Problems of the IV International Olympiad, M oscow, 1970
The publication isprepared by Prof. S. Kozel & Prof. V.Orlov
(Moscow I nstitute of Physics and Technology)

The IV International Olympiad in Physics for schadwoldren took place in Moscow (USSR) in July
1970 on the basis of Moscow State University. mig&om 8 countries participated in the
competition, namely Bulgaria, Hungary, Poland, RoimaCzechoslovakia, the DDR, the SFR
Yugoslavia, the USSR. The problems for the thimalecompetition have been prepared by the
group from Moscow University stuff headed by prefasV.Zubov. The problem for the
experimental competition has been worked out by\rikin from the Academy of Pedagogical
Sciences.

It is pity that marking schemes were not preserved.

Theoretical Problems

Problem 1.

A long bar with the madsl = 1 kg is placed on a smooth horizontal surface w@ble where it can
move frictionless. A carriage equipped with a matan slide along the upper horizontal panel of
the bar, the mass of the carriagenis 0.1 kg. The friction coefficient of the carriagex = 0.02.
The motor is winding a thread around a shaft airestant speed, = 0.1 m/s. The other end of the
thread is tied up to a rather distant stationappsut in one case (Fig.1, a), whereas in the other
case it is attached to a picket at the edge ob#re(Fig.1, b). While holding the bar fixed one

allows the carriage to start moving at the velo®igyhen the bar is let loose.

-4

| |
7 U

M
7 //b/////////,

Fig. 1 Fig. 2
By the moment the bar is released the front edgbeotarriage is at the distarice 0.5 m
from the front edge of the bar. For both cases firedlaws of movement of both the bar and the

carriage and the time during which the carriagé medch the front edge of the bar.



Problem 2.

A unit cell of a crystal of natrium chloride (commsalt- NaCl) is a cube with the edge length
5.6.10'°m (Fig.2). The black circles in the figure stand tiee position of natrium atoms whereas
the white ones are chlorine atoms. The entire arygtcommon salt turns out to be a repetition of
such unit cells. The relative atomic mass of natrist 23 and that of chlorine is 35,5. The density o

the common salt p = 2.2210% kg/nt . Find the mass of a hydrogen atom.

Problem 3.

Inside a thin-walled metal sphere with radRs20 cm there is a metal ball with the radius 10

cm which has a common centre with the sphere. Blidsdbconnected with a very long wire to the
Earth via an opening in the sphere (Fig. 3). A gh& = 10° C is placed onto the outside sphere.
Calculate the potential of this sphere, electricapacity of the obtained system of conducting

bodies and draw out an equivalent electric scheme.
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Problem 4.

A spherical mirror is installed into a telescogs.lateral diameter i=0,5 m and the radius of the
curvatureR=2 m. In the main focus of the mirror there is amssion receiver in the form of a
round disk. The disk is placed perpendicular togpical axis of the mirror (Fig.7). What should
the radiug of the receiver be so that it could receive threflux of the emission reflected by the
mirror? How would the received flux of the emisstetrease if the detector’'s dimensions
decreased by 8 times?

Directions: 1) When calculating small value:<<1) one may perform a substitution

Nl-a = 1—%; 2) diffraction should not be taken into account.



Experimental Problem

Determine the focal distances of lenses.
List of instruments: three different lenses installed on posts, aeschearing an image of a

geometric figure, some vertical wiring also fixemdl the posts and a ruler.

Solutions of the problems of the IV International Olympiad, Moscow, 1970

Theoretical Competition

Problem 1.
a) By the moment of releasing the bar the carriage a velocity, relative to the table and
continues to move at the same velocity.

The bar, influenced by the friction forég@ =umg from the carriage, gets an acceleration
a=Fy/ M =umg/M; a=0.02m/s, while the velocity of the bar changes withdiaccording to
the laww, = at.

