנאים האם ? C לגוף קינטי חיכוך מקדם

132 CHAPTE R 6 FORCE AN D MOTION—I I

••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
:

!

!
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v0

!

P
x
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F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?

v 
(m

/s
)

0 0.5
t (s)

1.0

vs

Fig. 6-30 Problem 24.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B
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dB

Before

After

v0

vi
m

M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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The scale on the t axis is set by ts ! 4.0 N "m. What is the angular
momentum of the disk about the rotation axis at times (a) t ! 7.0 s
and (b) t ! 20 s?

sec. 11-11 Conservation of Angular Momentum
•43 In Fig. 11-47, two skaters, each
of mass 50 kg, approach each other
along parallel paths separated by 3.0
m. They have opposite velocities of
1.4 m/s each. One skater carries one
end of a long pole of negligible mass,
and the other skater grabs the other
end as she passes. The skaters then
rotate around the center of the pole. Assume that the friction
between skates and ice is negligible. What are (a) the radius of the
circle, (b) the angular speed of the skaters, and (c) the kinetic energy
of the two-skater system? Next, the skaters pull along the pole until
they are separated by 1.0 m. What then are (d) their angular speed
and (e) the kinetic energy of the system? (f) What provided the en-
ergy for the increased kinetic energy?

•44 A Texas cockroach of mass 0.17 kg runs counterclockwise
around the rim of a lazy Susan (a circular disk mounted on a verti-
cal axle) that has radius 15 cm, rotational inertia 5.0 # 10$3 kg " m2,
and frictionless bearings. The cockroach’s speed (relative to the
ground) is 2.0 m/s, and the lazy Susan turns clockwise with angular
speed v0 ! 2.8 rad/s.The cockroach finds a bread crumb on the rim
and, of course, stops. (a) What is the angular speed of the lazy
Susan after the cockroach stops? (b) Is mechanical energy con-
served as it stops?

•45 A man stands on a platform that is rotating
(without friction) with an angular speed of 1.2 rev/s; his arms are
outstretched and he holds a brick in each hand.The rotational iner-
tia of the system consisting of the man, bricks, and platform about
the central vertical axis of the platform is 6.0 kg " m2. If by moving
the bricks the man decreases the rotational inertia of the system to
2.0 kg " m2, what are (a) the resulting angular speed of the platform
and (b) the ratio of the new kinetic energy of the system to the
original kinetic energy? (c) What source provided the added 
kinetic energy?

•46 The rotational inertia of a collapsing spinning star drops to 
its initial value. What is the ratio of the new rotational kinetic en-
ergy to the initial rotational kinetic energy?

•47 A track is mounted on a
large wheel that is free to turn with
negligible friction about a vertical
axis (Fig. 11-48). A toy train of mass
m is placed on the track and, with
the system initially at rest, the
train’s electrical power is turned on. The train reaches speed 0.15
m/s with respect to the track.What is the angular speed of the wheel
if its mass is 1.1m and its radius is
0.43 m? (Treat the wheel as a hoop,
and neglect the mass of the spokes
and hub.)

•48 A Texas cockroach first rides
at the center of a circular disk that
rotates freely like a merry-go-
round without external torques.
The cockroach then walks out to

SSM

1
3
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the edge of the disk, at radius R. Figure 11-49 gives the angular
speed v of the cockroach – disk system during the walk. The scale
on the v axis is set by va ! 5.0 rad/s and vb ! 6.0 rad/s. When the
cockroach is on the edge at radius R, what is the ratio of the bug’s
rotational inertia to that of the disk, both calculated about the ro-
tation axis?

•49 Two disks are mounted (like a merry-go-round) on low-fric-
tion bearings on the same axle and can be brought together so that
they couple and rotate as one unit.The first disk, with rotational in-
ertia 3.30 kg " m2 about its central axis, is set spinning counterclock-
wise at 450 rev/min. The second disk, with rotational inertia 6.60
kg " m2 about its central axis, is set spinning counterclockwise at 900
rev/min.They then couple together. (a) What is their angular speed
after coupling? If instead the second disk is set spinning clockwise
at 900 rev/min, what are their (b) angular speed and (c) direction
of rotation after they couple together?

•50 The rotor of an electric motor has rotational inertia Im !
2.0 # 10$3 kg " m2 about its central axis. The motor is used to
change the orientation of the space probe in which it is mounted.
The motor axis is mounted along the central axis of the probe; the
probe has rotational inertia Ip ! 12 kg " m2 about this axis.
Calculate the number of revolutions of the rotor required to turn
the probe through 30° about its central axis.

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

••52 A cockroach of mass m lies on the rim of a uniform disk
of mass 4.00m that can rotate freely about its center like a merry-
go-round. Initially the cockroach and disk rotate together with an
angular velocity of 0.260 rad/s. Then the cockroach walks halfway
to the center of the disk. (a) What then is the angular velocity of
the cockroach–disk system? (b) What is the ratio K /K0 of the new
kinetic energy of the system to its initial kinetic energy? (c) What
accounts for the change in the ki-
netic energy?

••53 A uniform thin rod of
length 0.500 m and mass 4.00 kg can
rotate in a horizontal plane about a
vertical axis through its center. The
rod is at rest when a 3.00 g bullet
traveling in the rotation plane is fired
into one end of the rod. As viewed
from above, the bullet’s path makes angle u ! 60.0° with the rod (Fig.
11-50). If the bullet lodges in the rod and the angular velocity of the
rod is 10 rad/s immediately after the collision, what is the bullet’s
speed just before impact?   

••54 Figure 11-51 shows an
overhead view of a ring that can ro-
tate about its center like a merry-
go-round. Its outer radius R2 is 0.800
m, its inner radius R1 is R2/2.00, its
mass M is 8.00 kg, and the mass of
the crossbars at its center is neg-
ligible. It initially rotates at an angu-
lar speed of 8.00 rad/s with a cat of

ILWSSM

Fig. 11-47 Problem 43.

Fig. 11-48 Problem 47.

Fig. 11-49 Problem 48.
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Fig. 11-50 Problem 53.
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Fig. 11-51 Problem 54.
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132 CHAPTE R 6 FORCE AN D MOTION—I I

••16 A loaded penguin sled weighing 80 N rests on a plane in-
clined at angle u ! 20° to the horizontal (Fig. 6-23). Between the
sled and the plane, the coefficient of static friction is 0.25, and the
coefficient of kinetic friction is 0.15. (a) What is the least magni-
tude of the force parallel to the plane, that will prevent the sled
from slipping down the plane? (b) What is the minimum magni-
tude F that will start the sled moving up the plane? (c) What
value of F is required to move the sled up the plane at constant
velocity?

F
:
,

moving initially. (a) Will the block move? (b) In unit-vector nota-
tion, what is the force on the block from the wall?

••20 In Fig. 6-27, a box of Cheerios (mass mC ! 1.0 kg) and a
box of Wheaties (mass mW 3.0 kg) are accelerated across a hori-
zontal surface by a horizontal force applied to the Cheerios box.
The magnitude of the frictional force on the Cheerios box is 2.0 N,
and the magnitude of the frictional force on the Wheaties box is 4.0
N. If the magnitude of is 12 N, what is the magnitude of the force
on the Wheaties box from the Cheerios box?

F
:

F
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!
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x

mC

F mW

Fig. 6-25 Problem 18.

••19 A 12 N horizontal force 
pushes a block weighing 5.0 N
against a vertical wall (Fig. 6-26).The
coefficient of static friction between
the wall and the block is 0.60, and
the coefficient of kinetic friction is
0.40. Assume that the block is not

F
:

Fig. 6-24 Problem 17.

Fig. 6-27 Problem 20.

F

F2

F1

0 µ2
µs

Fig. 6-28 Problem 22.

x

y

F

Fig. 6-26 Problem 19.

••21 An initially stationary box of sand is to be pulled across a
floor by means of a cable in which the tension should not
exceed 1100 N. The coefficient of static friction between the box
and the floor is 0.35. (a) What should be the angle between the
cable and the horizontal in order to pull the greatest possible
amount of sand, and (b) what is the weight of the sand and box
in that situation?

••22 In Fig. 6-23, a sled is held on an inclined plane by a cord
pulling directly up the plane. The sled is to be on the verge of mov-
ing up the plane. In Fig. 6-28, the magnitude F required of the
cord’s force on the sled is plotted versus a range of values for the
coefficient of static friction ms between sled and plane: F1 ! 2.0 N,
F2 ! 5.0 N, and m2 ! 0.50.At what angle u is the plane inclined?

••23 When the three blocks in Fig.
6-29 are released from rest, they ac-
celerate with a magnitude of 0.500
m/s2. Block 1 has mass M, block 2
has 2M, and block 3 has 2M. What is
the coefficient of kinetic friction be-
tween block 2 and the table?

••24 A 4.10 kg block is pushed
along a floor by a constant applied
force that is horizontal and has a
magnitude of 40.0 N. Figure 6-30
gives the block’s speed v versus
time t as the block moves along an x
axis on the floor.The scale of the fig-
ure’s vertical axis is set by vs ! 5.0
m/s. What is the coefficient of
kinetic friction between the block
and the floor?

3

2

1

Fig. 6-29 Problem 23.

F

!

Fig. 6-23 Problems 16 and 22.

••17 In Fig. 6-24, a force acts on a block weighing 45 N. The
block is initially at rest on a plane inclined at angle u ! 15° to the
horizontal. The positive direction of the x axis is up the plane. The
coefficients of friction between block and plane are ms ! 0.50 and
mk ! 0.34. In unit-vector notation, what is the frictional force on
the block from the plane when is (a) ("5.0 N) , (b) ("8.0 N) ,
and (c) ("15 N) ?î

îîP
:

P
:

••18 You testify as an expert witness in a case involving an acci-
dent in which car A slid into the rear of car B, which was stopped at
a red light along a road headed down a hill (Fig. 6-25). You find
that the slope of the hill is u ! 12.0°, that the cars were separated
by distance d ! 24.0 m when the driver of car A put the car into a
slide (it lacked any automatic anti-brake-lock system), and that the
speed of car A at the onset of braking was v0 ! 18.0 m/s.With what
speed did car A hit car B if the coefficient of kinetic friction was (a)
0.60 (dry road surface) and (b) 0.10 (road surface covered with wet
leaves)?
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Fig. 6-30 Problem 24.
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.
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Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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The scale on the t axis is set by ts ! 4.0 N "m. What is the angular
momentum of the disk about the rotation axis at times (a) t ! 7.0 s
and (b) t ! 20 s?

sec. 11-11 Conservation of Angular Momentum
•43 In Fig. 11-47, two skaters, each
of mass 50 kg, approach each other
along parallel paths separated by 3.0
m. They have opposite velocities of
1.4 m/s each. One skater carries one
end of a long pole of negligible mass,
and the other skater grabs the other
end as she passes. The skaters then
rotate around the center of the pole. Assume that the friction
between skates and ice is negligible. What are (a) the radius of the
circle, (b) the angular speed of the skaters, and (c) the kinetic energy
of the two-skater system? Next, the skaters pull along the pole until
they are separated by 1.0 m. What then are (d) their angular speed
and (e) the kinetic energy of the system? (f) What provided the en-
ergy for the increased kinetic energy?

•44 A Texas cockroach of mass 0.17 kg runs counterclockwise
around the rim of a lazy Susan (a circular disk mounted on a verti-
cal axle) that has radius 15 cm, rotational inertia 5.0 # 10$3 kg " m2,
and frictionless bearings. The cockroach’s speed (relative to the
ground) is 2.0 m/s, and the lazy Susan turns clockwise with angular
speed v0 ! 2.8 rad/s.The cockroach finds a bread crumb on the rim
and, of course, stops. (a) What is the angular speed of the lazy
Susan after the cockroach stops? (b) Is mechanical energy con-
served as it stops?

