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1. A list of planned learning outcomes for the discipline, correlated with the planned outcomes of mastering the educational program.

The goal of the course "Mechanics and Relativity" is to provide an understanding of the fundamental methods and approaches, as well as the basic concepts of mechanics and relativity, to teach students how to solve a wide range of problems within these disciplines, to provide a conceptual foundation for mastering further courses in theoretical physics, and to develop general professional skills. The course curriculum is aimed at developing students' general professional competencies (GPC):

	Results of mastering the educational program
(competencies)
	Indicators
	Learning outcomes for the discipline

	OPK-1 . Able to apply fundamental knowledge obtained in the field of physical, mathematical, and/or natural sciences and use it in professional activities, including in the field of teaching.
	OPC-1.1 . Applies the theoretical and methodological foundations of physical and mathematical disciplines and mathematical apparatus to solve professional problems.

OPC-1.2. Uses the terminology and conceptual framework of basic physical and mathematical disciplines in their professional activities.

	Know the fundamental principles of non-relativistic and relativistic kinematics and dynamics, as well as sections of mechanics: oscillations, waves, central field, Kepler's laws, motion of a rigid body, elements of ideal fluid hydrodynamics, non-inertial reference systems .
Be able to apply acquired knowledge for scientific analysis of situations in professional activities;
Know the elements of using the basic general physical laws and methods of physical and mathematical analysis to solve natural science problems.



[bookmark: _Toc54782140]2. The place of the discipline in the structure of the educational program

[bookmark: _Toc407025031]The course "Mechanics and Relativity" is the foundation for further mastery of other subsequent disciplines in general and theoretical physics: "Molecular Physics," "Electricity and Magnetism," "Electrodynamics and Optics," "Analytical Mechanics," "Quantum Mechanics," and "Particle Physics," which also form the core part of the professional cycle. This course already reveals the essence of magnetic fields and the Lorentz force. Analytical mechanics examines mechanical phenomena using the Lagrange-Hamiltonian formalism. Quantum mechanics is an extension of the applicability of mechanics and relativity. Elementary particle physics is largely based on the use of relativistic mechanics.
[bookmark: _Toc54782141]
3. The complexity of the discipline in credit units, indicating the number of academic hours allocated for contact work between the student and the teacher (by type of class) and for independent work .

The course complexity is 7 credits (252 hours)
Form of midterm assessment: 2nd semester – exam
	No.
	Type of activity
	Semester

	
	
	2

	1
	Lectures, h
	48

	2
	Practical classes, h
	24

	3
	Laboratory classes, h
	

	4
	Classes in contact form, h,
of them
	78

	5
	of which classroom lessons, h
	72

	6
	in electronic form, h
	-

	7
	consultations, hour.
	4

	8
	intermediate certification, h
	2

	9
	Independent work, hour.
	156

	10
	Total, h
	252



[bookmark: _Toc54782142]4. The content of the discipline, structured by topics (sections) indicating the number of academic hours allocated to them and types of educational activities

The course "Mechanics and Relativity" is a six-month course taught to first-year students in the Physics Department of NSU during the second semester. The course requires 7 credits and 252 academic hours.
	




Item No.
	




Chapter disciplines
	Week of the semester
	Types of study activities, including independent study work students and labor intensity (in hours)
	Consultations before the exam (hours)
	Intermediate certification (in hours)

	
	
	
	Total
	Auditorium watch
	Sam. work during classes (excluding session period)
	
	

	
	
	
	
	Lectures
	Practical classes
	Consultations during classes
	
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	Introduction.

	



1.
	Physics a natural science that studies the most general, fundamental laws of nature. Mechanics classical And quantum, non-relativistic and relativistic, limits of applicability.
Space And time. Kinematics And
dynamics. Scale times and distances in nature.
	



1
	



6
	



2
	




	
	



4
	
	

	
	Non-relativistic kinematics
	

	


2
	Radius vector, velocity and acceleration vectors. Vector operations, dot and vector products. Straight task kinematics, derivative. Inverse kinematics problem, integral.
	


1
	


8
	


2
	


2
	
	


4
	
	

	

3.
	Circular motion. Tangential and normal acceleration. Direct kinematics problem in polar coordinates. Inertial systems reference. The principle of relativity.
Transformations Galileo.
	

1
	

11
	

2
	

1
	
	

8
	
	

	
	Relativistic kinematics
	

	



4.
	Maximum propagation speed signals. Einstein's postulates.
Simultaneity, clock synchronization, distance measurement.
The constancy of transverse scales. The movement of clocks and the dilation of time. The contraction of a moving scale.
	



