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Question 8-12, 15
as per the EOT




Identify that the centripetal force, necessary for circular motion, can be provided by different

forces such as the force of friction, tension, gravitational force, Coulomb force, or the normal Stgi:::j;;l;(g "]B] ggi
force.. —T_ B ) S } ' o
Z [ g 4 4
S 2 1) < 2V
2

C

5
F. =ma. = mbw = m-— = mw°r

T —_— r

As you can see from this discussion, practically any force can act as the centripetal
force. It was the force of static friction for the markers on the rotating table and the
horizontal component of the tension in the string for the conical pendulum. But it
can also be the gravitational force, which forces planets into (almost) circular orbits
around the Sun, the Coulomb force acting on the electrons in atoms, or the normal

force from a wall (see the following solved problem).

Ms. Asmaa Alhameed

Telegram: @Asmaa_Alhameed EOT - Grade 11 Adv - Plan C-2023-2024




Identify that the centripetal force, necessary for circular motion, can be provided by different
.. : L Student Book (S.B)
forces such as the force of friction, tension, gravitational force, Coulomb force, or the normal

force.. Exercises/Q. 9.50

Fe
9.50 Calculate the centripetal force exerte&l on a vehicle of mass m =

1500. kg that is moving at a speed of 15.0 m/s around a curve of radius
R = 400. m. Which @%plays the role of the centripetal force in this case?| Fyredton

———

XISt
1IGoo XIS — 943

Loo
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Apply the kinematic relationships for circular motion with constant angular acceleration to Example 9.6 264
calculate angular position, angurar displacement, angular velocity, angular acceleration, or Example 9.7 271
time. Exercises/Q. 9.35 280
Table 91 Comparison of Kinematical Variables for Circular Motion

Quantity Linear Angular Relationship

Displacement s 0 s=rb

Velocity v w D=rw

Acceleration a o a, = ra

a, = ruf

d=rat —rw?

0 =0 + wot + Ya}”

=06, + &t

Ww=w, + ot
w=4(w+ wy)

w® = wi + 20(0 — 6;).

—
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Apply the kinematic relationships for circular motion with constant angular acceleration to
calculate angular position, angular displacement, angular velocity, angular acceleration, or
time.

Example 9.6
Example 9.7
Exercises/Q. 9.35

b sl Dy Jl e

A L merry- gc-round has an angular acceleration of 0.30 rad/s”. After accelerating

fmm rest for 2.8 s , through what angle in radians does the merry-go-round

rotate? kE /=)

Lo 2.8 5 dual OgSud! 0 (0.30 rad/s? ) Salue $91) Foluds (2 dsia (3 8)190 duad & yes
S (5,51 il dealll Lgd )95 (! gl
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~

2.4 rad

2.0 rad




Example 9.6
Example 9.7
Exercises/Q. 9.35

Apply the kinematic relationships for circular motion with constant angular acceleration to
calculate angular position, angular displacement, angular velocity, angular acceleration, or

time.

EXAMPLE 9.6 | CD Player

PROBLEM
In Exampl @ we established that a CD track is 5.4 km long. A music CD can store 74 min

of music. at are the angular velocity and the tan eleration of the disc as it spins
inside a CD player, assuming a constant linear velocity?

3
5-4XI10 _ | .9 m|($S
4q4o0

-—
—

W
X

=7
= ?

r,_-.gz laa X2

2
WL.-.L = Lg - 20-9F = \I[s

Yo 58 X0

= 498-69
VYod (s 10@1»-434,1 _ _¢.2x

Lu\o M(’b
S lo w down
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Apply the kinematic relationships for circular motion with constant angular acceleration to Example 9.6

calculate angular position, angular displacement, angular velocity, angular acceleration, or Example 9.7
time. Exercises/Q. 9.35

EXAMPLE 97 [ Hammer Throw

7

One of the most interesting events in track-and-field competitions is the hammer @ "5 “'7\'/ 4'1 L
throw. The task is to throw the "hammer,” a 12 cm-diameter iron ball attache%to agrip
by a steel cable, a maximum distance. The hammer’s total length is 121.5 ¢In, and its
total mass is 7.26 kg. The athlete has to accomplish the throw from within a circle of t
radius 2.13 m (7 ft), and the best way to throw the hammer is for the athlete to spin,
allowing the hammer to move in a circle around him, before releasing it. At the 1988 O - Ll (o) 0 -
Olympic Games in Seoul, the Russian thrower Sergey Litviné)y\\ﬁon the gold medal -+ 3 6 - 5 .0 8 S
with an Olympic re distance of 84.80 m. He too tHs before releasing the
hammer, and the peridd to complete each turn was obtallied from examining the video
recording frame by frame: 1.52 s, 1.08 s, 0.;.2 s, Oélé S, 0.2‘4.4 s, E.'K_LO s, and 0.36 s.
2T

PROBLEM 1 v T e s e =
What was the average angular acceleration during the seven turns? Assume constant
angular acceleration for the solution, and then check whether this assumption is justified.