•45 A man stands on a platform that is rotating
(without friction) with an angular speed of 1.2 rev/s; his arms are
outstretched and he holds a brick in each hand.The rotational iner-
tia of the system consisting of the man, bricks, and platform about
the central vertical axis of the platform is 6.0 kg " m2. If by moving
the bricks the man decreases the rotational inertia of the system to
2.0 kg " m2, what are (a) the resulting angular speed of the platform
and (b) the ratio of the new kinetic energy of the system to the
original kinetic energy? (c) What source provided the added 
kinetic energy?

•46 The rotational inertia of a collapsing spinning star drops to 
its initial value. What is the ratio of the new rotational kinetic en-
ergy to the initial rotational kinetic energy?

•47 A track is mounted on a
large wheel that is free to turn with
negligible friction about a vertical
axis (Fig. 11-48). A toy train of mass
m is placed on the track and, with
the system initially at rest, the
train’s electrical power is turned on. The train reaches speed 0.15
m/s with respect to the track.What is the angular speed of the wheel
if its mass is 1.1m and its radius is
0.43 m? (Treat the wheel as a hoop,
and neglect the mass of the spokes
and hub.)

•48 A Texas cockroach first rides
at the center of a circular disk that
rotates freely like a merry-go-
round without external torques.
The cockroach then walks out to

SSM

1
3
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the edge of the disk, at radius R. Figure 11-49 gives the angular
speed v of the cockroach – disk system during the walk. The scale
on the v axis is set by va ! 5.0 rad/s and vb ! 6.0 rad/s. When the
cockroach is on the edge at radius R, what is the ratio of the bug’s
rotational inertia to that of the disk, both calculated about the ro-
tation axis?

•49 Two disks are mounted (like a merry-go-round) on low-fric-
tion bearings on the same axle and can be brought together so that
they couple and rotate as one unit.The first disk, with rotational in-
ertia 3.30 kg " m2 about its central axis, is set spinning counterclock-
wise at 450 rev/min. The second disk, with rotational inertia 6.60
kg " m2 about its central axis, is set spinning counterclockwise at 900
rev/min.They then couple together. (a) What is their angular speed
after coupling? If instead the second disk is set spinning clockwise
at 900 rev/min, what are their (b) angular speed and (c) direction
of rotation after they couple together?

•50 The rotor of an electric motor has rotational inertia Im !
2.0 # 10$3 kg " m2 about its central axis. The motor is used to
change the orientation of the space probe in which it is mounted.
The motor axis is mounted along the central axis of the probe; the
probe has rotational inertia Ip ! 12 kg " m2 about this axis.
Calculate the number of revolutions of the rotor required to turn
the probe through 30° about its central axis.

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

••52 A cockroach of mass m lies on the rim of a uniform disk
of mass 4.00m that can rotate freely about its center like a merry-
go-round. Initially the cockroach and disk rotate together with an
angular velocity of 0.260 rad/s. Then the cockroach walks halfway
to the center of the disk. (a) What then is the angular velocity of
the cockroach–disk system? (b) What is the ratio K /K0 of the new
kinetic energy of the system to its initial kinetic energy? (c) What
accounts for the change in the ki-
netic energy?

••53 A uniform thin rod of
length 0.500 m and mass 4.00 kg can
rotate in a horizontal plane about a
vertical axis through its center. The
rod is at rest when a 3.00 g bullet
traveling in the rotation plane is fired
into one end of the rod. As viewed
from above, the bullet’s path makes angle u ! 60.0° with the rod (Fig.
11-50). If the bullet lodges in the rod and the angular velocity of the
rod is 10 rad/s immediately after the collision, what is the bullet’s
speed just before impact?   

••54 Figure 11-51 shows an
overhead view of a ring that can ro-
tate about its center like a merry-
go-round. Its outer radius R2 is 0.800
m, its inner radius R1 is R2/2.00, its
mass M is 8.00 kg, and the mass of
the crossbars at its center is neg-
ligible. It initially rotates at an angu-
lar speed of 8.00 rad/s with a cat of

ILWSSM

Fig. 11-47 Problem 43.

Fig. 11-48 Problem 47.

Fig. 11-49 Problem 48.
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Fig. 11-50 Problem 53.
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Fig. 11-51 Problem 54.
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אופקי ציר סביב חיכוך ללא להסתובב יכול ,m ומסתו l שאורכו אחיד, דק מוט 3)
M שמסתו קטן גוף כאשר אופקי במצב המוט שלו. המסה מרכז דרך העובר מקובע
הפגיעה לפני רגע הגוף מהירות מיידית. אליו ונדבק מהקצה L במרחק במוט פוגע
למוט ? המוט של מקסימלית זוויתית מהירות מהי מטה. כלפי אנכי בכיוון v הנה
בניצב המסה מרכז דרך העובר לציר ביחס ההתמד מומנט l ואורכו m שמסתו אחיד

.Icm = ml2/12 הנו למוט

4



.50 rad/s זוויתית בתדירות ישר קוו לאורך הרמוניות תנודות מבצע קטן גוף 1)
מהי .2m/s ומהירותו משקל שיווי מנקודת 3 cm במרחק נמצא הוא כלשהו ברגע

? התנודות של (אמפליטודה) משרעת

A B C D E
1 cm, 5 cm, 50 cm, 0.1 cm, אי אפשר

לדעת

יורדת. ובמעלית עולה במעלית פעמיים: מאזניים אותם על קטן גוף שוקלים 2)
לו המעלית תאוצת גודל אם הגוף מסת מהי בהתאמה. ,40N ו 80N יוצא השמקל

? התנועה בכיוון תלוי
A B C D E
3kg 6kg 9kg 12kg לדעת צריכים

התאוצה את

המים. לבין הסירה בין כוחות אין עומדים. במים הסירה קצה על עומד אדם בן 3)
,80kg אדם בן מסת ,5m הסירה אורך הסירה. של אחר לקצה ללכת מחליט אדם בן
המרחק מה .2m במרחק זזה שהסירה מתברר התהליך בסוף .120kg הסירה מסת

? בהתחלה אדם בן עמד שבו מהקצה הסירה של המסה מרכז בין
A B C D E
5m 2m 3m 1m ניתן לא

לדעת

במהלך נשמר ביחד שניהם של זוויתי תנע האם מתנגשים. קטנים כדורים שני 4)
? ההתנגשות

A B C D E
כן לא אם

ההתנגשות
אלסטית היא

הכדורים אם
ממשיכים
לאורך לנוע
קוו אותו

בפרטי תלוי
ההתנגשות

קטן כדור אנכית למעלה זורק 2 cm ב ומכווץ 500N/cm קפיץ קבוע בעל קפיץ 5)
? הכדור מגיע הזינוק נקודת מעל גובה לאיזה .100g שמסתו

A B C D E
5m 10m 15m 22m 7.5m

? נכונה טענה איזו 6)

2



A B C D E
מומנט
ההתמד
לציר ביחס
דרך העובר
המסה מרכז
ממונט קטן
ביחס ההתמד
אחר ציר לכל

מומנט
ההתמד
לציר ביחס
דרך העובר
המסה מרכז
ממונט קטן
ביחס ההתמד
ציר לכל
אחר מקביל

מומנט
ההתמד
לציר ביחס
דרך העובר
המסה מרכז
ממונט גדול
ביחס ההתמד
אחר ציר לכל

מומנט
ההתמד
לציר ביחס
דרך העובר
המסה מרכז
ממונט גדול
ביחס ההתמד
ציר לכל
אחר מקביל

טענה אף
מאחרות
נכונה איננה

מרכז מהירות מהי .20 cm מגובה במדרון החלקה ללא מתגלגל חלול גליל 7)
? המדרון בסוף הגליל של המסה

A B C D E
0.8m/s 1.1m/s 1.4m/s 1.7m/s 2.2m/s

לפי בזמן תלויה שלו קואורדינטה ישר. קוו לאורך נע 0.5kg שמסתו קטן גוף 8)
בזמן הגוף על פועל כוח איזה .s ב נמדד t ו cm ב נמדד x כאשר x = 3 · t3 הביטוי

? t = 10 s
A B C D E
0.5N 0.9N 1.8N 3.4N 10.5N

לכל .2 s של בהפרש הקרקע על נקודה מאותה אנכית נזרקו קטנים כדורים שני 9)
? התנגשו הם מהקרקע מרחק באיזה .20m/s התחלתית מהירות הייתה מהם אחד

A B C D E
5m 7m 12m 15m 18m

פועל כיוון באיזה .U(x) = 5 · x2 − 3 · x3 ביטוי ע״י נתונה פוטנציאלית אנרגיה 10)
? U(x) ל הקשור מהכוח חוץ נוספים כוחות אין אם x = 1 בנקודה כוח

A B C D E
חיובי בכיוון
x ציר של

שלילי בכיוון
x ציר של

הנו הכוח
אפס

לדעת צריך
מסת את
הגוף

לדעת צריך
כיוון באיזה
נע הגוף

3



סעיפים אין נק', 20 שאלה כל פתוחות, שאלות ‑ ב' חלק

מחוברים הגופים בהתאמה. ,m2 ו m1 מסות בעלי גופים, שני נראים בשרטוט 1)
על נמצא 2 גוף בגלגלת. חיכוך ואין מתארך אינו החוט מסה. ללא חוט באמצעות
סטטי חיכוך מקדמי חיכוך. יש המשטח לבין 1 גוף בין לאופק. θ זווית עם מדרון
מנוחה. ממצב הגופים את משחררים למשטח. 2 בין חיכוך אין .µk ו µs הם וקינטי

? 2 גוף של התאוצה מה

136 CHAPTE R 6 FORCE AN D MOTION—I I

θ

m1

m2

Fig. 6-50 Problem 66.

Stone

θ
F

Fig. 6-48 Problem 62.

θ

90°

Fig. 6-51 Problem 67.

Additional Problems

60 In Fig. 6-46, a box of ant aunts (total mass m1 ! 1.65 kg) and
a box of ant uncles (total mass m2 ! 3.30 kg) slide down an in-
clined plane while attached by a
massless rod parallel to the plane.
The angle of incline is u ! 30.0°.
The coefficient of kinetic friction
between the aunt box and the in-
cline is m1 ! 0.226; that between
the uncle box and the incline is 
m2 ! 0.113. Compute (a) the ten-
sion in the rod and (b) the magni-
tude of the common acceleration
of the two boxes. (c) How would
the answers to (a) and (b) change if the uncles trailed the aunts?

61 A block of mass mt ! 4.0
kg is put on top of a block of mass
mb 5.0 kg. To cause the top block
to slip on the bottom one while the
bottom one is held fixed, a horizon-
tal force of at least 12 N must be ap-
plied to the top block. The assembly
of blocks is now placed on a hori-
zontal, frictionless table (Fig. 6-47). Find the magnitudes of (a) the
maximum horizontal force that can be applied to the lower block
so that the blocks will move together and (b) the resulting acceler-
ation of the blocks.

62 A 5.00 kg stone is rubbed across the horizontal ceiling of a
cave passageway (Fig. 6-48). If the coefficient of kinetic friction is
0.65 and the force applied to the stone is angled at u ! 70.0°, what
must the magnitude of the force be for the stone to move at constant
velocity?

F
:

!
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mt

Fmb

Fig. 6-47 Problem 61.

rock is 1.2; between her back and the rock is 0.80. She has reduced
her push against the rock until her back and her shoes are on the
verge of slipping. (a) Draw a free-body diagram of her. (b) What is
the magnitude of her push against the rock? (c) What fraction of
her weight is supported by the frictional force on her shoes?

64 A high-speed railway car goes around a flat, horizontal circle
of radius 470 m at a constant speed. The magnitudes of the hori-
zontal and vertical components of the force of the car on a 51.0 kg
passenger are 210 N and 500 N, respectively. (a) What is the magni-
tude of the net force (of all the forces) on the passenger? (b) What
is the speed of the car?