2
	



11
	



2
	



1
	
	



8
	
	

	

5.
	Transformations Lorenz. Four-dimensional event vector. Interval and own time, 4-velocity vector. Lorentz transformation as rotation in 4-dimensional space.
	

2
	

11
	

2
	

1
	
	

8
	
	

	
6
	Velocity transformation. Aberration. Doppler effect.
	
2
	7
	2
	1
	
	4
	
	



 (
4
)
	
	Non-relativistic dynamics
	

	




7
	Newton's laws of dynamics. Momentum. Law of conservation of momentum. Center of mass. Two-body problem, reduced mass. Force as a measure of the rate of change of momentum. Principle of relativity and conservation law impulse. Additivity of masses. Reactive movement.
	




3
	




11
	




2
	




1
	
	




8
	
	

	



8
	Work, kinetic energy. Conservative (potential) forces, examples forces. Law Conservation of energy. Energy of bodies bound by the Coulomb force. Internal energy. On the origin of the law of conservation of energy. Change in total energy under the action of non-potential forces.
	



3
	



11
	



2
	



1
	
	



8
	
	

	



9
	Field. Electromagnetic interaction. Gauss's theorem. Electric fields in simple systems. Potential and potential energy Charged sphere and ball. Field energy and density. Classical electron radius. Gravitational interaction. Black holes.
	



3
	



11
	



2
	



1
	
	



8
	
	

	
10
	Decays, elastic and inelastic collisions particles. Law of conservation of angular momentum. On the origin of the laws of conservation of energy, momentum, and angular momentum. CGSE and SI systems of units.
	
4
	
11
	
2
	
1
	
	
8
	
	

	
	Relativistic dynamics.

	


11
	Relativistic momentum. Relativistic energy. Laws of conservation of relativistic momentum. And energy. Energy connections and other fundamental and practical consequences. The energy-momentum 4-vector. Lorentz transformations for energy and momentum. The Doppler effect. And aberration How a consequence of the Lorentz transformations for energy-momentum.
	


4
	

11
	

2
	

1
	
	

8
	
	

	


12
	Relativistic force as a derivative of relativistic momentum with respect to time. The relationship between the work of a force and the change in energy. Transformation forces. Connection forces and acceleration. Weight V relativistic dynamics. A relativistic rocket, uniformly accelerated in its own frame of reference. Speed, path, proper time, consumption fuel.
	




4
	




11
	




2
	




1
	
	




8
	
	



	

13.
	Particle collisions and decays. Elastic collisions. Particle decay. Inelastic collisions, thresholds. birth particles, counter beams.
	

5
	

11
	

2
	

1
	
	

8
	
	

	



14.
	Invariance charge. Charge density and current density in different reference frames. Interaction of a moving charge with current. Magnetic field And strength Lorenz as a manifestation of relativistic effects in the Coulomb interaction. Motion in a magnetic field. Units measurements electrical and magnetic quantities. Example: muon collider.
	


5
	



11
	



2
	



1
	
	



8
	
	

	
	Oscillations And waves.

	
15
	One-dimensional motion in a potential field. Phase plane. Oscillation period. Small, harmonic oscillations. Damped oscillations. Quality factor.
	
5
	
7
	
2
	
1
	
	
4
	
	

	
16
	Forced oscillations. Resonance. Losses energy oscillator at low fading. Job forces under forced oscillations. Parametric resonance (using a swing as an example). Adiabatic invariant at slow changing the oscillator parameters.
	
6
	
7
	
2
	
1
	
	
4
	
	

	

17
	Elastic media. Young's modulus, Poisson's ratio. Waves in a medium (model With balls). Velocity of longitudinal waves in an elastic medium.
Wave equation. The principle of superposition. Transverse waves V stretched string. Energy in a wave. Collision rod with wall, collision of two rods. Standing waves.
	

6
	

7
	

2
	

1
	
	

4
	
	



	
	Central field.

	




18
	Movement in the central field. Problem two tel. Angular momentum and its conservation in the central field.
General solution for motion in the central field, effective potential, finite And Infinite trajectories. Period of motion.
Condition falls on center, condition of stability of circular orbits. Motion in the Coulomb (gravitational) field, trajectory, period. Kepler's laws. The case of a repulsive potential.
	