— <7

o

= 1-52+ .03 40-F2 + 0.56 + OMN 4

FIGURE 9.21 Angle as a function of
time for Sergey Litvinov's 1988 gold-medal—
winning hammer throw.

1:
(5:68)
EOT - Grade 11 Adv - Plan C - 2023-2024
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Apply the kinematic relationships for circular motion with constant angular acceleration to Example 9.6
calculate angular position, angular displacement, angular velocity, angular acceleration, or Example 9.7
time. Exercises/Q. 9.35

EXAMPLE 9.7 | Hammer Throw

—
—

One of the most interesting events in track-and-field competitions is the hammer

throw. The task is to throw the "hammer,” a 12 cm-diameter iron ball attached to a grip v Y‘ (A)

by a steel cable, a maximum distance. The hammer’s total length is 121.5 c¢m, and its

total mass is 7.26 kg. The athlete has to accomplish the throw from within a circle of

radius 2.13 m (7 ft), and the best way to throw the hammer is for the athlete to spin,

allowing the hammer to move in a circle around him, before releasing it. At the 1988 -
Olympic Games in Seoul, the Russian thrower Sergey Litvinov won the gold medal —_— Y 0(

with an Olympic record distance of 84.80 m. He took seven turns before releasing the

hammer, and the period to complete each turn was obtained from examining the video

recordin@ by frame: 1.52 s, 1.08 5, 0.72 5, 0.56 5, 044 5, 0.40 s, and 0.36 s.

PROBLE —
Assuming that the radius of the circle on which the hammer moves is 1.67_1n (the — l« * Q 1 X 3 » q \ Xg O 8

length of the hammer plus the arms of the athlete), what is the linear speed with which
the hammer is released? N

= QE 94 m (3

FIGURE 9.21 Angle as a function of
time for Sergey Litvinov's 1988 gold-medal—
winning hammer throw.
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Apply the kinematic relationships for circular motion with constant angular acceleration to
calculate angular position, angular displacement, angular velocity, angular acceleration, or
time.

Example 9.6
Example 9.7
Exercises/Q. 9.35

EXAMPLE 9.7 | Hammer Throw

One of the most interesting events in track-and-field competitions is the hammer

throw. The task is to throw the "hammer,” a 12 cm-diameter iron ball attached to a grip

by a steel cable, a maximum distance. The hammer’s total length is 121.5 c¢m, and its F
total mass is 7.26 kg. The athlete has to accomplish the throw from within a circle of C
radius 2.13 m (7 ft), and the best way to throw the hammer is for the athlete to spin,

allowing the hammer to move in a circle around him, before releasing it. At the 1988

Olympic Games in Seoul, the Russian thrower Sergey Litvinov won the gold medal

with an Olympic record distance of 84.80 m. He took seven turns before releasing the

hammer, and the period to complete each turn was obtained from examining the video

recording frame by frame: 1.52 s, 1.08 5, 0.72 5, 0.56 5, 0.44 5, 0.40 s, and 0.36 s.

PROBLEI@
What is th® centriperaltorce that the hammer thrower has to exert on the hammer
right before he releases it?

t(s)

FIGURE 9.21 Angle as a function of
time for Sergey Litvinov's 1988 gold-medal—
winning hammer throw.
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Apply the kinematic relationships for circular motion with constant angular acceleration to Example 9.6

calculate angular position, angular displacement, angular velocity, angular acceleration, or Example 9.7
time. Exercises/Q. 9.35

=
7

9.35A vinyl record plays at 33.3 rpm. Assume it takes 5.00 s for it to
reach this full speed, starting from rest. W, =0 33.3 (\om X

= o

v, =
a) What is its angular acceleration during the 5.00 s?

b) How many revolutions does the record make before reaching its
final angular speed? ~ ©

@ =06, +Wolt + Lk’

T
\ . (g
o + o + z(o 697+) (5)

W — o + o () — .3 vods

[

—

X = O- Q?i\(‘o«:\ls" Lrev 2T =
77 2 .3 .(o\d
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10.

Convert angle measurements between degrees and radians.

Student Book (S.B)

256

The two most commonly used units for angles are degrees (°) and radians (rad). These
units are defined such that the angle measured by one complete circle is 360°, which
corresponds to 277 rad. Thus, the unit conversion between the two angular measures is

0 (degrees)

Ms. Asmaa Alhameed
Telegram: @Asmaa_Alhameed

T

180

= @ (radians) < 0 (radians)%
1 rad = 1807 57.3°.
T

EOT - Grade 11 Adv - Plan C-2023-2024

= @ (degrees)
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Convert angle measurements between degrees and radians.