65 Continuation of Problems 8 and 37. Another explana-
tion is that the stones move only when the water dumped on the
playa during a storm freezes into a large, thin sheet of ice. The
stones are trapped in place in the ice. Then, as air flows across
the ice during a wind, the air-drag forces on the ice and stones
move them both, with the stones gouging out the trails. The magni-
tude of the air-drag force on this horizontal “ice sail” is given by
Dice ! 4CicerAicev2, where Cice is the drag coefficient (2.0 " 10#3), r
is the air density (1.21 kg/m3), Aice is the horizontal area of the ice,
and v is the wind speed along the ice.

Assume the following: The ice sheet measures 400 m by 500 m
by 4.0 mm and has a coefficient of kinetic friction of 0.10 with the
ground and a density of 917 kg/m3. Also assume that 100 stones
identical to the one in Problem 8 are trapped in the ice. To main-
tain the motion of the sheet, what are the required wind speeds (a)
near the sheet and (b) at a height of 10 m? (c) Are these reason-
able values for high-speed winds in a storm?

66 In Fig. 6-50, block 1 of mass m1 2.0 kg and block 2 of
mass m2 3.0 kg are connected by a string of negligible mass and
are initially held in place. Block 2 is on a frictionless surface tilted
at u ! 30°. The coefficient of kinetic friction between block 1 and
the horizontal surface is 0.25. The pulley has negligible mass and
friction. Once they are released, the blocks move. What then is the
tension in the string?

!
!

63 In Fig. 6-49, a 49 kg rock climber is climbing a “chim-
ney.” The coefficient of static friction between her shoes and the

67 In Fig. 6-51, a crate slides down an inclined right-angled
trough.The coefficient of kinetic friction between the crate and the
trough is mk. What is the acceleration of the crate in terms of mk, u,
and g?

68 Engineering a highway curve. If a car goes through a curve too
fast, the car tends to slide out of the curve. For a banked curve with

m1

m2

θ

Fig. 6-46 Problem 60.

Fig. 6-49 Problem 63.
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עד חיכוך) (אין חלק המדרון .v0 במהירות במדרון לעלות מתחיל הגוף בשרטוט 2)
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PART 1

is 0.265 N throughout the flight. What are (a) the maximum height
reached by the stone and (b) its speed just before it hits the
ground?

••60 A 4.0 kg bundle starts up a 30° incline with 128 J of kinetic
energy. How far will it slide up the incline if the coefficient of ki-
netic friction between bundle and incline is 0.30?

••61 When a click beetle is upside down on its back, it
jumps upward by suddenly arching its back, transferring energy
stored in a muscle to mechanical energy. This launching mecha-
nism produces an audible click, giving the beetle its name.
Videotape of a certain click-beetle jump shows that a beetle of
mass m ! 4.0 " 10#6 kg moved directly upward by 0.77 mm during
the launch and then to a maximum height of h ! 0.30 m. During
the launch, what are the average magnitudes of (a) the external
force on the beetle’s back from the floor and (b) the acceleration
of the beetle in terms  of g?

•••62 In Fig. 8-53, a block slides along a path that is without fric-
tion until the block reaches the section of length L 0.75 m, which
begins at height h ! 2.0 m on a ramp of angle $ ! 30°. In that sec-
tion, the coefficient of kinetic friction is 0.40. The block passes
through point A with a speed of 8.0 m/s. If the block can reach point
B (where the friction ends), what is its speed there, and if it cannot,
what is its greatest height above A?

!

stop is on a plateau, state which one and give the distance L from
the left edge of that plateau. If the block reaches the ramp, give the
height H above the lower plateau where it momentarily stops.

θ A
h

L
B

Fig. 8-53 Problem 62.

•••65 A particle can slide along a track with elevated ends and a
flat central part, as shown in Fig. 8-56. The flat part has length L !
40 cm. The curved portions of the track are frictionless, but for the
flat part the coefficient of kinetic friction is %k ! 0.20. The particle
is released from rest at point A, which is at height h ! L/2. How far
from the left edge of the flat part does the particle finally stop?

•••63 The cable of the 1800 kg elevator cab in Fig. 8-54 snaps
when the cab is at rest at the first floor, where the cab bottom is a
distance d ! 3.7 m above a spring of spring constant k ! 0.15
MN/m. A safety device clamps the cab
against guide rails so that a constant fric-
tional force of 4.4 kN opposes the cab’s
motion. (a) Find the speed of the cab just
before it hits the spring. (b) Find the maxi-
mum distance x that the spring is com-
pressed (the frictional force still acts dur-
ing this compression). (c) Find the
distance that the cab will bounce back up
the shaft. (d) Using conservation of en-
ergy, find the approximate total distance
that the cab will move before coming to
rest. (Assume that the frictional force on
the cab is negligible when the cab is sta-
tionary.)

•••64 In Fig. 8-55, a block is released from rest at height d ! 40
cm and slides down a frictionless ramp and onto a first plateau,
which has length d and where the coefficient of kinetic friction is
0.50. If the block is still moving, it then slides down a second fric-
tionless ramp through height d/2 and onto a lower plateau, which
has length d/2 and where the coefficient of kinetic friction is again
0.50. If the block is still moving, it then slides up a frictionless ramp
until it (momentarily) stops. Where does the block stop? If its final

d

d/2

d

d/2

Fig. 8-55 Problem 64.

L

h

A

Fig. 8-56 Problem 65.

d

k

Fig. 8-54
Problem 63.

Additional Problems
66 A 3.2 kg sloth hangs 3.0 m above the ground. (a) What is the
gravitational potential energy of the sloth–Earth system if we take
the reference point y 0 to be at the ground? If the sloth drops to
the ground and air drag on it is assumed to be negligible, what are
the (b) kinetic energy and (c) speed of the sloth just before it
reaches the ground?

67 A spring (k 200 N/m) is fixed at the top of a friction-
less plane inclined at angle 40° (Fig. 8-57). A 1.0 kg block is
projected up the plane, from an initial position that is distance 
d 0.60 m from the end of the relaxed spring, with an initial kinetic
energy of 16 J. (a) What is the kinetic energy of the block at the in-
stant it has compressed the spring 0.20 m? (b) With what kinetic en-
ergy must the block be projected up the plane if it is to stop momen-
tarily when it has compressed the spring by 0.40 m?

!

$ !
!SSM

!

d

θ

Fig. 8-57 Problem 67.

68 From the edge of a cliff, a 0.55 kg projectile is launched with
an initial kinetic energy of 1550 J. The projectile’s maximum up-
ward displacement from the launch point is &140 m. What are the
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מה המוט. את משחררים שבשרטוט. כפי אופקי במצב מוחזק אחיד דק מוט 3)
m המוט ומסת L2 ו L1 נתונים ? הראשון ברגע המשענת על מפעיל שהוא הכוח
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Radius

Radius

Fig. 6-39 Problem 49.

•••35 The two blocks (m ! 16 kg and M ! 88 kg) in Fig. 6-38
are not attached to each other.The co-
efficient of static friction between the
blocks is ms ! 0.38, but the surface
beneath the larger block is friction-
less. What is the minimum magnitude
of the horizontal force required to
keep the smaller block from slipping
down the larger block?

sec. 6-4 The Drag Force and Terminal Speed
•36 The terminal speed of a sky diver is 160 km/h in the spread-
eagle position and 310 km/h in the nosedive position. Assuming
that the diver’s drag coefficient C does not change from one posi-
tion to the other, find the ratio of the effective cross-sectional area
A in the slower position to that in the faster position.

••37 Continuation of Problem 8. Now assume that Eq. 6-14
gives the magnitude of the air drag force on the typical 20 kg stone,
which presents to the wind a vertical cross-sectional area of 0.040
m2 and has a drag coefficient C of 0.80. Take the air density to be
1.21 kg/m3, and the coefficient of kinetic friction to be 0.80. (a) In
kilometers per hour, what wind speed V along the ground is
needed to maintain the stone’s motion once it has started moving?
Because winds along the ground are retarded by the ground, the
wind speeds reported for storms are often measured at a height of
10 m. Assume wind speeds are 2.00 times those along the ground.
(b) For your answer to (a), what wind speed would be reported for
the storm? (c) Is that value reasonable for a high-speed wind in a
storm? (Story continues with Problem 65.)

••38 Assume Eq. 6-14 gives the drag force on a pilot plus ejection
seat just after they are ejected from a plane traveling horizontally
at 1300 km/h. Assume also that the mass of the seat is equal to the
mass of the pilot and that the drag coefficient is that of a sky diver.
Making a reasonable guess of the pilot’s mass and using the ap-
propriate vt value from Table 6-1, estimate the magnitudes of (a)
the drag force on the pilot " seat and (b) their horizontal deceler-
ation (in terms of g), both just after ejection. (The result of (a)
should indicate an engineering requirement: The seat must in-
clude a protective barrier to deflect the initial wind blast away
from the pilot’s head.)

••39 Calculate the ratio of the drag force on a jet flying at 1000
km/h at an altitude of 10 km to the drag force on a prop-driven
transport flying at half that speed and altitude. The density of air is
0.38 kg/m3 at 10 km and 0.67 kg/m3 at 5.0 km. Assume that the air-
planes have the same effective cross-sectional area and drag coeffi-
cient C.

••40 In downhill speed skiing a skier is retarded by both the
air drag force on the body and the kinetic frictional force on the
skis. (a) Suppose the slope angle is u ! 40.0°, the snow is dry snow
with a coefficient of kinetic friction mk ! 0.0400, the mass of the
skier and equipment is m ! 85.0 kg, the cross-sectional area of the
(tucked) skier is A ! 1.30 m2, the drag coefficient is C ! 0.150, and
the air density is 1.20 kg/m3. (a) What is the terminal speed? (b) If a
skier can vary C by a slight amount dC by adjusting, say, the hand
positions, what is the corresponding variation in the terminal
speed?

sec. 6-5 Uniform Circular Motion
•41 A cat dozes on a stationary merry-go-round, at a radius of 5.4
m from the center of the ride. Then the operator turns on the ride

F
:

ILW and brings it up to its proper turning rate of one complete rotation
every 6.0 s. What is the least coefficient of static friction between
the cat and the merry-go-round that will allow the cat to stay in
place, without sliding?

•42 Suppose the coefficient of static friction between the road
and the tires on a car is 0.60 and the car has no negative lift. What
speed will put the car on the verge of sliding as it rounds a level
curve of 30.5 m radius?

•43 What is the smallest radius of an unbanked (flat) track
around which a bicyclist can travel if her speed is 29 km/h and the
ms between tires and track is 0.32?

•44 During an Olympic bobsled run, the Jamaican team makes a
turn of radius 7.6 m at a speed of 96.6 km/h. What is their accelera-
tion in terms of g?

••45 A student of weight 667 N rides a steadily
rotating Ferris wheel (the student sits upright). At the highest
point, the magnitude of the normal force on the student from
the seat is 556 N. (a) Does the student feel “light” or “heavy”
there? (b) What is the magnitude of at the lowest point? If the
wheel’s speed is doubled, what is the magnitude FN at the (c) high-
est and (d) lowest point?

••46 A police officer in hot pursuit drives her car through a circular
turn of radius 300 m with a constant speed of 80.0 km/h. Her mass is
55.0 kg.What are (a) the magnitude and (b) the angle (relative to ver-
tical) of the net force of the officer on the car seat? (Hint: Consider
both horizontal and vertical forces.)

••47 A circular-motion addict of mass 80 kg rides a Ferris
wheel around in a vertical circle of radius 10 m at a constant speed
of 6.1 m/s. (a) What is the period of the motion? What is the mag-
nitude of the normal force on the addict from the seat when both
go through (b) the highest point of the circular path and (c) the
lowest point?

••48 A roller-coaster car has a mass of 1200 kg when fully
loaded with passengers. As the car passes over the top of a circu-
lar hill of radius 18 m, its speed is not changing. At the top of the
hill, what are the (a) magnitude FN and (b) direction (up or
down) of the normal force on the car from the track if the car’s
speed is v ! 11 m/s? What are (c) FN and (d) the direction if v !
14 m/s? 

••49 In Fig. 6-39, a car is driven at constant speed over a circular
hill and then into a circular valley with the same radius. At the top
of the hill, the normal force on the driver from the car seat is 0.The
driver’s mass is 70.0 kg. What is the magnitude of the normal force
on the driver from the seat when the car passes through the bottom
of the valley?