6
	




7
	




2
	




1
	
	




4
	
	

	

19.
	Space speed. Flight to Mars and to the Sun. Average potential and kinetic energy V coupled systems, the virial theorem. Satellite braking. Astrophysical consequences: the relationship of radiation with temperature and size systems, instability of intergalactic gas. The influence of solar radiation on the motion of small bodies: light pressure, the Poynting-Robertson effect. The model of the expanding Universe, critical density.
	

7
	

7
	

2
	

1
	
	

4
	
	

	
20.
	Particle scattering. Scattering cross section. Scattering on a sphere. Rutherford scattering on small
angles. Formula Rutherford.
	
7
	
7
	
2
	
1
	
	
4
	
	

	
	Movement solid and liquid.

	



21.
	Translational and rotational motion solid bodies. Instantaneous axis of rotation. Decomposition of motion into translational and rotational. Kinetic energy and angular momentum of a rigid body. Moments of inertia. Principal axes of rotation and principal moments of inertia. Huygens-Steiner theorem. Moments
inertia some tel.
	



7
	



7
	



2
	



1
	
	



4
	
	

	
22.
	Equation movements solid bodies.
Rotational operation. Cylinder rolling With inclined planes. Physical pendulum. Supported symmetrical top in a gravitational field. Gyroscopes. Precession gyroscope under action of external forces. Gyroscopic forces. Gyrocompass.
	
8
	
5
	
2
	
1
	
	
2
	
	



	




23.
	Elements of statics. Condition of equilibrium of bodies. Body on an inclined plane. Ambiguity of static tasks. Two connected bodies on an inclined plane.
Ladder against a wall. Stability condition. Elements of hydrodynamics. ideal Liquids. Hydrostatics. Steady flows. Bernoulli's law. Torricelli's formula. Water hammer.
	




8
	




7
	




2
	




1
	
	




4
	
	

	
	Non-inertial systems countdown, elements general theories relativity

	


24.
	Inertial forces during accelerated translational motion movement reference systems. Inertial forces in a rotating reference system, centrifugal And Coriolis forces. Foucault pendulum and other examples. Tides. Gravity, equivalence principle, elements of the general theory relativity. Inert and gravitational mass, the equivalence principle. Eötvös experiment.
A photon falling in a gravitational field. Time dilation in a gravitational field.
	


8
	


8
	


2
	


2
	
	


4
	
	

	25
	Independent work during the preparation period for the midterm assessment
	
	18
	
	
	
	
	
	18

	26
	Exam
	
	6
	
	
	
	
	4
	2

	
	Total:
	  
	252
	48
	24
	
	138
	4
	20




Practical classes program for the course "Mechanics and Theory of Relativity"

Practical classes address problems on the topics presented below. Practical class topics and numbers recommended for review in class and for homework:
Numbering according to the problem book by Akhmetov T.D., Bolesta A.V., Emanov F.A., Rudenko A.S., Telnov V.I., Shoshin A.A. ( ed . by Telnov V.I. ), “ Problems in Mechanics and Theory of Relativity”. Textbook. Novosibirsk State University. Novosibirsk, 2016. – 168 p. 

	Lesson number
	Seminar Topic
	Number of tasks

	1-4
	Nonrelativistic kinematics
	1.1-1.40

	5-8
	Relativistic kinematics
	2.1-2.31

	9-12
	Non-relativistic dynamics
	3.1-3.50

	13-17
	Relativistic dynamics.
	4.1-4.57

	18-21
	One-dimensional motion, oscillations and waves
	5.1-5.34

	22-25
	Central field, scattering
	6.1-6.36

	26-30
	Movement of a solid body, liquid
	7.1-7.40

	31-32
	Non-inertial reference systems
	8.1-8.15



Independent work of students (156 hours)
	List of classes for independent work
	Volume, hour