Student Book (S.B)

9.31 What is the angle in radians that the Earth sweeps out in its

orbit duringﬁu\eﬁ) E—

N——

AP
&

What is 30° in radians?

S
E

w|d o3 o3

o
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Convert angle measurements between degrees and radians.

Student Book (S.B)

1- convert the degree of the angle to radian measure:

A) 60° B) 240°

2- convert the radian measure to degree:

11x

6
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Convert angle measurements between degrees and radians.

Student Book (S.B)

Gl (s s J g

A bike wheel rotates 4.50 revolutions. How many radians has it rotated?
_— T ————

TOLL Bum gy JUsY yudS H9s & -8)95 4.50 dxhll Hlb] H9u

i»rw = ai

450 = 77
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11 Sketch the path taken in circular motion (uniform and non-uniform) and explain the velocity S.B/Figure 9.12 262
" | and acceleration vectors (magnitudes and directions) during the motion S.B/MCQ/Q.9.4 278
+
A A — A
- > S
g~ :
\ a aC}. ar
7.t r 7 q.
r ac r 7 . a.
} > X } > X -~
(a) (b)
(c)
FIGURE 942 Relationships among
linear acceleration, centripetal acceleration,
and angular acceleration for (a) increasing
speed; (b) constant speed; and (c)
decreasing speed.
Vs Asmaa Alhameed EOT - Grade 11 Adv - Plan C - 2023-2024 17




Sketch the path taken in circular motion (uniform and non-uniform) and explain the velocity
and acceleration vectors (magnitudes and directions) during the motion

S.B/Figure 9.12
S.B/MCQ/Q.9.4

9.4 A rock attached to a string moves clockwise in uniform circular
motion. In which direction from point A is the rock thrown off when
the string is cuw?

Ms. Asmaa Alhameed
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Sketch the path taken in circular motion (uniform and non-uniform) and explain the velocity
" | and acceleration vectors (magnitudes and directions) during the motion

S.B/Figure 9.12
S.B/MCQ/Q.9.4

Activity: A merry-go-round has a
radius of 3 m. Determine the direction
of the centripetal acceleration, which is
affecting one of the seats, and calculate
its magnitude knowing that the linear
velocity of the seat is 3.77 5. Give the

result to an accuracy of 0.01.

() 4345
8

Y¥=3
+

qC,“v-U;- U= 3,}7(-(.,\‘5
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12 Identify that for an object in circular motion with a given angular velocity, the centripetal Student Book (S.B) ‘ 264

force increases with the distance from the center Example 9.8 273

The three markers have the same angular velocity, o, but are placed on different
locations (different r). Their centripetal force is proportional to the distance, r, from
the center of the disk.

(b) (© (d)

FIGURE 914 Markers on a spinning table. Shown from left to right are the initial positions of the markers and
the moments when the three markers slide off during the process of circular motion.

Ms. Asmaa Alhameed
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Identify that for an object in circular motion with a given angular velocity, the centripetal Student Book (S.B)
force increases with the distance from the center Example 9.8

E
. Ea =
EXAMPLE 9.8 | Formula1Racing = 5 = 5.20S \ )

If you watch a Formula 1 race, you can see that the race cars approach curves from the out-
side, cut through to the inside, and then drift again to the outside, as shown by the red path
in Figure 9.24a. The blue path is shorter. Why don’t the drivers follow the shortest path?

PROBLEM
Suppose that cars move through the U-turn shown in Figure 9.24a at constant speed
and that the coefficient of static friction between the tires and the road is i, = 1.2. (As
was mentioned in Chapter 4, modern race car tires can have coefficients of friction that
exceed 1 when they are heated to race temperature and thus are very sticky.) If the B _ ,
. . . » K K — FIGURE 9.24 (a) Paths of race cars negotiating a turn on an oval track in two ways. (b) Free-body diagram
radius of the inner curve shown in the figure is Ry = 10.3 m and radius of the outer for a race car in a curve.
. . S ——— s .
is R, = 32.2 m and the cars move at their maximum speed, how much W111 it .9

take to move from point A to A’ and from point B to B?
e —

&
N~

v = “ Y, = \‘ 20.1x1.2X4:31 ¢
& - V{ e > FC A k)‘-‘% % ~—

=
. g U, = Jieaxizxagl = Wenls
ﬂ = M &g —_—
4 ('* 33'_(2“7',, = %(L'\‘\S( 31-13 = 10t M
CB = R(Vk-f‘g) + i(’:« \f%) - J.(;z.?_ -(o.'S\ + %.(1“ X IO‘?’)

