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11 ADV T3 coverage
Omar . B. Younes

PART 2 – Structured Questions 





Center of mass Calculate the center of mass of a system of point masses 
or a system of regular symmetrical objects.

Q8.30 The coordinates of the center of mass for the extended object shown in the figure are (L/4, –L/5). 
What are the coordinates of the 2.00 kg mass?

𝑥𝑐𝑚 =
𝑚1𝑥1 + 𝑚2𝑥2 + 𝑚3𝑥3

𝑚1 + 𝑚2 + 𝑚3

L

4
=

−2𝑥 + 3𝐿 + 4 0

2 + 3 + 4

𝑦𝑐𝑚 =
𝑚1𝑦1 + 𝑚2𝑦2 + 𝑚3𝑦3

𝑚1 + 𝑚2 + 𝑚3

−
𝐿

5
=

2𝑦 + 3 0 + 4 −
𝐿
2

2 + 3 + 4

L

4
=

−2𝑥 + 3𝐿

9

9L

4
= −2𝑥 + 3𝐿

−2𝑥 =
9L

4
− 3𝐿

−2𝑥 =
9L

4
−

12𝐿

4
= −

3𝐿

4

−
𝐿

5
=

2𝑦 − 2𝐿

9

−
9𝐿

5
= 2𝑦 − 2𝐿

2𝑦 = −
9𝐿

5
+ 2𝐿

𝑥 =
3𝐿

8

2𝑦 = −
9𝐿

5
+

10𝐿

5
=

𝐿

5

𝑦 =
𝐿

10



Polar Coordinates

Ex: The Cartesian coordinates of point P are (3,4) in units of cm. What are the 
polar coordinates of the point?

B- What is the y-component 
of that point:

A- What is the angle θ: 

𝑟 = 𝑥2 + 𝑦2 𝜃 = tan−1
𝑦

𝑥

𝑟 = 32 + 42 = 25 = 5 𝑐𝑚 𝜃 = tan−1
4

3
= 53.1°

Ex: A circle of radius r = 8 cm ,a point on the circle with x-component = 4 cm:

𝑥 = 𝑟 cos 𝜃

cos 𝜃 =
𝑥

𝑟

𝜃 = cos−1
𝑥

𝑟

𝜃 = cos−1
4

8
= 60°

𝑦 = 𝑟 sin 𝜃

𝑦 = 8 sin 60 = 6.93 𝑐𝑚

Calculate relationships among the radius of a circle, the speed of an object (or period 
of revolution), and the magnitude of centripetal acceleration for an object moving in 
uniform circular motion.



Angular Coordinates

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

𝑨 − 𝟔𝟎° 𝑩 − 𝟐𝟒𝟎°

2- convert the radian measure to degree:

𝑨 −
𝟐𝝅

𝟑
𝑩 −

𝟏𝟏𝝅

𝟔

𝑟𝑎𝑑 = 60 ×
𝜋

180
=

𝜋

3
𝑟𝑎𝑑 𝑟𝑎𝑑 = 240 ×

𝜋

180
=

4𝜋

3
𝑟𝑎𝑑

𝑑𝑒𝑔 =
2𝜋

3
×

180

𝜋
= 120° 𝑑𝑒𝑔 =

11𝜋

6
×

180

𝜋
= 330°

𝜃(𝑟𝑎𝑑𝑖𝑎𝑛𝑠) = 𝜃(𝑑𝑒𝑔𝑟𝑒𝑒)  ×
𝜋

180
𝜃(𝑑𝑒𝑔𝑟𝑒𝑒) = 𝜃(𝑟𝑎𝑑𝑖𝑎𝑛𝑠) ×

180

𝜋

Calculate relationships among the radius of a circle, the speed of an object (or period 
of revolution), and the magnitude of centripetal acceleration for an object moving in 
uniform circular motion.





Angular Displacement Calculate the translational kinematic quantities from an object’s 
rotational kinematic quantities for objects that are rolling without 
slipping. 

Ex: A person on a Ferris wheel with  diameter of 12m has an angular displacement of 𝜋 rad. How far has 

the person traveled around the circular path of the Ferris wheel?