	Preparation for practical classes, problem solving
	76

	Preparing for tests
	30

	Study of theoretical material not covered in lectures
	32

	Preparing for the exam
	18



[bookmark: _Toc54782143]5. List of educational literature
1. Telnov V.I., Mechanics and Theory of Relativity, Textbook, NSU, 2015.
The NSU Library has a digital copy of the publication.
http :// e - lib . nsu . ru / dsweb / Get / Resource -250/ page 001. pdf
ISBN 978-5-4437-0439-5 (87 copies)
2. Akhmetov T.D., Bolesta A.V., Emanov F.A., Rudenko A.S., Telnov V.I., Shoshin A.A. ( ed . by Telnov V.I. ), “ Problems in Mechanics and Theory of Relativity”. Textbook. Novosibirsk State University. Novosibirsk, 2016. – 168 p. (98 copies)
3. Matveev A. N. Mechanics and Theory of Relativity. Moscow: Higher School. 1986. (165 copies)
4. Belchenko Yu.I., Gilev E.A., Silagadze Z.K. Mechanics of particles and bodies in problems, M.-Izhevsk: Research Center "Regular and Chaotic Dynamics". 2008 (52 copies)
5. Irodov I.E. Mechanics: Basic Laws: A Textbook for Students of Physics Specialties at Higher Education Institutions / I.E. Irodov 10th ed. Moscow: BINOM. Knowledge Laboratory, 2010 309 p.: ill.; 22 cm. (Technical University, General Physics) ISBN 978-5-9963-0063-1, (70 copies)
6. Moataz H. Emam, Covariant Physics: From Classical Mechanics to General Relativity, 2021, Oxford University Press, ISBN: 9780198865001.
7. Albert Einstein, Hanoch Gutfreund, Jürgen Renn, Relativity: From the Particular to the General, 2019, Princeton University Press, ISBN: 9780691191812.

[bookmark: _Toc54782144]6. List of teaching and methodological materials for independent work of students.
Material presented on the course website: http://www.inp.nsk.su/~telnov/mech/

[bookmark: _Toc52813463][bookmark: _Toc54782145]7. List of resources of the information and telecommunications network "Internet" necessary for mastering the discipline.

7.1 Internet resources
The following resources are used to master the discipline:
- educational Internet portals;
- information and telecommunication network Internet.

7.2 Modern professional databases
Not used.

[bookmark: _Toc52813464][bookmark: _Toc54782146]8. List of information technologies used in the implementation of the educational process in the discipline.

8.1 List of software
To ensure the implementation of the discipline, a standard software package is used, including regularly updated licensed Windows and MS Office software.
The use of specialized software for studying the discipline is not required.

8.2 Information reference systems
[bookmark: _Toc52813465][bookmark: _Toc54782147]Not used.

9. Material and technical base necessary for the implementation of the educational process in the discipline.

To implement the course "Mechanics and Theory of Relativity", special premises are used:
1. Classrooms for lecture-type classes, practical classes, group and individual consultations, ongoing monitoring, and midterm assessment.
2. Rooms for independent work of students.
The classrooms are equipped with specialized furniture and technical teaching aids, which are used to present educational information to a large audience, including a computer and multimedia equipment.
The rooms for independent student work are equipped with computers and internet access, providing access to NSU's electronic information and educational environment.
For lecture-type classes, sets of physical demonstrations on the topics of the discipline are offered.
The material and technical support of the educational process in the discipline for students with disabilities is carried out in accordance with local regulations of educational organizations implementing the Joint Educational Program of Higher Education.

[bookmark: _Toc52813466][bookmark: _Toc54782148]10. Assessment tools for conducting ongoing monitoring and midterm assessment in the discipline.

10.1 Procedure for conducting ongoing monitoring and interim certification
discipline
Current control academic performance

Ongoing assessment of academic progress is carried out during practical classes by the instructor as students solve problems recommended for practical classes and homework assignments, and ideas and solutions are discussed. Throughout the semester, tests and mandatory assignments are administered. Individual consultations are also held with students. The results of ongoing assessments serve as the basis for assigning grades to the faculty's weekly assessment report.

Interim assessment.

The final assessment of a student's work during the semester occurs through an exam, which consists of written and oral sections. A passing grade on the exam requires solving and submitting 70% of the problems in the assignments completed during the semester. The exam is held at the end of the semester during the exam session: a final written exam and an oral exam using the exam papers.
The questions on the assessment are selected to test the level of development of the OPK-1 competency. The instructor evaluates the level of competency development. Each question is scored from 0 to 5 points. A passing grade is awarded when all competencies are mastered at or above the threshold level. Grades of "excellent," "good," and "satisfactory" indicate successful completion of the midterm assessment.
The results of the midterm assessment (exam) are assessed on a five-point scale:
If a student has completed less than 70% of the assignments before the exam begins, they are given 30 minutes to complete the remaining assignments before answering the exam questions. If the student fails to complete the remaining assignments within the allotted time, they will not begin answering the oral questions and will receive a " fail " grade.
To receive an "excellent" grade , you must answer both questions in detail and achieve a grade of at least "good" on the written portion of the exam. You must also answer additional questions across the entire course (advanced level of competency mastery).

To receive a "good" grade , you must answer both questions on the exam form and receive a grade of at least "satisfactory" on the written portion of the exam. A few minor errors are allowed. You must also answer additional questions that are fundamental to the given subject ( basic level) . development of competencies).

