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Distance in polar coordinates  

Find the distance between two points  and  (polar coordinates).  
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Distance in spherical coordinates 

Find the distance between  and  (spherical coordinates).  
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Elliptical coordinates  

We define elliptical coordinates as follows:  and  as in polar coordinates. Find  
as functions of .  
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Distance in elliptical coordinates 

In elliptical coordinates (  and  as in polar coordinates) find distance between two 
points  and .  
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Coordinates and vectors 

Two different coordinate systems are established on a straight line,  and , which are related as follows: 
, where  and  are constants. The distance element in terms of  is given by . 

Find the expression for the distance element in terms of . 
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Distance element  

Two different coordinate systems are established on a plane,  and , which are related as follows:  
  

where . Find the distance element in terms of coordinates , if  are Cartesian.  
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Distance element  

Same as above but the relation reads  
  

.  
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Distance element 

New coordinates  are introduced which are related to the ordinary polar coordinates  as follows: 
, . Find the distance element.  
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Coordinates and vectors 

Starting with cartesian coordinates we define new ones as follows: , , where 
 are some constant parameters. What conditions on these parameters should be satisfied in order that the 

new coordinates also be cartesian and the measure of the distance remain the same ? 
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Volume of tetrahedron  

Four vertices of the tetrahedron are given by four radius-vectors , . Find the volume.  
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Coordinates and vectors 

Let  be the vector from the center of the Earth to New-York and  is the vector from the center of the Earth 
to Jerusalem. Find the angle between the two vectors (find the lacking data in a geographical atlas).  
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Elliptical coordinates  

Find the distance element  in the elliptical coordinates , . Define 
unit vectors tangential and normal to  curves and derive their relation to  and .  
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Legitimate coordinates?  

Are the coordinates ,  legitimate ? If yes, find the distance element.  
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Length of parabola  

Calculate the length of the parabola , , from  to .  
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Circumference  

Ellipse is given by the equation . Calculate the circumference.  
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Equation of plane  

A plane passes through the point  and its normal is . Write down the equation of the plane.  
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Spherical coordinates  

Find the relation between the unit vectors of 3D Cartesian coordinates and unit vectors of spherical coordinates. 
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Cylindrical and spherical coordinates  

Decompose unit vectors of cylindrical coordinates using unit vectors of spherical coordinates.  
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Coordinates and vectors  

Let  (cylindrical coordinates). Derive , , and .  
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The shortest distance between cities  

Two cities on Earth surface (assume it is a sphere with the radius ) have the coordinates  and 
, where  is the latitude, and  is the longitude. Find the shortest distance between the cities. Hint: 

Arc of the circle passing through the center of the Earth.  
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Coordinates and vectors 

Four vertices of the tetrahedron are given by four radius-vectors , . Find the volume.  
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Distance element  in the elliptical coordinates  

Find the distance element  in the elliptical coordinates , . Define 
unit vectors tangential and normal to  curves and derive their relation to  and .  
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Cross product  

Simplify .  
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Coordinates and vectors 

Given two non-parallel unit vectors  and , find another unit vector  such that all three are in the same 
plane and  divides the angle between the first two in the way .  
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Projection  

What is the projection of the vector  onto the unit vector  ?  
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Projection 



What is the projection of the vector  onto the vector  ?  
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Coordinates and vectors 

Given two vectors  and , represent vector  as a sum of two vectors,  and , , such that 
 and . 
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Coordinates and vectors 

On the Earth a man is at the point  east longitude and  latitude moves in the north-east direction. 
Express the unit vector along the velocity in spherical and cartesian coordinates.  

01_Math_intro/e_01_1_039.html 

Coordinates and vectors 

Show that a straight line is given by the relation , where  and  are constant vectors and 
.  
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Intersection line of two planes  

Find the intersection line of the two planes  and .  
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Equation for a circle  

Write in the vector form the equation for a circle with the radius , normal direction  (unit vector !), and 
center at .  
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Cylindrical surface  

Write in the vector form the equation for a cylindrical surface with the radius  and the axis parallel to  and 
crossing the point .  

01_Math_intro/e_01_1_043.html 

Coordinates and vectors 

Prove that four different points , , are always on a sphere and find the center and the radius of the 
sphere.  
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Calculate a) , b) , c) , d) .  
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Prove a) , b) , c) .  
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Express  with the use of  and .  
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Angular momentum  

Angular momentum is defined as . Express in terms of angular velocity for a circularly moving 
particle.  
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Coordinates and vectors 

Given two nonparallel vectors  and  build three mutually perpendicular unit vectors.  
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Vector algebra  

Given two vectors,  and , with norms, v and w respectively. The angle between them is  

a) Find the norm of the vector - , i.e. . 
b) Find the angle  between the vectors   and . 
c) Calculate (a) and (b) for: 
     v=12 w=9 
     and 

      

d) Draw the vectors ,  and  for   .  
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Relations between two coordinate systems  

Given two coordinate systems  and  and the relations between them 
 
 

Show that the norm of the vector , where =(Ax ,Ay) =(Bx , By) in the  coordinate system 
stays unchanged when moving to the  coordinate system.  
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Linear dependence of vectors  

Given two vectors  and : 

Find  such that  . 

Find  such that  .  
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Partial derivatives and differentials  

For the function: 

       
Compute:    

  ,     ,     
and the full differential -   .  
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Vector algebra 

Given two vectors,  and  with norms, ,  and the angle  between them, 
 

1.Find . 

2. Find the angle  between  and .  
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Coordinates 

The angle between two sets of Cartesian coordinates,  and , is . 
1. Find the relations between the unit vectors of  in terms of the unit vectors of . 
2. For an arbitrary vector  with components  in the  set, find its components, , 
in the  set.  

01_Math_intro/e_01_1_059.html 

Coordinates 

A vector  has three angles with the axes, . 
Prove that : 

.  
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Derivatives 

Given the function 
 
     

 
compute: 
     ,  ,  ,   

    
and show that     
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Differential equations 

Solve the system of differential equations 
 

  

 
where . 
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Differential equations 



Solve the system of differential equations 
 

  

 
where . 
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Differential equations 

Solve the system of differential equations 
 

  

 
where . 
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Differential equations 

Solve the system of differential equations 
 

  

 
where . 
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Differential equations 

Solve the system of differential equations 
 

  

 
where . 
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Fourier series 

For the sawtooth wave f(t)  
 



 
 

1. Expand f(t) into the Fourier series both with real and complex coefficients (i.e. in the "sin/cos" and "exp" 
forms)  

2. Make sure that both series are equal.  
3. Plot the function f(t) and its approximation using the first N members of the infinite Fouries series you 

found. Check (qualitatively) how good the approximation is for different N's. (use any mathematical 
program for this purpose, e.g. Matlab).  

01_Math_intro/e_01_1_067.html 

The power of curvilinear coordinates 

a disk of radius R has a density of .  

1) in Cartesian coordinates, try to find the disk's mass, .  
2) now do it in polar coordinates. 
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Vectors 
 
A vector that points from the origin to a moving object is given by: 
r=(4t,sin(wt),Exp(-at)) 
find the velocity and acceleration of the object.  

01_Math_intro/e_01_2_010.html 
Vectors 
 
Given the vectors: A=(1,2,3) and B=(4,3,1). 
 
a. calculate the length of both vectors. 
b. find a unit vector C, that points the same direction as A. 
c. calculate the length of C to verify that it is unity. 
d. find the angle between the two vectors A and B. 
e. find the vector D that points from B to A. 
f. find the vector E that points from A to B. 
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07_Kinematics/e_07_1_011.html 

Velocity, acceleration, trajectory 

A particle moves in the  plain according to the law: , . Find: a) velocity, b) 
acceleration, c) distance from the coordinate origin.  

07_Kinematics/e_07_1_012.html 

Velocity, acceleration, trajectory 

A particle moves along the ellipse  so that . Find the velocity and 
acceleration. Find the radius of curvature.  

07_Kinematics/e_07_1_013.html 

Velocity, acceleration, trajectory 

Trajectory is given by , , and ,  and . Find  and .  

07_Kinematics/e_07_1_014.html 

Velocity, acceleration, trajectory 

Trajectory is given by  and ,  and . Find  and . What is the angle 
between the velocity and acceleration as a function of time ?  

07_Kinematics/e_07_1_015.html 

Velocity, acceleration, trajectory 

Two spacecraft are orbiting Earth. The orbit radii and angular velocities are the same but one (A) orbit is 
always above the equator, while the other (B)passes above the poles. When B is above the equator the 
spacecraft A is on the opposite side of the diameter. Find the vectors connecting A and B as a function of time.  

07_Kinematics/e_07_1_016.html 

Velocity, acceleration, trajectory 

Express the velocity vector (in general) in terms of spherical coordinates and unit vectors , , .  



07_Kinematics/e_07_1_017.html 

Velocity, acceleration, trajectory 

A particle moves according to the law: , , . Find the velocity and 
acceleration.  

07_Kinematics/e_07_1_018.html 

Velocity, acceleration, trajectory 

Derive the expression for the trajectory length for the motion with constant acceleration.  

07_Kinematics/e_07_1_019.html 

Velocity, acceleration, trajectory 

A particle moves along the trajectory  in cylindrical coordinates so that . 
Here , , and  are constant parameters. Find  as a function of . Same as a function of . 

07_Kinematics/e_07_1_020.html 

Velocity, acceleration, trajectory 

Given , . Find the angle between the vectors of velocity and acceleration 
as a function of time.  

07_Kinematics/e_07_1_021.html 

Velocity, acceleration, trajectory 

Given , . Find the angle between the vectors 
of velocity and acceleration as a function of time.  

07_Kinematics/e_07_1_022.html 

Velocity, acceleration, trajectory 

Given , . Find the tangential and normal acceleration as functions of time.  

07_Kinematics/e_07_1_023.html 

Velocity, acceleration, trajectory 

Given , . Find  and . What are the conditions on the 
parameters for the absence of self-intersection.  

07_Kinematics/e_07_1_024.html 

Velocity, acceleration, trajectory 

Given , , . Find the distance from the coordinate 
origin to the particle as a function of time if .  

07_Kinematics/e_07_1_025.html 

Velocity, acceleration, trajectory 



In a universe all bodies move away from the coordinate origin with the velocities , where . 
What would see an observer at an arbitrary position  ? 

07_Kinematics/e_07_1_026.html 

Velocity, acceleration, trajectory 

A rabbit starts to run at  from the point  in the positive direction of axis  with the velocity  
(magnitude !). A fox starts to run from  at the same moment and its velocity  always points towards 
the rabbit. How much time does it take to catch the rabbit.  

07_Kinematics/e_07_1_027.html 

Velocity, acceleration, trajectory 

Given , . Find . 

07_Kinematics/e_07_1_028.html 

Velocity, acceleration, trajectory 

Given , , . Write down the expression for the path 
length (integral).  

07_Kinematics/e_07_1_029.html 

Velocity, acceleration, trajectory 

Given , , , find the tangential and normal components of the 
acceleration.  

07_Kinematics/e_07_1_030.html 

Velocity, acceleration, trajectory 

A body starts from the equator of the sphere (``Earth'') with the radius  and moves all the time in the north-
east direction so that the velocity magnitude  remains constant. Where does it stop and how much time does it 
take ? 

07_Kinematics/e_07_1_031.html 

Velocity, acceleration, trajectory 

A cannonball is fired  in an angle   over an inclined plane of angle . Show that in order for the cannonball 
to hit the plane horizontally, the angles must fulfill the relation 

 . 

 
figure 1 - A cannonball is fired over an inclined plane. 
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Velocity, acceleration, trajectory 



Find the minimal velocity that is needed in order to throw a body over a building with height h and width L.  

07_Kinematics/e_07_1_033.html 

Velocity Acceleration and Trajectory 

Particle's motion is given by 
 
     

 
and 
     ,  

 
 
Find and .  

07_Kinematics/e_07_1_034.html 

Velocity Acceleration and Trajectory 

A ball is thrown in an angle  and initial velocity , and hits a building in a distance  at a hight  (above 
ground). 
 
Find: 
    1.  . 

    2. The vector  (final velocity).  

07_Kinematics/e_07_1_035.html 

Velocity Acceleration and Trajectory 

Particle moves according to 
     ,  ,  

Find the normal acceleration and the curvature radius .  

07_Kinematics/e_07_1_036.html 

Velocity Acceleration and Trajectory 

Particle's trajectory is given by 
     ,  

where  and  are constants. 
 
Find the magnitude of the normal and tangential acceleration.  
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Velocity, acceleration, trajectory 

A cannonball is fired  in an angle   over an inclined plane of angle . Show that in order for the cannonball 
to hit the plane horizontally, the angles must fulfill the relation  . 

 
figure 1 - A cannonball is fired over an inclined plane. 
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Kinematics 

A particle leaves the origin at t = 0 with an initial velocity vo = (3.6 m/s)i. It experiences a constant acceleration 

a = (-1.2 m/s2)i – (1.4 m/s2)j . 
(a) At what time does the particle reach its maximum x coordinate?  
(b) What is the velocity of the particle at this time?  
(c) Where is the particle at this time?  

07_Kinematics/e_07_8_022.html 

�
���
�
 

�
����
�������������������������5000���
���
�������-�13�
�������������11���������	����
��
�����
���������
���800�
�������'����������������
����������
���
�0.2)�m/sec2�*��,���������������	�������������"�������
��������13�
����� 

07_Kinematics/e_07_8_023.html 

�
���
�
 

�������"������"�����%������	x�����
���������� 
�������'��������
���
�
����� 

���
�
��
����
��������� 
-�t=0�!'���������
��
���������������� 
�����������
�
��
��'��������
����������������
��t�� 
�������
��
���������t = 4 [sec�*�� 
�������'����������
������������
�������������%�����,�����������'�����
��������
���������v(t = 0) =�

1�m/sec�����x(t = 0) = 5 m��� 

07_Kinematics/e_07_8_024.html 

�
���
�
 

�����%�����'��������
���
����
���'�����
	x�� 
���
�
��������
���������-�9��
�	������
��	���� 

������
�
�������
���������t = 3 sec��� 
����������
���	��'�������������������
��� 

� 
�����'���
�
������������
�
�������
�����������-�-�t = 15 sec��� 

07_Kinematics/e_07_8_025.html 

�
���
�
 

��	���� ���-���
����!����
�������
������
�����������

���7:45 ��
�
�
������
�������!������
�����
�
�������1200)�m��*
�������
��
�����
�'������	����������������
���

1)�m/sec��*�����500)�m�*����
��-�����

�,���������������������

��%��
����
�-�20��
������
��
�������
��	����������	�
�-�
�������
��
�
����%���� ,����������!�����
��������
������
����
8:00�� 

�����,��	��
�����
���
�������-�,������ 




���,�����������
�������
�������� 
���
�
��	
�
��
�
��%������%����
����-�	�������
���������� 

07_Kinematics/e_07_8_031.html 

�
���
�
 

����
����
��	�����
�
37o�����������
�����������������)v0 = 750 [m/sec��
 

�����
�
���������������� 

�����������'�������������� 
��������
��������
�
����������
���������
����� 
�������������
���������
���
�
������
�������������� 

07_Kinematics/e_07_8_032.html 

�
���
�
 

����
����
��������������
����������30�����
�����
��������
�
��
�����)v0 = 100 [m/sec�������
����	�����������

���������2)�km�*�
�

�����
�
���	��������
��
��
��������������	���
 �������������

�
��������������������
�������

����
���
�������� 

07_Kinematics/e_07_8_033.html 

�
���
�
 

����
�����
��	�����������	�)v = 1.5[m/sec���
�����
����������)v = 4[m/sec����	��
��	
 �������! 
����,����
�����������
����������� 
����������������
�������
�����������! 