𝑆 =  𝑟 (Δ𝜃)

𝑆 = 6 π = 18.84 𝑚

Ex: A boy swims for 20 m around the edge of a circular pool of 5 m radius . what is the boy angular displacement?

𝑆 =  𝑟 (Δ𝜃)

20 = 5 Δ𝜃

Δ𝜃 =
20

5
= 4 𝑟𝑎𝑑



Angular 
Displacement

Calculate the translational kinematic quantities from an object’s 
rotational kinematic quantities for objects that are rolling without 
slipping. 

Ex: A car on a circular track move from point (6,0) to (6, 
7𝜋

6
) in polar coordinates. The units for the radius are in meters. How 

far did the car moved?

`

(6,
7𝜋

6
)

(6,0)

𝑆 =  𝑟 (Δ𝜃)

𝑆 = 6 0 −
7π

6
= 22 𝑚



In a department store toy display, a small disk (disk 1) 
of radius 0.100 m is driven by a motor and turns a 
larger disk (disk 2) of radius 0.500 m. Disk 2, in turn, 
drives disk 3, whose radius is 1.00 m. The three disks 
are in contact, and there is no slipping. Disk 3 is 
observed to sweep through one complete revolution 
every 30.0 s.
a) What is the angular speed of disk 3?
b) What is the ratio of the tangential velocities of the 
rims
of the three disks?
c) What is the angular speed of disks 1 and 2?
d) If the motor malfunctions, resulting in an angular
Acceleration of 0.100 rad/s2 for disk 1, what are disks 
2 and
3’s angular accelerations?



Angular Acceleration Describe the direction of the velocity and acceleration vector for an 
object moving in two dimensions, circular motion, or uniform circular 
motion. 

Q9.44 A discus thrower (with arm length of 1.2 m) starts from rest and begins to rotate counterclockwise 
with an angular acceleration of 2.5 𝑟𝑎𝑑/𝑠2.

e) What is the magnitude of the discus’s total acceleration?

d) What is the magnitude of the centripetal acceleration of the 
discus thrown?

c) What is the linear acceleration of the discus thrower 
at this point?

b) What is the linear speed of the discus at 4.70 rad/s?

a) How long does it take the discus thrower’s speed to 
get to 4.70 rad/s?

∆𝑡 =
∆𝜔

𝛼
=

4.7 − 0

2.5
= 1.88 𝑠

𝑣 = 𝑟𝜔 = 1.2 4.7 = 5.64 𝑚/𝑠

𝑎𝑡 = 𝑟𝛼 = 1.2 2.5 = 3 𝑚/𝑠2

𝑎𝑐 =
𝑣2

𝑟
=

(5.64)2

1.2
= 26.5 𝑚/𝑠2

= (3)2+(26.5)2= 26.66 𝑚/𝑠2𝑎𝑡𝑜𝑡 = 𝑎𝑡
2 + 𝑎𝑐

2



Angular Acceleration Describe the direction of the velocity and acceleration vector for an 
object moving in two dimensions, circular motion, or uniform circular 
motion. 

Q9.46 A particle is moving clockwise in a circle of radius 1.00 m. At a certain instant, the magnitude of its 
acceleration is 𝑎 = 𝑎 = 25𝑚/𝑠2 , and the acceleration vector has an angle of 𝜃= 50.0° with the 
position vector, as shown in the figure. At this instant, find the speed, 𝑣 = 𝑣 , of this particle.

𝑎

𝑎𝑡

𝑎𝑐

𝑎𝑐 =
𝑣2

𝑟

𝑣2 = 𝑟𝑎𝑐

𝑎𝑐 = 𝑎 cos 𝜃

𝑎𝑐 = 25 cos 50 = 16 𝑚/𝑠2

𝑣 = 𝑟𝑎𝑐 = 1 16 = 4𝑚/𝑠

50°







Centripetal Force

SOLVED PROBLEM 4.1 Analysis of a Roller Coaster:
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.)

A person feels weightless when there is no supporting force, from a seat or a 
restraint, acting to counter his or her weight. For a person to feel weightless at the 
top of the loop, no normal force can be acting on him or her at this point.

