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1. A uniform chain (string) of length and mass is aƩached to the A 
end as in the figure. At the moment the end B is leŌ free from 
the level of the end A. Find the rate of descent of point C at the 
moment when the kineƟc energy of the moving part is 
maximum. Numerical applicaƟon : ܮ = ܯ2݈ = ݐ2݉ = 0݈ =
100 ܿ݉;݃ = 10 

௦మ
. 

  - ex officio      1p 

  -Figure      1p 

  -End B falls with throttle g    1p 

  - point of curvature C moving with acceleration 
ଶ
 1p 

 daughter ߝ = ெ


= ଶ
ଶ

= 

 mass of unit length    0.5p 

  -Relations 2ݖ + ݕ = 2݈ Results  ݖ = ݈ − ௬
ଶ
    0.5p 

  - the mass of the moving portion 

(ݖ)݉  = ݖ ∙ ߝ = ቀ݈ − ௬
ଶ
ቁ


       0.5p 

  - Fall speed (Galileo) 

(ݕ)ଶݒ  =  0.5p         ݕ2݃



  - kinetic energy of the moving portion 

(ݕ)ܧ  = ଵ
ଶ
(ݖ)݉ ∙ (ݕ)ଶݒ = 


ቀ݈௬ −

௬మ

ଶ
ቁ     1p 

  - value of y for which Ecin is maximum 

 ௗா
ௗ௬

= 


(݈ − (ݕ ≡ 0 Results ݈ =  1p      ݕ

  - speed of B at that time 

(݁)ଶݒ  = 2݈݃         1p 

  - point speed C at that time (Galileo) 

(݁)ଶݒ  = 2 
ଶ
∙ 
ଶ

= 
ଶ

ݒ   = ට
ଶ

     0.5p 

  -numeric 

ݒ  = ටଵ
ଶ
∙ 1 =  0.5p       ݏ/݉ 5√

 
2. A room in an apartment building is heated from the initial temperature C0

1 0  to the final 
temperature C0

2 20 . The volume of the room is 350 mV  . Taking into account the external 
pressure 25

0 /10 mNp  , let us find out what is the amount of heat required. Air is thought to 
consist of biatomic molecules. 
Solution scale :  
- ex officio           1.0 p 
- there is no change in chamber volume or pressure. As a result, the amount of gas in the chamber 
varies;          1.5 p 
- in an infinitesimal process the system switches from parameters TVp ,,,0   at 

dTTdVp  ,,,0            
 0.5 p 
- In this infinitesimal process, the transformation can be considered isobaric  1.0 p 

- the heat exchanged in this process is RdTdTCdQ p 
2
7    1.5 p 

- from the thermal equation of state ( RTVp 0 ) results 
RT

Vp0    0.5 p 

- the changed heat becomes 
T
dTVpRdT

RT
Vp

dQ  0
0

2
7

2
7    1.5 p 

- integration is obtained 







  

1

2
0

0
0 ln

2
7

2
7 2

1
T
TVp

T
dTVpdQQ

Q T

T

  1.5 p 

- numerical calculation: KT 2731  , KT 2932  , MJQ 237,1     1.0 p 
 



3. A point body of mass m is at rest at the apex of a hemisphere of 
mass M, (see figure 1). With a small impulse, the body begins to 
slide, without friction, on the hemisphere. At an angle , measured 
relative to the vertical passing through the center of the 
hemisphere, the body detaches from the hemisphere. Consider that 
the hemisphere can move horizontally without friction and is 
initially at rest. 
 a) Write the equation that allows the calculation of angle q. 
 b) Calculate the angle  if M m . 
 

P.O.           1 p. 
 
 Daughter xv  and yv  the components (horizontal and vertical) respectively of the speed of 
the body, and xV  Hemisphere speed. 
 From conservation of momentum (on the horizontal axis): x xmv MV .   
 1 p. 
Consider the moment at which the particle is at angle . From SR related to the hemisphere it is 
immediately noticeable that  

tgy

x x

v
v V

 


 1 tgy x
mv v
M

     
 

 (condition that the particle remains in contact with the 

hemisphere). 
           2 p.  

From energy conservation,    2 2 21 1 1 cos
2 2x y xm v v MV mgR     .    1 p. 

Eliminating yv  It is obtained: 
    

2
2

2 (1 cos )
1 1 1 tgx

gRv
k k

 


   
where mk

M
 .   

 1 p.  
The component xv  can only increase (the horizontal component of the normal reaction accelerates 
the particle). 
This will be maximum when the detachment of the bodies occurs. 
As a result, the angle  xv  maximum value must be found. 

 2 2
2

d 2tg1 (1 )tg sin (1 cos )(1 ) 0
dθ cosxv k k 

         


,    1 p.  

in other words 
 3cos 3(1 )cos 2(1 ) 0k k k       .       1 p.  

b. For the particular case 1k   the equation can be written: 
  2cos 2 cos 2cos 2 0            1 p.  

