
Rotation 

Chapter 10 
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10-1  Rotational Variables 

 Translational motion: object moves a long a straight or 
curved line. 

 Rotational motion: object turns about an axis  

 In rotational motion,  we will need new quantities to express 
them 

o Torque 

o Rotational inertia 

 

 

 A rigid body rotates as a unit, locked together 

 We look at rotation about a fixed axis 

 These requirements exclude from consideration: 

o The Sun, where layers of gas rotate separately 

o A rolling bowling ball, where rotation and translation occur 
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 The fixed axis is called the axis of rotation 

 The Angular Position 𝜃 of this line (and of the object) is 
taken relative to a fixed direction, the zero angular position 
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 𝜃 is Measured in radians (rad): dimensionless 
 
 
 

 
 

 

 Do not reset θ to zero after a full rotation 𝜃 = 2𝜋 𝑟𝑎𝑑  

 We know all there is to know about the kinematics of 
rotation if we have θ(t) for an object 

 Define Angular Displacement as ( a body rotates about a 
rotation axis, changing its angular position from 𝜃1 to 𝜃2): 
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 “Clocks are negative”: 
 
 
 

 
 
 
 

 

 

 
Answer: Choices (b) and (c) 

(a)∆θ = θ2 − θ1 = +5 rad  −  −3 rad = +8  rad 

(b) a) ∆θ = θ2 − θ1 = −7 rad  −  −3 rad = −4  rad 

(c) a) ∆θ = θ2 − θ1 = − 3 rad  − 7 rad = −10  rad 
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 Average Angular Velocity: angular displacement during a 
time interval 
 
 
 

 Instantaneous Angular Velocity: limit as Δt → 0 
 
 
 

 
 
 
 

 

 

 

 

 

 If the body is rigid, these equations hold 
for all points on the body 

 Magnitude of Angular Velocity = Angular 
Speed 
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 Average angular acceleration: angular velocity change 
during a time interval 

 

 Instantaneous angular acceleration: limit as Δt → 0 
 
 
 
 

 

 

 

 

 

 If the body is rigid, these equations hold for all points on the body 

 Translational motion Rotational  motion  

position  𝑟 𝑚  𝜃 𝑟𝑎𝑑 𝑂𝑅 𝑑𝑒𝑔𝑟𝑒𝑒  

velocity 𝑣 𝑚 𝑠  𝜔 𝑟𝑎𝑑 𝑠 𝑂𝑅 𝑟𝑝𝑚  

acceleration 𝑎 𝑚 𝑠2  𝛼 𝑟𝑎𝑑 𝑠2  

𝜃 𝑡 → 𝜔 𝑡 → 𝛼 𝑡       𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑡𝑖𝑜𝑛 

𝜃 𝑡 ← 𝜔 𝑡 ← 𝛼 𝑡                𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 
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 Angular Velocity and Angular Acceleration 𝜔,𝜔𝑎𝑣𝑔 , 𝛼 𝑎𝑛𝑑𝛼𝑎𝑣𝑔  are 

vectors with directions given by a right-hand rule. 

 They are positive for counterclockwise rotation and negative for 
clockwise rotation. 

 If the body rotates around an axis, then the vector points along the 
axis of rotation 
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 Angular displacements can not be treated as vectors, because the 
order of rotation matters for rotations around different axes 

Rule of vector addition: If you add 
two vectors, the order in which you 
add them does not matter.  
Angular displacements fail this test! 
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𝑡 = 0, 𝜃 = −1 𝑟𝑎𝑑 = −57° (clockwise by 57° ) 
𝑡 = 4 𝑠, 𝜃 = +0.6 𝑟𝑎𝑑 = 34° (counterclockwise by 34° ) 
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𝜃 = 0 →→     𝜃 = −1 − 0.6 𝑡 + 0.25 𝑡2 = 0 

𝑡 =
+0.6 ± −0.6 2− 4 0.25 −1

2 0.25
= 3.53 s or − 1.13 s 
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𝑎𝑡 𝑡 = 0 𝑠, 𝜔 = 5 𝑟𝑎𝑑 𝑠  →→ 5𝑟𝑎𝑑 𝑠 = 0 − 0 + C →→ 𝐶 = 5𝑟𝑎𝑑 𝑠  

𝜔 =
5

4
𝑡4 − 2𝑡2 + 5 𝑟𝑎𝑑 𝑠  

 

𝑎𝑡 𝑡 = 0 𝑠, 𝜃 = 2 𝑟𝑎d →→ 2 rad = 𝐶   
→→ 𝐶 = 2𝑟𝑎𝑑 

𝜃 =
1

4
𝑡5 −

2

3
𝑡3 + 5𝑡 + 2 
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10-2  Rotation with Constant Angular Acceleration 

 The same equations hold as for constant linear acceleration, 
with changing linear quantities to angular ones 
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Answer: Situations (a) and (d); the others do not have constant angular 
acceleration. 