𝑭𝒄 = 𝑭𝒏𝒆𝒕

𝒎
𝒗𝟐

𝒓
= 𝒎𝒈

𝑭𝒏𝒆𝒕 = 𝒎𝒈 − 𝑵

𝒗 = 𝒈𝒓

𝒗 = (𝟓)(𝟗. 𝟖𝟏𝟐) = 𝟕. 𝟎𝟎𝟑𝟓𝟕 𝒎/𝒔

Weightless N=0

𝑭𝒄 = 𝒎
𝒗𝟐

𝒓

Use Newton’s 2nd law to calculate unknown values of centripetal force, friction force, 
coefficient of friction, normal force, angle of banking, mass, speed, etc for a vehicle 
moving on a banked circular track. 



Centripetal 
Force

Use Newton’s 2nd law to calculate unknown values of centripetal force, friction force, 
coefficient of friction, normal force, angle of banking, mass, speed, etc for a vehicle 
moving on a banked circular track. 

Q9.54 A race car is making a U-turn at constant speed. The coefficient of friction between the tires and 
the track is 𝜇𝑠 = 1.20. If the radius of the curve is 10.0 m, what is the maximum speed at which the car 
can turn without sliding? Assume that the car is undergoing uniform circular motion.

𝐹𝑐 = 𝑚
𝑣2

𝑟

𝒎𝒈

𝑵

𝜇𝑠𝑁 = 𝑚
𝑣2

𝑟

𝐹𝑐  is the force of static friction

𝜇𝑠𝑚𝑔 = 𝑚
𝑣2

𝑟

𝑣2 = 𝜇𝑠𝑔𝑟

𝑣 = 𝜇𝑠𝑔𝑟

𝑣 = (1.2)(9.8)(10) = 10.84 𝑚/𝑠



Centripetal 
Force

Use Newton’s 2nd law to calculate unknown values of centripetal force, friction force, 
coefficient of friction, normal force, angle of banking, mass, speed, etc for a vehicle 
moving on a banked circular track. 

Q9.55 A car speeds over the top of a hill. If the radius of curvature of the hill at the top is 9.00 m, how 
fast can the car be traveling and maintain constant contact with the ground?

𝐹𝑐 = 𝑚
𝑣2

𝑟

𝑚𝑔 = 𝑚
𝑣2

𝑟

𝑔 =
𝑣2

𝑟

𝑣2 = 𝑔𝑟

𝑣 = 𝑔𝑟

𝑣 = (9.8)(9) = 9.40 𝑚/𝑠 𝒎𝒈

As the car travels over the top of the hill it undergoes circular motion in the vertical plane. The only force that 
can provide the centripetal force for this motion is gravity. Clearly, for small speeds the car remains in contact 
with the road due to gravity. But the car will lose contact if the centripetal acceleration exceeds gravity.





9.63 A vinyl record that is initially turning at 33 1

 rpm slows uniformly to a stop in a time of 15 s. 
How many rotations are made by the record 
while stopping?





10.38 A uniform solid cylinder of mass M = 5.00 kg is rolling without slipping along a horizontal surface. The velocity of 
its center of mass is 30.0 m/s. Calculate its energy.



10.39. Determine the moment of inertia for three children weighing 60.0 kg, 45.0 kg and 80.0 kg sitting at different 
points on the edge of a rotating merry-go-round, which has a radius of 12.0 m.



MCQ



Questions:

1.Under what condition can the center of mass and center of gravity be used interchangeably?
1.Answer: They can be used interchangeably when the gravitational force is constant throughout the object. (This is typically true 

for everyday-sized objects but not for very large objects where gravity varies.)
2.Why is the center of mass often located at the geometric center of an object?

1.Answer: This occurs when the object has a constant mass density, meaning the mass is evenly distributed, making the center of 
mass coincide with the geometric center.









Ex: The Cartesian coordinates of point P are (3,4) in units of cm. What are the 
polar coordinates of the point?