���������	��
���1000)�m��*��
���
������������������������� 
�����������������������
���������������
���������������
���	��� 
�����
����
�������
���������������������� ���-���
����!��������
�������
�
����������%��
���	��
��
����������%�����

���
��
��
�������������������������������������������
��
�	����� ����
����������� 

07_Kinematics/e_07_8_034.html 

�
���
�
 

�
�����
�
��	�����	�����v0�������������
��
����	
��������)h [m��������-�2)�sec�*'��	�����������������������������	�

������
�	����
��������� 
���������������)v0 = 13 [m/sec�����	
���
�������� 


���������������%�������v0���������������������	������������
���� 
����
��	������%��-�h�! 

�����������	����%�������v0���������������������	������������
��� 

07_Kinematics/e_07_8_035.html 

�
���
�
 

������������L�����
������

��	������	a���������
����������u��
�����
���������������������	������������������	vo��
 

����
���������
����������um�������%�

��������������%��
�
����� 


���
����������vo�������%�

��������������%��
�
����
���������� 

������
�vo��������������
�����
�,�������
��������
����
�������%��������� 

07_Kinematics/e_07_8_036.html 

Kinematics 

You drive on Interstate 10 from San Antonio to Houston, one-half the time at 35.0 mi/h (= 56.3 km/h) and the 



other half at 55.0 mi/h (= 88.5 km/h). 
On the way back you travel one-half the distance at 35.0 mi/h and the other half at 55.0 mi/h. What is your 
average speed  
(a) from San Antonio to Houston? 
(b) from Houston back to San Antonio? 
and 
 (c) for the entire trip?  
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Kinematics 

The position of an object moving in a straight line is given by x = At + Bt2 + Ct3, 
 where A = 3.0 m/s, B = -4.0 m/s2, and C = 1.0 m/s3. 
(a) What is the position of the object at t = 0, 1, 2, 3, and 4 s?  
(b) What is the object's displacement between t = 0 and t = 2 s? Between t = 0 and t = 4 s?  
(c) What is the average velocity for the time interval from t = 2 to t = 4 s? From t = 0 to t = 3 s?  
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Kinematics 

Two trains, each having a speed of 34 km/h, are headed toward each other on the same straight track. A bird 
that can fly 58 km/h flies off the front of one train when they are 102 km apart and heads directly for the other 
train. On reaching the other train it flies directly back to the first train, and so forth.  
(a) How many trips can the bird make from one train to the other before the trains crash?  
(b) What is the total distance the bird travels?  
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Kinematics 

The position of a particle moving along the x axis is given by x = A + Bt3, where A = 9.75 cm and B = 1.50 
cm/s3. Consider the time interval t = 2 to t = 3 s and calculate  
(a) the average velocity;  
(b) the instantaneous velocity at t = 2 s;  
(c) the instantaneous velocity at t = 3 s;  
(d) the instantaneous velocity at t = 2.5 s;  
and  
(e) the instantaneous velocity when the particle is midway between its positions at t = 2 and t = 3 s.  
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Kinematics 

For each of the following situations, sketch a graph that is a possible description of position as a function of 
time for a particle that moves along the x axis. At t = 1 s, the particle has  
(a) zero velocity and positive acceleration;  
(b) zero velocity and negative acceleration; 
(c) negative velocity and positive acceleration;  
(d) negative velocity and negative acceleration.  
(e) For which of these situations is the speed of the particle increasing at t = 1 s?  
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Kinematics 

If the position of an object is given by x = (2.0 m/s3)t3, find  
(a) the average velocity and the average acceleration between t = 1 and t = 2 s and  
(b) the instantaneous velocities and the instantaneous accelerations at t = 1 and t = 2 s.  



(c) Compare the average and instantaneous quantities and in each case explain why the larger one is larger.  
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Kinematics 

A train started from rest and moved with constant acceleration. At one time it was traveling at 33.0 m/s, and 
160 m farther on it was traveling at 54.0 m/s. Calculate  
(a) the acceleration,  
(b) the time required to travel the 160 m,  
(c) the time required to attain the speed of 33.0 m/s,  
and  
(d) the distance moved from rest to the time the train had a speed of 33.0 m/s.  
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Kinematics 

At the instant the traffic light turns green, an automobile starts with a constant acceleration of 2.2 m/s2. At the 
same instant a truck, traveling with a constant speed of 9.5 m/s, overtakes and passes the automobile.  
(a) How far beyond the starting point will the automobile overtake the truck?  
(b) How fast will the car be traveling at that instant?  
(It is instructive to plot a qualitative graph of x versus t for each vehicle.)  
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Kinematics 
The velocity of a particle moving in the xy plane is given by v = [(6.0m/s2)t - (4.0 m/s3)t2]i + (8.0 m/s)j.  
Assume t > O. 
 (a) What is the acceleration when t = 3 s?  
(b) When (if ever) is the acceleration zero?  
(c) When (if ever) is the ve¬locity zero?  
(d) When (if ever)does the speed equal 10 m/s?  

07_Kinematics/e_07_8_045.html 
Kinematics 
A particle is moving in the xy plane with velocity v(t) = vx(t)i + vy(t)j and acceleration a(t) = ax(t)i + ay(t)j.  
By taking the appropriate derivative, show that the magnitude of v can be constant only if axvx + ayvy = 0.  
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Kinematics 
The legal speed limit on a highway is changed from 55 rni/h (= 88.5 km/h) to 65 rni/h (= 104.6 km/h).  
How much time is thereby saved on a trip from the Buffalo entrance to the New York City exit of the New 
York State  
Thruway for someone traveling at the higher speed over this 435-mi (= 700-km) stretch of highway? 
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Kinematics 
A car travels up a hill at the constant speed of 40 km/h and returns down the hill at the speed of 60 km/h. 
Calculate the average speed for the round trip. 

07_Kinematics/e_07_8_048.html 
Kinematics 
An iceboat sails across the surface of a frozen lake with constant acceleration produced by the wind. 
At a certain instant its velocity is 6.30i - 8.42j  in m/s.  
Three seconds later the boat is instantaneously at rest.  
What is its acceleration during this interval? 
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Kinematics 
A particle moves so that its position as a function of time is 



r (t) = Ai + Bt2j  + Ctk
 

where A = 1.0 m, B = 4.0 m/s2, and C = 1.0 m/s.  

Write expressions for  

(a) its velocity and  

(b) its acceleration as functions of time.  

(c) What is the shape of the particle's trajectory? 
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Kinematics 
A ball rolls off the edge of a horizontal tabletop, 4.23 ft high. It strikes the floor at a point 5.11 ft horizontally 
away from the edge of the table. 
(a) For how long was the ball in the air?  
(b) What was its speed at the instant it left the table? 
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Kinematics 
You throw a ball from a cliff with an initial velocity of 15 m/s at an angle of 20º below the horizontal. Find  

(a) its horizontal displacement and  
(b) its vertical displacement 2.3 s later. 
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Kinematics 
Show that the maximum height reached by a projectile is ymax = (vo sin 0)2/2g, where g = 9.8 m/s2 0 is the 

angle 
between the initial trajectory and the plane of the ground. 
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Kinematics 
A ball rolls off the top of a stairway with a horizontal velocity of magnitude 5.0 ft/so The steps are 8.0 in. high 
and 8.0 in. wide.  
Which step will the ball hit first? 
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Kinematics 
A person walks up a stalled l5-m-long escalator in 90 s. When standing on the same escalator, now moving, the 
person is carried up in 60 s. 
How much time would it take that person to walk up the moving escalator?  
Does the answer depend on the length of the escalator? 

07_Kinematics/e_07_8_055.html 
Kinematics 
A transcontinental flight at 2700 mi is scheduled to take 50 min longer westward than eastward.  
The air speed of the jet is 600 mi/h.  
What assumptions about the jet-stream wind velocity, presumed to be east or west, are made in preparing the 
schedule? 

07_Kinematics/e_07_8_056.html 
<!--[if !vml]--> Kinematics 
A certain airplane has a speed of 180 milh and is diving at an angle of 27° below the horizontal when a radar 
decoy is released. 
 The horizontal distance between the release point ilnd the point where the decoy strikes the ground is 2300 ft.  
(a) How long was the decoy in the air?  
(b) How high was the plane when the decoy was released? See the figure below. 



 
<!--[endif]--> 

07_Kinematics/e_07_8_057.html 
Kinematics 

A particle A moves along the line y = d (30 m) with a constant velocity v (v = 3.0 m/s) directed parallel to the positive 
in the figure below. A second particle B starts at the origin with zero speed and constant acceleration a (a = 0.40 m/s
at the same instant that particle A passes the y axis.  
What angle �  between a and the positive y axis would result in a collision between these two particles? 

 

07_Kinematics/e_07_8_058.html 
Kinematics 

A ball is dropped from a height of 39.0 m. The wind is blowing horizontally and imparts a constant acceleration of 1.20 m/s
(a) Show that the path of the ball is a straight line and find the values of R and �  in the figure below.  
(b) How long does it take for the ball to reach the ground?  
(c) With what speed does the ball hit the ground? 

 

 

07_Kinematics/e_07_8_059.html 
Kinematics 
You throw a ball with a speed of 25.3 m/s at an angle of 42.0° above the horizontal directly toward a wall as 
shown in the figure below.  
The wall is 21.8 m from the release point of the ball.  
(a) How long is the ball in the air before it hits the wall?  
(b) How far above the release point does the ball hit the wall?  
(c) What are the horizontal and vertical components of its velocity as it hits the wall?  



(d) Has it passed the highest point on its trajectory when it hits? 

  
   

07_Kinematics/e_07_8_060.html 
Kinematics 
A projectile is fired from the surface of level ground at an angle � o above the horizontal.  

(a) Show that the elevation angle �  of the highest point as seen from  
the launch point is related to � o by tan �  =  (1/2) tan � o.  

(b) Calculate �   for � o = 45°. 

 

07_Kinematics/e_07_8_061.html 
   

��������

������
��
�����������
����
��
���,�������
�� .

����������	
��������
������������
����
����
������ �������
��������
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weight of a passenger  

A plane takes off with the acceleration  at the angle  to the horizon. What is the weight of the 75 kg 
passenger ?  

10_Newton/e_10_1_012.html 



Inertial and noninertial reference frames 

What should be the length of the day on Earth to compensate the gravity at the equator ? 

10_Newton/e_10_1_013.html 

Inertial and noninertial reference frames 

A body starts moving with the velocity  from the center of the rotating disk (angular velocity ). There are no 
external forces. Describe the motion from the point of view of the rotating observer. 

10_Newton/e_10_1_014.html 

Inertial and noninertial reference frames 

What is the weight of a standing 1000 kg car on the equator ? What is its weight if it is moving in the east 
direction with the velocity 300 km/hour ?  

10_Newton/e_10_1_015.html 

Inertial and noninertial reference frames 

A biker enters a quarter-circle turn of the radius  with the velocity . What is the angle between the biker's 
body and the vertical ? 

10_Newton/e_10_1_016.html 

Inertial and noninertial reference frames 

A body hangs on a rope from the ceiling in a standing train. The train starts moving with the acceleration . 
What is the angle between the rope and the vertical ?  

10_Newton/e_10_1_017.html 

Inertial and noninertial reference frames 

A body hangs on a rope from the ceiling in a rotating (angular velocity ) cell. The distance from the rotation 
center is . What is the angle between the rope and the vertical ? 

10_Newton/e_10_1_018.html 

Inertial and noninertial reference frames 

A horizontal carousel rotates with the angular velocity . What is the weight of a person who sits at the radius 
 ? 

10_Newton/e_10_1_019.html 

Inertial and noninertial reference frames 

A project of a space station suggests rotation in order to produce artificial gravity. If the diameter of the station 
is 20 m, what should be the rotation period in order to produce the gravity equivalent to  ?  

10_Newton/e_10_1_020.html 

Inertial and noninertial reference frames 

A body is moving along  axis with constant velocity  in the inertial (standing) frame. Write down  
and  in the rotating frame. What is the direction of acceleration as a function of time in the rotating 



frame ?  

10_Newton/e_10_1_021.html 

Inertial and noninertial reference frames 

A body falls with the velocity  (because of the air drag force). Write down the second 
Newton law in its frame.  

10_Newton/e_10_1_022.html 

Inertial and noninertial reference frames 

A river flows from the north to the south in the northern hemisphere at the latitude . The flow velocity is  and 
the river width is . What is the difference of the water level at the western and eastern coasts ? (Hint: 
Coriolis.) 

10_Newton/e_10_1_031.html 

Particle dynamics, Newton laws 

A particle is moving so that , , where , , and  are constants. Find the force.  

10_Newton/e_10_1_032.html 

Particle dynamics, Newton laws 

A body (mass ) starts falling. The air friction force is , where  and  is the body 
velocity. Find  and .  

10_Newton/e_10_1_033.html 

Particle dynamics, Newton laws 

A body (mass ) is thrown horizontally with the initial velocity . The air friction force is , 
where  and  is the body velocity. Find  and .  

10_Newton/e_10_1_034.html 

Particle dynamics, Newton laws 

Force  acts on a particle (mass ) which is initially at rest. Find  and .  

10_Newton/e_10_1_035.html 

Particle dynamics, Newton laws 

At high speeds the air drag force (friction) is . A body is falling vertically in the air with the initial 
velocity . Find  and .  

10_Newton/e_10_1_036.html 

Particle dynamics, Newton laws 

A charged particle (charge , mass ) is accelerated by the electric field 
. Find the trajectory.  



10_Newton/e_10_1_037.html 

Particle dynamics, Newton laws 

A charged particle moves with constant velocity  (  - magnetic field). Find the electric field. 

10_Newton/e_10_1_038.html 

Particle dynamics, Newton laws 

A charged particle (mass , charge , velocity  ) enters a cylinder with the length . The entry point is at the 
cylinder axis, and the particles enters at the angle  to the axis. There is a homogeneous magnetic field along 
the axis inside the cylinder. At what distance from the axis the particle leaves the cylinder ? 

10_Newton/e_10_1_039.html 

Particle dynamics, Newton laws 

A charged particle (mass , charge ) is at rest in an homogeneous magnetic field . Suddenly, at 

 an electric field  is switched on. The electric field is suddenly switched off at , 
where . Describe the motion of the particle. What is its final energy ?  

10_Newton/e_10_1_040.html 

Particle Dynamics, Newton's Laws 

A particle of mass  is at rest on top of a sphere. Suddenly it starts to slide. 
(a) At which point it will leave the sphere? 
(b) What is its velocity at that point?  

10_Newton/e_10_1_041.html 

Newton Laws 

For the setting in the figure find the tension in each rope. 

  

10_Newton/e_10_1_042.html 

Newton Laws 

The Atwood's Machine is composed of two unequal masses  hunging on inflexible string  
from frictionless and massless pulley. 



 
What is the tension in the string? If the string was hunging from the ceiling  was is the mass that it can carry?  

10_Newton/e_10_1_043.html 

Particle Dynamics and Newton's Laws 

A body free-fall in a presence of a drag force in the form  , 
where . 
 
1. Draw the force diagram for the body during the free-fall. 
2. Find the equation of motion of the body. 
3. What is the terminal velocity, , of the body. The terminal velocity reached when the body is in 
equilibrium. 
4. Find the body velocity as a function of time. Assume . 