F
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••50 An 85.0 kg passenger is made to move along a circular path
of radius r ! 3.50 m in uniform circular motion. (a) Figure 6-40a is
a plot of the required magnitude F of the net centripetal force for a
range of possible values of the passenger’s speed v. What is the

Frictionless

m

M
F

Fig. 6-38 Problem 35.

halliday_c06_116-139hr.qxd  17-09-2009  12:36  Page 134

235PROB LE M S
PART 1

HALLIDAY REVISED

bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B

dA

dB

Before

After

v0

vi
m

M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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and plate are rotated by a constant force of 0.400 N that is applied
by the string tangentially to the edge of the disk. The resulting an-
gular speed is 114 rad/s. What is the rotational inertia of the plate
about the axle?

••56 Figure 10-43 shows
particles 1 and 2, each of
mass m, attached to the ends
of a rigid massless rod of
length L1 ! L2, with L1 " 20
cm and L2 " 80 cm. The rod is held horizontally on the fulcrum
and then released. What are the magnitudes of the initial accelera-
tions of (a) particle 1 and (b) particle 2?

•••57 A pulley, with a rotational inertia of 1.0 #10$3 kg %m2 about its
axle and a radius of 10 cm, is acted on by a force applied tangentially
at its rim. The force magnitude varies in time as F " 0.50t ! 0.30t2,
with F in newtons and t in seconds.The pulley is initially at rest.At
t " 3.0 s what are its (a) angular acceleration and (b) angular speed?

sec. 10-10 Work and Rotational Kinetic Energy
•58 (a) If R " 12 cm, M " 400 g, and m " 50 g in Fig. 10-18, find
the speed of the block after it has descended 50 cm starting from
rest. Solve the problem using energy conservation principles. (b)
Repeat (a) with R " 5.0 cm.

•59 An automobile crankshaft transfers energy from the engine
to the axle at the rate of 100 hp (" 74.6 kW) when rotating at a
speed of 1800 rev/min. What torque (in newton-meters) does the
crankshaft deliver?

•60 A thin rod of length 0.75 m and mass 0.42 kg is suspended
freely from one end. It is pulled to one side and then allowed to swing
like a pendulum, passing through its lowest position with angular
speed 4.0 rad/s. Neglecting friction and air resistance, find (a) the
rod’s kinetic energy at its lowest position and (b) how far above that
position the center of mass rises.

•61 A 32.0 kg wheel, essentially a thin hoop with radius 1.20 m, is
rotating at 280 rev/min. It must be brought to a stop in 15.0 s. (a)
How much work must be done to stop it? (b) What is the required
average power?

••62 In Fig. 10-32, three 0.0100 kg particles have been glued to a
rod of length L " 6.00 cm and negligible mass and can rotate
around a perpendicular axis through point O at one end. How
much work is required to change the rotational rate (a) from 0 to
20.0 rad/s, (b) from 20.0 rad/s to 40.0 rad/s, and (c) from 40.0 rad/s to
60.0 rad/s? (d) What is the slope of a plot of the assembly’s kinetic
energy (in joules) versus the square of its rotation rate (in radians-
squared per second-squared)?

••63 A meter stick is held vertically with one end on
the floor and is then allowed to fall. Find the speed of the other end
just before it hits the floor, assuming that the end on the floor does
not slip. (Hint: Consider the stick to be a thin rod and use the con-
servation of energy principle.)

••64 A uniform cylinder of radius 10 cm and mass 20 kg is
mounted so as to rotate freely about a horizontal axis that is paral-
lel to and 5.0 cm from the central longitudinal axis of the cylinder.
(a) What is the rotational inertia of the cylinder about the axis of
rotation? (b) If the cylinder is released from rest with its central
longitudinal axis at the same height as the axis about which the
cylinder rotates, what is the angular speed of the cylinder as it
passes through its lowest position?

ILWSSM

•••65 A tall, cylindrical chimney falls over when its base is
ruptured.Treat the chimney as a thin rod of length 55.0 m.At the in-
stant it makes an angle of 35.0° with the vertical as it falls, what are
(a) the radial acceleration of the top, and (b) the tangential acceler-
ation of the top. (Hint: Use energy considerations, not a torque.) (c)
At what angle u is the tangential acceleration equal to g?  

•••66 A uniform spherical shell of mass M " 4.5 kg and radius 
R " 8.5 cm can rotate about a vertical axis on frictionless bearings
(Fig. 10-44). A massless cord passes around the equator of the shell,
over a pulley of rotational inertia I " 3.0 # 10$3 kg % m2 and radius
r " 5.0 cm, and is attached to a small object of mass m " 0.60 kg.
There is no friction on the pulley’s axle; the cord does not slip on
the pulley. What is the speed of the object when it has fallen 82 cm
after being released from rest? Use energy considerations.

1 2

L1 L2

Fig. 10-43 Problem 56.

M, R

I, r

m

•••67 Figure 10-45 shows a rigid
assembly of a thin hoop (of mass m
and radius R " 0.150 m) and a thin
radial rod (of mass m and length L "
2.00R). The assembly is upright, but if
we give it a slight nudge, it will rotate
around a horizontal axis in the plane
of the rod and hoop, through the
lower end of the rod. Assuming that
the energy given to the assembly in
such a nudge is negligible, what would be the assembly’s angular
speed about the rotation axis when it passes through the upside-
down (inverted) orientation?

Additional Problems
68 Two uniform solid spheres have the same mass of 1.65 kg, but
one has a radius of 0.226 m and the other has a radius of 0.854 m.
Each can rotate about an axis through its center. (a) What is the
magnitude t of the torque required to bring the smaller sphere
from rest to an angular speed of 317 rad/s in 15.5 s? (b) What is the
magnitude F of the force that must be applied tangentially at the
sphere’s equator to give that torque? What are the corresponding
values of (c) t and (d) F for the larger sphere?

69 In Fig. 10-46, a small disk of radius
r " 2.00 cm has been glued to the edge
of a larger disk of radius R " 4.00 cm so
that the disks lie in the same plane.The
disks can be rotated around a perpen-
dicular axis through point O at the cen-
ter of the larger disk. The disks both
have a uniform density (mass per unit

Fig. 10-44 Problem 66.

Fig. 10-45 Problem 67.

Rotation
axis

Hoop

Rod

O

Fig. 10-46 Problem 69.

halliday_c10_241-274hr.qxd  17-09-2009  12:50  Page 271

4



"�ɣɩɮɺ�ɤɰɥɫɰ�ɺɥɠɡɤ�ɺɥɰɲɨɤɮ�ɥɦɩɠ���
$ % & ' (
ɤɱɮɤ� ɦɫɸɮɡ
ɺɫɸɲɮ� ɬɹ
ɠɶɮɰ� ɩɤɹɬɫ
ɥɤɹɬɫ� ɳɥɢ
ɧɸɫɤɡ

ɲɰɺ� ɭɠ
ɺɫɸɲɮɤ
ɦɠ� ɱɴɠ� ɥɰɤ
ɦɫɸɮ� ɺɥɸɩɤɮ
ɤɰɩɤ� ɤɱɮɤ
ɱɴɠ

ɤɱɮɤ� ɦɫɸɮ
ɲɥɰɬ� ɬɥɫɩ� ɠɬ
ɧɥɫɤ� ɭɠ
ɥɰɤ� ɬɥɷɹɤ
ɱɴɠ

ɤɱɮɤ� ɦɫɸɮ
ɸɥɣɫ� ɬɹ
ɥɦɫɸɮɡ�ɠɶɮɰ

ɯɤɮ�ɺɧɠ�ɳɠ

6 NJ ɤɱɮ�ɬɲɡ %�ɳɥɢ�ɥɬɩɠɥ �ɤɰɥɴɶ 2 P�V ɺɥɸɩɤɮɡ�ɲɰ 4 NJ ɤɱɮ�ɬɲɡ $�ɳɥɢ���
ɺɥɸɩɤɮɡ�ɲɰ�ɭɩɴɥɢɤ�ɩɰɹ�ɬɹ�ɤɱɮɤ�ɦɫɸɮ �ɤɧɸɦɮ 3 P�V ɺɥɸɩɤɮɡ�ɲɰ

$ % & ' (
2 P�V ɤɰɥɴɶ
ɥ 3 P�V
ɤɧɸɦɮ

2 P�V ɤɰɥɴɶ
ɥ 3 P�V
ɤɡɸɲɮ

0.8 P�V
ɥ� ɤɰɥɴɶ
1.8 P�V
ɤɧɸɦɮ

1 P�V ɤɰɥɴɶ
ɥ 1.5 P�V
ɤɧɸɦɮ

ɬɬɫɡ�ɦɦ�ɠɬ

ɧɥɫ�ɺɣɥɡɲ��ɡ �ɤɣɥɡɲ�ɤɹɥɲ�ɠɬ�ɸɮɹɮ�ɧɥɫ��ɠ �ɺɥɰɥɫɰ�ɺɥɠɡɤ�ɺɥɰɲɨɤɮ�ɥɬɩɠ���
ɸɮɹɮ�ɧɫ�ɺɣɥɡɲ��ɢ �ɳɥɱ�ɺɣɥɷɰɥ�ɤɬɧɺɤ�ɺɣɥɷɰɡ�ɷɸ�ɠɬɠ�ɬɥɬɱɮɡ�ɤɩɥɬɺ�ɠɬ�ɸɮɹɮ

�ɤɱɮɡ�ɷɸ�ɩɥɬɺ�ɸɮɹɮ�ɧɫ��ɣ �ɱɴɠ�ɤɰɤ�ɸɥɢɱ�ɬɥɬɱɮ�ɬɫɡ
$ % & ' (
ɼɡɥ�ɼɠ ɼɢɥ�ɼɡ ɼɣɥ�ɼɢ ɯɬɥɫ ɺɧɠ�ɳɠ

t = 0 ɲɢɸɡ�ɭɠ �x(t) = xm (ωt+φ) ɩ�ɲ�ɺɸɠɥɺɮ�ɣɰɣɰɺɮɤ�ɳɥɢɤ�ɺɨɰɩɣɸɥɠɥɷ���
ɤɥɥɹ φ ɦɠ �x ɬɹ�ɩɬɩɬɹɤ�ɯɥɥɩɫɡ�ɥɺɥɸɩɤɮɥ �x(0) = 0 �ɺɩɹɠɸɡ�ɠɶɮɰ�ɳɥɢɤ

$ % & ' (
0 π/2 π 3π/2 2π

ɬɩɧɺɮ�ɬɥɢɬɢɤ �ɩɷɴɥɠ�ɧɨɹɮ�ɬɲ�ɤɷɬɧɤ�ɠɬɬ�ɬɢɬɢɺɮ 0.5P ɱɥɩɣɸ�ɬɲɡ�ɬɢɬɢ���
ɷɧɸɮɤ �6 UDG/V2 �ɬ�ɤɥɥɹɥ�ɤɲɥɡɷ�ɺɩɺɩɥɥɦ�ɤɶɥɠɺɡ�ɬɢɬɢɺɮ�ɳɥɢɤ �ɤɧɥɰɮ�ɡɶɮɮ

�ɠɥɤ�ɺɥɩɰɹ t = 3 ɣɲ t = 0 ɮ�ɸɡɥɲ�ɬɢɬɢɤ�ɦɫɸɮɹ
$ % & ' (
� 27 P 13.5 P 18 P ɤɡɥɹɺ� ɳɠ

ɤɰɥɫɰ�ɤɰɰɩɠ

ɤɶɥɠɺɡ�ɬɢɲɮɡ�ɺɡɡɥɺɱɮɥ 0.5 P ɥɫɸɥɠɹ�ɨɥɧɬ�ɺɸɡɥɧɮ 2 NJ ɤɺɱɮɹ�ɯɡɠ���
�ɥɰɤ�ɬɢɲɮɤ�ɦɫɸɮɬ�ɱɧɩɡ�ɬɬɥɫɤ�ɧɥɫɤ�ɨɰɮɥɮ �12 UDG�V2 ɤɲɥɡɷ�ɺɩɺɩɥɥɦ