Ms. Asmaa Alhameed r= Y}*sﬂ EOT - Grade 11 Adv - Plan C - 2023-202 21
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Apply Newton's laws of motion and/or energy conservation principles to analyze circular S.B/Figure 9.18/9.19 266
15. | miotion in a vertical or horizontal plane (motion in vertical loop of an amusement park ride, S.B/Figure 9.20 268
rotating cylinder, moving through a levelled or banked curve,... ) S.B/MCQ/Q.9.11 278

SOLVED PROBLEM 91 | Analysis of a Roller Coaster

Perhaps the biggest thrill to be had at an amusement park is on a roller coaster with a vertical QN
loop in it (Figure 9.17), where passengers feel almost weightless at the top of the loop. N

PROBLEM
Suppose the vertical loop has a radius of 5.00 m. What does the linear speed of the

roller coaster have to be at the top of the loop for the passengers to feel weightless?
(Assume that friction between roller coaster and rails can be neglected.) VMY

l

Fau=°
:)(‘\'FS o

Y
(N
o=

(b) Y
FIGURE 918 (a) Free-body diagram for .3\ = -“" o \3
a passenger at the top of the vertical loop v = \(‘% — b¥a.
of a roller coaster. (b) Condition for the
feeling of weightlessness.

Vs Asmaa Ahameed EOT - Grade 11 Adv - Plan C - 2023-2024 22
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FIGURE 919 Directions of the velocity
vectors at several points along the vertical
roller coaster loop.
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Apply Newton's laws of motion and/or energy conservation principles to analyze circular S.B/Figure 9.18/9.19 266
15. | motion in a vertical or horizontal plane (motion in vertical loop of an amusement park ride, S.B/Figure 9.20 268
rotating cylinder, moving through a levelled or banked curve,... ) S.B/MCQ/Q.9.11 278

A erry)

= Kko()'\' cho\o —

Cons -

E: k3+U3

3'-7“’3 “’f"a"ds = '?.’Y,‘%; ""}‘“3‘3@ = “5.'(’“”: “'ff“a‘jq

4
U= Jz ’*"b: * 9 (Yep ~93)
— Aongs
:J:L(ﬁ(ﬂz-&‘hzl(zxs —5) — ‘% ‘
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Apply Newton's laws of motion and/or energy conservation principles to analyze circular
15. | motion in a vertical or horizontal plane (motion in vertical loop of an amusement park ride,
rotating cylinder, moving through a levelled or banked curve,... )

M
A ball that has a mass of 1.00 kg is attached to a string 1.00 m
long and is whirled in a vertical circle at a constant speed of

100 m/s. Determine the tension in the string when the ball is at

_——— [ —

the top of the circle. T B

L,

T
g
mv:

= T

+
m

v

F = T'l’pg
T

4 m — Ixq31= [

—
—

[ =ao.2 N
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Apply Newton's laws of motion and/or energy conservation principles to analyze circular
15. | motion in a vertical or horizontal plane (motion in vertical loop of an amusement park ride,
rotating cylinder, moving through a levelled or banked curve,... )

(b)

FIGURE 9.20 (a) Top view of the
rotating cylinder of a carnival ride.
(b) Free-body diagram for one of the
riders.

S.B/Figure 9.18/9.19
S.B/Figure 9.20
S.B/MCQ/Q.9.11

SOLVED PROBLEM 9.2 [ Carnival Ride
—

PROBLEM

One of the rides found at carnivals is a rotating cylinder. The riders step inside the
vertical cylinder and stand with their backs against the curved wall. The cylinder spins
very rapidly, and at some angular velocity, the floor is pulled away. The thrill-seekers
now hang like flies on the wall. If the radius of the cylinder is r = 2.10 m, the rotation
axis of the cylinder remains vertical, and the coefficient of static friction between the
people and the wall is g, = 0.390, what is the minimum angular velocity, w, at which
the floor can be withdrawn?

Ms. Asmaa Alhameed
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Apply Newton's laws of motion and/or energy conservation principles to analyze circular S.B/Figure 9.18/9.19 266
15. | meotion in a vertical or horizontal plane (motion in vertical loop of an amusement park ride, S.B/Figure 9.20 268
rotating cylinder, moving through a levelled or banked curve,... ) S.B/MCQ/Q.9.11 278

9.11 The figure shows a rider
stuck to the wall withourt touching
the floor in the Barrel of Fun at a
carnival. Which diagram correctly
shows the forces acting on the riden?

() (b) (c)
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N Ms. Asmaa Alhameed

Physics Teacher

Telegram: @Asmaa_Alhameed

Links: https://grco.de/bt644T

”
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