Constant Angular Acceleration: α = constant 
 

α =
dω

dt
=
d2θ

dt2
 

(a)ω = 3 rad/s, α = 0 
(b)ω = −15t2 + 8t , α = −30 t + 8 
(c) θ = 2t−2 − 4t−1, ω = −4t + 4t−2, α = −4 − 8t−3 
(d)ω = 10t, α = 10 rad s2  
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10-3  Relating the Linear and Angular Variables 

 Linear and angular variables are related by r, perpendicular 
distance from the rotational axis 

 Position (note θ must be in radians): 
 

 Speed (note ω must be in radian measure): 

Note: All points within the rigid body have the same angular 
speed 𝜔, points with greater radius 𝑟 have greater linear 
speed𝑣. 
 

 We can express the Period (uniform circular motion) in 
radian measure: 
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 Tangential acceleration (radians): 
 
 
 

 

 Radial acceleration in terms of 
angular velocity (radians): 
 
 
 
 

 

 

 

 

 
Uploaded By: Ahmad K HamdanSTUDENTS-HUB.com



Answer: 

(a) yes, since 𝑎𝑟 = 𝜔
2𝑟   

(b) No, since 𝑎𝑡 = 𝛼𝑟 and the angular 
acceleration 𝛼 is zero  (No changing 
in the angular speed)   

(c) yes   

(d) yes 
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10-4  Kinetic Energy of Rotation 

 A rotating rigid body (collection of particles with different 
speed): 

 

 

 

 different linear velocities (same angular velocity for all 
particles but possibly different radii ) 
 
 

 
We call the quantity in parentheses on the right side the 
Rotational Inertia, or Moment of Inertia, 𝐼 

→This is a constant for a rigid object and given rotational axis 

→Caution: the axis for 𝐼 must always be specified 
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 Rotational Inertia (system of discrete rotating particles): 
 
 

 
     𝑆𝐼 unit for 𝐼 is 𝑘𝑔 ∙ 𝑚2 

 The kinetic energy of a rigid body rotating about a fixes axis 
is given by: 
 
 

 
 

 Rotational inertia corresponds to how difficult it is to change 
the state of rotation (speed up, slow down or change the 
axis of rotation) 
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Answer:  They are all equal! 
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10-5  Calculating the Rotational Inertia 

 A body with continuously distributed mass:  
 
 

 

 Note: 𝑟 and 𝑟𝑖 represent the perpendicular distance from the 
axis of rotation to each mass element in the body. 

 But there is a set of common shapes for which values have 
already been calculated (Table 10-2) for common axes 
 
 

 

 

 

 

 

 system of discrete rotating particles: 
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Some Rotational Inertias (Table 10-2):  
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Moment of inertia of a uniform thin disk about a rotational axis through 
the com:  (The Disk made up of a series of thin rings) 

𝐼 =  𝑟2𝑑𝑚,  use 𝜌 =
𝑀

𝑉
 

𝐼 = 𝜌 𝑟2𝑑𝑉 

𝐼 = 𝜌  𝑟2𝑑𝑉 = 𝜌  𝑟2 2𝜋𝑟 𝑑𝑟  

𝐼 =
𝑀

𝑉𝐷𝑖𝑠𝑘
 𝑟2 2𝜋𝑟 𝑑𝑟
𝑅

0

=
𝑀

𝜋𝑅2
2𝜋  𝑟3𝑑𝑟

𝑅

0

 

𝐼 =
2𝑀

𝑅2
𝑅4

4
=
1

2
𝑀𝑅2 

 

 
𝑰𝑫𝒊𝒔𝒌,𝒄𝒐𝒎 =

𝟏

𝟐
𝑴𝑹𝟐 
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Moment of inertia of a sphere about a rotational axis through the com:  
(The sphere made up of infinitesimally thin disks about the z axis) 

𝐼𝐷𝑖𝑠𝑘 =
1

2
𝑀𝑅2 

𝑑𝐼 =  
1

2
𝑦2𝑑𝑚 =

1

2
𝑦2𝜌𝑑𝑉 =

1

2
𝑦2𝜌 𝜋𝑦2𝑑𝑧  

 