$ % & ' (
� 6.0 1 ·P 12 1 ·P 72 1 ·P 140 1 ·P



ɺɥɩɢɸɰɠɤ�ɱɧɩ �ɵɸɠɤ�ɸɥɣɫ�ɬɲ�ɥɬɷɹɮɮ�ɺɩɹɩɹ�ɥɰɤ�ɧɸɩɤ�ɬɲ�ɳɥɢ�ɬɹ�ɬɷɹɮ���
ɥɰɤ�ɧɸɩɤ�ɬɲɥ�ɵɸɠɤ�ɸɥɣɫ�ɬɲ�ɺɥɸɩɤɮ�ɤɺɥɠɡ�ɲɰɤ�ɳɥɢ�ɬɹ�ɺɥɩɨɰɩɷɤ

$ % & ' (
��� ���� ��� ��� ����

ɭɤɩɰɹɬ �ɩɷɴɥɠ�ɧɨɹɮ�ɥɺɥɠ�ɩɰɴ�ɬɲ�ɭɩɲɰm2 = 4m1 ɥm1 ɺɥɱɮ�ɩɬɲɡ�ɭɩɴɥɢ�ɩɰɹ���
ɱɧɩ� ɥɤɮ �ɤɬɧɺɤɡ�ɺɩɨɰɩɷ�ɤɩɢɸɰɠ�ɤɺɥɠɥ�ɧɨɹɮɤ�ɭɲ�ɩɨɰɩɷ�ɪɥɫɩɧ�ɭɣɷɮ�ɥɺɥɠ

"�ɤɸɩɶɲɤ�ɣɲ�ɭɩɸɡɥɲ�ɭɩɴɥɢɤɹ l2/l1 ɭɩɷɧɸɮɤ

$ % & ' (
��� � ��� � �

ɤɱɮɤ�ɦɫɸɮ�ɬɹ�ɲɰɺɬ�ɤɥɥɹ�ɺɫɸɲɮɤ�ɲɰɺ��ɠ �ɺɥɰɥɫɰ�ɺɥɠɡɤ�ɺɥɰɲɨɤɮ�ɥɬɩɠ���
ɦɫɸɮ�ɬɹ�ɺɩɨɰɩɷɤ�ɤɩɢɸɰɠɬ�ɤɥɥɹ�ɺɫɸɲɮɤ�ɬɹ�ɺɩɨɰɩɷɤ�ɤɩɢɸɰɠɤ��ɡ �ɺɫɸɲɮɤ�ɬɹ
ɦɫɸɮ�ɬɹ� ɩɺɩɥɥɦɤ�ɲɰɺɬ�ɤɥɥɹ�ɺɫɸɲɮɤ�ɬɹ� ɩɺɩɥɥɦɤ�ɲɰɺɤ� �ɢ �ɺɫɸɲɮɤ�ɬɹ�ɤɱɮɤ

�ɺɫɸɲɮɤ�ɬɹ�ɤɱɮɤ
$ % & ' (
ɼɠ ɼɡɥ�ɼɠ ɯɬɥɫ ɺɧɠ�ɳɠ ɼɢɥ�ɼɡ

�ɯɥɸɣɮ�ɥɺɥɠɡ�ɤɷɬɧɤ�ɠɬɬ�ɭɩɬɢɬɢɺɮ�ɡɤɦ�ɩɥɹɲ�ɣɩɧɠ�ɬɩɬɢɥ�ɵɲ�ɩɥɹɲ�ɣɩɧɠ�ɬɩɬɢ����
"�ɸɺɥɩ�ɤɬɥɣɢ�ɤɶɥɠɺ�ɬɩɬɢ�ɤɦɩɠɬ

$ % & ' (
ɵɲɮ�ɬɩɬɢɬ ɡɤɦɮ�ɬɩɬɢɬ ɥɺɱɮɹ� ɤɦɬ

ɸɺɥɩ�ɤɬɥɣɢ
ɺɥɶɥɠɺɤ
ɺɥɥɹ

ɩɥɬɺ
ɭɩɱɥɩɣɸɡ



ɭɩɴɩɲɱ�ɯɩɠ �
ɷɰ����ɤɬɠɹ�ɬɫ �ɺɥɧɥɺɴ�ɺɥɬɠɹ���
ɡ�ɷɬɧ
ɬɲɡ�ɳɥɢ�ɧɰɥɮ�ɥɩɬɲ �ɪɥɫɩɧ�ɠɬɬ�ɤɴɶɸɤ�ɬɲ�ɧɰɥɮ m1 ɤɱɮ�ɬɲɡ�ɳɥɢɤ�ɨɥɨɸɹɡ���
ɳɥɢɤ�ɺɶɥɠɺ ��ɩɨɰɩɷɥ�ɩɨɨɱ� µ ɪɥɫɩɧɤ�ɭɣɷɮ�ɭɲ�ɪɥɫɩɧ�ɹɩ�ɭɩɩɰɹɤ�ɯɩɡɥ m2 ɤɱɮ

"�ɯɥɩɬɲɤ�ɳɥɢɤ�ɬɲ�ɬɲɥɴ�ɸɹɠ�ɩɬɮɩɰɩɮɤ F ɩɷɴɥɠɤ�ɧɥɫɤ�ɥɤɮ �a ɠɩɤ�ɯɥɺɧɺɤ

133PROB LE M S
PART 1

••25 Block B in Fig.
6-31 weighs 711 N.The coefficient of
static friction between block and
table is 0.25; angle u is 30°; assume
that the cord between B and the
knot is horizontal. Find the maxi-
mum weight of block A for which
the system will be stationary.

••26 Figure 6-32 shows three
crates being pushed over a concrete
floor by a horizontal force of
magnitude 440 N. The masses of the
crates are m1 ! 30.0 kg, m2 ! 10.0
kg, and m3 ! 20.0 kg. The coeffi-
cient of kinetic friction between the
floor and each of the crates is 0.700.
(a) What is the magnitude F32 of the
force on crate 3 from crate 2? (b) If
the crates then slide onto a polished
floor, where the coefficient of kinetic
friction is less than 0.700, is magni-
tude F32 more than, less than, or the
same as it was when the coefficient
was 0.700?

••27 Body A in Fig. 6-33 weighs
102 N, and body B weighs 32 N. The
coefficients of friction between A
and the incline are ms ! 0.56 and 
mk ! 0.25. Angle u is 40°. Let the
positive direction of an x axis be up
the incline. In unit-vector notation,
what is the acceleration of A if A is

F
:

WWWSSM nitude of the force that the child must exert on the rope to put
the chest on the verge of moving? (b) Write an expression for the
magnitude F required to put the chest on the verge of moving as a
function of the angle u. Determine (c) the value of u for which F is
a minimum and (d) that minimum magnitude.

F
:

Fig. 6-34 Problem 29.

Fig. 6-35 Problem 30.

Frictionless,
massless pulley

A

B

θ

Fig. 6-33
Problems 27 and 28.

Frictionless,
massless pulley

B

C

A

θ

B

A

Knot
θ

Fig. 6-31 Problem 25.

m1
m2

m3

F

Fig. 6-32 Problem 26.

••30 A toy chest and its contents have a combined weight of 180
N. The coefficient of static friction between toy chest and floor is
0.42. The child in Fig. 6-35 attempts to move the chest across the
floor by pulling on an attached rope. (a) If u is 42°, what is the mag-

a
a1

–a1

µ0 k3µk2
µk

Fig. 6-36 Problem 32.

•••33 A 1000 kg boat is traveling at 90 km/h when its engine
is shut off. The magnitude of the frictional force between boat
and water is proportional to the speed v of the boat: fk 70v,
where v is in meters per second and fk is in newtons. Find the time
required for the boat to slow to 45 km/h.

•••34 In Fig. 6-37, a slab of mass m1 ! 40 kg rests on a friction-
less floor, and a block of mass m2 10 kg rests on top of the slab.
Between block and slab, the coefficient of static friction is 0.60, and
the coefficient of kinetic friction is 0.40. A horizontal force of
magnitude 100 N begins to pull directly on the block, as shown. In
unit-vector notation, what are the resulting accelerations of (a) the
block and (b) the slab?

F
:

!

!
f
:

k

SSM

Fig. 6-37 Problem 34.

m2
m1

x
 = 0

F
µ

••31 Two blocks, of weights 3.6 N and 7.2 N, are connected
by a massless string and slide down a 30° inclined plane.The coeffi-
cient of kinetic friction between the lighter block and the plane is
0.10, and the coefficient between the heavier block and the plane is
0.20. Assuming that the lighter block leads, find (a) the magnitude
of the acceleration of the blocks and (b) the tension in the taut
string.

••32 A block is pushed across a floor by a constant force that
is applied at downward angle u (Fig. 6-19). Figure 6-36 gives the ac-
celeration magnitude a versus a range of values for the coefficient
of kinetic friction mk between block and floor: a1 ! 3.0 m/s2, mk2 !
0.20, and mk3 ! 0.40.What is the value of u?

SSM

initially (a) at rest, (b) moving up the incline, and (c) moving
down the incline?

••28 In Fig. 6-33, two blocks are connected over a pulley. The
mass of block A is 10 kg, and the coefficient of kinetic friction be-
tween A and the incline is 0.20. Angle u of the incline is 30°. Block
A slides down the incline at constant speed. What is the mass of
block B?

••29 In Fig. 6-34, blocks A and B have weights of 44 N and 22 N,
respectively. (a) Determine the minimum weight of block C to
keep A from sliding if ms between A and the table is 0.20. (b) Block
C suddenly is lifted off A. What is the acceleration of block A if mk

between A and the table is 0.15?
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•••34 A boy is initially seated on the top of a hemispherical ice
mound of radius R 13.8 m. He begins to slide down the ice, with
a negligible initial speed (Fig. 8-45). Approximate the ice as being
frictionless. At what height does the boy lose contact with the ice?

!

D

θ

Fig. 8-44 Problem 33.

D

Fig. 8-46 Problem 36.

R

Fig. 8-45 Problem 34.

•••35 In Fig. 8-40, a block of mass m ! 3.20 kg slides from rest a
distance d down a frictionless incline at angle " ! 30.0° where it
runs into a spring of spring constant 431 N/m. When the block mo-
mentarily stops, it has compressed the spring by 21.0 cm. What are
(a) distance d and (b) the distance between the point of the first
block–spring contact and the point where the block’s speed is
greatest?

•••36 Two children are playing a game in which they try to hit
a small box on the floor with a marble fired from a spring-loaded
gun that is mounted on a table. The target box is horizontal dis-
tance D ! 2.20 m from the edge of the table; see Fig. 8-46. Bobby

its rest position to this stopping point? (b) What is the speed of the
block just as it touches the spring?

θ

Fig. 8-41 Problem 30.

L ! 28 cm and mass m ! 0.012 kg, how much work is required to
pull the hanging part back onto the table?

•••33 In Fig. 8-44, a spring with k ! 170 N/m is at the top of a
frictionless incline of angle 37.0°.The lower end of the incline is
distance D 1.00 m from the end of the spring, which is at its re-
laxed length. A 2.00 kg canister is pushed against the spring until the
spring is compressed 0.200 m and released from rest. (a) What is the
speed of the canister at the instant the spring returns to its relaxed
length (which is when the canister loses contact with the spring)? (b)
What is the speed of the canister when it reaches the lower end of
the incline?

!
" !

••31 A block with mass
m 2.00 kg is placed against a
spring on a frictionless incline
with angle 30.0° (Fig. 8-42).
(The block is not attached to the
spring.) The spring, with spring
constant k 19.6 N/cm, is com-
pressed 20.0 cm and then re-
leased. (a) What is the elastic po-
tential energy of the compressed spring? (b) What is the change
in the gravitational potential energy of the block – Earth system
as the block moves from the release point to its highest point on
the incline? (c) How far along the incline is the highest point from
the release point?