Since the bar can not move faster than the cartlage at a moment of tinte= t, its

sliding will stop, that is w, = vp. Let us determine this moment of time:

By that moment the displacement of Biegbar and the carriagecrelative to the table will be equal

to
2 2 2
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The displacement of the carriage relative to thasaqual to
2
s=s -5 =M _ 5o5m
21mg

Since &I, the carriage will not reach the edge of the hatil uhe bar is stopped by an
immovable support. The distance to the supporbtgndicated in the problem condition so we can
not calculate this time. Thus, the carriage is mgwevenly at the velocityy = 0.1 m/s, whereas the
bar is moving for the first 5 sec uniformly acceled with an acceleratiora = 0.02 m/s and then
the bar is moving with constant velocity togethéthvthe carriage.

b) Since there is no friction between the bar dmtable surface the system of the bodies
“bar-carriage” is a closed one. For this systemaareapply the law of conservation of momentum:

mv+ Mu = my (1)



wherev andu are projections of velocities of the carriage #melbar relative to the table onto the
horizontal axis directed along the vector of thiowgity v,. The velocity of the thread winding is
equal to the velocity of the carriage relativehte bar ¢-u), that is

wW=V-u (2)
Solving the system of equations (1) and (2) weiabta

u=0, v=v.

Thus, being released the bar remains fixed relatiitee table, whereas the carriage will be moving
with the same velocity, and will reach the edge of the bar within the tinegual to

t=Iyg=5s.

Problem 2.
Let’s calculate the quantities of natrium atomg @nd chlorine atoms §hembedded in a single
NacCl unit crystal cell (Fig.2).

One atom of natrium occupies the middle of thé @edl it entirely belongs to the cell. 12
atoms of natrium hold the edges of a large cubetlagylbelong to three more cells so as 1/4 part of
each belongs to the first cell. Thus we have

n, = 1+121/4 = 4 atoms of natrium per unit cell.

In one cell there are 6 atoms of chlorine placedhe side of the cube and 8 placed in the
vertices. Each atom from a side belongs to anatbiéand the atom in the vertex - to seven others.
Then for one cell we have

n= 601/2 + 811/8 = 4 atoms of chlorine.
Thus 4 atoms of natriun and 4 atoms of chlorirlerigeto one unit cell of NaCl crystal.
The massn of such a cell is equal
m = 4(Mna + Mci) (@mu),
where mna and mg are relative atomic masses of natrium and atorfeince the mass of
hydrogen atonmy is approximately equal to one atomic mass umit= 1.008 amu= 1 amu then
the mass of an unit cell of NaCl is
M= 4(Mna + Mci) My .
On the other hand, it is equal = pa®, hence
,oa3

= 167010%kg.
4(rnrNa + erI)

m, =
Problem 3.

Having no charge on the ball the sphere has thengiat

Pos = ! 9=450\/.
4re, R




When connected with the Earth the ball insiteesphere has the potential equal to zero so there
is an electric field between the ball and the sph&his field moves a certain chargdrom the
Earth to the ball. Charg@’, uniformly distributed on the sphere, doesn’tateeany field inside thus
the electric field inside the sphere is defined tbg ball’'s chargeg. The potential difference
between the balls and the sphere is equal

A¢:¢b—m-]'(9—9) ®

_47750 r R

Outside the sphere the field is the same as irtdlse when all the charges were placed in its
center. When the ball was connected with the Basglpotential of the sphegg is equal

1 9+Q

9. = 47, R

(@)

Then the potential of the ball

- - 1 (g+Q_9q_9)_ 1 (Q_q)_
¢b_¢s+A¢_4nzo( R .t Rj 47750(R+rj 0 ®

Which leads to
q=-Q (4)
=

Substituting (4) into (2) we obtain for potentidltbe sphere to be found:

r
1 9% 1 QR-r)_

@, = S =225V.
4, R 4, R
The electric capacity of whole system of conducisrs
2
c=2 =HER _ 4 an0"F = a4pF
#,  R-1

The equivalent electric scheme consists of two ljghreapacitors: 1) a spherical one with
charges ¢ and -g at the plates and 2) a capacitor “sphere — Earithi’ eharges +Q-q) and
—(Q—9) at the plates (Fig.5).

i
+(Q-g) ~(Q-q)