To receive a “satisfactory” grade for your answers to the questions contained in the ticket, you must:
- Answer at least one question on the theory exam. You must also answer additional questions that are fundamental to the subject being studied (the threshold level for mastering competencies).

The grade “ unsatisfactory ” is given when the level of assimilation of competencies is not formed.

Correspondence between indicators and results of mastering the discipline

                                                                                                                               Table 10.1
	Indicator
	Learning outcomes for the discipline
	Evaluation tools

	OPC-1.1 . Applies the theoretical and methodological foundations of physical and mathematical disciplines and mathematical apparatus to solve professional problems.


	Know the fundamental principles of non-relativistic and relativistic kinematics and dynamics, as well as sections of mechanics: oscillations, waves, central field, Kepler's laws, motion of a rigid body, elements of ideal fluid hydrodynamics, non-inertial reference systems;
gain an understanding of the general theory of relativity, quantum mechanics, the structure of matter and the structure of the universe.
	Solving problems, conducting tests, exams

	
	To be able to apply acquired knowledge to scientifically analyze situations in professional activities; to acquire skills in using the basic general physical laws and methods of physical and mathematical analysis to solve natural science problems.
	

	OPC-1.2. Uses the terminology and conceptual framework of basic physical and mathematical disciplines in their professional activities.

	Know the elements of using the basic general physical laws and methods of physical and mathematical analysis to solve natural science problems.
	Solving problems, conducting tests, exams.




10.2 Description of criteria and scales for assessing indicators of achievement of learning outcomes in the discipline "Mechanics and Theory of Relativity".
Table 10.2
	Criteria for assessing learning outcomes
	Scale
assessments

	95-100 points
	Great

	81-94 points
	Fine

	61-80 points
	Satisfactorily

	Less than 60 points
	Unsatisfactory




10.3 Standard assessment tasks and materials required for assessing learning outcomes

Test #1





1. A body with mass and charge collides with a velocity of √ ...





, velocity , and particle density in the flow hit a plate of mass and area perpendicularly and rebound elastically . Find the dependence of the plate's velocity on time if it was initially at rest. (Note: the problem is nonrelativistic) ( 4 points)


3. A similar rod flies past a stationary rod of length at relativistic speed. What is its speed if the time between the "left" and "right" ends of the rods coinciding is equal to ? ( 4 points)


4. A single electron flies at a constant speed through a section of length where it radiates in all directions in an external field. What duration of flash will be recorded by detectors located in and against the direction of the electron's motion? ( 4 points)



5. A relativistic projectile flies over a plane with a velocity of and explodes at a height above point A (see figure). The velocity of the fragments in the projectile's system is . How long will it take for the fragments to reach point A ? ( 7 points)

V
A




6. An electron beam with energies collides with photons traveling perpendicular to the electron beam (in the laboratory frame of reference). At what minimum photon energy will electron-positron pairs be produced: ? The mass of an electron (positron) is . ( 6 points)


Test #2 g




1. A pendulum is a uniform thin rod of length , swinging around a horizontal axis. At what distance from the upper end of the rod should the axis pass to minimize the period of oscillation? ( 4 points)





2. A planet of radius and mass flies at a constant speed through a cosmic medium with a particle density per unit volume of . Taking into account gravitational attraction, find the number of particles falling on the planet per unit time? ( 5 points)




3. A uniform cylinder of mass and radius moves without slipping along the floor and is attached at its top to the walls by two elastic bands (springs), each with a stiffness of [mm] (see figure). What is the period of small oscillations? ( 6 points)






4. A uniform weight beam rests on two supports near the ends (see figure). One of the supports is removed; find the pressure on the remaining support at the first instant. ( 4 points)



5. A satellite was orbiting a planet in a circular orbit. After briefly firing its engines, its velocity along the initial direction increased so much that the distance to the planet's center at the point of greatest distance increased by 1%. By what percentage did the orbital period change? ( 5 points)

Task 1: Non-relativistic and relativistic kinematics
                              (submit in the 6th week of training)
1. The speed of a car over time is given by the following expression:

			
Find the dependence of acceleration and distance traveled on time. Draw synchronous graphs of acceleration, velocity, and distance traveled.
 


2. A boat is pulled toward the shore with a rope while standing on a high bank. The rope is pulled at a speed of m/ s . What is the boat's speed when the angle between the rope and the horizon is .




3. A dolphin emits a sound signal to detect fish for a duration of . What duration of the reflected signal will it hear if the speed of sound in water is c ? The dolphin and fish are moving in the same direction at speeds of and , respectively.