10_Newton/e_10_1_044.html 

Particle Dynamics and Newton's Laws 

On a circular hoop with radius  there is a bead that can move freely without friction. 
The hoop is rotated in a constant frequency  around the horizontal axis. 
1. What are the forces that act on the bead in equilibrium. 
2. Find the angle  in that state as a function of . 
3. What should be  in order to move the bead to the center of the hoop? can the bead move beyond the center 
of the hoop? 

  

10_Newton/e_10_1_045.html 

Particle Dynamics and Newton's Laws 

A particle with mass  move in a magnetic field , where . 
Its initial velocity is . 

Find curvature radius. 

10_Newton/e_10_1_046.html 

Particle Dynamics and Newton's Laws 



A mass  is placed inside an upside down cone with an opening angle of . 
The cone is rotated around it's symmetry axis in a constant angular velocity . 
The friction coefficient between the mass and the cone is  and the mass is at height  from the head of the 
cone. 
What are the maximal and minimal angular velocities in which the mass will stay in that height? 
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Friction 

Block m1 in the figure below has a mass of 4.20 kg and block m2 has a mass of 2.30 kg. The coefficient of 

kinetic friction between m2 and the horizontal plane is 0.47. The inclined plane is frictionless. Find (a) the 

acceleration of the blocks and (b) the tension in the string. 
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Circular motion 

A car moves at a constant speed on a straight but hilly road. One section has a crest (peak) and dip of the same 
250-m radius, as shown in the figure below. (a) As the car passes over the crest, the normal force on the car is 
one-half the 16-kN weight of the car. What will be the normal force on the car as it passes through the bottom 
of the dip? (b) What is the greatest speed at which the car can move without leaving the road at the top of the 
hill? (c) Moving at the speed found in (b), what will be the normal force on the car as it moves through the 
bottom of the dip? 
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10_Newton/e_10_8_066.html 
Newton Laws 
A 5.5-kg block is initially at rest on a frictionless horizontal surface.  
It is pulled with a constant horizontal force of 3.8 N.  



(a) What is its acceleration?  
(b) How long must it be pulled before its speed is 5.2 m/s?  
(c) How far does it move in this time? 

10_Newton/e_10_8_067.html 
Newton Laws 
An electron travels in a straight line from the cathode of a vacuum tube to its anode, which is 1.5 cm away.  
It starts with zero speed and reaches the anode with a speed of 5.8 X 106 m/s. Assume constant acceleration 
and compute the force on the electron.  
This force is electrical in origin. The electron's mass is 9.11 X 10-31 kg.  

  

10_Newton/e_10_8_068.html 
Newton Laws 
 
A car traveling at 53 km/h hits a bridge support. A passenger in the car moves forward a distance of 65 cm 
(with respect to the road) while being brought to rest by an inflated air bag.  
What force (assumed constant) acts on the passen¬ger's upper torso, which has a mass of 39 kg?  

10_Newton/e_10_8_069.html 
Newton Laws 
A certain force gives object m1 an acceleration of 12.0 m/s2. The same force gives object m2 an acceleration of 
3.30 m/s2.  
What acceleration would the force give to an object whose mass is  
(a) the difference between m1 and m2 and  
(b) the sum of m1 and m2 ? 

10_Newton/e_10_8_070.html 
Newton Laws 
Two blocks, with masses m1 = 4.6 kg and m2 = 3.8 kg, are connected by a light spring on a horizontal 
frictionless table. At a certain instant, when m2 has an acceleration a2 = 2.6 m/s2,  
(a) what is the force on m2 and  
(b) what is the acceleration of m1 ?  

10_Newton/e_10_8_071.html 
Newton Laws 
A space trave1er whose mass is 75.0 kg leaves Earth. Compute his weight  
(a) on Earth,  
(b) on Mars, where g = 3.72 m/s2, and  
(c) in interplanetary space.  
(d) What is his mass at each of these locations?  

10_Newton/e_10_8_072.html 
Newton Laws 
 
A 12,000-kg airplane is in level flight at a speed of 870 km/h.  
What is the upward-directed lift force exerted by the air on the airplane? 

10_Newton/e_10_8_073.html 
Newton Laws 
A jet plane starts from rest on the runway and accelerates for takeoff at 2.30 m/s2 (= 7.55 ft/s2).  
It has two jet engines, each of which exerts a thrust of 1.40 X 105 N (= 15.7 tons). What is the weight of the 
plane? 

10_Newton/e_10_8_074.html 
Newton Laws 
(a) Two l0-lb weights are attached to a spring scale as shown in the figure below. What is the reading of the 
scale?  
(b) A single l0-lb weight is attached to a spring scale which itself is at¬tached to a wall, as shown below.  



What is the reading of the scale? (Ignore the weight of the scale.)  

 

10_Newton/e_10_8_075.html 
Newton Laws 
A car moving initially at a speed of 50 mi/h (~80 km/h) and weighing 3000 Ib (~13,000 N) is brought to a stop 
in a distance of 200 ft (~61 m). Find  
(a) the braking force and  
(b) the time required to stop.  
Assuming the same braking force, find  
(c) the distance and  
(d) the time required to stop if the car were going 25 mi/h (~40 km/h) initially.  

10_Newton/e_10_8_076.html 
Newton Laws 
An object is hung from a spring scale attached to the ceiling of an elevator.  
The scale reads 65 N when the elevator is standing still. 
 (a) What is the reading when the elevator is moving upward with a constant speed of 7.6 m/s? 
 (b) What is the reading of the scale when the elevator is moving upward with a speed of 7.6 m/s and 
decelerating at 2.4 m/s2 ? 

10_Newton/e_10_8_077.html 
Newton Laws 
A 77-kg person is parachuting and experiencing a downward acceleration of 2.5 m/s2 shortly after opening the 
parachute.  
The mass of the parachute is 5.2 kg.  
(a) Find the upward force exerted on the parachute by the air. 
(b) Calculate the downward force exerted by the person on the parachute.  

10_Newton/e_10_8_078.html 
Newton Laws 
A l5,000-kg helicopter is lifting a 4500-kg car with an up¬ward acceleration of 1.4 m/s2. Calculate  
(a) the vertical force the air exerts on the helicopter blades and  
(b) the tension in the upper supporting cable. See the picture below. 



 

10_Newton/e_10_8_079.html 
Newton Laws 
A l400-kg jet engine (below) is fastened to the fuselage of a passenger jet by just three bolts (this is the usual 
practice). Assume that each bolt supports one-third of the load.  
(a) Calculate the force on each bolt as the plane waits in line for clearance to take off.  
(b) During flight, the plane encounters turbulence, which suddenly imparts an upward vertical acceleration of 
2.60 m/s2 to the plane.  
Calculate the force on each bolt now. Why are only three bolts used? 

 

10_Newton/e_10_8_080.html 
Newton Laws 
A child's toy consists of three cars that are pulled in tandem on small frictionless rollers as shown in the figure 
below.  
The cars have masses m1 = 3.1 kg, m2= 2.4 kg, and m3 = 1.2 kg. If they are pulled to the right with a 
horizontal force P = 6.5 N, find  
(a) the acceleration of the system,  
(b) the force exerted by the second car on the third car, and  
(c) the force exerted by the first car on the second car. 



10_Newton/e_10_8_081.html 
Newton Laws 
Two blocks are in contact on a frictionless table, as shown below. A horizontal force is applied to one block, as 
shown below.  
(a) If m1 = 2.3 kg, m2 = 1.2 kg, and F = 3.2 N, find the force of contact between the two blocks. 
(b) Show that if the same force F is applied to m2 rather than to m1, the force of contact between the blocks is 
2.1 N, which is not the same value de¬rived in (a). Explain.  

 

10_Newton/e_10_8_082.html 
A body with mass m is acted on by two forces F1 and F2, as shown in the figure below.  
If m = 5.2 kg, F1 = 3.7 N, and F2 = 4.3 N, find the vector acceleration of the body.  

 

10_Newton/e_10_8_083.html 
A 5.1-kg block is pulled along a frictionless floor by a cord that exerts a force P = 12 N at an angle �  = 25° 
above the horizontal, as shown in the figure below. 
(a) What is the acceleration of the block?  
(b) The force P is slowly increased. What is the value of P just before the block is lifted off the floor?  
(c) What is the acceleration of the block just before it is lifted off the floor? 



 

10_Newton/e_10_8_084.html 
A worker drags a crate across a factory floor by pulling on a rope tied to the crate.  
The rope, which is inclined at 38.0° above the horizontal, exerts a force of 450 N on the crate.  
The floor exerts a horizontal resistive force of 125 N, as shown in the figure below. 
Calculate the acceleration of the crate  
(a) if its mass is 96.0 kg, and  
(b) if its weight is 96.0 N.  

 

10_Newton/e_10_8_085.html 
A 1200-kg car is being towed up an 18° incline by means of a rope attached to the rear of a truck. The rope 
makes an angle of 27° with the incline.  
What is the greatest distance that the car can be towed in the first 7.5 s starting from rest if the rope has a 
breaking strength of 4.6 kN?  
Ignore all resistive forces on the car. See the figure below: 

 

10_Newton/e_10_8_086.html 
A 110-kg crate is pushed at constant speed up a frictionless 34° ramp, as shown in the figure below.  
What horizontal force F is required? (Hint: Resolve forces into components parallel to the ramp.)  



 

10_Newton/e_10_8_087.html 
An elevator weighing 6200 lb is pulled upward by a cable with an acceleration of 3.8 ft/s2.  
(a) What is the tension in the cable?  
(b) What is the tension when the elevator is accelerating downward at 3.8 ft/s2 but is still moving upward?  

10_Newton/e_10_8_088.html 
A lamp hangs vertically from a cord in a descending elevator.  
The elevator has a deceleration of 2.4 m/s2 before coming to a stop.  
(a) If the tension in the cord is 89 N, what is the mass of the lamp?  
(b) What is tension in the cord when the elevator ascends (goes up) with an upward acceleration of 2.4 m/s2? 

10_Newton/e_10_8_089.html 
An 11-kg monkey is climbing a massless rope attached to a 15-kg log (piece of wood) over a frictionless tree 
limb. 
(a) With what mini¬mum acceleration must the monkey climb up the rope so that it can raise the 15-kg log off 
the ground?  
If, after the log has been raised off the ground, the monkey stops climbing and hangs on to the rope, what will 
now be  
(b) the monkey's acceleration and  
(c) the tension in the rope? 

10_Newton/e_10_8_090.html 
The figure below shows a section of an alpine cable-car system. The maximum permitted mass of each car with 
occupants is 2800 kg.  
The cars, riding on a support cable, are pulled by a second cable attached to each pylon (support column).  
What is the difference in tension between adjacent sections of pull cable if the cars are accelerated up at a 35° 
incline at 0.81 m/s2, as shown below?  

 



10_Newton/e_10_8_091.html 
The man in the figure below weighs 180 lb; the platform and at¬tached frictionless pulley weigh a total of 43 
lb. Ignore the weight of the rope.  
With what force must the man pull up on the rope in order to lift himself and the platform upward at 1.2 ft/s2?  

 

10_Newton/e_10_8_092.html 
 Block B in the figure below weighs 712 N. The coefficient of static friction between block B and the table is 
0.25.  
 Find the maximum weight of block A for which block B will remain at rest.  

 

10_Newton/e_10_8_093.html 
Block m1 in the figure below has a mass of 4.20 kg and block m2 has a mass of 2.30 kg.  
The coefficient of kinetic friction between m2 and the horizontal plane is 0.47.  
The inclined plane is frictionless. Find  
(a) the acceleration of the blocks and  
(b) the tension in the string.  



 

10_Newton/e_10_8_094.html 
In the figure below, object B weighs 94.0 lb and object A weighs 29.0 lb. 
 Between object B and the plane the coefficient of sta¬tic friction is 0.56 and the coefficient of kinetic friction 
is 0.25.  
(a) Find the acceleration of the system if B is initially at rest.  
(b) Find the acceleration if B is moving up the plane. 
(c) What is the acceleration if B is moving down the plane? The plane is inclined by 42.0°. 

 
  

10_Newton/e_10_8_095.html 
During an Olympic bobsled run, a European team takes a turn of radius 25 ft at a speed of 60 mi/h.  
What acceleration do the riders experience 
(a) in ft/s2 and  
(b) in units of g?  

10_Newton/e_10_8_096.html 
A 2400-lb (= 10.7-kN) car traveling at 30 mi/h (= 13.4 m/s) attempts to round an unbanked curve with a radius 
of 200 ft (= 61.0 m).  
(a) What force of friction is required to keep the car on its circular path?  
(b) What minimum coefficient of static friction between the tires and road is required?  

10_Newton/e_10_8_097.html 
A circular curve of highway is designed for traffic moving at 60 km/h (= 37 mi/h).  
(a) If the radius of .the curve is 150 m (= 490 ft), what is the correct angle of banking of the road?  
(b) If the curve were not banked, what would be the minimum coefficient of friction between tires and road that 
would keep traffic from skidding (slipping) at this speed?  

10_Newton/e_10_8_098.html 
A conical pendulum is formed by attaching a 53-g pebble to a l.4-m string.  
The pebble swings around in a circle of radius 25 cm.  



(a) What is the speed of the pebble?  
(b) What is its acceleration?  
(c) What is the tension in the string? 
  

10_Newton/e_10_8_099.html 
A banked circular highway curve is designed for traffic moving at 95 km/h. The radius of the curve is 210 m.  
Traffic is moving along the highway at 52 km/h on a stormy day.  
(a) What is the minimum coefficient of friction between tires and road that will allow cars to turn without 
sliding?  
(b) With this value of the coefficient of friction, what is the greatest speed at which the cars can turn without 
sliding?  

10_Newton/e_10_8_100.html 
A particle of mass m is subjected to a net force F(t) given by F(t)=Fo(1-t/T)i; that is, F(t) equals Fo at t = 0 and 
decreases linearly to zero in time T. The particle passes the origin x = 0 with velocity voi. Show that at the 
instant t = T that F(t) vanishes, the speed v and distance x traveled are given by v(T) = vo + aoT/2, and x(T) = 
voT + aoT^2/3, where ao = Fo/m is the initial acceleration. 

10_Newton/e_10_8_101.html 
 A horizontal force F of 12 lb pushes a block weighing 5.0 lb against a vertical wall as shown in the figure 
below.  
The coefficient of static friction between the wall and the block is 0.60 and the coeffi¬cient of kinetic friction is 
0.40. Assume the block is not mov¬ing initially.  
(a) Will the block start moving?  
(b) What is the force exerted on the block by the wall?  

 

10_Newton/e_10_8_102.html 
 7.96-kg block rests on a plane inclined at 22.0° to the horizontal, as shown in the figure below.  
The coefficient of static friction is 0.25, while the coefficient of kinetic friction is 0.15.  
(a) What is the minimum force F, parallel to the plane, that will prevent the block from slipping down the 
plane?  
(b) What is the minimum force F that will start the block moving up the plane?  
(c) What force F is required to move the block up the plane at constant velocity?  

 

10_Newton/e_10_8_103.html 



The two blocks, m = 16 kg and M = 88 kg, shown in the figure below are free to move.  
The coefficient of static friction between the blocks is 0.38, but the surface beneath M is frictionless.  
What is the minimum horizontal force F required to hold m against M?  