Fig. 5 Fig. 6



Problem 4.
As known, rays parallel to the main optical axisao§pherical mirror, passing at little distances
from it after having been reflected, join at theimimcus of the mirrolF which is at the distance
R/2 from the centreD of the spherical surface. Let us consider now rifevement of the ray
reflected near the edge of the spherical mirrdaaje diameteD (Fig. 6). The angle of incidence
a of the ray onto the surface is equal to the angieflection. That is why the ang@AB within
the triangle, formed by the radi@A of the sphere, traced to the incidence pointhefray by the
reflected rayAB and an intercept BO of the main optical axis, isadoa. The angles BOA and
MAO are equal, that is the angle BOA is equai to

Thus, the triangle AOB is isosceles with its siki® being equal to the side BO. Since the
sum of the lengths of its two other sides excebdddngth of its third sidédB+BO>OA=R, hence
BO>R/2. This means that a ray parallel to the mainoaptaxis of the spherical mirror and passing
not too close to it, after having been reflectesses the main optical axis at the pddnlying
between the focus and the mirror. The focal surface is crossed g/ ridny at the poin€ which is
at a certain distandeF = r from the main focus.

Thus, when reflecting a parallel beam of rays Isplaerical mirror finite in size it does not
join at the focus of the mirror but forms a beanthwadiusr on the focal plane.

From A BFCwe can write :

r= BFtgf =BFtg 2z,

wherea is the maximum angle of incidence of the extreayeanto the mirror, while sior = D/2R:

BF =Bo-0OF =~ _R_Ril-cosa
2coca 2 2 cosa

R1-cosa sin2a . . .
Thus,r =— . Let us express the values of apssin 20, cos 2r via sina taking

2 Ccosa cos2a

into account the small value of the angle

s 2
: sina
cosa =+v1-sinq =1- 5

sin2o = 2sirmcosy ,
cos =co<a — sirfa = 1 — 2sifa .
Then

_ R sin*a R ., 3
=———=—=sInN"a= :
21-2sina 2 16R?

Substituting numerical data we will obtains 1.9510° m~ 2mm .




From the expressionD = W one can see that if the radius of the receivde@eased
8 times the transversal diamelErof the mirror, from which the light comes to theceiver, will be
decreased 2 times and thus the “effective” arahemirror will be decreased 4 times.

The radiation flux® reflected by the mirror and received by the regewill also be

decreased twice since JS.

Solution of the Experimental Problem

While looking at objects through lenses it is e@msgstablish that there were given two
converging lenses and a diverging one.

The peculiarity of the given problem is the abseoica white screen on the list of the
equipment that is used to observe real imagescoimpetitors were supposed to determine the
position of the images by the parallance metho@wiisg the images with their eyes.

The focal distance of the converging lens may lerdened by the following method.

da t f Using a lens one can obtain a real image of a getwmale

>

p . figure shown on the screen. The position of théireage is

> [ > registered by the parallax method: if one placesracal wire

2 (Fig.7) to the point, in which the image is locatden at small

displacements of the eye from the main optical akithe lens
Fig. 7
9 the image of this object and the wire will noteafige.
We obtain the value of focal distan€drom the formula of thin lens by the measured

distancesl andf :

In this method the best accuracy is achieved ircdse of
f=d.

The competitors were not asked to make a conclusion

The error of measuring the focal distance for ezdhe two converging lenses can be determined
by multiple repeated measurements. The total numiy@oints was given to those competitors who
carried out not less fewer than n=5 measuremeritseedbcal distance and estimated the mean

value of the focal distance Fav:



and the absolute errdkF

av

or root mean square errdyF
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Fig. 8

Determination of the focal distancelwé tliverging lens can be carried out by the metifod
compensation. With this goal one has to obtainahineageS of the objectS using a converging
lens. The position of the image can be registestaguhe parallax method.

If one places a diverging lens between the imagkthe converging lens the image will be
displaced. Let us find a new position of the im&jeUsing the reversibility property of the light
rays, one can admit that the light rays leave thietS’. Then pointS is a virtual image of the
point S’, whereas the distances from the optical centrthefconcave lens to the poirf8sand S’
are, respectively, the distanda®s the image and to the object (Fig.8). Using the formula of a thin

lens we obtain

Here F < 0 is the focal distance of the divergegsl In this case the error of measuring the focal
distance can also be estimated by the method eateg measurements similar to the case of the



converging lens.
Typical results are:
F, = @20+ 04)cm, F, = 123+ 03)cm, F; =(-84+ 04)cm.
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