4. What is the maximum height above the earth's surface? Drops of water rise from the rim of a wet bicycle wheel of radius at bicycle speed v .

the two rods is at rest, and the other moves along it with velocity V.
In which reference system will the lengths of the rods be the same?


[image: ]6. At points A, B, C, located at a distance R Flashes of light occur simultaneously from the center O of the laboratory frame of reference. How long (according to their clock) will it take for an observer moving along line AC to see the flashes? At the moment of the flashes, the observer was at point O.

7. Two spaceships connected by an elastic cable of length L simultaneously begin moving in the Earth's frame of reference with a constant acceleration g and, after some time, simultaneously turn off their engines and continue moving with a constant velocity V. Find the maximum value of V for which the ships will remain connected if the cable can withstand a double stretch.

8. A rectangular glass block of length L moves with velocity V parallel to its edge. One edge of the block, perpendicular to the velocity, is silvered. How much time, as measured by the clocks of stationary observers, will it take light traveling toward the block to pass through the block, reflect off the silvered edge, and exit the block? What time, in the laboratory frame of reference, will elapse between the light's entry into the block and its reflection off the mirrored edge? The speed of light in the stationary block is u.



9. A pencil case of length , open on one end, collides with a pencil of length . Due to relativistic length contraction, the pencil case is shorter than the pencil at rest, i.e., the pencil cannot fit inside the case. In the pencil case's system, the opposite is true: the flying pencil is shorter than the pencil case and can fit inside it. So, does the pencil fit inside the case or not? At what ratio of the lengths of the pencil case and the pencil will an observer sitting at the open end of the case be able to safely close the lid after the end of the pencil flies past him? ("Safely" in the sense that the pencil case will not shatter into pieces by this time upon impact with the bottom of the case. Assume that the signal propagates through the case at the speed of light.)


10. An astronaut sitting at a porthole on the right side of a stationary spacecraft (point K) cannot see a star located in the opposite hemisphere at an angle relative to the wall of the spacecraft and emitting at a medium frequency . Which way must the spacecraft move (left or right) and at what minimum speed for the astronaut to see this star? What will be the visible frequency of the star's radiation?











11. A star located at a distance R from Earth ejects a shell, which expands at a velocity V relative to the star. Find the rate of increase in the apparent angular size of the star. What will the apparent expansion velocity be if calculated as ? Astronomers observed a similar phenomenon and found that the apparent expansion velocity exceeds the speed of light, but quickly realized the reason. Try to solve this problem yourself.

Task 2: Non-relativistic and relativistic mechanics
                             (submit in the 8th week of training)

1. At what angle α to the slope of the mountain (mountain slope angle β , height h ) should the rope be pulled to pull the sled up the hill with minimal effort? At what angle α should the rope be pulled to minimize the work required to pull the sled up the hill? What is this work? The coefficient of friction is k . Assume that the force is applied to the sled's center of gravity.

2. A rocket with an initial mass m 0 rises vertically upward in the Earth's uniform gravitational field (acceleration g ). The velocity of the gas jet relative to the rocket is u . The mass flow rate per unit time μ = - dm / dt is constant. Find the dependence of the rocket's velocity on time.

3. A puck rolls off the top of a hemispherical dome with an initial horizontal velocity V 0 . At what point on the dome will the puck break away? The radius of the dome is R , and the acceleration due to gravity is g .
4. 

Two plates with masses and fastened with a spring with a stiffness coefficient k . On the upper plate from a height h A plasticine ball of mass m falls. Find the minimum height at which the bottom plate will come off the table.h
m
m11
m21
g


5. A relativistic particle with mass m and energy E passes through a flat capacitor with a potential difference U. The angle of incidence (relative to the normal) is α. Find the angle β at the exit.

6. Find the energy transferred by a particle of mass m to a particle of mass M at rest after an elastic head-on collision: a) in the general case; b) in the non-relativistic case; c) in the case m << M . (Cases b) and c) are obtained by limiting.)

7. 




Protons flying through the universe can collide with relic photons with energies of eV. Find the threshold proton energy for the reaction if the resonance mass is MeV, and the proton mass is 938 MeV. (It is due to this process that the flux of cosmic rays reaching Earth drops sharply at energies above the threshold.)

8. 
by a laser beam with a power of 1 MW. How much power must be increased to move the mirror upward at a constant velocity of V = 100 m/s?

