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Theoretical Problem 1

A static container of madd and cylindrical shape is placed in vacuum. Onetof i
ends is closed. A fixed piston of massand negligible width separates the volume of the
container into two equal parts. The closed partainen moles of monoatomic perfect gas
with molar massVl, and temperaturé. After releasing of the piston, it leaves the eomgr
without friction. After that the gas also leaves ttontainer. What is the final velocity of the
container?

The gas constant B The momentum of the gas up to the leaving opikton can be
neglected. There is no heat exchange between thegatainer and the piston. The change
of the temperature of the gas, when it leaves tmtamer, can be neglected. Do not account
for the gravitation of the Earth.

Theoretical Problem 2

An electric lamp of resistand® = 2 Q working at nominal voltagélo = 4.5 V is
connected to accumulator of electromotive force @&\~and negligible internal resistance.

1. The nominal voltage of the lamp is ensured as tmp is connected
potentiometrically to the accumulator using a ri@owith resistanc® What should be the
resistanceR and what is the maximal electric currdpty, flowing in the rheostat, if the
efficiency of the system must not be smaller thas 0.67?

2. What is the maximal possible efficiengyf the system and how the lamp can be
connected to the rheostat in this case?

Theoretical Problem 3

A detector of radiowaves in a radioastronomicasevbatory is placed on the sea
beach at height = 2 m above the sea level. After the rise of g staliating electromagnetic
waves of wavelength = 21 cm, above the horizont the detector registsries of
alternating maxima and minima. The registered signproportional to the intensity of the
detected waves. The detector registers waves Wettirie vector, vibrating in a direction
parallel to the sea surface.

1. Determine the angle between the star and thiedmd in the moment when the
detector registers maxima and minima (in generahfo

2. Does the signal decrease or increase justtagaise of the star?



3. Determine the signal ratio of the first maximtorthe next minimum. At reflection
of the electromagnetic wave on the water surfdoe ratio of the intensities of the electric
field of the reflectedH;) and incidentk;) wave follows the low:

E, _n-cosp
E. n+cosp’

1
wheren is the refraction index and is the incident angle of the wave. For the surfaie
water” forA = 21 cm, the refraction index= 9.
4. Does the ratio of the intensities of consecuthaima and minima increase or
decrease with rising of the star?
Assume that the sea surface is flat.

Solution of the Theoretical Problem 1

Up to the moment when the piston leaves the coatathe system can be considered
as a closed one. It follows from the laws of thessyvation of the momentum and the
energy:

(M+nM,)v,-mu=0 (2)
2 2
(M +r12M0)vl LT )

wherev; — velocity of the container when the piston leatas — velocity of the piston in the
same momentAU — the change of the internal energy of the gag g&s is perfect and
monoatomic, therefore

AU :gnRAT:gnR(T—Tf); (3)
Tt - the temperature of the gas in the moment whenptkton leaves the container. This
temperature can be determined by the law of thabadic process:

pV” =const.
Using the perfect gas equati@V =nRT , one obtains
TV’ =const., V=TV,
Using the relatiorV; =2V, and the fact that the adiabatic coefficient foe-@tomic gas is
c. 2R
_C% _ /2.5 : .
y=—= 3R 3 the result for final temperature is:
c, /2 R
T, :T(i)y‘lzl:'rz‘% 4)
V, 2%
Solving the equations (1) — (4) we obtain
v, = [30-27) MR )
(nM, +M)(m+nM, + M)

If the gas massM, is much smaller than the masses of the contathand the pistom,
then the equation (5) is simplified to:
mnNRT

Vv, = \/3(1— 2_% )m (5,)




When the piston leaves the container, the velamitihe container additionally increases to
value v, due to the hits of the atoms in the bottom of ¢batainer. Each atom gives the
container momentum:

P= 2mAAV_x ,

wherema — mass of the atonm, :%, and\Tx can be obtained by the averaged quadratic
A

velocity of the atoms/ as follows:

2
= 5. 5 = _ 5 _ —_ v :
Vi +vp +v; =v?, and v; =v; =v; , thereforev, = 3 It appears that due to the elastic

impact of one atom the container receives averagadentum

p:Z%\E
N, V3

All calculations are done assuming that the therve#bcities of the atoms are much larger
than the velocity of the container and that the emognt is described using system connected
with the container.