 

10_Newton/e_10_8_104.html 
 A massless rope is tossed over a wooden dowel (cylinder) of radius r in order to lift a heavy object of weight 
W off of the floor, as shown in the figure below.  
The coefficient of sliding friction between the rope and the dowel is mu. Show that the minimum downward 
pull on the rope necessary to lift the object is Fdown=Wexp(pi mu). 
 (Hint: This problem requires techniques from integral calculus.)  

 

10_Newton/e_10_8_105.html 
 A 4.40-kg block is put on top of a 5.50-kg block. In order to cause the top block to slip on the bottom one, held 
fixed, a horizontal force of 12.0 N must be applied to the top block. 
 The assembly of blocks is now placed on a horizontal, frictionless table, as shown below Find  
(a) the maximum horizon¬tal force F that can be applied to the lower block so that the blocks will move 
together, 
(b) the resulting acceleration of the blocks, and  
(c) the coefficient of static friction between the blocks.  



 

10_Newton/e_10_8_106.html 
You are driving a car at a speed of 85 km/h when you notice a barrier across the road 62 m ahead.  
(a) What is the minimum coefficient of static friction between tires and road that will allow you to stop without 
striking the barrier?  
(b) Suppose that you are driving at 85 km/h on a large empty parking lot. What is the minimum coefficient of 
static friction that would allow you to turn the car in a  
62-m radius circle and, in this way, avoid collision with a wall 62 m ahead?  

10_Newton/e_10_8_107.html 
 A car moves at a constant speed on a straight but hilly road. One section has a crest (peak) and dip of the same 
250-m radius, as shown in the figure below. 
 (a) As the car passes over the crest, the normal force on the car is one-half the 16-kN weight of the car. What 
will be the normal force on the car as it passes through the bottom of the dip?  
 (b) What is the greatest speed at which the car can move without leaving the road at the top of the hill?  
 (c) Moving at the speed found in (b), what will be the normal force on the car as it moves through the bottom 
of the dip?  

 

10_Newton/e_10_8_108.html 
A 1.34-kg ball is attached to a rigid vertical rod by means of two massless strings each 1.70 m long. The strings 
are attached to the rod at points 1.70 m apart.  
The system is rotating about the axis of the rod, both strings being taut and forming an equilateral triangle with 
the rod, as shown below.  
The tension in the upper string is 35.0 N.  
(a) Find the tension in the lower string.  
(b) Calculate the net force on the ball at the instant shown in the figure.  
(c) What is the speed of the ball?  



 

10_Newton/e_10_8_109.html 
 A very small cube of mass m is placed on the inside of a funnel (see figure below) rotating about a vertical axis 
at a constant rate of w revolutions per second.  
The wall of the funnel makes an angle theta with the horizontal. The coefficient of static friction between cube 
and funnel is mu and the center of the cube is at a distance r from the axis of rotation. 
 Find the 
 (a) largest and  
 (b) smallest values of w for which the cube will not move with respect to the funnel.  

 

13_Energy_momentum/e_13_1_011.html 

conservative forces  

For each of the forces given below check whether it is conservative and find the potential energy, if possible:  
a) , ,   

b) , ,   

13_Energy_momentum/e_13_1_012.html 

Potential energy, conservation laws 

Potential energy is given by . At what  aparticle is in equilibrium ? 

13_Energy_momentum/e_13_1_013.html 



period of the bound motion  

Potential energy is given by  (one-dimensional motion). Find the period of the bound motion of 
the particle with the energy .  

13_Energy_momentum/e_13_1_014.html 

Potential energy, conservation laws 

Force is given by ,  (cylindrical coordinates). Is the force conservative ? If yes, 
find the potential. What is conserved in this force ? 

13_Energy_momentum/e_13_1_015.html 

Potential energy, conservation laws 

Potential energy is given in polar coordinates by . Find the force. Is angular momentum 
conserved ? Find the torque at .  

13_Energy_momentum/e_13_1_016.html 

Potential energy, conservation laws 

A particle orbit is . Find the central force.  

13_Energy_momentum/e_13_1_017.html 

Potential energy, conservation laws 

A bead (mass ) is moving on a circularly shaped wire( ) without friction and is connected to the 
two points,  and , with identical springs (spring constant ) of initially zero 
length (so that  where  is the length of the spring). a) Write down the force vectors. b) Derive the 
potential energy (if the forces are conservative). c) Find the velocity as a function of angle  (for a given 
energy). c) Find the angular momentum relative to the coordinate origin as a function of . 

13_Energy_momentum/e_13_1_018.html 

Potential energy, conservation laws 

A bead (mass ) is moving on an elliptically shaped ( ) wire without friction. The bead is 
attracted to the focus  by the force inversely proportional to the distance  squared between the bead and 

the focus, . The bead is attracted to the center of the ellipse by the force proportional to the 

distance  between the bead and the center, . a) Write down the force vectors. b) Derive the 
potential energy (if the forces are conservative). c) Find the velocity as a function of angle  (for a given 
energy). c) Find the angular momentum relative to the coordinate origin as a function of . 
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Potential energy, conservation laws 

In a galaxy the gravitational potential (potential energy) is , . Find the relation between 
the total energy and angular momentum for circular orbits. Find the dependence of the orbit period on the 
radius.  
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Potential energy, conservation laws 



A particle moves under the influence of the body  which is in the coordinate origin. In the beginning the 
particle is at a very large distance from , moves with the velocity  and would pass at the distance  from  
if there were no interaction (this is called \textit{impact parameter}). What is the minimal distance between the 
particle and  for the potential energy is  (analyze  and ). 
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Potential energy, conservation laws 

Find  for a particle with  in the potential energy . (Hint:  for 
.) 
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apogee and perigee 

A satellite of the mass , moving in the Earth potential , has the total energy  and angular 
momentum . Find the maximum (apogee) and minimum (perigee) distance from the Earth.  
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Potential energy, conservation laws 

A particle (mass ) is moving in the central field  on a circular orbit . The energy and 
angular momentum suddenly are changed by  and . What are the maximal and minimal distances 
from the attracting body on the new orbit ? 
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Energy Conservation and Work 

A necklace is laying on a table without friction when a quarter of it is hunging from the edge. 
The necklace's length is  and its mass is . 
What is work needed in order to pull the necklace to the table? 
Do it in two ways: 
(a) Using the definition of work. 
(b) Using energy conservation.  
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Momentum Conservation 

The mass of a rocket at time  is given by 

 (  is constatnt) 
due to gases that exhausting from it (in the opposite direction). 
The gases velocity is  with respect to the rocket. 
If the rocket take off from earth 
1. What is the condition for the rocket to take off  despite the gravity force? 
2. Find the rocket velocity as a function of time. 

3. A friction force of the form ( is constant) is also acting on the rocket, find . 
4. What is the rocket velocity after a long time ( )? 
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Potential Energy, Coservation Laws 

A particle move in a potential energy 

 . 



1. What is the force? draw the graph of  U(x). 
2. What is the direction of the force at every point? 
3. What are the equilibrium points? are they stable? 
4. For given energies, what are the possible trajectories?  
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Work 

Two forces acting on a particle 

    N  

   N 
The particle moves from the point  to the point . 
1. What is the work done on the particle? 
2. What would be the work if the particle move from  to ?  
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Work 

A particle move according to 
     
1. Find the kinetic energy of the particle in the points  and . 
 
2. What is the work done on the particle by the centripetal force between the points  and ? 
 
3. Show that in order to bring back the particle to point  the work needed is 0.  
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Momentum Conservation 

A rocket is moving due to exhausting gases at high velocity in the opposite direction. The gases are products of 
fuel burning so the mass of the rocket is reduced all the time. The rate of exhausting is constant and the gases 
velocity is  with respect to the rocket. 
 
1. Derive the equations of motion for a rocket moving in space (far from earth). Find the volcity as a function of 

time where you can assume that  and . 
 
2. If the rocket takes off from earth what is its velocity as a function of time?  
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Potential energy, conservation laws 

A particle's trajectory is  

 
and it moves in a central force. Find .  
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Potential energy, conservation laws 

A particle (mass , energy ) move in a potential ,  

such that . 
Find the angular momentum. 
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Potential energy, conservation laws  

A particle (mass ) move in central field 

  
 in a circular orbit. Its angular momentum is . 
Find its energy and the time that is needed to complete a cycle.  
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Collisions 

A mass  is attached to a loose spring (spring constant ) and lies on a plane with kinetic friction coefficient 
. 

A bullet (mass ) is fired toward the mass in a velocity . 
How much will the spring contract?  
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Momentum Conservation 

A particle is at rest in a constant magnetic field . 
Suddenly it decays into 3 particles (with mass and charge) ,  and  . 
The particles  and   make a circular motion with diameter of   and  respectively. 
Assume that the angle between the initial velocities of m1 and m2 is . 
What is the velocity of the third particle?  
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Many Particle System 

Show that the kinetic energy of two particles with masses  and  splits into the kinetic energy of the 
center of mass and the kinetic energy of the relative motion.  
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Many Particle System 

Two bodies (  and ) are at distamce  from each other. 
At   starts to "pull"  with a constant force . 
1. Where will the masses meet? 
2. What will be the velocities of the bodies before they collide?  
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Definition of torque 

A particle is located at . A constant force of magnitude 2.6N acts on 
the particle. find the components of the torque about the origin when the force acts in 
a) the positive  direction. 
b) the negative  direction. 
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13_Energy_momentum/e_13_5_066.html 

Momentum 

A body is thrown vertically up with initial speed of  with the influence of gravity. After  its 

momentum changes by . 
1. What is the bodies mass? 
2. What is the force acting on the body (use only the given)? 
3. What is the velocity after ?  

13_Energy_momentum/e_13_5_067.html 

Momentum 

 
A bullet with mass  and speed  is shot towards a ballistic pendulum with mass . how high 
will the pendulum rise after the collision? what is the percentage of the lost energy?  

13_Energy_momentum/e_13_5_068.html 

Momentum 

 
A disk with mass  slides on a smooth horizontal surface with velocity  and collides with a second disk 
with mass  which is at rest. After the collision the second disk moves with velocity  in a direction of 

 relative to the direction of the first disks initial motion. 
1. What is the velocity of the first disk after the collision? 
2. Was the collision totally elastic?  

13_Energy_momentum/e_13_5_069.html 



Momentum 

a ball with mass  is thrown vertically up and blow up to three pieces at the top of its path. The first piece, 
with mass , moves up with velocity  and the second piece, whose mass is , moves right with 
a velocity of . What is the velocity of the third piece?  
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13_Energy_momentum/e_13_8_087.html 
To push a 52-kg crate across a floor, a worker applies a force of 190 N, directed 22° below the horizontal. 
As the crate moves 3.3 m, how much work is done on the crate by  
(a) the worker,  
(b) the force of gravity, and  
(c) the normal force of the floor on the crate?  

13_Energy_momentum/e_13_8_088.html 
A l06-kg object is initially moving in a straight line with a speed of 51.3 m/s.  
(a) If it is brought to a stop with a dece1eration of 1.97 m/s2, what force is required, what distance does the 
object travel, and how much work is done by the force?  
(b) Answer the same questions if the object's deceleration is 4.82 m/s2. 

13_Energy_momentum/e_13_8_089.html 
To push a 25-kg crate up a 27° incline, a worker exerts a force of 120 N, parallel to the incline.  
As the crate slides 3.6 m, how much work is done on the crate by  
(a) the worker,  
(b) the force of gravity, and  
(c) the normal force of the incline? 

13_Energy_momentum/e_13_8_090.html 
A 52.3-kg trunk is pushed 5.95 m at constant speed up a 28.0° incline by a constant horizontal force.  
The coefficient of kinetic friction between the trunk and the incline is 0.19. Calculate the work done by  
(a) the applied force and  
(b) the force of gravity. 

13_Energy_momentum/e_13_8_091.html 
A 47.2-kg block of ice slides down an incline 1.62 m long and 0.902 m high. A worker pushes up on the ice 
parallel to the incline so that it slides down at constant speed.  
The coefficient of kinetic friction between the ice and the incline is 0.110. Find  
(a) the force exerted by the worker,  
(b) the work done by the worker on the block of ice, and  
(c) the work done by gravity on the ice. 

13_Energy_momentum/e_13_8_092.html 
In a 100-person ski lift, a machine raises passengers averaging 667 N in weight a height of 152 m in 55.0 s, at 
constant speed.  
Find the power output of the motor, assuming no frictional losses. 

13_Energy_momentum/e_13_8_093.html 
What power is developed by a grinding machine whose wheel has a radius of 20.7 cm and runs at 2.53 rev/s 
when the tool to be  
sharpened is held against the wheel with a force of 180 N? The coefficient of friction between the tool and the 
wheel is 0.32. 

13_Energy_momentum/e_13_8_094.html 
A fully loaded freight elevator has a total mass of 1220 kg. It is required to travel downward 54.5 m in 43.0 s.  
The counter weight has a mass of 1380 kg. Find the power output, in hp, of the elevator motor.  



Ignore the work required to start and stop the elevator; that is, assume that it travels at constant speed. 

13_Energy_momentum/e_13_8_095.html 
The figure below shows a spring with a pointer attached, hanging next to a scale graduated in millimeters. 
Three different weights are hung from the spring, in turn, as shown.  
(a) If all weight is removed from the spring, which mark on the scale will the pointer indicate? 
(b) Find the weight W. 

 

13_Energy_momentum/e_13_8_096.html 
A spring has a force constant of 15.0 N/cm.  
(a) How much work is required to extend the spring 7.60 mm from its relaxed position?  
(b) How much work is needed to extend the spring an additional 7.60 mm? 

13_Energy_momentum/e_13_8_097.html 
An object of mass 0.675 kg on a frictionless table is attached to a string that passes through a hole in the table at 
the center of the horizontal circle in which the object moves with constant speed.  
(a) If the radius of the circle is 0.500 m and the speed is 10.0 m/s, compute the tension in the string.  
(b) It is found that drawing an additional 0.200 m of the string down through the hole, thereby reducing the 
radius of the circle to 0.300 m, has the effect of multiplying the original tension in the string by 4.63. Compute 
the total work done by the string on the revolving object during the reduction of the radius. 

13_Energy_momentum/e_13_8_098.html 
A force acts on a 2.80-kg particle in such a way that the position of the particle as a function of time is given by 
x = (3.0 m/s)t - (4.0 m/s2)t2 + (1.0 m/s3)t3.  
(a) Find the work done by the force during the first 4.0 s.  
(b) At what instantaneous rate is the force doing work on the particle at the instant t = 3.0 s? 

13_Energy_momentum/e_13_8_099.html 
A 3700-lb automobile (m = 1600 kg) starts from rest on a level road and gains a speed of 45 mi/h (= 72 km/h) 
in 33 s.  
(a) What is the kinetic energy of the auto at the end of the 33 s?  
(b) What is the average net power delivered to the car during the 33-s interval?  
(c) What is the instantaneous power at the end of the 33-s interval assuming that the acceleration was constant? 

13_Energy_momentum/e_13_8_100.html 
The figure below shows an arrangement of pulleys designed to facilitate the lifting of a heavy load L. Assume 
that friction can be ignored everywhere and that the pulleys 
 to which the load is attached weigh a total of 20.0 lb. An 840-lb load is to be raised 12.0 ft.  
(a) What is the minimum applied force F that can lift the load?  
(b) How much work must be done against gravity in lifting the 840-lb load 12.0 ft?  
(c) Through what distance must the applied force be exerted to lift the load 12.0 ft?  
(d) How much work must be done by the applied force F to accomplish this task? 



