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Cand. Fest.

S& nzrmer sig hastigt hovedfagseksamen ! — og den efterfglgende belgnning:

Kandidat Festen
31/1 1992

Vi fglger selvfglgelig de gamle traditioner: Hver medbringer mad efter gnske .Kun
pa et punkt punkt bryder vi med fortiden: Tilmeldingslisten bliver hangt op i Staff
Lounge — dette vil ske hen under Jul.

Indtil da : Held og lykke!
— og velmgdt!

FREDAG

Kalender:

13/12:
19/12:
20/12:

14/1:
21/1:
22/1:
29/1:
30/1:
31/1:

Studenterseminar, 14.15 — Aud. D3
PhD-forelesning, Kenneth Hansen (se bagsiden)
JULEFROKOST (se side 15)

PhD-forelesning, Lisbeth Fajstrup
Hovedfagseksamener (4 stk.)
Hovedfagseksamener (4 stk.)
Hovedfagseksamener (2 stk.)
Hovedfagseksamener (3 stk.)

KANDIDATFEST (se ovenfor)




Sa skal vi allerede have tilmeldinger til

Studieturen 1992,

som gir til St. Petersborg(det tidligere Leningrad), hvor vor ven Euler i mange
ar slog sine folder — det har mange store matematikere gjort siden og ggr det endnu.
Ogsa kulturelt og arkitektonisk er St. Petersborg en imponerende by, si der er
virkelig basis for en god og interessant tur.

Hvad der iser adskiller denne studietur fra de tidligere er, at det denne gang kommer
til at udforme sig som udveksling mellem det matematiske institut i St. Petersborg og
vores eget ditto. Det er siledes den forelgbige plan, at russerne kommer og besgger
os sidst i september 92, hvor de vil blive privat inkvarteret. Skulle der derfor vare
nogen, som gnsker at komme med, men som ikke er i stand til at have en russisk
logerende i en uges tid, skal de informere os derom, og si mé vi i fellesskab finde
ud af noget. I forbindelse med deres besgg her, vil der blive arrangeret forelesninger,
ekskursioner, koncerter, fellesspisning mv., som vi i en vis udstrekning skal deltage i
(arranggrgruppen optager stadig nye medlemmer).

Vores besgg i St. Petersborg regner vi med skal lgbe af stablen i forbindelse med
“efterarsferien” 92. Transporten derover, som vil foregd med fly, skal vi selv sgrge for,
men derovre vil vore verter inlogere os pa hotel, bespise os og sgrge for al transport
samt forel@sninger, rundvisninger og andre arrangementer. Er der derfor nogen, der
har gode ideer til ting, vi bgr se, eller folk, vi bgr mgde, skal de endelig sige til.

Vi budgetterer med en pris pd 15-1700 kr. pr. person, hvoraf de 300 kr. betales
forud i depositum senest (bemark ®ndringen!)

Onsdag d. 18/12 1991

til
Henrik Vosegaard, Box 2.

Eventuelle spgrgsmil eller forslag kan rettes til Thomas Kjellberg eller Jakob Grove.



Besog pa observatoriet.

Som tidligere annonceret afholdt vi mandag den 11. november en udflugt til observatoriet i
Hgjbjerg. 3-4 af de tilmeldte métte i sidste gjeblik melde fra pa grund af eftervirkningerne fra
en kold og regnfuld dag i Lund en uge tidligere, men vi var da 9 personer afsted.

Vi blev budt velkommen af astronomen Ole J. Knudsen (fra universitetet). Astronomerne skiftes
tilsyneladende til at modtage gasterne til observatoriet, og i sagens natur foregdr den slags besog
altid om aftenen.

Ole J. Knudsen fortalte underholdende om observatoriets historie ud fra en lysbilledserie, og han
konstaterede, at det nu om dage n@rmest kun kan anvendes til trening for astronomistuderende
pa grund af byens lys - det til trods for at gadelygterne i omradet er s@rligt afskermede.

Efter foredraget blev vi s ledt op i det allerhelligste til kikkerten. Kikkerten har ikke en sarligt
stor forstorrelsesevne, men det vaesentlige for en astronomikikkert er ogsé evnen til at opfange
og forsterke selv svage lysforekomster, hvor afstanden alligevel er s& enorm, at optisk
forstorrelse ikke nytter noget.

Efter at have kert lidt op og ned med kikkerten, métte vi opgive at bruge den, da de fa skyer
pa aftenhimmelen ustandseligt felte sig tiltrukket af kikkertens indsnzvrede synsfelt.