Have in mind that only half of the atoms hit thettbm of the container, the total
momentum received by the container is

1 v
ptZEnNApano E (6)
and additional increase of the velocity of the eargr is
_h_ My |V
V, =— =N——q—. 7
2= " v\ 3 (7)

Using the formula for the averaged quadratic véjoci
\/v:2 _ 3RT;
MO
as well eq. (4) for the temperature the final result fow; is
-y ny M RT
Vv, =2 %—MO .
Therefore the final velocity of the container is

mnRT +2_%n MoRT _
(nM, +M)(m+nM, + M) M

1, nM_RT
= [3a-27%)MRT__ 5% WMGRT
M(m+M) M

(8)

v:v1+v2:J3(1—2_%)

9)

Solution of the Theoretical Problem 2

1) The voltageU, of the lamp of resistancB, is adjusted using the rheostat of
resistancéR. Using the Kirchhoff laws one obtains:
=%, Yo (1)
R R-R




where R-R, is the resistance of the part of the rheostaglighiconnected to the lamBy is
the resistance of the rest part,

U, =E-IR, 2)
The efficiencyn of such a circuit is

U 2
P % _ U2
= == (3)
P.ccum. IE RIE
From eq. (3) it is seen that the maximal currdotyiing in the rheostat, is determined by the
minimal value of the efficiency:
2 2
| o = Yo _ Yo : 4)
RE,7min RE”O

The dependence of the resistance of the rhedstan the efficiencys, can determined
2

replacing the value for the curreint obtained by the eq. (3),::?0,7, in the egs. (1) and

(2):

/7:

o= ©
RE7 R, R-R
RE
R, =(E-Ug) A . (6)
UO
Then
21+na—df)
R= RO”F—EO' (7)
0 1_7/7
UO

To answer the questions, the dependeR{g mujt be investigated. By this reason
we find the first derivativeR :

I
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n <1, therefore the above obtained derivative Etp@ and the functioR(#) is increasing.
It means that the efficiency will be minimal whére trheostat resistance is minimal. Then

E
2 1+,70(1_U7)
RZanin:ROUOF = 853.
° 1-—1,
U,

The maximal currentx can be calculated using eq. (4). The resultjs:=660 mA.



2) As the functiorR(#) is increasing onef - 7,..., When R - . In this case the

total current will be minimal and equal teR—O. Therefore the maximal efficiency is

_U,
,7max_ E

This case can be realized connecting the rheastduei circuit using only two of its
three plugs. The used part of the rheostRi:is

rR=-"Yo-EYop _ o670,

=075

I0 0

Solution of the Theoretical Problem 3

1) The signal, registered by the detector A, silteof the interference of two rays:
the ray 1, incident directly from the star and tag 2, reflected from the sea surface (see the
figure).

The phase of the second ray is shiftedtbglue to the reflection by a medium of larger
refractive index. Therefore, the phase differenetsvben the two rays is:

A:AC+A—AB:_L+A—(—_h jcosea):

2 sinag 2 \sing

A, _h [1—cosQa)]=i+2hsina 1)
2 sina 2

The condition for an interference maximum is:

%+ 2hsina,,, = kA4, or

) 1.1 A
sing... =(k—-=)—=(2k-1)—, 2
max = ( 2)2h ( )4h (2)

wherek = 1,2,3,...,19. (the difference of the optical patamnot exceed? thereforek
cannot exceed 19).
The condition for an interference minimum is:

i+2hsina'max =(2k +1)d , or
2 2
sina,,;, =

wherek=1,2,3,...,19.

>h ®3)



2) Just after the rise of the star the angularthiteigs zero, therefore the condition for
an interference minimum is satisfied. By this remgest after the rise of the star, the signal
will increase.

3) If the condition for an interference maximumsgatisfied, the intensity of the
electric field is a sum of the intensities of thieedt rayE; and the reflected réf; ,
respectively:E, . =E +E,.

BecauseE, = E, n-cosp ,thenE, =E |1+ N—COSP .
n+cosp N+ COSP, .,
we obtain

From the figure it is seen theit, ,, = ——a,

NN

max ?

n-singa
Emax = Ei 1+.—rmax = Ei L (4)
n+sina,., n+sinQ2a
At the interference minimum, the resulting intey$st
2sina .,
Emin = Ei - Er = Ei —mn (5)
n+sina,;,
The intensityl of the signal is proportional to the square ofititensity of the electric
field E, therefore the ratio of the intensities of thesErutive maxima and minima is:

max)

Imax - Emax ’ - n2 (n-'-Sinalmin)2 (6)
Imin Emin Sin2 amin (n-'-Sina'max)2 .
Using the egs. (2) and (3), the eq. (6) can bestammed into the following form:
A 2
_ 4n’h’? n+ k%
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(7)
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Using this general formula, we can determine thie far the first maximumk =1) and the
next minimum:

lnae _ 40707 | " on
= y =3.10
min n+—
4h

4) Using thatn >>%, from the eq. (7) follows :

i _ 40°h°

TS
So, with the rising of the star the ratio of theemsities of the consecutive maxima and
minima decreases.