 

13_Energy_momentum/e_13_8_101.html 
A 1380-kg block of granite is dragged up an incline at a con¬stant speed of 1.34 m/s by a steam winch (see 
figure below).  
The coefficient of kinetic friction between the block and the incline is 0.41. How much power must be supplied 
by the winch? 



 

13_Energy_momentum/e_13_8_102.html 
An escalator joins one floor with another one 8.20 m above. The escalator is 13.3 m long and moves along its 
length at 62.0 cm/s.  
(a) What power must its motor deliver if it js required to carry a maximum of 100 persons per minute, of 
average mass 75.0 kg?  
(b) An 83.5-kg man walks up the escalator in 9.50 s. How much work does the motor do on him?  
(c) If this man turned around at the middle and walked down the escalator so as to stay at the same level in 
space, would the mo¬tor do work on him? If so, what power does it deliver for this purpose?  
(d) Is there any (other?) way the man could walk along the escalator without consuming power from the motor? 

13_Energy_momentum/e_13_8_103.html 
(a) Estimate the work done by the force shown on the graph below in displacing a particle from x = 1 m to x =3 
m.  
Refine your method to see how close you can come to the exact answer of 6 J.  
(b) The curve is given analytically by F = A/x2, where A = 9 N. m2. Show how to calculate the work by the 
rules of integration. 



 
 

13_Energy_momentum/e_13_8_104.html 
A 0.550-kg projectile is launched from the edge of a cliff with an initial kinetic energy of 1550 J and at its 
highest point. is 140 m above the launch point.  
(a) What is the horizontal component of its velocity?  
(b) What was the vertical component of its velocity just after launch?  
(c) At one instant during its flight the vertical component of its velocity is found to be 65.0 m/s. At that time, 
how far is it above or below the launch point? 

13_Energy_momentum/e_13_8_105.html 
A 263-g block is dropped onto a vertical spring with force constant k = 2.52 N/cm (see the figure below).  
The block sticks to the spring, and the spring compresses 11.8 cm before coming momentarily to rest.  
While the spring is being compressed, how much work is done  
(a) by the force of gravity and  
(b) by the spring?  
(c) What was the speed of the block just before it hit the spring?  
(d) If this initial speed of the block is doubled, what is the maximum compression of the spring? Ignore friction. 



 

13_Energy_momentum/e_13_8_106.html 
An object of mass m accelerates uniformly from rest to a speed vf in time tf.  

(a) Show that the work done W on the object as a function of time t is W = m(vf/ tf)
2 t2/2.  

(b) As a function of time t, what is the instantaneous power delivered to the object?  

13_Energy_momentum/e_13_8_107.html 
A 220-lb man jumps out a window into a fire net 36 ft below. The net stretches 4.4 ft before bringing him to 
rest and tossing him back into the air. What is the potential energy of the stretched net? 

13_Energy_momentum/e_13_8_108.html 

A frictionless roller-coaster car starts at point A in the figure below with speed vo. What will be the speed of 
the car  
(a) at point B,  
(b) at point C, and  
(c) at point D? Assume that the car can be considered a particle and that it always remains on the track. 



 

13_Energy_momentum/e_13_8_109.html 
The figure below shows a 7.94-kg stone resting on a spring. The spring is compressed 10.2 cm by the stone.  
(a) Calculate the force constant of the spring.  
(b) The stone is pushed down an additional 28.6 cm and released. How much potential energy is stored in the 
spring just before the stone is released?  
(c) How high above this new (lowest) position will the stone rise? 



 

13_Energy_momentum/e_13_8_110.html 
A 1.93-kg block is placed against a compressed spring on a frictionless 27.0° incline (see the figure below).  
The spring, whose force constant is 20.8 N/cm, is compressed 18.7 cm, after which the block is released. How 
far up the incline will the block go before coming to rest?  
Measure the final position of the block with respect to its position just before being released. 



 

13_Energy_momentum/e_13_8_111.html 
A 2.14-kg block is dropped from a height of 43.6 cm onto a spring of force constant k = 18.6 N/cm, as shown in 
the figure below.  
Find the maximum distance the spring will be compressed. 



 

13_Energy_momentum/e_13_8_112.html 
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 2.20 m horizontally from the edge of the table; see the figure below. Bobby compresses the 
spring 1.10 cm, but the marble falls 27.0 cm short.  
How far should Rhoda compress the spring to score a hit?  



 

13_Energy_momentum/e_13_8_113.html 
A particle moves along the x axis through a region in which its potential energy U(x) varies as shown in the 
figure below.  
(a) Make a quantitative plot of the force F(x) that acts on the particle, us¬ing the same x axis scale as the figure. 
 
(b) The particle has a (constant) mechanical energy E of 4.0 J. Sketch a plot of its kinetic energy K(x) directly 
on this figure. 



 

13_Energy_momentum/e_13_8_114.html 
An ideal massless spring can be compressed 2.33 cm by a force of 268 N. A block whose mass is m = 3.18 kg 
is released from rest at the top of the incline as shown in the figure below, 
the angle of the incline being 32.0°. The block comes to rest momentarily after it has compressed this spring by 
5.48 cm.  
(a) How far has the block moved down the incline at this moment?  
(b) What is the speed of the block just as it touches the spring? 



 

13_Energy_momentum/e_13_8_115.html 
A small block of mass m slides along the frictionless loop-the-loop track shown in the figure below.  
(a) The block is released from rest at point P. What is the net force acting on it at point Q?  
(b) At what height above the bottom of the loop should the block be released so that it is on the verge of losing 
contact with the track at the top of the loop? 



 

13_Energy_momentum/e_13_8_116.html 
A block of mass m at the end of a string swings in a vertical circle of radius R under the influence of gravity 
only.  
Find the difference between the magnitudes of the tension in the string at the top of the loop and at the bottom 
of the loop assuming the  
block is always moving fast enough so that the string never goes slack. 

13_Energy_momentum/e_13_8_117.html 
A boy is seated on the top of a hemispherical mound of ice (see figure below). He is given a very small push 
and starts sliding down the ice.  
Show that he leaves the ice at a point whose height is 2R/3 if the ice is frictionless. (Hint: The normal force 
vanishes as he leaves the ice.) 



 

13_Energy_momentum/e_13_8_118.html 
A particle is projected horizontally along the interior of a frictionless hemispherical bowl of radius r, which is 
kept at rest (see figure below).  
We wish to find the initial speed vo required for the particle to just reach the top of the bowl. Find vo as a 
function of . o, the initial angular position of the particle. 



 

13_Energy_momentum/e_13_8_119.html 
3. A 4.88-kg object with a speed of 31.4 m/s strikes a steel plate at an angle of 42.0º and rebounds at the same 
speed and angle.  
What is the change (magnitude and direction) of the linear momentum of the object? 

 

13_Energy_momentum/e_13_8_120.html 
5. A ball of mass m and speed v strikes a wall perpendicularly and rebounds with undiminished speed.  
(a) If the time of collision is � t, what is the average force exerted by the ball on the wall?  
(b) Evaluate this average force numerically for a rubber ball with mass 140 g moving at 7.8 rn/s; the duration of 
the collision is 3.9 ms. 

13_Energy_momentum/e_13_8_121.html 
6. A golfer hits a golf ball, imparting to it an initial velocity of magnitude 52.2 m/s directed 30º above the 
horizontal. 
 Assuming that the mass of the ball is 46.0 g and the club and ball are in contact for 1.20 ms, find  



(a) the impulse imparted to the ball,  
(b) the impulse imparted to the club, and  
(c) the average force exerted on the ball by the club. 

13_Energy_momentum/e_13_8_122.html 
9. The figure below shows an approximate representation of force versus time during the collision of a 58-g 
tennis ball with a wall.  
The initial velocity of the ball is 32 m/s perpendicular to the wall; it rebounds with the same speed, also 
perpendicular to the wall.  
What is the value of Fmax, the maximum contact force during the collision?  

 

13_Energy_momentum/e_13_8_123.html 
11. A croquet ball with a mass 0.50 kg is struck by a mallet, receiving the impulse shown in the graph.  
What is the ball's velocity just after the force has become zero? 

 

13_Energy_momentum/e_13_8_124.html 
14. A pellet gun fires ten 2.14-g pellets per second with a speed of 483 m/s. The pellets are stopped by a rigid 
wall.  
(a) Find the momentum of each pellet.  
(b) Calculate the average force exerted by the stream of pellets on the wall.  
(c) If each pellet is in contact with the wall for 1.25 ms, what is the average force exerted on the wall by each 
pellet while in contact? Why is this so different from (b)?  

13_Energy_momentum/e_13_8_125.html 
18. A railroad flatcar of weight W can roll without friction along a straight horizontal track. Initially, a man of 
weight w is standing on the car,  
which is moving to the right with speed Vo. What is the change in velocity of the car if the man runs to the left 
(Figure) so that his speed  



relative to the car is vrel just before he jumps off at the left end?  

 

13_Energy_momentum/e_13_8_126.html 
20. The blocks in the figure below slide without friction. What is the velocity v of the l.6-kg block after the 
collision?  

 

13_Energy_momentum/e_13_8_127.html 
22. Meteor Crater in Arizona (see Fig. below) is thought to have been formed by the impact of a meteorite with 
the Earth some 20,000 years ago.  
The mass of the meteorite is estimated to be 5 X 1010 kg and its speed to have been 7.2 km/s. What speed 
would such a meteorite impart to the Earth in a head-on collision? 

 

13_Energy_momentum/e_13_8_128.html 
23. A 5.18-g bullet moving at 672 m/s strikes a 715-g wood~n block at rest on a frictionless surface.  
The bullet emerges with its speed reduced to 428 m/s. Find the resulting speed of the block. 

13_Energy_momentum/e_13_8_129.html 
25. Two objects, A and B, collide. A has mass 2.0 kg, and B has mass 3.0 kg. The velocities before the collision 
are viA = (15 m/s)i + (30 m/s)j  
and viB = (-10 m/s)i + (5.0 m/s)j. After the collision, VfA = (- 6.0 m/s)i + (30 m/s)j. What is the final velocity 
of B? 

13_Energy_momentum/e_13_8_130.html 
27. A barge with mass 1.50 X 105 kg is proceeding downriver at 6.20 m/s in heavy fog when it collides 
broadside with a barge heading directly across the river; see figure below. 
 The second barge has mass 2.78 X 105 kg and was moving at 4.30 m/s. Immediately after impact, the second 
barge finds its course deflected by 18.0° in the downriver direction and its speed increased to 5.10 m/s. The 



river current was practically zero at the time of the accident.  
What is the speed and direction of motion of the first barge immediately after the collision? 

 

13_Energy_momentum/e_13_8_131.html 
29. 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. What is the mass of the other 
sphere? 

13_Energy_momentum/e_13_8_132.html 
30. A cart with mass 342 g moving on a frictionless linear air¬track at an initial speed of 1.24 m/s strikes a 
second cart of unknown mass at rest.  
The collision between the carts is elastic. After the collision, the first cart continues in its original direction at 
0.636 m/s.  
(a) What is the mass of the second cart?  
(b) What is its speed after impact? 

13_Energy_momentum/e_13_8_133.html 
31. An object of 2.0-kg mass makes an elastic collision with another object at rest and continues to move in the 
original direction but with one-fourth of its original speed.  
What is the mass of the struck object? 

13_Energy_momentum/e_13_8_134.html 
32. A railroad freight car weighing 31.8 tons and traveling at 5.20 ft/s overtakes one weighing 24.2 tons and 
traveling at 2.90 ft/s in the same direction.  
(a) Find the speeds of the cars after collision if the cars couple together.  
(b) If instead, as is very unlikely, the collision is elastic, find the speeds of the cars after collision. 

13_Energy_momentum/e_13_8_135.html 
3. A 325-g ball with a speed v of 6.22 m/s strikes a wall at an angle .  of 33.0° and then rebounds with the same 
speed and angle (Figure).  
It is in contact with the wall for 10.4 ms.  
(a) What impulse was experienced by the ball? 
(b) What was the average force exerted by the ball on the wall? 

 

13_Energy_momentum/e_13_8_136.html 



4. It is well known that bullets and other missiles fired at Super¬man simply bounce off his chest as in figure.  
Suppose that a gangster sprays Superman's chest with 3.0-g bullets at the rate of 100 bullets/min, the speed of 
each bullet being 500 m/s.  
Suppose too that the bullets rebound straight back with no loss in speed.  
Find the average force exerted by the stream of bullets on Superman's chest. 

 

13_Energy_momentum/e_13_8_137.html 
5. During a violent thunderstorm, hail the size of marbles (diam¬eter = 1.0 cm) falls at a speed of 25 m/s. There 
are estimated to be 120 hailstones per cubic meter of air. 
 Ignore the bounce of the hail on impact.  
(a) What is the mass of each hailstone?  
(b) What force is exerted by hail on a 10 m X 20 m flat roof during the storm? Assume that, as for ice, 1.0 cm3 
of hail has a mass of 0.92 g. 

13_Energy_momentum/e_13_8_138.html 
2. Show that the ratio of the distances xl and x2 of two particles from their center of mass is the inverse ratio of 
their masses; that is, xl/x2 = m2/m1. 

13_Energy_momentum/e_13_8_139.html 
3. A Plymouth car with a mass of 2210 kg is moving along a straight stretch of road at 105 km/h. It is followed 
by a Ford with mass  
2080 kg moving at 43.5 km/h.  
How fast is the center of mass of the two cars moving? 

13_Energy_momentum/e_13_8_140.html 
4. Two skaters, one with mass 65 kg and the other with mass 42 kg, stand on an ice rink holding a pole with a 
length of 9.7 m and a mass that is negligible. 
 Starting from the ends of the pole, the skaters pull themselves along the pole until they meet.  
How far will the 42-kg skater move? 

13_Energy_momentum/e_13_8_141.html 
5. Two particles P and Q are initially at rest 1.64 m apart. P has a mass of 1.43 kg and Q a mass of 4.29 kg. P 
and Q attract each other with a constant force 
 of 1.79 X 10-2 N. No external forces act on the system.  
(a) Describe the motion of the center of mass.  
(b) At what distance from P's original position do the particles collide? 

13_Energy_momentum/e_13_8_142.html 
6. A shell is fired from a gun with a muzzle velocity of 466 m/s, at an angle of 57.4º with the horizontal.  
At the top of the trajectory, the shell explodes into two fragments of equal mass. One fragment, whose speed 
immediately after the explosion is zero,  
falls vertically. How far from the gun does the other fragment land, assuming level terrain? 

13_Energy_momentum/e_13_8_143.html 
10. Where is the center of mass of the three particles shown in the figure below?  



 

13_Energy_momentum/e_13_8_144.html 
13. Three thin rods each of length L are arranged in an inverted U, as shown in the figure  below. The two rods 
on the arms of the U each have mass M; the third rod has mass 3M. Where is the center of mass of the 
assembly? 

 

13_Energy_momentum/e_13_8_145.html 
14. The figure below shows a composite slab with dimensions 22.0 cm X 13.0 cm X 2.80 cm. Half of the slab is 
made of aluminum  
(density = 2.70 g/cm3) and half of iron (density = 7.85 g/cm3), as shown. Where is the center of mass of the 
slab? 

 

13_Energy_momentum/e_13_8_146.html 
16. A vessel at rest explodes, breaking into three pieces. Two pieces, one with twice the mass of the other, fly 
off perpendicular to one another with the same speed of 31.4 m/ s.  
The third piece has three times the mass of the lightest piece. 
Find the magnitude and direction of its ve1ocity immediately after the explosion.  
(Specify the direction by giving the angle from the line of travel of the least massive piece.) 