Til gengeld tog Ole J. Knudsen os med ud pd plenen udstyret med lommelygter og stjernekort,
og her stod vi s& med klaprende tender og folte os uendeligt smé i selskab med astro-
mytologiens stjernebilleder og baggrundshistorier.

Inden afgang ndede vi lige at komme indenfor og fi varmen, mens vi studerede nogle af de f&
meteorer, der er fundet i Danmark, og lod os informere om ideerne og forventningerne til det
videnskabshistoriske museum og tilherende planetarium, der er under opfoerelse pA Hoegh
Guldbergsgade i udsigten fra Matematisk Kantine.

Henrik Vosegaard.




Studieturen til Lund og Kebenhavn 3. - 7.
november.

Med 21 deltagere blev Eulers Venners studietur 1991 som szdvanlig et tillobsstykke. Som
traditionen byder, skal de arlige studieture skiftevis vare lengere- og korterevarende, og i &r
tog vi siledes kun afsted i 5 dage.

Pa afrejsedagen seondag den 3. november fik vi forngjelsen af 6-7 forskellige rejseformer
startende med rutebil fra Arhus Rutebilstation til Valby via en Kattegat-fergeoverfart; herefter
med S-tog til KCbenhavns Hovedbanegérd, hvorfra turen gik med bus til Nyhavn. Fra Nyhavn
tog vi flyvebéden til Malmé og videre med regionaltog til Lund, hvor sidste del af turen forleb
til fods i regnvejr til vandrerhjemmet Téget.

Taget er et udrangeret tog, der er permanent placeret pa et spor tet ved stationen i Lund.
Overnatningen foregér i sma 3-mands sovekupéer med 2-trins varmeregulering: Til eller fra. P4
denne del af turen udviklede mange af deltagerne utvetydige symptomer pé forkelelse.

Programmet for mandagen led i forste omgang pé et beseg pd Den Matematiske Institutionen,
hvor vi fik forngjelsen af at h¢re om deres studieordninger. Herefter var eftermiddagen fri til
egne initiativer, og de fleste deltagere fik vist besogt Lunds Domkirke - med det kraftigt
opreklamerede klokkespil - og nabobygningen, som rummer det kulturhistoriske museum
Kulturen.

Om aftenen var vi igen pa besog pd Matematisk Institut; denne gang til generalforsamling i den
lokale forening af matematikere. Foreningen har eksisteret siden 1923, og de har ikke spildt
tiden med unedig snak ved generalforsamlinger - forestillingen var overstet pa under et kvarter.
Herefter var der et videnskabshistorisk foredrag, og afslutningsvis samledes vi til et stykke mad
i medelokalet Hilbertrummet.

Tirsdag morgen tog vi tog og flyvebad tilbage til Kebenhavn og direkte ud til Peter Mathiessen
i Herlev, mens bagagen blev bragt ud til vandrerhjemmet pd4 Amager.

Pa Peter Mathiessen fik vi en interessant diskussion med to medarbejdere om digitalisering af
vejkort og ruteplanlegning, og den opstillede demonstrationscomputer blev heldigvis benyttet
diciplineret.

Efter besoget i Herlev hastede vi ind til H.C. Orstedsinstituttet - KCbenhavns Matematiske
Institut - hvor en gruppe studerende havde arrangeret et foredrag om talteori med efterfelgende
fellesspisning og -drikning i kalderen. Det var et arrangement, vi burde gentage, hvis
Kobenhavnerne fandt pa at tage pa studietur til Arhus.

I n®sten samlet flok drog vi sent om aftenen ud til Amager til det store nye vandrerhjem ved
Bella-centret, hvor vi skulle overnatte.

Turen gik til Horsholm/Kokkedal om onsdagen. Her har Teleteknisk Forskningslaboratorium til
huse, og her tilbragte vi formiddagen delt op i to grupper s vidt muligt efter bifag (fysik eller
datalogi) i selskab med en hel rekke TFL-medarbejdere. Vi kunne konstatere, at de har mange
projekter i stil med dét, der foregdr pi Arhus Universitet, som vel nzrmest kan kaldes
grundforskning.



Til gengzld gav eftermiddagens beseg p4 Eksperimentariet lejlighed til mere umiddelbare
efterforskninger, og det er absolut anbefalelsesvardigt for born i alle aldre.

Aftenen blev for undertegnedes vedkommende tilbragt p4 Brendby stadion sammen med 25.000
andre (heraf dog kun 5 studietursdeltagere), og vi métte konstatere, at vor tilstedevarelse ikke
kunne forhindre Brondbys nederlag til Kiev.