𝑟 = 𝑥2 + 𝑦2 𝜃 = tan−1
𝑦

𝑥

𝑟 = 32 + 42 = 25 = 5 𝑐𝑚 𝜃 = tan−1
4

3
= 53.1°







Angular acceleration Explain how a net force in the centripetal direction can be a single force, more than one 
force, or even components of forces that are acting on an object moving in circular 
motion.

𝒂(𝒕) =
𝒅𝒗(𝒕)

𝒅𝒕
=

𝒅(𝒗ො𝒕)

𝒅𝒕

The second part is due to the fact that the velocity vector always points in the tangential 
direction and thus has to change its direction continuously as the tip of the radial 
position vector moves around the circle; this is the radial acceleration.

The acceleration in circular motion has two components. 

The first part arises from the change in the magnitude of 
the velocity; this is the tangential acceleration. 

𝒂 𝒕 =
𝒅𝒗

𝒅𝒕
ො𝒕 + 𝒗

𝒅ො𝒕

𝒅𝒕

𝑑𝑣

𝑑𝑡
=

𝑑(𝑟𝜔)

𝑑𝑡
= 𝜔

𝑑𝑟

𝑑𝑡
+ 𝑟

𝑑𝜔

𝑑𝑡
= 𝑟𝛼

𝑣
𝑑 Ƹ𝑡

𝑑𝑡
= 𝑣

𝑑

𝑑𝑡
− sin 𝜃 , cos 𝜃 = − cos 𝜃

𝑑𝜃

𝑑𝑡
, − sin 𝜃

𝑑𝜃

𝑑𝑡
= −

𝑑𝜃

𝑑𝑡
cos 𝜃 , sin 𝜃 = −𝜔𝑟

𝒂 𝒕 = 𝒓𝜶ො𝒕 − 𝝎𝒓ො𝒓

𝒂 = 𝒂𝒕ො𝒕 − 𝒂𝒄 ො𝒓



Non-uniform circular 
motion

Tangential acceleration is the instantaneous linear acceleration of a particle. 

Net force and acceleration either in same direction or opposite 
direction of motion

𝒂𝒕 =
𝒅𝒗

𝒅𝒕
The magnitude of velocity is changed. 

Centripetal acceleration is the acceleration of a moving particle in 
uniform circular motion

Net force and acceleration are perpendicular to direction of motion.

The direction of velocity is changed𝒂𝒄 =
𝒗𝟐

𝒓
= 𝒗𝝎 = 𝝎𝟐𝒓

Total acceleration is combination between tangential and centripetal acceleration for a 

moving particle. in non-uniform circular motion (moving on a curve). 

𝜃 = tan−1
𝑎𝑦

𝑎𝑥
 

𝒂𝒕𝒐𝒕 = 𝒂𝒕
𝟐 + 𝒂𝒄

𝟐 = (𝒓𝜶)𝟐 + (𝒓𝝎𝟐)𝟐 = 𝒓 (𝜶)𝟐 + (𝝎)𝟒

Net force and acceleration make an angle with 
direction of motion.
Total acceleration’s direction between tangential and 
centripetal acceleration.

Describe the direction of the velocity and acceleration vector for an 
object moving in two dimensions, circular motion, or uniform circular 
motion. 



𝑎

𝑎𝑡

𝑎𝑐 =
𝑣2

𝑟

𝑣2 = 𝑟𝑎𝑐

𝑎𝑐 = 𝑎 cos 𝜃

𝑎𝑐 = 25 cos 50 = 16 𝑚/𝑠2

𝑣 = 𝑟𝑎𝑐 = 1 16 = 4𝑚/𝑠

50°





c) decreases by a factor of 2.







Centripetal 
Force

Examples of objects move in a circular 
path: For Earth circling the 

Sun, the force is the 
Sun’s gravitational force 
on Earth. 

when a car is moving in a circle 
around the round about the force 
is the friction between the wheels 
of the car and the ground.

when electrons move around the nucleus 
the force is the electric force of attraction 
between the positive charge of the nucleus 
and the negative charge of the electrons.

When a hammer thrower 
swings the hammer, the force 
is the tension in the chain 
attached to the massive ball.

Describe forces that are acting on different 
objects traveling in different circular paths.