𝐼 =  
1

2
𝜌𝜋  𝑦4𝑑𝑧

𝑅

−𝑅

=
1

2
𝜌𝜋  𝑅2 − 𝑧2 2𝑑𝑧

𝑅

−𝑅

 

𝐼 =  𝜌𝜋 𝑅4 − 2𝑅2𝑧2 + 𝑧4 𝑑𝑧

𝑅

0

=
8

15
𝜌𝜋𝑅5  

                      Use 𝜌 =
𝑀

𝑣𝑠𝑝ℎ𝑒𝑟𝑒
=

𝑀
4

3
𝜋𝑅3

  

𝐼 =
8

15

𝑀

4
3
𝜋𝑅3

  𝜋𝑅5 =
2

5
𝑀𝑅2 

 

𝑰𝒔𝒑𝒉𝒆𝒓𝒆,𝒄𝒐𝒎 =
𝟐

𝟓
𝑴𝑹𝟐 
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 Parallel-axis Theorem: 

If we know the moment of inertia for the center of 

mass axis, we can find the moment of inertia for a 

parallel axis 

 

 

 

 

 

 

 

 

 

Notes:  

 The axes must be parallel, and the first must go through 
the center of mass 

  is the perpendicular distance between the two axes 

 This does not relate the moment of inertia for two arbitrary 
axes 
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The coordinates of the center of mass 
(multiplied by a constant): 𝑥𝑐𝑜𝑚 = 𝑦𝑐𝑜𝑚 = 0 

The moment of inertia about 
an axis through 𝑃 
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Answer:  (1), (2), (4), (3) 

 By Parallel-axis Theorem: 

𝐼3 =
1

12
 M 𝑎2 + 𝑏2 = 𝐼𝑐𝑜𝑚 

𝐼4 = 𝐼𝑐𝑜𝑚 +𝑀
2 =

1

12
 M 𝑎2 + 𝑏2 +𝑀 

𝑎2

4
 

𝐼2 = 𝐼𝑐𝑜𝑚 +𝑀
2 =

1

12
 M 𝑎2 + 𝑏2 +𝑀 

𝑎2+𝑏2

4
= 
1

3
 M 𝑎2 + 𝑏2  
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A rigid body consisting of two particles of mass m connected by 
a rod of length L and negligible mass.  
1. The rotational inertia 𝐼𝑐𝑜𝑚 about an axis through the center of 

mass, perpendicular  to the rod:  
 
 
 
 
 

2. The rotational inertia 𝐼 of the body bout an axis through the 
left end of the rod and parallel to the first axis :  

By Parallel-axis Theorem:  
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10-6  Torque 

 The force necessary to rotate an object depends on the 
angle of the force and where it is applied. 

 We can resolve the force into components to see how it 
affects rotation. 
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 Torque  takes these factors into account: 
 

 

 A line extended through the applied force is called the line 
of action of the force. 

 The perpendicular distance from the line of action to the 
rotational axis is called the moment arm.  

 The unit of torque is the newton-meter, 𝑁.𝑚 

 Note that 1 J = 1 N.m, but torques are never expressed in 
joules, torque is not energy 

 Torque is a vector quantity. 
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 Again, torque is positive if it would cause a counterclockwise 

rotation, otherwise negative 

 For several torques, the net torque or resultant torque is the 

sum of individual torques 𝜏𝑛𝑒𝑡 . 

 

 

 

 

 

 

 

 

 

Answer: 𝐹1 , 𝐹3 > 𝐹4 > 𝐹2, 𝐹5 

𝜏1 = 𝜏3 = 0.2 𝑚 𝐹 sin 90° = 0.2 𝐹 

𝜏5 = 0.8 𝑚 𝐹 sin 0° = 0 

𝜏2 = 0 𝑚 𝐹 𝑠𝑖𝑛 θ = 0 

𝜏4 = 0.2 𝑚 𝐹 sin 𝜃4  

 

 

 

 

 “Clocks are negative” 
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10-7  Newton's Second Law for Rotation 

 Rewrite 𝐹 = 𝑚𝑎   with rotational variables: 
 

 
 
 

 

 

 

 

 

 It is torque that causes angular acceleration. 
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The stick is not to turn, the angular acceleration is zero so the net torque is zero. 