••32 In Fig. 8-43, a chain is held on a frictionless table with one-
fourth of its length hanging over the edge. If the chain has length

!

" !

!
ILW

••30 A 2.0 kg breadbox on a frictionless incline of angle " !
40° is connected, by a cord that runs over a pulley, to a light spring
of spring constant k ! 120 N/m, as shown in Fig. 8-41. The box is
released from rest when the spring is unstretched. Assume that the
pulley is massless and frictionless. (a) What is the speed of the box
when it has moved 10 cm down the incline? (b) How far down the
incline from its point of release does the box slide before momen-
tarily stopping, and what are the (c) magnitude and (d) direction
(up or down the incline) of the box’s acceleration at the instant the
box momentarily stops?

θ

m

Fig. 8-40 Problems 29 and 35.

θ

m

k

Fig. 8-42 Problem 31.

Fig. 8-43 Problem 32.
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sec. 10-8 Torque
•45 The body in Fig. 10-36 is pivoted at O, and two
forces act on it as shown. If
r1 ! 1.30 m, r2 ! 2.15 m, F1 !
4.20 N, F2 ! 4.90 N, u1 ! 75.0°,
and u2 ! 60.0°, what is the net
torque about the pivot?

•46 The body in Fig. 10-37 is
pivoted at O. Three forces act on it: FA ! 10 N at point A, 8.0 m
from O; FB ! 16 N at B, 4.0 m from O; and FC ! 19 N at C, 3.0 m
from O.What is the net torque about O?

ILWSSM

••53 Figure 10-40 shows a
uniform disk that can rotate
around its center like a merry-go-
round. The disk has a radius of
2.00 cm and a mass of 20.0 grams
and is initially at rest. Starting at
time t ! 0, two forces are to be ap-
plied tangentially to the rim as indicated, so that at time t ! 1.25 s
the disk has an angular velocity of 250 rad/s counterclockwise.
Force has a magnitude of 0.100 N.What is magnitude F2?

••54 In a judo foot-sweep
move, you sweep your opponent’s
left foot out from under him while
pulling on his gi (uniform) toward
that side. As a result, your oppo-
nent rotates around his right foot
and onto the mat. Figure 10-41
shows a simplified diagram of
your opponent as you face him,
with his left foot swept out. The
rotational axis is through point O.
The gravitational force on him
effectively acts at his center of
mass, which is a horizontal dis-
tance d ! 28 cm from point O.
His mass is 70 kg, and his rota-
tional inertia about point O is 65
kg " m2.What is the magnitude of
his initial angular acceleration
about point O if your pull on his
gi is (a) negligible and (b) horizontal with a magnitude of 300 N and
applied at height h ! 1.4 m?

••55 In Fig. 10-42a, an irregularly shaped
plastic plate with uniform thickness and den-
sity (mass per unit volume) is to be rotated
around an axle that is perpendicular to the
plate face and through point O. The rota-
tional inertia of the plate about that axle is
measured with the following method. A cir-
cular disk of mass 0.500 kg and radius 2.00
cm is glued to the plate, with its center
aligned with point O (Fig. 10-42b). A string is
wrapped around the edge of the disk the way
a string is wrapped around a top. Then the
string is pulled for 5.00 s. As a result, the disk

F
:

a

F
:

g

F
:

1

FC C

FB

B

160°

90°
O

FA

A135°

Fig. 10-37 Problem 46.

F1

F4 R

r
O

Rotation
axis

F2

F3

F2

F1

Fig. 10-40 Problem 53.

Fig. 10-41 Problem 54.

O

d

com

Fg

Fa

h

Fig. 10-36 Problem 45.

Or1

θ1

F1

r2

θ2

F2

•47 A small ball of mass 0.75 kg is attached to one end of a
1.25-m-long massless rod, and the other end of the rod is hung from a
pivot. When the resulting pendulum is 30° from the vertical, what is
the magnitude of the gravitational torque calculated about the pivot?

•48 The length of a bicycle pedal arm is 0.152 m, and a downward
force of 111 N is applied to the pedal by the rider.What is the mag-
nitude of the torque about the pedal arm’s pivot when the arm is at
angle (a) 30°, (b) 90°, and (c) 180° with the vertical?

sec. 10-9 Newton’s Second Law for Rotation
•49 During the launch from a board, a diver’s angular
speed about her center of mass changes from zero to 6.20 rad/s in
220 ms. Her rotational inertia about her center of mass is 12.0
kg " m2. During the launch, what are the magnitudes of (a) her aver-
age angular acceleration and (b) the average external torque on
her from the board?

•50 If a 32.0 N " m torque on a wheel causes angular acceleration
25.0 rad/s2, what is the wheel’s rotational inertia?

••51 In Fig. 10-38, block 1 has mass
, block 2 has mass ,

and the pulley, which is mounted on a
horizontal axle with negligible friction,
has radius . When released
from rest, block 2 falls 75.0 cm in 5.00 s
without the cord slipping on the pulley.
(a) What is the magnitude of the acceler-
ation of the blocks? What are (b) ten-
sion and (c) tension ? (d) What is
the magnitude of the pulley’s angular ac-
celeration? (e) What is its rotational inertia? 

••52 In Fig. 10-39, a cylinder having a mass of 2.0 kg can rotate
about its central axis through point O. Forces are applied as shown:
F1 ! 6.0 N, F2 ! 4.0 N, F3 ! 2.0 N, and F4 ! 5.0 N. Also, r ! 5.0 cm
and R ! 12 cm. Find the (a) magnitude and (b) direction of the an-
gular acceleration of the cylinder. (During the rotation, the forces
maintain their same angles relative to the cylinder.) 

T1T2

R ! 5.00 cm

m2 ! 500 gm1 ! 460 g

ILWSSM

SSM

m1

T1 T2

m2

R

Fig. 10-38
Problems 51 and 83.

Fig. 10-39 Problem 52.

(b)

(a)

O
Axle

Plate

Disk

String

Fig. 10-42
Problem 55.
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כך שבכל רגע הם 1m נעים במעגל בעל רדיוס ,3kg ו- 1kg 1) שני גופים שמסתם
מה התנועה של מרכז המסה של השניים נמצאים בקצוות מנוגדים של קוטר המעגל.

?

A B C D E
לא נע נע לאורך קוו

ישר
נע במעגל
שרדיוסו
0.5m

נע במעגל
שרדיוסו
0.25m

לא ניתן
לדעת,
חסרים
נתונים

מעל הקרקע ובו-זמנית כדור אחר 30 m מתחיל ליפול בגובה 1 kg 2) כדור שמסתו
.15 m/s נזרק מהקרקע למעלה אנכית לאורך אותו קוו ישר במהירות 2 kg שמסתו
אחרי ההתנגשות מרכז המסה של שני 1 s כעבור הכדורים מתנגשים אלסטית.

הכדורים נע במהירות (חץ מסמן כיוון):

A B C D E
10m/s ↑ 10m/s ↓ 20m/s ↑ 20m/s ↓ 0

הוא נמצא t = 0 ברגע .T 3) חלקיק מבצע תנועה הרמונית פשוטה עם זמן מחזור
ונע לקראת הקצה. במרחק שווה בין נקודת שיווי משקל ואחד הקצוות של מסלולו,

בפעם הבאה הוא נמצא באותו מקום כאשר

A B C D E
t = T t = T/2 t = T/4 t = T/8 אף תשובה

איננה נכונה

גודל המהירות גדל ואילו רכיב הכוח המאונך 4) גוף נקודתי נע במסלול עקום.
רדיוס העקמומיות של המסלול למהירות נשאר קבוע.

A B C D E
גדל קטן לא משתנה לא ניתן

לדעת, חסרים
נתונים

לא ניתן לדעת
בשום מקרה

מתגלגל ללא ,I = 2MR2/5 ומומנט התמד M מסה ,R 5) כדור מלא בעל רדיוס
ותאוצה זוויתית של כוח מופעל על צירו בכיוון אופקי. החלקה על משטח אופקי.
f וכוח החיכוך עם המשטח F גודל הכוח המופעל על הציר .α סיבוב סביב צירו היא

הנם:

A B C D E
F = MRα f =
0

F = 7MRα/5
f = 2MRα/5

F = 2MRα/5
f = 7MRα/5

F = 2MRα
f = MRα

F = 3MRα/2

f = MRα/2

2



מסת הדיסקה ממרכזה. h 6) מרכז המסה של דיסקה לא אחידה נמצא במרחק
.Icm ומומנט התמד ביחס לציר העובר דרך מרכז המסה הנו ,R > h ,R רדיוס ,M
התנע .ω הדיסקה מסתבובב סביב ציר מקביל העובר דרך מרכזה במהירות זוויתית

הזוויתי שלה הוא
A B C D E
Icmω (Icm +Mh2)ω (Icm+M(R−

h)2)ω
(Icm+MR2)ω MR2ω/2

.U(x) = −a2x2 + b2x4 7) אנרגיה פוטנציאלית של גוף נקודתי ניתנת ע״י הביטוי
מה האנרגיה של הגוף אם הוא נמצא בשיווי משקל יציב ?

A B C D E
E = 0 E = a4/b2 E = −a4/4b2 E = −a4/2b2 E = a4/4b2

t-קבוע ו C1 כאשר ,K/t4 = C1 8) אנרגיה קינטית של חלקיק משתנה בזמן כך ש
הכוח המופעל תלוי בזמן כך ש זה זמן.

A B C D E
F/t = C2

C2 כאשר
קבוע

F/t2 = C2

C2 כאשר
קבוע

Ft = C2

C2 כאשר
קבוע

F = C2

C2 כאשר
קבוע

לא ניתן
לדעת,
חסרים
נתונים

מה המרחק בין .20 m/s אופקית במהירות 20 m 9) כדור נזרק מבניין שגובהו
g ≈ 10 m/s2 תחתית הבניין למקום פגיעת הכדור הקרקע ?

A B C D E
10 m 40 m 50 m 70 m אף תשובה

איננה נכונה

ומסתובבת במישור אנכי כך שגודל המהירות 0.5 m 10) אבן מחוברת לחוט שאורכו
מהי תאוצת האבן בנקודה העליונה של מסלולו ? .4 m/s נשאר קבוע ושווה

A B C D E
9.8 m/s2,
כלפי מעלה

9.8 m/s2,
כלפי מטה

8 m/s2, כלפי
מעלה

32 m/s2,
כלפי מעלה

32 m/s2,
כלפי מטה

3



אין סעיפים כל שאלה 20 נק', חלק ב' - שאלות פתוחות,

מקדם החיכוך הסטטי בין שבשרטוט אינם מחוברים. M ו m 1) שני הגופים,
m מהו הכוח המינימלי שצריך להפעיל על אין חיכוך עם הרצפה. ,µ השניים הנו

אופקית כדי שלא יחליק למטה ?
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Radius

Radius

Fig. 6-39 Problem 49.

•••35 The two blocks (m ! 16 kg and M ! 88 kg) in Fig. 6-38
are not attached to each other.The co-
efficient of static friction between the
blocks is ms ! 0.38, but the surface
beneath the larger block is friction-
less. What is the minimum magnitude
of the horizontal force required to
keep the smaller block from slipping
down the larger block?

sec. 6-4 The Drag Force and Terminal Speed
•36 The terminal speed of a sky diver is 160 km/h in the spread-
eagle position and 310 km/h in the nosedive position. Assuming
that the diver’s drag coefficient C does not change from one posi-
tion to the other, find the ratio of the effective cross-sectional area
A in the slower position to that in the faster position.

••37 Continuation of Problem 8. Now assume that Eq. 6-14
gives the magnitude of the air drag force on the typical 20 kg stone,
which presents to the wind a vertical cross-sectional area of 0.040
m2 and has a drag coefficient C of 0.80. Take the air density to be
1.21 kg/m3, and the coefficient of kinetic friction to be 0.80. (a) In
kilometers per hour, what wind speed V along the ground is
needed to maintain the stone’s motion once it has started moving?
Because winds along the ground are retarded by the ground, the
wind speeds reported for storms are often measured at a height of
10 m. Assume wind speeds are 2.00 times those along the ground.
(b) For your answer to (a), what wind speed would be reported for
the storm? (c) Is that value reasonable for a high-speed wind in a
storm? (Story continues with Problem 65.)