13_Energy_momentum/e_13_8_147.html 



18. A railway flat car is rushing along a level frictionless track at a speed of 45 m/s.  
Mounted on the car and aimed forward is a cannon that fires 65-kg cannon balls with a muzzle speed of 625 
m/s.  
The total mass of the car, the cannon, and the large supply of cannon balls on the car is 3500 kg.  
How many cannon balls must be fired to bring the car as close to rest as possible? 

13_Energy_momentum/e_13_8_148.html 
20. A rocket at rest in space, where there is virtual1y no gravity, has a mass of 2.55 X 105 kg, of which 1.81 X 
105 kg is fuel.  
The engine consumes fuel at the rate of 480 kg/s, and the exhaust speed is 3.27 km/s. The engine is fired for 
250 s.  
(a) Find the thrust of the rocket engine.  
(b) What is the mass of the rocket after the engine burn?  
(c) What is the final speed attained? 

13_Energy_momentum/e_13_8_149.html 
21. Consider a rocket at rest in empty space. What must be its mass ratio (ratio of initial to final mass) in order 
that, after firing its engine, the rocket's speed is  
(a) equal to the exhaust speed and  
(b) equal to twice the exhaust speed? 

13_Energy_momentum/e_13_8_150.html 
23. A rocket of total mass 1.11 X 105 kg, of which 8.70 X 104 kg is fuel, is to be launched vertically.  
The fuel will be burned at the constant rate of 820 kg/s.  
Relative to the rocket, what is the minimum exhaust speed that allows liftoff at launch? 

13_Energy_momentum/e_13_8_151.html 
3. A uniform flexible chain of length L, with weight per unit length � , passes over a small, frictionless peg; see 
figure below.  
It is released from a rest position with a length of chain x hanging from one side and a length L -x from the 
other side.  
Find the acceleration a as a function of x. 

 

13_Energy_momentum/e_13_8_152.html 
7. A 1400-kg cannon, which fires a 70.0-kg shell with a muzzle speed of 556 m/s, is set at an elevation angle of 
39.0° above the horizontal.  
The cannon is mounted on frictionless rails, so that it recoils freely.  
(a) What is the speed of the shell with respect to the Earth?  
(b) At what angle with the ground is the shell projected?  
(Hint: The horizontal component of the momentum of the system remains unchanged as the gun is fired.) 

13_Energy_momentum/e_13_8_153.html 
10. A 5860-kg rocket is set for vertical firing. The exhaust speed is 1.17 km/s.  
How much gas must be ejected each second to supply the thrust needed  



(a) to overcome the weight of the rocket and  
(b) to give the rocket an initial upward acceleration of 18.3 m/s2?  
Note that gravity is present here as an external force. 

13_Energy_momentum/e_13_8_154.html 
9. A 2.9-ton weight falling through a distance of 6.5 ft drives a 0.50-ton pile 1.5 inches into the ground.  
(a) Assuming that the weight - pile collision is completely inelastic, find the average force of resistance exerted 
by the ground.  
(b) Assuming the force of resistance by the ground remains constant at the value found in (a), how far into the 
ground would the pile be driven if the collision were elastic? 
(c) Which is more effective in this case, elastic or inelastic collisions? 

13_Energy_momentum/e_13_8_155.html 
10. Two 22.7-kg ice sleds are placed a short distance apart, one directly behind the other, as shown in Fig. 6-30. 
 
A 3.63-kg cat, standing on one sled, jumps across to the other and im¬mediately back to the first.  
Both jumps are made at a speed of 3.05 m/s relative to the sled the cat is standing on when the jump is made.  
Find the final speeds of the two sleds. 

 

13_Energy_momentum/e_13_8_156.html 
11. Two vehicles A and B are traveling west and south, respectively, toward the same intersection where they 
collide and lock together.  
Before the collision, A (weight 2720 lb) is moving with a speed of 38.5 mi/h and B (weight 3640 lb) has a 
speed of 58.0 mi/h.  
Find the magnitude and direction of the velocity of the (interlocked) vehicles immediately after the collision. 

13_Energy_momentum/e_13_8_157.html 
12. Two balls A and B, having different but unknown masses, collide. A is initially at rest and B has a speed v.  
After collision, B has a speed v/2 and moves at right angles to its original motion.  
(a) Find the direction in which ball A moves after the collision. 
(b) Can you determine the speed of A from the information given? Explain. 

13_Energy_momentum/e_13_8_158.html 
13. In a game of pool, the cue ball strikes another ball initially at rest. After the collision, the cue ball moves at 
3.50 m/s along a line making an angle of 65.0°  
with its original direction of motion. The second ball acquires a speed of 6.75 m/s.  
Using momentum conservation, find  
(a) the angle between the direction of motion of the second ball and the original direction of motion of the cue 
ball and  
(b) the original speed of the cue ball. 

13_Energy_momentum/e_13_8_159.html 
19. A 3.54-g bullet is fired horizontally at two blocks resting on a frictionless tabletop, as shown in Fig. 6-34a.  
The bullet passes through the first block, with mass 1.22 kg, and embeds itself in the second, with mass 1.78 
kg. Speeds of 0.630 m/s and 1.48 m/s,  
respectively, are thereby imparted to the blocks, as shown in Fig. 6-34b. Neglecting the mass removed from the 
first block by the bullet, find  
(a) the speed of the bullet immediately after emerging from the first block and  
(b) the original speed of the bullet. 



 

13_Energy_momentum/e_13_8_160.html 
20. A 2.0-kg block is released from rest at the top of a 22° frictionless inclined plane of height 0.65 m (Fig. 6-
35).  
At the bottom of the plane it collides with and sticks to a block of mass 3.5 kg. The two blocks together slide a 
distance of 0.57 m  
across a horizontal plane before coming to rest.  
What is the coefficient of friction of the horizontal surface? 

 

13_Energy_momentum/e_13_8_161.html 
21. Two cars A and B slide on an icy road as they attempt to stop at a traffic light. The mass of A is 1100 kg 
and the mass of B is 1400 kg.  
The coefficient of kinetic friction between the locked wheels of both cars and the road is 0.130. Car A succeeds 
in coming to rest at the light,  
but car B cannot stop and rear-ends (collides with) car A. After the collision, A comes to rest 8.20 m ahead of 
the impact point and B 6.10 m ahead: see Fig. 6-36. 
 Both drivers had their brakes locked throughout the incident. 
(a) From the distances each car moved after the collision, find the speed of each car immediately after impact.  
(b) Use conservation of momentum to find the speed at which car B struck car A.  
On what grounds can the use of momentum conservation be criticized here? 

 

13_Energy_momentum/e_13_8_162.html 
2. Show that 1 rev/min = 0.105 rad/s. 

13_Energy_momentum/e_13_8_163.html 
3. The angle turned through by the flywheel of a generator during a time interval t is given by 0 = at + bt3 - ct4, 
where a, b, and c are constants.  
What is the expression for its  
(a) angular velocity and  
(b) angular acceleration?  

13_Energy_momentum/e_13_8_164.html 
4. Our Sun is 2.3 X 104 ly (light-years) from the center of our Milky Way galaxy and is moving in a circle 



around this center at a speed of 250 km/s.  
(One light year is the distance that light travels in one year.)  
(a) How long does it take the Sun to make one revolution about the galactic center?  
(b) How many revolutions has the Sun completed since it was formed about 4.5 X 109 years ago? 

13_Energy_momentum/e_13_8_165.html 
5. A wheel rotates with an angular acceleration � z given by � z = 4at3 - 3bt2, where t is the time and a and b are 
constants.  
If the wheel has an initial angular velocity Wo, write the equations for  
(a) the angular velocity and  
(b) the angle turned through as functions of time.  

13_Energy_momentum/e_13_8_166.html 
6. What is the angular speed of  
(a) the second hand,  
(b) the minute hand, and  
(c) the hour hand of a watch? 

13_Energy_momentum/e_13_8_167.html 
7. A good baseball pitcher can throw a baseball toward home plate at 85 mi/h with a spin of 1800 rev/min.  
How many revolutions does the baseball make on its way to home plate?  
For simplicity, assume that the 60-ft trajectory is a straight line. 

13_Energy_momentum/e_13_8_168.html 
While waiting to board a helicopter, you notice that the rotor's motion changed from 315 rev/min to 225 
rev/min in 1.00 min.  
(a) Find the average angular acceleration during the interval.  
(b) Assuming that this acceleration remains constant, calculate how long it will take for the rotor to stop.  
(c) How many revolutions will the rotor make after your second observation? 

13_Energy_momentum/e_13_8_169.html 
17. A certain wheel turns through 90 rev in 15 s, its angular speed at the end of the period being 10 rev/s.  
(a) What was the angular speed of the wheel at the beginning of the 15-s interval, assuming constant angular 
acceleration?  
(b) How much time had elapsed between the time the wheel was at rest and the beginning of the 15-s interval? 

13_Energy_momentum/e_13_8_170.html 
24. A threaded rod with 12.0 turns/cm and diameter 1.18 cm is mounted horizontally.  
A bar with a threaded hole to match the rod is screwed onto the rod; see Fig. 8-17.  
The bar spins at 237 rev/min. How long will it take for the bar to move 1.50 cm along the rod? 

 

13_Energy_momentum/e_13_8_171.html 
25. (a) What is the angular speed about the polar axis of a point on the Earth's surface at a latitude of 40° N?  
      (b) What is the linear speed?  
      (c) What are the values for a point at the equator? 

13_Energy_momentum/e_13_8_172.html 



26. A gyroscope flywheel of radius 2.83 cm is accelerated from rest at 14.2 rad/s2 until its angular speed is 
2760 rev/min.  
(a) What is the tangential acceleration of a point on the rim of the flywheel?  
(b) What is the radial acceleration of this point when the flywheel is spinning at full speed?  
(c) Through what distance does a point on the rim move during the acceleration? 

13_Energy_momentum/e_13_8_173.html 
17. Fig. 9-43 shows a uniform block of mass, M and edge lengths a, b, and c.  
Calculate its rotational inertia (moment of inertia) about an axis through one corner and perpendicular to the 
large face of the block.  

 

13_Energy_momentum/e_13_8_174.html 
18. Calculate the rotational inertia of a meter stick, with mass 0.56 kg, about an axis perpendicular to the stick 
and located at the 20-cm mark. 

13_Energy_momentum/e_13_8_175.html 
19. Two particles, each with mass m, are fastened to each other and to a rotation axis by two rods, each with 
length L and mass M, as shown in Fig. 9-44.  
The combination rotates around the rotation axis with angular velocity � . Obtain an algebraic expression for 
the rotational inertia of the combination about this axis. 

 

13_Energy_momentum/e_13_8_176.html 
12. Nine square holes have been cut in a fiat square plate, as shown in Fig. 9-62. The plate has edge length L, 
and the holes have edge length a.  
The holes are located at the centers of the small squares formed by dividing each side of the square into three 
equal sections.  
Find the rotational inertia for rotations about an axis perpendicular to the plate passing through its center. 



 

13_Energy_momentum/e_13_8_177.html 
The figure below shows a spring with a pointer attached, hanging next to a scale graduated in millimeters. 
Three different weights are hung from the spring, in turn, as shown.  
(a) If all weight is removed from the spring, which mark on the scale will the pointer indicate? 
(b) Find the weight W. 

 

13_Energy_momentum/e_13_8_178.html 
The figure below shows an arrangement of pulleys designed to facilitate the lifting of a heavy load L. Assume 
that friction can be ignored everywhere and that the pulleys 
 to which the load is attached weigh a total of 20.0 lb. An 840-lb load is to be raised 12.0 ft.  
(a) What is the minimum applied force F that can lift the load?  
(b) How much work must be done against gravity in lifting the 840-lb load 12.0 ft?  
(c) Through what distance must the applied force be exerted to lift the load 12.0 ft?  
(d) How much work must be done by the applied force F to accomplish this task? 



 

13_Energy_momentum/e_13_8_179.html 
A 1380-kg block of granite is dragged up an incline at a con¬stant speed of 1.34 m/s by a steam winch (see 
figure below).  
The coefficient of kinetic friction between the block and the incline is 0.41. How much power must be supplied 
by the winch? 

 

13_Energy_momentum/e_13_8_180.html 
(a) Estimate the work done by the force shown on the graph below in displacing a particle from x = 1 m to x =3 
m.  
Refine your method to see how close you can come to the exact answer of 6 J.  
(b) The curve is given analytically by F = A/x2, where A = 9 N. m2. Show how to calculate the work by the 
rules of integration. 

 

13_Energy_momentum/e_13_8_181.html 
A 263-g block is dropped onto a vertical spring with force constant k = 2.52 N/cm (see the figure below).  



The block sticks to the spring, and the spring compresses 11.8 cm before coming momentarily to rest.  
While the spring is being compressed, how much work is done  
(a) by the force of gravity and  
(b) by the spring?  
(c) What was the speed of the block just before it hit the spring?  
(d) If this initial speed of the block is doubled, what is the maximum compression of the spring? Ignore friction. 

 

13_Energy_momentum/e_13_8_182.html 

A frictionless roller-coaster car starts at point A in the figure below with speed vo. What will be the speed of 
the car  
(a) at point B,  
(b) at point C, and  
(c) at point D? Assume that the car can be considered a particle and that it always remains on the track. 

13_Energy_momentum/e_13_8_183.html 
The figure below shows a 7.94-kg stone resting on a spring. The spring is compressed 10.2 cm by the stone.  
(a) Calculate the force constant of the spring.  
(b) The stone is pushed down an additional 28.6 cm and released. How much potential energy is stored in the 
spring just before the stone is released?  
(c) How high above this new (lowest) position will the stone rise? 



 

13_Energy_momentum/e_13_8_184.html 
A 1.93-kg block is placed against a compressed spring on a frictionless 27.0° incline (see the figure below).  
The spring, whose force constant is 20.8 N/cm, is compressed 18.7 cm, after which the block is released. How 
far up the incline will the block go before coming to rest?  
Measure the final position of the block with respect to its position just before being released. 

 

13_Energy_momentum/e_13_8_185.html 
A 2.14-kg block is dropped from a height of 43.6 cm onto a spring of force constant k = 18.6 N/cm, as shown in 
the figure below.  
Find the maximum distance the spring will be compressed. 

 

13_Energy_momentum/e_13_8_186.html 
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 2.20 m horizontally from the edge of the table; see the figure below. Bobby compresses the 
spring 1.10 cm, but the marble falls 27.0 cm short.  
How far should Rhoda compress the spring to score a hit?  

 

13_Energy_momentum/e_13_8_187.html 
A particle moves along the x axis through a region in which its potential energy U(x) varies as shown in the 
figure below.  
(a) Make a quantitative plot of the force F(x) that acts on the particle, us¬ing the same x axis scale as the figure. 
 
(b) The particle has a (constant) mechanical energy E of 4.0 J. Sketch a plot of its kinetic energy K(x) directly 
on this figure. 

 

13_Energy_momentum/e_13_8_188.html 
An ideal massless spring can be compressed 2.33 cm by a force of 268 N. A block whose mass is m = 3.18 kg 
is released from rest at the top of the incline as shown in the figure below, 
the angle of the incline being 32.0°. The block comes to rest momentarily after it has compressed this spring by 
5.48 cm.  
(a) How far has the block moved down the incline at this moment?  
(b) What is the speed of the block just as it touches the spring? 