          𝜏1= 𝑟1 𝐹1 sin 90
° = 𝑟1𝐹1 , attempts counterclockwise rotation 

𝜏2 must be equal to 𝜏1 in magnitude but attempts rotation in the opposite direction. 

   𝜏2 = 𝑟2 𝐹2 sin 90
° = 𝑟2𝐹2 , clockwise rotation,      𝑟1𝐹1 = 𝑟2𝐹2 

(a) 𝐹2 should point downward. (clockwise rotation) 

(b) should have a smaller magnitude than 𝐹1 
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Newton’s second law (Block): 𝐹 = 𝑚𝑎   

Newton’s second law (Disk):                                                   Clockwise Rotation           

Because the cord does not slip, the magnitude  a of the block’s linear acceleration and 
the magnitude 𝑎𝑡 of the (tangential) linear acceleration of the rim of the disk are equal. 

𝑎𝑡 = 𝛼𝑅 = 𝑎 →→ 𝛼 =
𝑎

𝑅
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10-8  Work and Rotational Kinetic Energy 

 The rotational work-kinetic energy theorem states: 

 

 

 The work done in a rotation about a fixed axis can be 

calculated by: 

 

 

 Which, for a constant torque, reduces to: 

 

 We can relate work to power with the equation: 
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𝑤0 = 0; start from rest  (𝐾𝑖 = 0),     𝑇 = 6.0 𝑁 
𝛼 = −24 𝑟𝑎𝑑 𝑠2 ; Clockwise rotation 

1. Rotational Kinetic Energy: 𝐾 =
1

2
𝐼𝑤2  

Disk rotational inertia (com rotational axis):  

𝐼 =  
1

2
𝑀𝑅2 =

1

2
2.5 𝑘𝑔 0.2 𝑚 2 = 0.05 𝑘𝑔.𝑚2 

To find the angular velocity at 𝑡 = 2.5 𝑠, we can apply constant angular acceleration equations: 

𝑤 = 𝑤0 + 𝛼𝑡 = 0 + −24 𝑟𝑎𝑑 𝑠2 2.5𝑠 = −60𝑟𝑎𝑑 𝑠  

𝐾 =
1

2
𝐼𝑤2 =

1

2
0.05 𝑘𝑔.𝑚2 −60𝑟𝑎𝑑 𝑠 2 = 90 𝐽 

2. We can use also work-kinetic energy theorem: 
∆𝐾 = 𝐾𝑓 −𝐾𝑖 = 𝑊 →→ 𝐾𝑓 = W 

𝑊 = 𝜏 𝜃𝑓 − 𝜃𝑖 ; constant torque 

To find the angular displacement 𝜃𝑓 − 𝜃𝑖, we can apply constant angular acceleration equation: 

 𝜃𝑓 − 𝜃𝑖 = 𝑤0𝑡 +
1

2
𝛼𝑡2   →→ 𝜃𝑓 − 𝜃𝑖 =

1

2
𝛼𝑡2 =

1

2
−24 𝑟𝑎𝑑 𝑠2 2.5 𝑠 2 = −75 𝑟𝑎𝑑 

𝜏 = −𝑅𝑇 = − 0.2 𝑚 6.0 𝑁 = −1.2 𝑁.𝑚 

𝐾𝑓 = W = 𝜏 𝜃𝑓 − 𝜃𝑖 = −1.2 𝑁.𝑚 −75 𝑟𝑎𝑑 = 90 𝐽 

 

 

 

 

Disk: 𝑀 = 2.5 𝑘𝑔 
          R= 20 cm 
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𝜃 = 2 + 4𝑡2 + 2𝑡3 

a) 𝜃 𝑡 = 0 = 2 𝑟𝑎𝑑 

b) 𝑤 = 
𝑑𝜃

𝑑𝑡
= 8𝑡 +6𝑡2 

𝑤 t = 0 = 0 

c) 𝑤 t = 4 𝑠 = 128  𝑟𝑎𝑑 𝑠  

d) 𝛼 = 
𝑑𝑤

𝑑𝑡
= 8 + 12 𝑡 

       𝛼 𝑡 = 2 𝑠 = 32 𝑟𝑎𝑑 𝑠2  

e) 𝛼 is not constant (depends on time) 
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𝛼 = −4.2 𝑟𝑎𝑑 𝑠2 , 𝑤0 = 12.6 𝑟𝑎𝑑 𝑠  

The drum is coming to rest: 𝑤𝑓 = 0 

a) By using constant angular acceleration equations: 