••38 Assume Eq. 6-14 gives the drag force on a pilot plus ejection
seat just after they are ejected from a plane traveling horizontally
at 1300 km/h. Assume also that the mass of the seat is equal to the
mass of the pilot and that the drag coefficient is that of a sky diver.
Making a reasonable guess of the pilot’s mass and using the ap-
propriate vt value from Table 6-1, estimate the magnitudes of (a)
the drag force on the pilot " seat and (b) their horizontal deceler-
ation (in terms of g), both just after ejection. (The result of (a)
should indicate an engineering requirement: The seat must in-
clude a protective barrier to deflect the initial wind blast away
from the pilot’s head.)

••39 Calculate the ratio of the drag force on a jet flying at 1000
km/h at an altitude of 10 km to the drag force on a prop-driven
transport flying at half that speed and altitude. The density of air is
0.38 kg/m3 at 10 km and 0.67 kg/m3 at 5.0 km. Assume that the air-
planes have the same effective cross-sectional area and drag coeffi-
cient C.

••40 In downhill speed skiing a skier is retarded by both the
air drag force on the body and the kinetic frictional force on the
skis. (a) Suppose the slope angle is u ! 40.0°, the snow is dry snow
with a coefficient of kinetic friction mk ! 0.0400, the mass of the
skier and equipment is m ! 85.0 kg, the cross-sectional area of the
(tucked) skier is A ! 1.30 m2, the drag coefficient is C ! 0.150, and
the air density is 1.20 kg/m3. (a) What is the terminal speed? (b) If a
skier can vary C by a slight amount dC by adjusting, say, the hand
positions, what is the corresponding variation in the terminal
speed?

sec. 6-5 Uniform Circular Motion
•41 A cat dozes on a stationary merry-go-round, at a radius of 5.4
m from the center of the ride. Then the operator turns on the ride

F
:

ILW and brings it up to its proper turning rate of one complete rotation
every 6.0 s. What is the least coefficient of static friction between
the cat and the merry-go-round that will allow the cat to stay in
place, without sliding?

•42 Suppose the coefficient of static friction between the road
and the tires on a car is 0.60 and the car has no negative lift. What
speed will put the car on the verge of sliding as it rounds a level
curve of 30.5 m radius?

•43 What is the smallest radius of an unbanked (flat) track
around which a bicyclist can travel if her speed is 29 km/h and the
ms between tires and track is 0.32?

•44 During an Olympic bobsled run, the Jamaican team makes a
turn of radius 7.6 m at a speed of 96.6 km/h. What is their accelera-
tion in terms of g?

••45 A student of weight 667 N rides a steadily
rotating Ferris wheel (the student sits upright). At the highest
point, the magnitude of the normal force on the student from
the seat is 556 N. (a) Does the student feel “light” or “heavy”
there? (b) What is the magnitude of at the lowest point? If the
wheel’s speed is doubled, what is the magnitude FN at the (c) high-
est and (d) lowest point?

••46 A police officer in hot pursuit drives her car through a circular
turn of radius 300 m with a constant speed of 80.0 km/h. Her mass is
55.0 kg.What are (a) the magnitude and (b) the angle (relative to ver-
tical) of the net force of the officer on the car seat? (Hint: Consider
both horizontal and vertical forces.)

••47 A circular-motion addict of mass 80 kg rides a Ferris
wheel around in a vertical circle of radius 10 m at a constant speed
of 6.1 m/s. (a) What is the period of the motion? What is the mag-
nitude of the normal force on the addict from the seat when both
go through (b) the highest point of the circular path and (c) the
lowest point?

••48 A roller-coaster car has a mass of 1200 kg when fully
loaded with passengers. As the car passes over the top of a circu-
lar hill of radius 18 m, its speed is not changing. At the top of the
hill, what are the (a) magnitude FN and (b) direction (up or
down) of the normal force on the car from the track if the car’s
speed is v ! 11 m/s? What are (c) FN and (d) the direction if v !
14 m/s? 

••49 In Fig. 6-39, a car is driven at constant speed over a circular
hill and then into a circular valley with the same radius. At the top
of the hill, the normal force on the driver from the car seat is 0.The
driver’s mass is 70.0 kg. What is the magnitude of the normal force
on the driver from the seat when the car passes through the bottom
of the valley?

F
:

N

F
:

N

ILWSSM

ILW

••50 An 85.0 kg passenger is made to move along a circular path
of radius r ! 3.50 m in uniform circular motion. (a) Figure 6-40a is
a plot of the required magnitude F of the net centripetal force for a
range of possible values of the passenger’s speed v. What is the

Frictionless

m

M
F

Fig. 6-38 Problem 35.
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כלפי v0 לפני הפגיעה לקליע מהירות .M פוגע בגוף שמסתו m 2) קליע שמסתו
הקליע חודר דרך הגוף וממשיך לנוע למעלה במהירות מעלה ואילו הגוף נמצא במנוחה.

לאיזה גובה מקסימלי יעלה הגוף ? מיד אחרי יציאה מהגוף. v1
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bullet, find the speed of the bullet as it (a) leaves and (b) enters
block 1.

tances dA ! 8.2 m and dB ! 6.1 m.What are the speeds of (a) car A
and (b) car B at the start of the sliding, just after the collision? (c)
Assuming that linear momentum is conserved during the collision,
find the speed of car B just before the collision. (d) Explain why
this assumption may be invalid.

•••59 In Fig. 9-63, block 1 (mass 2.0 kg) is moving rightward
at 10 m/s and block 2 (mass 5.0 kg) is moving rightward at 3.0 m/s.
The surface is frictionless, and a spring with a spring constant of
1120 N/m is fixed to block 2. When the blocks collide, the compres-
sion of the spring is maximum at the instant the blocks have the
same velocity. Find the maximum compression.

ILW

••53 In Anchorage, collisions of a vehicle with a moose are so
common that they are referred to with the abbreviation MVC.
Suppose a 1000 kg car slides into a stationary 500 kg moose on a
very slippery road, with the moose being thrown through the wind-
shield (a common MVC result). (a) What percent of the original
kinetic energy is lost in the collision to other forms of energy? A
similar danger occurs in Saudi Arabia because of camel–vehicle
collisions (CVC). (b) What percent of the original kinetic energy is
lost if the car hits a 300 kg camel? (c) Generally, does the percent
loss increase or decrease if the animal mass decreases?

••54 A completely inelastic collision occurs between two balls of
wet putty that move directly toward each other along a vertical
axis. Just before the collision, one ball, of mass 3.0 kg, is moving up-
ward at 20 m/s and the other ball, of mass 2.0 kg, is moving down-
ward at 12 m/s. How high do the combined two balls of putty rise
above the collision point? (Neglect air drag.)

••55 A 5.0 kg block with a speed of 3.0 m/s collides with a 10
kg block that has a speed of 2.0 m/s in the same direction.After the
collision, the 10 kg block travels in the original direction with a
speed of 2.5 m/s. (a) What is the velocity of the 5.0 kg block imme-
diately after the collision? (b) By how much does the total kinetic
energy of the system of two blocks change because of the colli-
sion? (c) Suppose, instead, that the 10 kg block ends up with a
speed of 4.0 m/s. What then is the change in the total kinetic en-
ergy? (d) Account for the result you obtained in (c).

••56 In the “before” part of Fig. 9-60, car A (mass 1100 kg) is
stopped at a traffic light when it is rear-ended by car B (mass 1400
kg). Both cars then slide with locked wheels until the frictional
force from the slick road (with a low mk of 0.13) stops them, at dis-

ILW

••52 In Fig. 9-59, a 10 g bullet moving directly upward at 1000
m/s strikes and passes through the center of mass of a 5.0 kg block
initially at rest. The bullet emerges from the block moving directly
upward at 400 m/s. To what maximum height does the block then
rise above its initial position?

1 2
Frictionless

(a)

(b)

v1 v2

Fig. 9-58 Problem 51.

Bullet

Fig. 9-59 Problem 52.

Fig. 9-60 Problem 56.

A B

A B

dA

dB

Before

After

v0

vi
m

M

Fig. 9-61 Problem 57.

•••58 In Fig. 9-62, block 2 (mass 1.0 kg) is at rest on a frictionless
surface and touching the end of an unstretched spring of spring
constant 200 N/m. The other end of the spring is fixed to a wall.
Block 1 (mass 2.0 kg), traveling at speed v1 ! 4.0 m/s, collides with
block 2, and the two blocks stick together. When the blocks mo-
mentarily stop, by what distance is the spring compressed?

1 2
v1

Fig. 9-62 Problem 58.

1 2

Fig. 9-63 Problem 59.

sec. 9-10 Elastic Collisions in One Dimension
•60 In Fig. 9-64, block A (mass 1.6 kg) slides into block B (mass 2.4
kg), along a frictionless surface. The directions of three velocities be-
fore (i) and after ( f ) the collision are indicated; the corresponding

••57 In Fig. 9-61, a ball of mass m ! 60 g is shot with speed
vi 22 m/s into the barrel of a spring gun of mass M 240 g ini-
tially at rest on a frictionless surface. The ball sticks in the barrel at
the point of maximum compression of the spring. Assume that the
increase in thermal energy due to friction between the ball and the
barrel is negligible. (a) What is the speed of the spring gun after the
ball stops in the barrel? (b) What fraction of the initial kinetic en-
ergy of the ball is stored in the spring?

!!
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מתחיל Icm = 2mr2/5 ומונט ההתמד שלו r רדיוסו ,m 3) כדור קטן שמסתו
הכדור מגיע לנקודה לאורך המסלול כפי שבשרטוט. P להתגלגל ללא החלקה מנקודה
אשר גדול בהרבה מרדיוס הכדור, ,R רדיוס המעגל הנו העליונה של החלק המעגלי.

צריך להתחיל הכדור להתגלגל ? h מאיזה גובה מינימלי .R ≫ r

sec. 8-4 Determining Potential Energy Values
•1 What is the spring constant of a spring that stores 25 J of
elastic potential energy when compressed by 7.5 cm?

•2 In Fig. 8-27, a single frictionless roller-coaster car of mass
m ! 825 kg tops the first hill with speed v0 ! 17.0 m/s at height 
h ! 42.0 m. How much work does the gravitational force do on the
car from that point to (a) point A, (b) point B, and (c) point C? If the
gravitational potential energy of the car–Earth system is taken to be
zero at C, what is its value when the car is at (d) B and (e) A? (f) If
mass m were doubled, would the change in the gravitational potential
energy of the system between points A and B increase, decrease, or
remain the same?

SSM

taken to be zero at the initial point, what is it
when the ball reaches (d) the lowest point, (e)
the highest point, and (f) the point on
the right level with the initial point? (g)
Suppose the rod were pushed harder so that
the ball passed through the highest point with
a nonzero speed. Would "Ug from the lowest
point to the highest point then be greater
than, less than, or the same as it was when the
ball stopped at the highest point?

•5 In Fig. 8-30, a 2.00 g ice flake is re-
leased from the edge of a hemispherical bowl whose radius r is 22.0
cm. The flake–bowl contact is frictionless. (a) How much work is
done on the flake by the gravitational force during the flake’s
descent to the bottom of the bowl? (b) What is the change in the
potential energy of the flake–Earth system during that descent?
(c) If that potential energy is taken to be zero at the bottom of the
bowl, what is its value when the flake is released? (d) If, instead,
the potential energy is taken to be zero at the release point, what is
its value when the flake reaches the bottom of the bowl? (e) If the
mass of the flake were doubled, would the magnitudes of the an-
swers to (a) through (d) increase, decrease, or remain the same?