9. 
What is the minimum radius of an electron-positron colliding beam accelerator required to observe the production of a 90 GeV Z boson? The magnetic field on the accelerator track is 1 T. What is the required energy and radius of the accelerator to produce Z bosons in a collision between a positron beam and a target of stationary electrons? The mass of an electron and positron is MeV.

10. 

Neutrinos are produced in the decay of . Find the energy spectrum of neutrinos in the laboratory frame of reference if the pion energy is E 0 . The pion and muon masses are m π and m μ , and the neutrino mass is assumed to be zero. (Note: A similar problem, the decay of , was discussed in the lecture.)

Task 3 Oscillations, central field, rigid body motion, non-inertial systems
(to be completed in the 16th week of study)

[image: 7-13]1. A bead is strung on a weightless smooth thread of length L, the ends of which are fixed at the same height and a distance d from each other . Find the frequency of small oscillations of the bead along the thread.






2. Find the average energy acquired by the oscillator (mass m , natural frequency ) over the entire period of action of the force . At the initial moment of time, the oscillator's energy was zero. Hint: find a particular solution to the inhomogeneous equation for the force in the form .


3. A particle moves frictionlessly along the surface of a cup described in a cylindrical coordinate system by the equation . The gravitational field is directed along the z- axis . At height h, the particle's velocity is horizontal and equal to v . Find the boundaries of the particle's motion.


4. Find the time it takes for a mass m to fall to the center of the field from a distance R if its total energy is zero and its initial velocity is perpendicular to the direction of the center. Draw the effective potential and phase trajectory for the radial motion of the particle.

5. Two stars with masses M 1 and M 2 move in circles around a common center of mass. The star with mass M 1 experiences a spherically symmetric explosion, which expels its outer envelope of mass qM 1 , which expands and quickly escapes the binary system. At what value of q will the binary system cease to be bound by gravitational forces?

6. Find the moments of inertia of a homogeneous thin-walled sphere, a homogeneous ring and a homogeneous cylinder.

7. A thin, uniform stick rests on a smooth floor, leaning against a smooth wall, and then begins to fall with zero initial velocity, hitting a corner. What will be the angle between the stick and the wall when the lower end detaches from the wall?

8. A thin plate, shaped like an equilateral triangle, oscillates in a gravitational field around a horizontal axis coinciding with one of its sides . What is the period of small oscillations?
[image: ]

9. A vertical U -shaped tube filled with water rotates around one of its halves with an angular velocity of . The distance between the straight parts of the tube is L. The ends of the tube are open. Find the difference in water levels in the tube.
[bookmark: _Toc407005783][bookmark: _Toc408565580][bookmark: _Toc408657284]


Example of an examination ticket

1. Relativistic force and its transformation. Relativistic equation of motion.
2. Precession of a fixed balanced gyroscope under the action of external forces. Gyroscopic forces.
[bookmark: _Toc407005780][bookmark: _Toc408565577][bookmark: _Toc408657281]


Exam questions on mechanics and the theory of relativity

1. Kinematics of a material point.
1. Kinematics of circular motion.
1. Tangential and normal acceleration, radius of curvature.
1. Velocity and acceleration in polar coordinates.
1. Angular velocity. The velocity and acceleration of points of a rigid body rotating around a fixed axis.
1. Inertial reference systems, principle of relativity, Galilean transformation.
1. Postulates of the special theory of relativity.
1. Relativity of simultaneity.
1. Slowing down of moving clocks, the twin paradox.
1. Changes in transverse and longitudinal dimensions of moving bodies.
1. Lorentz transformations.
1. Conversion of speeds.
1. 4-vector of event. Interval. Proper time.
1. Relativistic invariance, 4 vectors and scalars.
1. Aberration.
1. Doppler effect (rel.)
1. Newton's laws.
1. Momentum. Law of conservation of momentum. Center of mass, equation of motion of the center of mass.
1. The two-body problem, reduction to the problem of one body motion.
1. Jet propulsion (n.r.). Tsiolkovsky's formula.
1. Work and kinetic energy (n.r.).
1. Potential field and potential energy.
1. Law of conservation of energy in a potential field.
1. Potential energy in electrical and gravitational interactions.
1. Decays and elastic collisions in n.r. cases.
1. Relativistic momentum and energy and their transformation.
1. 4-vector of energy-momentum.
1. Laws of conservation of energy and momentum in relativistic dynamics.
1. Relativistic force and its transformation. Relat. equation of motion.
1. Decay of a particle at rest (rel.).
1. Compton backscattering.
1. Colliding beams. Particle production threshold.
1. Lorentz force. The motion of a particle in a uniform magnetic field.
1. One-dimensional motion in a potential field. Phase plane.
1. Small harmonic oscillations.
1. Damped oscillations.
1. Forced oscillations, resonance.
1. Speed of sound in an elastic medium.
1. Law of conservation of angular momentum.
1. Law of universal gravitation, Kepler's laws.
1. 1-2-3 cosmic velocities.
1. Scattering cross-section. Scattering by a stationary sphere.
1. Rutherford's experiment.
1. Kinematics of rigid body motion. Instantaneous axis of rotation.
1. Kinetic energy of a solid body.
1. Moment of force, impulse and inertia.
1. Dynamics of rigid body motion.
1. Motion of a supported top in a gravitational field.
1. Precession of a fixed balanced gyroscope under the action of external forces. Gyroscopic forces.
1. Condition of equilibrium of a rigid body.
1. Non-inertial reference systems.
1. Forces of inertia.
1. Centrifugal force.
1. Coriolis force.
1. Foucault's pendulum.
1. Bernoulli's law. Torricelli's formula.
1. Inertial and gravitational mass. Equivalence principle.
1. A photon falling in a gravitational field. Time dilation in a gravitational field.