𝑤𝑓 = 𝑤0 + 𝛼𝑡 →→ 𝑡 =  
−𝑤0

𝛼
=
−12.6 𝑟𝑎𝑑 𝑠 

−4.2 𝑟𝑎𝑑 𝑠2 
= 3.0 𝑠 

b) 𝜃𝑓 − 𝜃𝑖 = 𝑤0𝑡 +
1

2
𝛼𝑡2 

𝜃𝑓 − 𝜃𝑖 = 12.6 𝑟𝑎𝑑 𝑠 3.0 𝑠 +
1

2
−4.2 𝑟𝑎𝑑 𝑠2 3.0 𝑠 2 = 18.9 𝑟𝑎𝑑 

∆𝜃 = 18.9 𝑟𝑎𝑑 = 3.0 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 
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The belt does not slip, a point on the rim of wheel C has the same 

tangential acceleration as a point on the rim of wheel  A:     𝛼𝐴𝑟𝐴 = 𝛼𝐶𝑟𝐶 

𝛼𝐶 = 
𝛼𝐴𝑟𝐴
𝑟𝐶

=
1.6 𝑟𝑎𝑑 𝑠2 10 𝑐𝑚

25 𝑐𝑚
= 0.64 𝑟𝑎𝑑 𝑠2  

Wheel C:         𝛼𝐶= 0.64 𝑟𝑎𝑑 𝑠
2 ,𝑤0 = 0 (starts from rest)  

𝑤𝑓 = 100 𝑟𝑒𝑣 𝑚𝑖𝑛 = 10.47 𝑟𝑎𝑑 𝑠  

By using constant angular acceleration equations: 

𝑤𝑓 = 𝑤0 + 𝛼𝑡 →→ 𝑡 =  
𝑤𝑓

𝛼
=
10.47 𝑟𝑎𝑑 𝑠 

0.64 𝑟𝑎𝑑 𝑠2 
= 16.4 𝑠 

𝛼𝐴 = 1.6 𝑟𝑎𝑑 𝑠
2  

Uploaded By: Ahmad K HamdanSTUDENTS-HUB.com



𝐼 = 𝑚𝑑2 +𝑚 2𝑑 2 +𝑚 3𝑑 2 = 14 𝑚𝑑2 

a) The innermost particle is removed: 𝐼1 = 𝑚 2𝑑 2 +𝑚 3𝑑 2 = 13 𝑚𝑑2 

     Percentage of decreasing =
𝐼1−𝐼

𝐼
 =

13 𝑚𝑑2−14 𝑚𝑑2

14 𝑚𝑑2
= 0.07 = 7% 

b) The outermost particle is removed: 𝐼2 = 𝑚𝑑
2 +𝑚 2𝑑 2 = 5 𝑚𝑑2  

     Percentage of decreasing =
𝐼2−𝐼

𝐼
 =

5 𝑚𝑑2−14 𝑚𝑑2

14 𝑚𝑑2
= 0.64 = 64% 
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𝜏1tends to cause counterclockwise rotation , 𝜏1 is positive. 

𝜏2tends to cause clockwise rotation , 𝜏2 is negative. 

𝜏1 = +𝑟1 𝐹1 sin 75
° = +1.3 m 4.2 𝑁 sin 75° = +5.27 𝑁.𝑚 

𝜏2 = −𝑟2 𝐹2 sin60
° = −2.15 m 4.9 𝑁 sin 60° = −9.12 𝑁.𝑚 

 

𝜏𝑛𝑒𝑡 = +𝑟1 𝐹1 sin 75
°  −𝑟2 𝐹2 sin 60

° = +5.27 𝑁.𝑚 −9.12 𝑁.𝑚 

𝜏𝑛𝑒𝑡 =  −3.85 𝑁.𝑚 

𝛼 is negative so the body will rotate clockwise 
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10-51) In the below figure, block 1 has mass m1=460 g, block 2 has mass m2=500 g, 
and the pulley, which is mounted on a horizontal axle with negligible friction, has 
radius R =5.00 cm. 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 acceleration of the 
blocks? What are (b) tension T2 and (c) tension T1? (d) What is the magnitude of the 
pulley’s angular acceleration? (e) What is its rotational inertia? 