SSM

Tutoring problem available (at instructor’s discretion) in WileyPLUS and WebAssign

SSM Worked-out solution available in Student Solutions Manual      

• – ••• Number of dots indicates level of problem difficulty

Additional information available in The Flying Circus of Physics and at flyingcircusofphysics.com

WWW Worked-out solution is at

ILW Interactive solution is at 
http://www.wiley.com/college/halliday

First
hill

A

B

C

h h
h/2

v0

L

r

Ice
flake

Fig. 8-30 Problems 5 and 11.

Fig. 8-27 Problems 2 and 9.

Fig. 8-29
Problems 4 

and 14.

•3 You drop a 2.00 kg book to a
friend who stands on the ground at dis-
tance D ! 10.0 m below. If your friend’s
outstretched hands are at distance d !
1.50 m above the ground (Fig. 8-28), (a)
how much work Wg does the gravita-
tional force do on the book as it drops
to her hands? (b) What is the change
"U in the gravitational potential energy
of the book–Earth system during the
drop? If the gravitational potential en-
ergy U of that system is taken to be zero
at ground level, what is U (c) when the
book is released and (d) when it reaches
her hands? Now take U to be 100 J at
ground level and again find (e) Wg, (f)
"U, (g) U at the release point, and (h) U
at her hands.

•4 Figure 8-29 shows a ball with mass m ! 0.341 kg attached to
the end of a thin rod with length L ! 0.452 m and negligible mass.
The other end of the rod is pivoted so that the ball can move in a
vertical circle.The rod is held horizontally as shown and then given
enough of a downward push to cause the ball to swing down and
around and just reach the vertically up position, with zero speed
there. How much work is done on the ball by the gravitational
force from the initial point to (a) the lowest point, (b) the highest
point, and (c) the point on the right level with the initial point? If
the gravitational potential energy of the ball–Earth system is

189PROB LE M S
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d

D

Fig. 8-28
Problems 3 and 10.

••6 In Fig. 8-31, a small block of
mass m ! 0.032 kg can slide along
the frictionless loop-the-loop, with
loop radius R ! 12 cm. The block is
released from rest at point P, at
height h ! 5.0R above the bottom of
the loop. How much work does the
gravitational force do on the block
as the block travels from point P to
(a) point Q and (b) the top of the
loop? If the gravitational potential
energy of the block–Earth system is
taken to be zero at the bottom of the
loop, what is that potential energy when the block is (c) at point P,
(d) at point Q, and (e) at the top of the loop? (f) If, instead of
merely being released, the block is given some initial speed down-
ward along the track, do the answers to (a) through (e) increase,
decrease, or remain the same?

h

P

R
Q

R

Fig. 8-31 Problems 6
and 17.

halliday_c08_166-200hr.qxd  17-09-2009  12:43  Page 189

4



פיסיקה 1 ב' 203-1-1391
פרופ' מיכאל גדלין פרופ' יפים גולברייך, ד״ר גולן בל, מרצים:

מועד ב' 2
6.10.2014

משך המבחן 3 שעות •

מחשבון אסור דף נוסחאות מצורף, חומר עזר: •

להגיע לנוסחה בשאלות פתוחות יש לרשום פתרון באמצעות אותיות בלבד, •
סופית ולהציב מספרים רק בה

בשאלות עם מספרים חובה להגיע למספר סופי (בקירוב) •

בשאלות אמריקאיות רק תשובות סופיות (בטופס) נבדקות •

שאלות פתוחות יש לפתור במחברת •

אסור להשתמש בצבע אדום אסור לכתוב בעפרון, •

בהצלחה !

חלק א' - שאלות אמריקאיות (כל שאלה - 4 נק') - יש לסמן תשובה נכונה בטבלה בלבד

No. A B C D E
1
2
3
4
5
6
7
8
9

10

1



היא עוברת רבע 1) ילדה רצה לאורך מעגל אופקי כך שגודל המהירות שלה קבוע.
גודל התאוצה שלה הוא .5 s תוך ,25m באורך מעגל,

A B C D E
0.3m/s2 0.6m/s2 1.6m/s2 3.9m/s2 6.3m/s2

מחוברים לקצותיו של חוט במנוחה, 350N ו 250N אשר שוקלים 2) שני גופים,
המערכת החוט עובר מעל גלגלת ללא מסה וללא חיכוך. חסר מסה שאינו מתארך.

מהו כח המתיחות בחוט ? חופשית לנוע.
A B C D E
210N 290N 410N 500N 990N

מאיץ בכיוון אופקי את הגוף אשר נמצא על משטח אופקי 50N 3) כוח שגודלו
באיזה כיוון יש לכוון את הכוח לקבלת .µs = 1 מקדם החיכוך הקינטי מחוספס.

תאוצה מקסימלית ?
A B C D E
60◦ מעל
לאופק

45◦ מעל
לאופק

60◦ מתחת
לאופק

45◦ מתחת
לאופק

בכיוון אופקי

(לעומת אורכו הרפוי) הוא מגיב בכוח שגודלו x 4) כאשר מותחים פס גומי באורך
מהי העבודה הדרושה על מנת למתוח את הפס מ הנם קבועים. b ו a .F = ax+ bx2

? x = L ל x = 0

A B C D E
aL2 + bLx3 aL+ 2bL2 a+ 2bL bL aL2/2+bL3/3

5) כוח שפועל על חלקיק הנו משמר אם
A B C D E
עבודתו
שווה לשינוי
האנרגיה
הקינטית של
שחלקיק

הוא מקיים
את החוק
השני של
ניוטון

הוא מקיים
את החוק
השלישי של
ניוטון

עבודתו
תלויה אך
ורק בנקודות
ההתחלה
והסיום
של מסלול
החלקיק

הוא איננו
כוח החיכוך

6)
מונח על משטח אופקי חלק (ללא חיכוך) 20N/m קפיץ מושלם בעל קבוע קפיץ
קצה אחד של הקפיץ מקובע. ביחס לאורכו רפוי. 7 cm כאשר הוא מכווץ באורך
מסת הגוף היא הקצה השני נוגע (לא מחובר) בגוף נקודתי אשר מוחזק במנוחה.
מה תהיה האנרגיה הקינטית שלו ברגע שהוא עוזב את משחררים את הגוף. .15g

הקפיץ ?

2



A B C D E
0 2.5 · 10−2 J 4.9 · 10−2 J 9.8 · 10−2 J 1.4 J

נע במהירות 8kg שמסתו B כאשר גוף ,2m/s נע במהירות 4kg שמסתו A 7) גוף
מהי מהירות של מרכז המסה של שני הגופים .A בכיוון הפוך לכיוון תנועתו של 3m/s

?
A B C D E
1.3m/s
בכיוון תנועתו
A של

1.3m/s
בכיוון תנועתו
B של

2.7m/s
בכיוון תנועתו
A של

1.0m/s
בכיוון תנועתו
B של

5.0m/s
בכיוון תנועתו
A של

התאוצה הזוויתית בהתחלה. 18 rad/s 8) המהירות הזוויתית של גלגל מסתובב היא
שינוי הקואורדינטה הזוויתית של מהי זווית הסיבוב (העתק זוויתי, .−2 rad/s2 היא

עד רגע העצירה ? t = 0 נקודה שרירותית על הגלגל) מרגע
A B C D E
81 rad 160 rad 245 rad 330 rad 410 rad

9) מומנט ההתמד של כדור מלא אחיד ביחס לציר העובר דרך מרכז המסה הנו
הכדור תלוי בחוט בעל הוא הרדיוס שלו. R היא המסה שלו ו M כאשר ,(2/5)MR2

מהו מומנט ההתמד של הכדור ביחס לנקודת אשר מחובר לפני הכדור. 3R אורך
התלייה ?

A B C D E
(2/5)MR2 9MR2 16MR2 (47/5)MR2 (82/5)MR2

10) בתנועה הרמונית פשוטה המרחק משיווי משקל מקסימלי כאשר
A B C D E
התאוצה הנה
אפס

המהירות
היא
מקסימלית

המהירות
היא אפס

אנרגיה
קינטית היא
מקסימלית

התנע הנו
מקסימלי

3



אין סעיפים כל שאלה 20 נק', חלק ב' - שאלות פתוחות,

לפני תחילתה S במרחק 1) גוף קטן מקבל מהירות התחלתית על משטח אופקי,
המשטח האופקי והמסילה המעגלית חלקים. R. של מסילה חצי כדורית שרדיוסה
המהירות ההתחלתית הנה מהירות מינימלית הדרושה לגוף ע"מ שיגיע לקצה העליון
ומהי (A נקודה) היכן יפגע הגוף ברצפה ביחס לנקודת התחלה.(D נקודה) של המסילה

המהירות ההתחלתית של הגוף?

אשר נמצא ,M מתנגש עם גוף בעל מסה ,v הנע במהירות ,m 2) גוף בעל מסה
איבוד לפני ההתנגשות. m נע בכיוון שבו נע גוף M לאחר ההתנגשות גוף במנוחה.
מצאו את מהירויות הגופים אחרי ההתנגשות. .W האנרגיה במהלך ההתנגשות הנו

המונח על משטח מתחיל לפעול בנקודה העליונה של גליל אחיד, F 3) כוח אופקי
מהו מקדם החיכוך הגליל מתחיל להתגלגל ללא החלקה. אופקי (ראו שרטוט).
ומומנט ההתמד R רדיוס הגליל ,M מסת הגליל הסטטי המינימלי האפשרי במצב זה ?

.Icm = MR2/2 ביחס למרכז המסה הוא

358 C H A P T E R  1 1 Rolling Motion and Angular Momentum

tate about an axis AB (Fig. P11.61). A bullet of mass m
and speed v is shot at the face opposite ABCD at a
height of 4a/3. The bullet becomes embedded in the
cube. Find the minimum value of v required to tip the
cube so that it falls on face ABCD. Assume m V M.

a horizontal surface and released, as shown in Figure
P11.64. (a) What is the angular speed of the disk once
pure rolling takes place? (b) Find the fractional loss in
kinetic energy from the time the disk is released until
the time pure rolling occurs. (Hint: Consider torques
about the center of mass.)

65. Suppose a solid disk of radius R is given an angular
speed !i about an axis through its center and is then
lowered to a horizontal surface and released, as shown
in Problem 64 (see Fig. P11.64). Furthermore, assume
that the coefficient of friction between the disk and the
surface is ". (a) Show that the time it takes for pure
rolling motion to occur is R!i/3"g. (b) Show that the
distance the disk travels before pure rolling occurs is

66. A solid cube of side 2a and mass M is sliding on a fric-
tionless surface with uniform velocity v, as shown in Fig-
ure P11.66a. It hits a small obstacle at the end of the
table; this causes the cube to tilt, as shown in Figure

R2!i 

2/18"g.

2a

ω

Mg
M

v

(a)

(b)

F

M

R

v

2a

A

B

C

D

4a/3

64. A uniform solid disk is set into rotation with an angular
speed !i about an axis through its center. While still ro-
tating at this speed, the disk is placed into contact with

62. A large, cylindrical roll of paper of initial radius R lies
on a long, horizontal surface with the open end of the
paper nailed to the surface. The roll is given a slight
shove (vi ! 0) and begins to unroll. (a) Determine the
speed of the center of mass of the roll when its radius
has diminished to r. (b) Calculate a numerical value 
for this speed at r # 1.00 mm, assuming R # 6.00 m. 
(c) What happens to the energy of the system when the
paper is completely unrolled? (Hint: Assume that the
roll has a uniform density and apply energy methods.)

63. A spool of wire of mass M and radius R is unwound un-
der a constant force F (Fig. P11.63). Assuming that the
spool is a uniform solid cylinder that does not slip, show
that (a) the acceleration of the center of mass is 
4F/3M and that (b) the force of friction is to the right
and is equal in magnitude to F/3. (c) If the cylinder
starts from rest and rolls without slipping, what is the
speed of its center of mass after it has rolled through a
distance d ?

Figure P11.66

Figure P11.64 Problems 64 and 65.

Figure P11.63

Figure P11.61
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