Written examination paper on Mechanics and the Theory of Relativity







1. An ideal two-way mirror is illuminated from opposite sides by two lasers, each with a power difference of 9 times. What is the mirror's steady-state velocity? (6 points) 





2. A particle with mass disintegrates in flight into two particles with masses and ( ). At what energy will the decay product particles fly only into the forward hemisphere? (5 points)




[image: ]3. A body of mass slides without friction along a horizontal surface and is attached to a wall by a spring with stiffness and mass uniformly distributed along the length of the spring. Find the period of small oscillations of the system. (6 points)









4. Two bodies with masses and are connected in series by two springs of stiffness and . Find the frequency of small oscillations. (4 points)












5. A thin hoop of radius rolls without slipping into a hemispherical pit of radius , where . At what depth will the force of the hoop's pressure on the wall become equal to its weight? (4 points)


6. A stick flies perpendicular to its axis with velocity and hits another identical stationary stick with its end. The impact is elastic. Find the final translational and angular velocities of the sticks. (4 points)






7. A satellite in geostationary orbit has failed, and it was decided to sink it in the ocean. Find the required minimum change in the satellite's velocity. Express the answer in terms of the radius of the geostationary orbit , the radius of the Earth , and the acceleration due to gravity at the Earth's surface . (6 points)






8. While studying a system of two stars, astronomers found the velocities of the companions and the orbital period . What are the masses of the stars and ? (6 points).

The assessment materials for the midterm assessment, designed to check the level of preparation in the discipline, comply with the requirements of the Federal State Educational Standard of Higher Education of the Russian Federation and do not contradict the laws and regulations of the PRC.

[bookmark: _Toc54782138]Annotation
to the work program of the discipline "Mechanics and Theory of Relativity"
field of study: 03.03.02 Physics
focus (profile): Physics
Joint Higher Education Program
with Chongqing University (China)

The objectives of this course are to provide an understanding of the fundamental methods and approaches, as well as the basic concepts of mechanics and the theory of relativity, to teach how to solve a wide range of problems within these disciplines, to prepare a conceptual base for mastering further courses in theoretical physics, and to develop general professional skills.
	Results of mastering the educational program
(competencies)
	Indicators
	Learning outcomes for the discipline

	OPK-1 . Able to apply fundamental knowledge obtained in the field of physical, mathematical, and/or natural sciences and use it in professional activities, including in the field of teaching.
	OPC-1.1 . Applies the theoretical and methodological foundations of physical and mathematical disciplines and mathematical apparatus to solve professional problems.

OPC-1.2. Uses the terminology and conceptual framework of basic physical and mathematical disciplines in their professional activities.

	Know the fundamental principles of non-relativistic and relativistic kinematics and dynamics, as well as sections of mechanics: oscillations, waves, central field, Kepler's laws, motion of a rigid body, elements of ideal fluid hydrodynamics, non-inertial reference systems .
Be able to apply acquired knowledge for scientific analysis of situations in professional activities;
Know the elements of using the basic general physical laws and methods of physical and mathematical analysis to solve natural science problems.



Teaching of the discipline involves the following forms of organization of the educational process: lectures, practical classes, consultations, independent work of the student and its control by teachers with the help of assignments, examination.
The program provides for the following types of control:
‑current monitoring of academic performance: homework, tests, assignments for independent solution ;
‑midterm assessment: exam.
The total workload of the course is 7 credit units /252 academic hours.
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