The only solution that makes sense is ocos 3 1 0,732 42,9           
 0.5 p.  

c. If the hemisphere is fixed ( 0k  ) cos 2 / 3   .     0.5 p.  
 
 



4. A conductive bar of length l  moves with constant velocity v  parallel 
to a filiform conductor through which passes an electric current of 
intensity I  as shown in the figure. The bar remains perpendicular to the 
conductor, with the nearest end at a distance . r  The bar-conductor 
system is in vacuum (). Find the value of the electrical voltage generated 
between the ends of the bar. Numerical application: .ߤ = ߨ4 × 10ି ܪ/
݈݉ = 15.5 ܿ݉; ݎ = 0.5 ܿ݉; ݒ = 20 

௦
; ܫ = ;ܣ 5 ݈݊2 = 0.693 

  - ex officio        1p 

 -drawing       2 p 

(ݔ)ܤ -   = ߤ
ூ

ଶగ௫
      1p 

  - elementary flow through the shaded surface 

 ݀߶ = (ݔ)ܤ ∙ ݕ = (ݔ)ܤ ∙ ݐݒ = ఓబ௩ூ௧
ଶగ

∙ ௗ௫
௫

   1p 

  - total flow 

 ߶ = ∫ ݀߶ =ା


ఓబ௩ூ௧
ଶగ

∫ ௗ௫
௫

=ା


ఓబ௩ூ௧
ଶగ

݈݊ ቀ1 + 

ቁ  3p 

  - induced voltage 

 |݁| = ௗథ
ௗ௧

= ఓబ௩ூ
ଶగ

݈݊ ቀ1 + 

ቁ     1p 

  -numeric 

 |݁| = ସగଵషళଶ∙ହ
ଶగ

= ݈݊ ቀ1 + ଵହ,ହ
,ହ
ቁ =  1p   ܸߤ 69,3

 

5. A quantity of ideal monatomic gas ( 3
2VC R ) goes through a thermodynamic process from the 

initial state (p1, V1) to the final state (p1/3, 3V1). The graph of this process, in coordinates (p, V), 
is a line segment, over 1 100kPap   and . 1 6LV   Calculate: a) the heat received by the gas during 
heating; (b) the heat exchanged by the gas throughout the thermodynamic process; (c) the heat 
received by the gas.  

P.O.           1 p. 
 

 
The equation of line passing through points 1 and 2 is baVp  .   0.5 p. 
By imposing the condition that the right passes through states 1 and 2, one obtains 



 
1

1
3V
pa   And 

3
4 1pb  .         0.5 p. 

a) Since states 1 and 2 are found on the same isotherm, the temperature of the gas rises to 
the point of tangency with the last isotherm, which is point 3. It is in the middle of the right 1-2, 
so it has  

 13 2VV   And 
3

2 1
3

pp  .        1 p.  

The heat received by gas when heating is 

 13 13 13 1 1
4 800J
3iQ Q U L p V      .       1 p. 

b) The heat exchanged by the gas with the external environment throughout the 
transformation is  

12 12 12 12 1 1
4 800J
3

Q U L L p V       .       1 p.  

 c) The gas will receive heat up to the point of tangency with adiabata (4).  0.5 p.  
The equations that the coordinates of that point must satisfy are const.pV  and 

baVp  , i.e. 

 const.)(  VbaV          0.5 p. 
By derivation, it is obtained  

   14 2
5

1
V

a
bV 



 ,         1 p. 

again  

 
21
1

4
pbp 


 .         1 p.  

 The total heat received by the gas is 

 J900
2
3

1114  VpQQp .        2 p.  

 
 
 
6.  The permittivity of an inhomogeneous R-ray sphere in vacuum varies according to the law  

(ݎ) ߝ  = ߝ  ቀ  
ݎ
ܴ  +  2ቁ  

Calculate the electric field created by a charge Q distributed throughout the volume of the sphere. 
 

 Ex officio           1p 

ሬሬ⃗ܦ∬  ሬ݊⃗ ݀ܵ = ܳ          2p 

For where is the radius of the sphere it follows:ݎ < ܴܴ 

ଶݎߨ4ܦ   = ܳ௧         2p 

Taking into account the variation in permittivity of the medium and 5.5 is obtained: 



ߝ  ቀ

ோ

+ 2ቁ ଶݎߨ4ܧ = ܳ௧ = య

ோయ
ܳ       2p 

Results: 

ܧ  = ொ
ସగఌబோమ(ାଶோ)

         2p 

For the application of Gauss's law on a concentric spherical surface with the sphere leads to:ݎ >

ܴ  

ଶݎߨ4ܧߝ  = ܳ          

Results: 

ܧ  = ொ
ସగఌబమ

         1p 

 
 
 
 
  