 

13_Energy_momentum/e_13_8_189.html 
A small block of mass m slides along the frictionless loop-the-loop track shown in the figure below.  
(a) The block is released from rest at point P. What is the net force acting on it at point Q?  
(b) At what height above the bottom of the loop should the block be released so that it is on the verge of losing 
contact with the track at the top of the loop? 

 

13_Energy_momentum/e_13_8_190.html 
A boy is seated on the top of a hemispherical mound of ice (see figure below). He is given a very small push 
and starts sliding down the ice.  
Show that he leaves the ice at a point whose height is 2R/3 if the ice is frictionless. (Hint: The normal force 
vanishes as he leaves the ice.) 

 

13_Energy_momentum/e_13_8_191.html 
A particle is projected horizontally along the interior of a frictionless hemispherical bowl of radius r, which is 
kept at rest (see figure below).  
We wish to find the initial speed vo required for the particle to just reach the top of the bowl. Find vo as a 
function of . o, the initial angular position of the particle. 



 

19_Vibrations/e_19_1_011.html 

Oscillations 

Find the frequency of small oscillations of a particle (mass ) near the equilibrium in the potential 
.  

19_Vibrations/e_19_1_012.html 

Oscillations 

A particle is in the stable equilibrium in the potential energy . Suddenly it gets a 
small addition of energy . Assuming that the oscillations are small find the frequency and amplitude.  

19_Vibrations/e_19_1_013.html 

Oscillations 

A particle moves in a well of the shape  without friction (potential energy ). Show that the 
motion can be described as a harmonic oscillation and find the frequency.  

19_Vibrations/e_19_1_014.html 

Oscillations 

A body with the mass  is attached to a spring (spring constant ). The other end of the spring is brought into 
the motion according to the law . The friction acting on the body is . Show that 
the body can oscillate with a constant amplitude and find this amplitude.  

19_Vibrations/e_19_1_015.html 

Oscillations 

Find the motion of an oscillator with the natural frequency  and mass  under the force 
, .  

19_Vibrations/e_19_1_016.html 

Oscillations 

Find the frequency of small radial oscillations of a particle with a mass  near a circular orbit  in a 
central potential .  

19_Vibrations/e_19_1_017.html 



Oscillations 

Find the frequency of small radial oscillations of a particle with a mass  near a circular orbit  in a 
central potential .  

19_Vibrations/e_19_1_018.html 

Oscillations 

Find the average power of the external force  for the oscillator: . 

19_Vibrations/e_19_1_019.html 

Oscillations 

A bead of the mass  can move on a straight wire along  axis without friction. The bead is connected to two 
springs (spring constant , length ). The springs are connected to the points  and , , 
respectively. Initially the bead starts moving from  with the velocity . Assuming that the the oscillations 
are small, find their frequency and amplitude.  

19_Vibrations/e_19_1_020.html 

Oscillations 

A particle is moving in the magnetic field , , and electric field , 

. Find .  

19_Vibrations/e_19_1_021.html 

Oscillations  

A particle with the mass  is moving in  plane with the potential energy . Initially 

the particle is in the position  and its velocity is . Find the trajectory.  

19_Vibrations/e_19_1_022.html 

Oscillations 

A satellite (mass ) is moving along a strait line 
between two stars of mass . 
The distance from each star to the line is  (at the nearest point). 
1. What is the condition for having harmonic oscillations? 
2. Find the frequency of small oscillations.  

19_Vibrations/e_19_1_023.html 

Oscillations 

A particle is moving in the magnetic field , , and electric field , 

. Find . 

19_Vibrations/e_19_1_024.html 
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Rigid Body  

 
A disk of the mass  and radius  is connected to two parallel identical springs ( , ) as shown in the figure. 

   
Find the frequency of rotational oscillations around the center of the disk.  

22_Rigid_body/e_22_1_012.html 

Rigid Body 

A ball of the radius  rotates with the angular velocity  around the horizontal axis passing through the center-
of-mass. The ball is carefully put on a horizontal surface with the friction coefficient . Find .  

22_Rigid_body/e_22_1_013.html 

Rigid Body  

A cylinder of the radius  is rolling without sliding inside a larger cylinder of the radius  as shown in the 
figure (vertical cross-section). 



   
a) Find the minimal angular frequency in the lowest point which allows to reach the highest point. b) Find the 
frequency of small oscillations near the equilibrium.  

22_Rigid_body/e_22_1_014.html 

Rigid Body 

A homogeneous cube is rotating around the axis passing through the center-of-mass. Describe qualitatively the 
motion of the axis depending on the angle of the axis with the normal to the cube side. 

22_Rigid_body/e_22_1_015.html 

Rigid Body 

A hollow cylinder and a solid cylinder of the same radius start rolling simultaneously without sliding down the 
same slope from the same height. What is the ratio of the final velocities ? Which one comes to the end of the 
slope earlier and what is the ratio of times ? 

22_Rigid_body/e_22_1_016.html 

Rigid Body 

Two identical masses  connected by a massless rod of the length  are moving on a circular orbit  
around the Earth. The attraction force between the Earth and a point mass is , where  is 
the Earth mass and  is a universal constant. Find the frequency of small rotational oscillations of the system 
(masses on the rod) around the center-of-mass.  

22_Rigid_body/e_22_1_017.html 

Rigid Body 

A car engine is applying a torque to a wheel. The wheel mass is , radius is  and the moment of inertia with 
respect to the center is . The coefficient of the static friction with the road is . What is the maximum torque 

 which can be applied without making the wheel slide ? 

22_Rigid_body/e_22_1_018.html 

Rigid Body  

A bobbin is moved by pulling a thread which is winded on the inner cylinder. The outer radius is , the inner 
radius is , the bobbin mass is , the friction coefficient is . What is the maximal force  for which the 
bobbin rolls without friction ? What is the bobbin velocity after it moves by the distance  from the rest ? 



   

22_Rigid_body/e_22_1_019.html 

Rigid Body  

Six identical point masses  are in the positions , , , 
, , . The anglular velocity vector . Find .  

22_Rigid_body/e_22_1_020.html 

Rigid Body 

Three identical disks with the mass  and radius  each are connected so that they have the common center 
and their planes are mutually perpendicular. Find the moment of inertia relative to an arbitrary axis passing 
through the center.  

22_Rigid_body/e_22_1_021.html 

Rigid Body  

Two identical particles of the mass  are connected to the two ends of a rigid massless rod of the length . 
The system initially rotates around the center-of-mass with the angular velocity . One of the particles 
encounters a third one (with the same mass) at rest, which momentarily sticks to it. What is the angular velocity 
of the rotation around the center-of-mass after the collision ? (No gravity.) 

   

22_Rigid_body/e_22_1_022.html 

Rigid Body  

A homogeneous ball (mass , radius ) is struck by a horisontal force  in the point which is above the center 
by the distance . The time  of force action is very small, but  is nonzero. Find the velocity of the center-
of-mass and the angular velocity of the ball around the axis which goes through the center-of-mass, if a) there is 
no friction with the floor, and b) if the friction prevents sliding. ( ) 



   

22_Rigid_body/e_22_1_023.html 

Rigid Body 

A massless dancer holds two identical masses ( ) at a distance  from the body 
and spinning at a constant angular velocity . 
Suddenly the dancer move the masses to the distance of   from the body. 

What will be the the new angular velocity?  

22_Rigid_body/e_22_1_024.html 

Rigid Body 

Two bodies of masses  and  move under the action of their mutual gravitation. 
Let  and  be the position vectors in a space-fixed coordinate system, and . 
Find the equation of motion for ,  and  in the center-of-mass system.  

22_Rigid_body/e_22_1_025.html 

Rigid Body 

Find the center of mass of a solid cone of mass  whose top radius is  and its height is . 

  

22_Rigid_body/e_22_1_026.html 

Rigid Body 

A stick of mass  and lenght  is initialy at rest in a vertical position on a frictionless table. 
if the stick start falling, find the speed of the center of mass as a function of the angle that the stick makes 
with the vertical.  

22_Rigid_body/e_22_1_027.html 



Rigid Body 

Find the moment of inertia of a disk of radius  and mass  
with respect to an axis that passing at the edge of the disk and 
perpendicular to its plane.  

22_Rigid_body/e_22_1_028.html 

Rigid Body 

A thin cylinder of radius  mass  is rolling inside a biger cylinder of radius . 
1. Find the kinetic energy of the small cylinder. 
2. Find the frequency of small oscillations. 

  

22_Rigid_body/e_22_1_029.html 

Rigid Body 

Find the center of mass for the following bodies: 
1. A paraboloid  between  and  with a uniform density . 

 
2. A disk of radius   with a uniform surface density which has a circular hole of radius  at a distance  
from the center of the first circle. 

 
 

22_Rigid_body/e_22_1_030.html 

Rigid Body 

Find the moment of inertia for the following bodies: 
1. A cylinder of mass  radius  and height  rotating about its symmetry axis. 
2. A cylinder of mass  radius  and height  rotating about an axis parallel to the symmetry axis and 
tangent to the surface. 



3. A thin square of side  with its diagonal along -axis (mass ). Find ,  and .  

22_Rigid_body/e_22_1_031.html 

Rigid Body 

Prove the following moment of inertia for the following bodies: 

  



22_Rigid_body/e_22_1_032.html 

Rigid Body 

A billiard ball ( mass , radius ) is placed on a table with kinetic friction coefficient . 
At  the ball is struck (for an infinitesimal duration  such that  is nonzero) horizontally by a cue at 
a height  from the table and start moving in a velocity . 
1. What is the final speed of the center of mass of the ball? 
2. At what height (from the center of mass) one has to strike the ball so that rolling motion starts immediately?  

22_Rigid_body/e_22_1_033.html 

Rigid Body 

A uniform thin rigid rod of mass  is supported by two rotating rollers 
whose axes are separated by a fixed distance . The rod is initially placed 
at rest asymmetrically. 
1. Assume that the rollers rotate in opposite directions. The coefficient 
of kinetic friction between the bar and the rollers is . Write the 
equation of motion of the bar and solve for the displacement  of the center of the bar from roller (1), 

assuming  and . 

 

 
 
2. Now consider the case in which the directions of rotation of the rollers 
are reversed, calculate the displacement ,assuming  and . 

 

  

22_Rigid_body/e_22_1_034.html 

Rigid Body 

A uniform cylinder starts to slide without friction on a slope  (angle  with the horizon). 
When the cylinder passes a distance  the slope gets rough with a friction coefficient . 
What will be the speed of the cylinder when the slipping ends? 



  

22_Rigid_body/e_22_1_035.html 

Rigid Body 

A uniform rod of mass  and lenght  is free to move in a vertically about an axis that pass 
at a point  from the top. A bullet of mass  hits the rod horizontally at the top with a speed . 

What is the maximal angle for which the rod will rotate?  

22_Rigid_body/e_22_1_036.html 

Inertia Tensor 

Find the inertia tensor of a uniform thin board with dimensions a*b. 

22_Rigid_body/e_22_1_037.html 

Moment of Inertia 

1) Find the moment of inertia tensor of a uniform empty cylinder of radius R, length L and mass M with respect 
to it's main symmetry axis. 
2) The same, but for a full cylinder. 

22_Rigid_body/e_22_1_038.html 

Moment of Inertia 

A uniform full cylinder of radius R, length L and mass M is taken, and 4 holes are drilled into it. 
Each hole has a radius of a/3, and it's center is located a distance of a/2 from the main symmetry axis. The holes 
are drilled symmetricaly, so as to form a cross. 
Find the moment of inertia tensor of this new cylinder respect to it's main symmetry axis. 

22_Rigid_body/e_22_1_039.html 

Rigid body - conservation laws 

A bar of length L and mass M is lying on a frictionless table. A ball with mass m and velocity v hits the bar 
perpendicularly at a distance d from the bar's center. Assume the collision is fully elastic, and find m such that 
after the collision only the bar moves. 

22_Rigid_body/e_22_1_040.html 

Physical Pendulum 

Show how we can measure  using an arbitrary rigid body (for which we now the center of mass), a ruler and a 
timer.  

22_Rigid_body/e_22_1_041.html 
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L1 = 1.2 [m] m1 = 12 [kg] 

L2 = 1.5 [m] m2 = 15 [kg] 

L3 = 1.8 [m] m3 = 18 [kg] 
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2. Figure 9-40 shows the lines of action and the points of application of two forces about the origin 0, all 
vectors being in the plane of the figure.  
Imagine these forces to be acting on a rigid body pivoted about an axis through 0 and perpendicular to the plane 
of the figure.  
(a) Find an expression for the magnitude of the resultant torque on the body.  
(b) If r1 = 1.30 m, r2 = 2.15 m, F1 = 4.20 N, F2= 4.90 N, � 1 = 75.0� , and � 2 = 58.0� ,  
what are the magnitude and direction of the resultant torque?  

 



22_Rigid_body/e_22_8_396.html 
3. Redraw Fig. 9-40 under the following transformations:  
(a) F �  -F,  
(b) r �  -r, and  
(c) F �  -F and r �  -r, in each case showing the new direction of the torque. Check for consistency with the 
right-hand rule.  

22_Rigid_body/e_22_8_397.html 
9. What is the torque about the origin on a particle located at x = 1.5 m, y = -2.0 m, Z = 1.6 m due to a force  
F = (3.5 N)i - (2.4 N)j + (4.3 N)k?  
Express your result in unit vector notation.  

22_Rigid_body/e_22_8_398.html 
10. A particle is located at r = (0.54 m)i + (-0.36 m)j + (0.85 m)k. A constant force of magnitude 2.6 N acts on 
the particle.  
Find the components of the torque about the origin when the force acts in  
(a) the positive x direction and  
(b) the negative z direction.  

22_Rigid_body/e_22_8_399.html 
12. Three particles are attached to a thin rod of length 1.00 m and negligible mass that pivots about the origin in 
the xy plane.  
Particle 1 (mass 52 g) is attached a distance of 27 cm from the origin, particle 2 (35 g) is at 45 cm, and particle 
3 (24 g) at 65 cm.  
(a) What is the rotational inertia of the assembly?  
(b) If the rod were instead pivoted about the center of mass of the assembly, what would be the rotational 
inertia?  

22_Rigid_body/e_22_8_400.html 
13. Two thin rods of negligible mass are rigidly attached at their ends to form a 90° angle. The rods rotate in the 
xy plane with the joined ends forming the pivot at the origin.  
A particle of mass 75 g is attached to one rod a distance of 42 cm from the origin, and a particle of mass 30 g is 
attached to the other rod a distance of 65 cm from the origin.  
(a) What is the rotational inertia of the assembly? 
(b) How would the rotational inertia change if the particles were both attached to one rod at the given distances 
from the origin?  

22_Rigid_body/e_22_8_401.html 
15. A helicopter rotor blade is 7.80 m long and has a mass of 110 kg.  
(a) What force is exerted on the bolt attaching the blade to the rotor axle when the rotor is turning at 320 
rev/min?  
(Hint: For this calculation the blade can be considered to be a point mass at the center of mass. Why?) 
 (b) Calculate the torque that must be applied to the rotor to bring it to full speed from rest in 6.70 s. Ignore air 
resistance.  
(The blade cannot be considered to be a point mass for this calculation. Why not? Assume the distribution of a 
uniform rod.)  

22_Rigid_body/e_22_8_402.html 
22. A certain nut is known to require forces of 46 N exerted on it from both sides to crack it.  
What forces F will be required when it is placed in the nutcracker shown in Fig. 9-46?  