𝑚1 = 460𝑔 = 0.46 𝑘𝑔 
𝑚2 = 500𝑔 = 0.5 𝑘𝑔 
𝑅 = 5 𝑐𝑚 = 0.05 𝑚    
𝑑 = 75 𝑐𝑚 = 0.75 𝑚    

𝑣0 = 0  
𝑡 = 5 𝑠 
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a) The magnitude of the acceleration of the blocks 
For block 2: 

𝑦 − 𝑦0 = 𝑣0𝑡 +
1

2
𝑎𝑡2 

−0.75 = 0+
1

2
𝑎 52  

𝑎2 = −0.06 𝑚 𝑠2  
 
Note: the negative sign indicates that the acceleration of block2 is downward, thus 

𝑎 2 = − 0.06𝑚 𝑠2 𝑗  
  
Block1 has the same acceleration but in the opposite direction of block 2. This is because 
the two blocks moved the same distance 𝑑 without the cord slipping on the pulley.  This 
means that 

𝑎 1 = + 0.06𝑚 𝑠2 𝑗  
  
The magnitude of acceleration of the two block is similar, it is 0.06 𝑚 𝑠2   
  
 
b) Tension 𝑇2 
Applying Newton’s second low on bock2 

𝑇2 −𝑚2𝑔 = 𝑚2 −𝑎2  
𝑇2 = 𝑚2𝑔 −𝑚2𝑎2 

𝑇2 = 0.5 9.8 − 0.5 0.06 = 4.87 𝑁 
 
c) Tension 𝑇1 
Applying Newton’s second low on bock1 

𝑇1 −𝑚1𝑔 = 𝑚1𝑎1 
𝑇1 = 𝑚1𝑔 +𝑚1𝑎1 

𝑇1 = 0.46 9.8 + 0.46 0.06 = 4.54 𝑁 
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d) What is the magnitude of the pulley’s angular acceleration? 
The angular acceleration 𝛼 of the pulley is 
 

𝛼 =
𝑎𝑡
𝑅
=
0.06

0.05
= 1.2 𝑟𝑎𝑑 𝑠2  

  
e) What is the pulley’s rotational inertia? 
Now applying Rotational Newton’s second law on the pulley 

𝜏 𝑛𝑒𝑡 = 𝐼𝑝𝑢𝑙𝑙𝑒𝑦𝛼  
𝜏 1 + 𝜏 2 = 𝐼𝛼      ……..……….. (1) 

Note:         𝜏 1 = 𝑟 1 × 𝑇1 = 𝑟1𝑇1 sin 90
° = 𝑅𝑇1 = 0.05 4.54 = 0.227 𝑁.𝑚  

                  𝜏 2 = 𝑟 2 × 𝑇1 = 𝑟2𝑇2 sin 90
° = 𝑅𝑇2 = 0.05 4.87 = 0.2435 𝑁. 𝑚 

  
Using the right hand rule: The direction of 𝜏 1  out of the page (counterclockwise (+)) 
                                          The direction of 𝜏 2 into the page (clockwise (-)) 
  
Note: the direction of the angular acceleration 𝛼  is the same as the direction of 𝜏 𝑛𝑒𝑡 , thus , 
it is into the page also as 𝜏 2 > 𝜏 1  
  
Substituting in  eq.(1) above you get 

+0.227 − 0.2435 = 𝐼 −1.2  
 

𝐼 =
+0.23 − 0.2435

−1.2
= 0.0138 𝐾𝑔.𝑚2 
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a) By using work-kinetic energy theorem: 

∆𝐾 = 𝐾𝑓 − 𝐾𝑖 =𝑊 

𝑤0 = 280 𝑟𝑒𝑣 𝑚𝑖𝑛 = 29.31𝑟𝑎𝑑 𝑠 , 𝑤𝑓 = 0;𝐾𝑓 = 0 

Hoop(wheel) rotational inertia (com rotational axis):  

𝐼 =  𝑀𝑅2 = 32 𝑘𝑔 1.2 𝑚 2 = 46.08 𝑘𝑔.𝑚2 

𝑊 = ∆𝐾 = 𝐾𝑓 − 𝐾𝑖 = −𝐾𝑖  

𝑊 = −
1

2
𝐼𝑤0

2 = −
1

2
46.08 𝑘𝑔.𝑚2 29.31𝑟𝑎𝑑 𝑠 2 = −19.79 𝑘𝐽 

b) The average power: 

𝑃 = 
𝑊

∆𝑡
=
19.79 × 103𝐽

15 𝑠
= 1.32 𝑘𝑊 

 

 

𝑀 = 32.0 𝑘𝑔 
𝑅 = 1.2 𝑚 
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