𝒎𝒈

𝑓𝑠

In a Carnival Ride normal force provides CM











Centripetal 
Force

SOLVED PROBLEM 4.4 NASCAR Racing
As a NASCAR racer moves through a banked curve, the banking helps the driver achieve higher speeds. Let’s see how. 
Figure 4.25 shows a race car on a banked curve. If the coefficient of static friction between the track surface and the 
car’s tires is 𝜇𝑠 = 0.62 and the radius of the turn is 𝑅 = 110𝑚. what is the maximum speed with which a driver can 
take a curve banked at 𝜃 = 21.1°?

𝒎𝒈

𝑵

𝒇𝒔

𝑵𝒔𝒊𝒏𝜃

𝑵𝒄𝒐𝒔𝜃

𝑭𝒏𝒆𝒕−𝒙 = 𝑭𝒄        

𝒇𝒔 𝒄𝒐𝒔𝜃

𝒇𝒔𝒔𝒊𝒏𝜃

𝝁𝒔𝑵𝒄𝒐𝒔𝜃 + 𝑵𝒔𝒊𝒏𝜃 =
𝒎𝒗𝟐

𝑹

𝑭𝒏𝒆𝒕−𝒚 = 𝟎

𝑵𝒄𝒐𝒔𝜃 −𝒇𝒔 𝑠𝑖𝑛𝜃 − 𝒎𝒈 = 𝟎

𝑵𝒄𝒐𝒔𝜃 − 𝝁𝒔𝑵𝑠𝑖𝑛𝜃 − 𝒎𝒈 = 𝟎

𝑵 𝒄𝒐𝒔𝜃 − 𝝁𝒔𝑠𝑖𝑛𝜃 = 𝒎𝒈…..(1)

𝑵 𝝁𝒔𝒄𝒐𝒔𝜃 + 𝒔𝒊𝒏𝜃

𝑵 𝒄𝒐𝒔𝜃 − 𝝁𝒔𝑠𝑖𝑛𝜃
=

𝒎𝒗𝟐

𝑹
𝒎𝒈

𝑵 𝝁𝒔𝒄𝒐𝒔𝜃 + 𝒔𝒊𝒏𝜃 = 𝒎𝒗𝟐

𝑹
……(2)

𝝁𝒔𝒄𝒐𝒔𝜃 + 𝒔𝒊𝒏𝜃

𝒄𝒐𝒔𝜃 − 𝝁𝒔𝑠𝑖𝑛𝜃
=

𝒗𝟐

𝒈𝑹

𝒗 = 𝒈𝑹
𝝁𝒔𝒄𝒐𝒔𝜃 + 𝒔𝒊𝒏𝜃

𝒄𝒐𝒔𝜃 − 𝝁𝒔𝑠𝑖𝑛𝜃

𝒗 = (𝟗. 𝟖)(𝟏𝟏𝟎)
𝟎. 𝟔𝟐 𝒄𝒐𝒔𝟐𝟏. 𝟏 + (𝒔𝒊𝒏𝟐𝟏. 𝟏)

(𝒄𝒐𝒔𝟐𝟏. 𝟏) − 0.62 (𝑠𝑖𝑛𝟐𝟏. 𝟏)
= 𝟑𝟕. 𝟖 𝒎/𝒔

Use Newton’s 2nd law to calculate unknown values of centripetal force, friction force, 
coefficient of friction, normal force, angle of banking, mass, speed, etc for a vehicle 
moving on a banked circular track. 



Centripetal 
Force

Use Newton’s 2nd law to calculate unknown values of centripetal force, friction force, 
coefficient of friction, normal force, angle of banking, mass, speed, etc for a vehicle 
moving on a banked circular track. 