 

22_Rigid_body/e_22_8_403.html 
23. The leaning Tower of Pisa (see Fig. 9-47) is 55 m high and 7.0 m in diameter.  
The top of the tower is displaced 4.5 m from the vertical. Treating the tower as a uniform, circular cylinder,  
(a) What additional displacement, measured at the top, will bring the tower to the verge of toppling?  
(b) What angle with the vertical will the tower make at that moment? (The current rate of movement of the top 
is 1 mmlyear.)  

 

22_Rigid_body/e_22_8_404.html 
24. A cube stays at rest on a horizontal table when a small horizontal force is applied perpendicular to and at 
the center of an upper edge.  
The force is now steadily increased. Does the cube slide or topple first?  
The coefficient of static friction between the surfaces is equal to 0.46.  

22_Rigid_body/e_22_8_405.html 
28. A diver of weight 582 N stands at the end of a uniform 4.48-m diving board of weight 142 N.  
The board is attached by two pedestals 1.55 m apart, as shown in Fig. 9-48.  
Find the tension (or compression) in each of the two pedestals.  



 

22_Rigid_body/e_22_8_406.html 
29. What minimum force F applied horizontally at the axle of the wheel in Fig. 9-49 is necessary to raise the 
wheel over an obstac1e of height h?  
Take r as the radius of the wheel and W as its weight. 

 

22_Rigid_body/e_22_8_407.html 
31. One end of a uniform beam weighing 52.7 1b and 3.12 ft long is attached to a wall with a hinge.  
The other end is supported by a wire making equal angles of 27.0° with the beam and wall (see Fig. 9-51).  
(a) Find the tension in the wire.  
(b) Compute the horizontal and vertical components of the force on the hinge.  



 

22_Rigid_body/e_22_8_408.html 
19. A uniform disk of radius R and mass M is spinning with angular speed � o. It is placed on a flat horizontal 
surface;  
the coefficient of kinetic friction between disk and surface is � k. 
(a) Find the frictional torque on the disk.  
(b) How long will it take for the disk to come to rest? 

22_Rigid_body/e_22_8_409.html 
20. A hoop rolling down an inclined plane of inclination angle �  keeps pace with a block sliding down the 
same plane.  
Show that the coefficient of kinetic friction between the block and the plane is given by � k =1/2 tan� . 

22_Rigid_body/e_22_8_410.html 
21. A uniform sphere rolls down an incline.  
(a) What must be the incline angle if the linear acceleration of the center of the sphere is to be O.133g?  
(b) For this angle, what would be the acceleration of a frictionless block sliding down the incline?  

22_Rigid_body/e_22_8_411.html 
22. A solid cylinder of length L and radius R has a weight W. Two cords are wrapped around the cylinder, one 
near each end, and the cord ends are attached to hooks on the ceiling.  
The cylinder is held horizontally with the two cords exactly vertical and is then released (Fig. 9-66). Find  
(a) the tension in each cord as they unwind and  
(b) the linear acceleration of the cylinder as it falls.  

 

22_Rigid_body/e_22_8_412.html 
23. Show that a cylinder will slip on an inclined plane of inclination angle �  if the coefficient of static friction 



between plane and cylinder is less than 1/3 tan� . 

22_Rigid_body/e_22_8_413.html 
24. A uniform disk, of mass M and radius R, lies on one side initially at rest on a frictionless horizontal surface. 
 
A constant force F is than applied tangentially at its perimeter by means of a string wrapped around its edge.  
Describe the subsequent (rotational and translational) motion of the disk. 

22_Rigid_body/e_22_8_414.html 
25. A sphere, a cylinder, and a hoop (each of radius R and mass M) start from rest and roll down the same 
incline.  
(a) Which object gets to the bottom first?  
(b) Does your answer depend on the mass or radius of the objects? Explain. 

22_Rigid_body/e_22_8_415.html 
9. A sanding disk with rotational inertia 1.22 X 10-3 kg� m2 is attached to an electric drill whose motor 
delivers a torque of 15.8 N� m. Find  
(a) the angular momentum and  
(b) the angular speed of the disk 33.0 ms after the motor is turned on. (1 ms = 10-3 s) 

22_Rigid_body/e_22_8_416.html 
10. A wheel of radius 24.7 cm, moving initially at 43.3 m/s, rolls to a stop in 225 m. Calculate  
(a) its linear acceleration and  
(b) its angular acceleration.  
(c) The wheel's rotational inertia is 0.155 kg� m2. Calculate the torque exerted by rolling friction on the wheel. 

22_Rigid_body/e_22_8_417.html 
13. A uniform stick has a mass of 4.42 kg and a length of 1.23 m. It is initially lying flat at rest on a frictionless 
horizontal surface  
and is struck perpendicularly by a puck (rubber disk) imparting a horizontal impulsive force of impulse 12.8 N
� s at a distance of 46.4 cm from the center.  
Determine the subsequent motion of the stick. 

22_Rigid_body/e_22_8_418.html 
18. In a lecture demonstration, a toy train track is mounted on a large wheel that is free to turn with negligible 
friction about a vertical axis; see Fig. 10-25.  
A toy train of mass m is placed on the track and, with the system initially at rest, the electrical power is turned 
on.  
The train reaches a steady speed v with respect to the track. What is the angular velocity �  of the wheel, if its 
mass is M and its radius R? 
(Neglect the mass of the spokes (wires) of the wheel.) 

 

22_Rigid_body/e_22_8_419.html 
24. A girl of mass 50.6. kg stands on the edge of a frictionless merry-go-round of mass 827 kg and radius 3.72 
m that is not moving.  



She throws a l.13-kg rock in a horizontal direction that is tangent to the outer edge of the merry-go-round.  
The speed of the rock, relative to the ground, is 7.82 m/s. Calculate  
(a) the angular speed of the merry-go-round and  
(b) the linear speed of the girl after the rock is thrown. Assume that the merry-go-round is a uniform disk. 

22_Rigid_body/e_22_8_420.html 
26. A top is spinning at 28.6 rev/s about an axis making an angle of 34.0° with the vertical.  
Its mass is 492 g and its rotational inertia is 5.12 x 10-4 kg� m2. The center of mass is 3.88 cm from the pivot 
point.  
The spin is clockwise as seen from above. 
Find the magnitude (in rev/s) and direction of the angular velocity of precession. 

22_Rigid_body/e_22_8_421.html 
3. To get a billiard ball to roll without sliding from the start, the cue must hit the ball not at the center  
(that is, a height above the table equal to the ball's radius R) but exactly at a height 2R/5 above the center.  
Prove this result. 

22_Rigid_body/e_22_8_422.html 
5. A billiard ball, initially at rest, is given a sharp impulse by a cue. The cue is held horizontally a distance h 
above the centerline as in Fig. 10-28.  
The ball leaves the cue with a speed vo and, because of its "forward English" (spin), eventually acquires a final 
speed of 9vo/7. 
Show that h = 4R/5, where R is the radius of the ball. 

 

22_Rigid_body/e_22_8_423.html 
8. A uniform fiat disk of mass M and radius R rotates about a horizontal axis through its center with angular 
speed � o.  
(a) What is its angular momentum?  
(b) A chip of mass m breaks off the edge of the disk at an instant such that the chip rises vertically above the 
point at which it broke off (Fig. 10-29).  
How high above the point does it rise before starting to fall?  
(c) What is the final angular speed of the broken disk? 
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Gravity 

What force acts on a star inside a spherically symmetric galaxy of the mass  and radius . The star has a 
mass  and is at binthe radius  from the center of the galaxy. 

25_Gravity/e_25_1_012.html 

Gravity 

A binary stellar system consists of two identical stars rotating around the center-of-mass of the system on 
circular orbits. The period of rotation  and the velocity of the stars  are known. Find the masses and the 
distance between the stars.  

25_Gravity/e_25_1_013.html 



Gravity 

Saturn rings consist of football ball size particles which are moving on circular orbits around the planet. What is 
the maximal ratio of the ring width to its inner radius if the velocities at the inner and outer edge should not 
differ by more than 0.5\% ? 

25_Gravity/e_25_1_014.html 

Gravity 

Three identical stars with the mass  are rotating so that they forman equilateral triangle (side length ). What 
is the angular velocity ? What is the ratio  ? Is this configuration stable ? 

25_Gravity/e_25_1_015.html 

Gravity 

A particle is moving along the axis of a homogeneous ring (mass , radius ). The particle velocity at 
infinity is zero. What is its velocity when it passes through the center of the ring ?  

25_Gravity/e_25_1_016.html 

Gravity 

The space between the two concentric spheres with the radii  and , , is filled with a matter with the 
constant density . Find the gravitational field  as a function of radius  in the whole space. 

25_Gravity/e_25_1_017.html 

Gravity 

A binary system consists of two stars with the masses  and . The distance between them is . Find the 
period of the orbital motion.  
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25_Gravity/e_25_8_001.html 
7. A typical neutron star may have a mass equal to that of the Sun but a radius of only 10.0 km.  
(a) What is the gravitational acceleration at the surface of such a star?  
(b) How fast would an object be moving if it fell from rest through a distance of 1.20 m on such a star? 

25_Gravity/e_25_8_002.html 
10. Two concentric shells of uniform density having masses M1 and M2 are situated as shown in Fig. 14-29.  
Find the force on a particle of mass m when the particle is located at  
(a) r = a,  
(b) r = b, and  
(c) r = c. The distance r is measured from the center of the shells. 



 

25_Gravity/e_25_8_003.html 
14. Show that the velocity of escape from the Sun at the Earth's distance from the Sun is � 2 times the speed of 
the Earth in its orbit, assumed to be a circle.  
(This is a specific case of a general result for circular orbits: Vesc = � 2VOrb.) 

25_Gravity/e_25_8_004.html 
15. A rocket is accelerated to a speed of v = 2(gRE)1/2 near the Earth's surface and then coasts (moves) 
upward.  
(a) Show that it will escape from the Earth.  
(b) Show that very far from the Earth its speed is v = (2gRE)1/2. 

25_Gravity/e_25_8_005.html 
16. The Sun, mass 2.0 X 1030 kg, is revolving about the center of the Milky Way galaxy, which is 2.2 X 1020 
m away.  
It completes one revolution every 2.5 X l08 years. Estimate the number of stars in the Milky Way.  
(Hint: Assume for simplicity that the stars are distributed with spherical symmetry about the galactic center and 
that our Sun is essentially at the galactic edge.) 

25_Gravity/e_25_8_006.html 
19. Two neutron stars are separated by a center-to-center distance of 93.4 km. They each have a mass of 1.56 X 
l030 kg and a radius of 12.6 km.  
They are initially at rest with respect to one another.  
(a) How fast are they moving when their separation has decreased to one-half of its initial value?  
(b) How fast are they moving just before they collide? Ignore relativistic effects. 

25_Gravity/e_25_8_007.html 
20. Two particles of mass m and M are initially at rest an infinite distance apart.  
Show that at any instant their relative velocity of approach attributable to gravitational attraction is (2G(M + 
m)/d)1/2 ,  
where d is their separation at that instant. 

25_Gravity/e_25_8_008.html 
24. Determine the mass of the Earth from the period T and the radius r of the Moon's orbit about the Earth: T = 
27.3 days and r = 3.82 X 105 km. 

25_Gravity/e_25_8_009.html 
26. Spy satellites have been placed in the geosynchronous orbit above the Earth's equator.  
What is the greatest latitude L from which the satellites are visible from the Earth's surface? See Fig. 14-30. 



 

25_Gravity/e_25_8_010.html 
28. Use conservation of energy and an expression for the total energy to show that the speed v of an object in an 
elliptical orbit  
satisfies the relation v2 = GM(2/r-1/a). Here r is the distance of the orbiting body from the central body of mass 
M. 

25_Gravity/e_25_8_011.html 
29. A comet moving in an orbit of eccentricity 0.880 has a speed of 3.72 km/s when it is most distant from the 
Sun. Find its speed when it is closest to the Sun. 

25_Gravity/e_25_8_012.html 
32. As shown in Fig. 14-31, two bodies (of masses m and M) in¬teracting through their mutual gravitational 
force will orbit with the same angular speed �   
about their center of mass C.  
(a) Show that in this case Kepler's law of periods becomes T2 = 4� 2r3(1+R/r)2/(GM). 

(b) Evaluate the correction factor (1 + R/r)2 for the motion of the Earth and the Sun and also for the motion of 
the  
Earth and the Moon, in each case ignoring the gravitational effect of the other bodies in the solar system.   

 

25_Gravity/e_25_8_013.html 
1. Two point-like objects, each with mass m, are connected by a massless rope of length l.  
The objects are suspended vertically near the surface of Earth, so that one object is hanging below the other.  
Then the objects are released. Show that the tension in the rope is T = GMml/R3 where M is the mass of the 
Earth and R is its radius. 

25_Gravity/e_25_8_014.html 



8. The fastest possible rate of rotation of a planet is that for which the gravitational force on material at the 
equator barely provides the centripetal force needed for the rotation. (Why?)  
(a) Show then that the corresponding shortest period T of rotation is given by T 2 = 3� /(G� ) where �  is the 
density of the planet, assumed to be homogeneous.  
(b) Evaluate the rotation period T assuming a density of 3.0 g/cm3, typical of many planets, satellites, and 
asteroids.  
No such object is found to be spinning with a period shorter than found by this analysis. 

25_Gravity/e_25_8_015.html 
11. The following problem is from the 1946 "Olympic" examination of Moscow State University (see Fig. 14-
36):  
A spherical hollow is made in a lead sphere of radius R, such that its surface touches the outside surface of the 
lead sphere and passes through its center.  
The mass of the sphere before hollowing was M. With what force, according to the law of universal gravitation, 
will the hollowed lead  
sphere attract a small sphere of mass m, which lies at a distance d from the center of the lead sphere on the 
straight line connecting the centers of the spheres and of the hollow? 

 

25_Gravity/e_25_8_016.html 
14. Use the model of the Earth shown in Fig. 14-37 to examine the variation of g with depth in the interior of 
the Earth.  
(a) Find g at the core-mantle interface. How does g vary from this interface to the center of the Earth?  
(b) Show that g has a local minimum within the mantle; find the distance from the Earth's center where this 
occurs and the associated value of g.  
(c) Make a sketch showing the variation of g within the Earth. 

 

25_Gravity/e_25_8_017.html 



20. A rocket burns out at an altitude h above the Earth's surface. Its speed vo at burnout exceeds the escape 
speed vesc appropriate to the burnout altitude.  

Show that the speed v of the rocket very far from the Earth is given by v = (vo2 - vesc2)1/2. 

25_Gravity/e_25_8_018.html 
25. Consider two satellites A and B of equal mass m, moving in the same circular orbit of radius r around the 
Earth but in opposite senses of revolution and therefore on a collision course (see Fig.14-42).  
(a) In terms of G, ME, m, and r, find the total mechanical energy of the two-saiellite-plus-Earth system before 
collision.  
(b) If the collision is completely inelastic so that wreckage remains as one piece of tangled material, find the 
total mechanical energy immediately after collision.  
(c) Describe the subsequent motion of the wreckage. 

 

25_Gravity/e_25_8_019.html 
26. The Sun's center is at one focus of the Earth's orbit. How far is it from the other focus?  
Express your answer in terms of the radius of the Sun RS = 6.96 X 108 m.  

The eccentricity of the Earth's orbit is 0.0167 and the semi-major axis is 1.50 X 1011 m.  