𝑭𝒏𝒆𝒕−𝒙 = 𝑭𝒄 =
𝒎𝒗

𝟐

𝑹

𝑵𝒔𝒊𝒏𝜃 =
𝒎𝒗𝟐

𝑹
… (𝟐)

𝑭𝒏𝒆𝒕−𝒚 = 𝟎

𝑵𝒄𝒐𝒔𝜃 − 𝒎𝒈 = 𝟎

𝑵𝒄𝒐𝒔𝜃 = 𝒎𝒈 … (1)

𝑵𝒔𝒊𝒏𝜃

𝑵𝒄𝒐𝒔𝜃
=

𝒎𝒗𝟐

𝑹
𝒎𝒈

𝒕𝒂𝒏𝜃 =
𝒗𝟐

𝒈𝑹

𝒗 = 𝒈𝑹 𝒕𝒂𝒏𝜃

25= (𝟗. 𝟖)(𝟏𝟓𝟎)𝒕𝒂𝒏(𝒙)
θ = 23

A highway engineer needs to design a banked curve so that cars traveling at 90 km/h (25 
m/s) can safely take the turn without relying on friction. If the curve must have a radius of 150 
m, what should the banking angle (θ) be?

Given:

•Speed, v=25 m/s

•Radius, r=150 m

•Frictionless surface

•g=9.81 m/s2

Objective:

Find the required banking angle θ.



𝒗 = 𝒈𝑹 𝒕𝒂𝒏𝜃 .No friction 

𝒗 = 𝒈𝑹
𝝁𝒔𝒄𝒐𝒔𝜃+𝒔𝒊𝒏𝜃

𝒄𝒐𝒔𝜃−𝝁𝒔𝑠𝑖𝑛𝜃
 . With friction 





Rotational Kinetic Energy of Rigid Bodies

Q10.39 Determine the moment of inertia for three children weighing 60.0 kg, 45.0 kg, and 80.0 kg 
sitting at different points on the edge of a rotating merry-go-round, which has a radius of 2.0 m.

Calculate the moment of inertia of a point particle or a group 
of several point particles rotating about an axis of rotation.

𝐼 = ෍ 𝑚𝑟2
= 𝑚1𝑟1

2 + 𝑚2𝑟2
2 + 𝑚3𝑟3

2

= 60 2 2  + 45 2 2 + 80 2 2 = 740 𝐾𝑔. 𝑚2



Rotational Kinetic Energy of Rigid 
Bodies

Ex: A cylinder rotates with constant angular acceleration about a fixed axis. The cylinder’s moment of inertia about the axis 

is 4 kg. m2. At time t = 0 the cylinder is at rest. At time t = 2 seconds its angular velocity is 1 radian per second.

A- What is the angular acceleration of the cylinder between t = 0 and t = 2 seconds?

B- What is the kinetic energy of the cylinder at time t = 2 seconds?

𝛼 =
∆𝜔

∆𝑡
=

1 − 0

2
= 0.5 𝑟𝑎𝑑/𝑠2

A) 0.5 𝑟𝑎𝑑/𝑠2          B) 1 𝑟𝑎𝑑/𝑠2          C) 2 𝑟𝑎𝑑/𝑠2          D) 4 𝑟𝑎𝑑/𝑠2          E) 5 𝑟𝑎𝑑/𝑠2

A) 1 𝐽          B) 2 𝐽          C) 3 𝐽          D) 4 𝐽         

E) 𝑐𝑜𝑛𝑛𝑜𝑡 𝑏𝑒 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑑 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝐾𝑛𝑜𝑤𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑎𝑑𝑖𝑢𝑠

𝐾. 𝐸 =
1

2
𝐼𝜔2 =

1

2
(4)(1)2= 2 𝐽

Calculate the rotational kinetic energy of a point particle, 
or several point particles, rotating about a fixed axis 



𝑀. 𝐸𝐴 = 𝑀. 𝐸𝐵

(𝐾𝑡𝑜𝑡𝑎𝑙+𝑈)𝐴 = (𝐾𝑡𝑜𝑡𝑎𝑙+𝑈)𝐵

𝑀𝑔ℎ =
1

2
𝑀𝑣2 +

1

2
𝐼𝜔2

𝑀𝑔ℎ =
1

2
𝑀𝑣2 +

1

2
𝐼

𝑣

𝑅

2

𝑀𝑔ℎ =
1

2
𝑀𝑣2 +

1

2

2

5
𝑀𝑅2

𝑣2

𝑅2