P4 Rise torsdag formiddag kunne vi hore om vaskeblanding, kaos og numeriske metoder mm.
De forskere, vi medte, stod overfor de samme problemer og muligheder, som mange (andre)
industri-forskere g¢r i disse &r, hvor computerteknologien abner dere - men i mange tilfelde kun
pa klem.

For at fi bekreftet vore fordomme var der som afslutning pa turen arrangeret et besog pé
Roskilde Universitetscenter. Vi kunne konstatere, at RUC muligvis har nogle grundlzggende
principper, der afviger fra vore i Arhus, men det meste er druknet i en overflod af studerende,
som universitetet har optaget de seneste ar.

P4 hjemturen Roskilde - Arhus lykkedes det os at komme pi en af de 62% IC3-afgange, som
forsinkes af nedfaldne blade p4 skinnerne, men det var heldigvis den forste forsinkelse pa turen.

Rapporten for studieturen udkommer sa vidt vides straks efter nytdr, og den vil kunne beses i
Staff-lounge.

Henrik Vosegaard.
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A mathematical trivium

V.l. Arnol'd

The standard of mathematical culture is falling; both undergraduate and postgraduate students
leaving our colleges, including the Mechanics and Math ics Faculty of Moscow State University,
are becoming more ignorant than the professors and teachers. What is the reason for this abnormal
phenomenon? Under normal conditions students know their subject better than their professors in
accordance with the general principle of the diffusion of knowledge: new knowledge prevails not
because it is taught by old men, but because new generations come along who know it.

Among the causes of this abnormal situation I would like to single out those for which we
oursclves arc responsible, so that we can try to correct what is within our power. One such cause, I
believe, is our system of examinations, which is pecially designed for the ic production of
rejects, that is, pseudo-pupils who learn mathematics like Marxism: they cram themselves with
formulac and rote-learning of answers to the most fi q inati i

How can the standard of training of a h ician be d? Neither a list of courses nor
their syllabuses determine the standard. The only way to determine what we have actually taught our
students is to list the problems which they should be able to solve as a result of their instruction.

1 am not talking about difficult kinds of problems, but about the simple questions which form the
strictly essential minimum. There need not necessarily be many of these problems, but we must insist
that the students are able to solve them. I.E. Tamm used to tell the story that having fallen into the
hands of the Makhnovtsy during the Civil War, he said under interrogation that he taught in the
physics and mathematics faculty. He owed his life to the fact that he could solve a problem in the
theory of scries, which was put to him as a test of his ity. Our stud should be prepared for
such ordeals!

Throughout the world a math i inati ists of the written solution of problems. The
written character of the test is everywhere considered just as much a y sign of a d i
society as the choice between several candidates in an election. In fact, in an oral examination the
student is pletely defencel While conducting inations in the department of differential

quations in the Mechanics and Math ics Faculty of Moscow State University, I have overheard
examiners at a nearby table failing stud who gave i I (which perhap ded the
level of comprehension of the teacher). Cases have also been known when they have failed a student
on purpose (sometimes I have saved the situation by entering the examination room).

Written work is a d and the iner is perforce more objective in marking it (particularly
if the work to be marked is anonymous, as it should be).
There is her not unimportant ad ge of written inati the problems are preserve

and can be published or passed on to students of the next course in prep for their inati

In addition, these problems determine both the standard of the course and the standard of the teacher
who has compiled them. His strong and weak points can be seen at once, and specialists can
immediately assess the teacher both in respect of what he wants to teach the students and what he has
succeeded in teaching them.

Incidentally, in France the problems in the Concours général, common to the whole country and
roughly equivalent to our Olympiad, are piled by h ding their problems to Paris where
the best are chosen. The Ministry obtains objective data about the standard of its teachers by
comparing firstly the problems set, and secondly the results of their pupils. With us, however, teachers
are assessed as you know by indications such as their external appearance, quickness of speech, and
ideological “correctness”.
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It is not surprising that other countries are unwilling to recognize our diplomas (in future I think
this will even extend to dipl in h i A btained from oral examinations that
leave no ds cannot be objectively pared with anything else and have an extremely vague and
relative weight, wholly dependent on the real dard of teaching and the d ds made in a given
college. With the same syllabus and marks the knowledge and ability of the graduates may vary (in
some sense) by a factor of ten. Besides, an oral examination can be far more casily falsified (this has
even happened with us at the Mechanics and Math ics Faculty of M State University, where,
as a blind teacher once said, a good mark must be given to a student whose answer is “very close to
the textbook”, even if he cannot answer a single question).

The and the shor ings of our system of mathematical education have been brilliantly
described by Richard Feynman in his memoirs (Surely you're joking, Mr Feynman (Norton, New York
1984), in the chapter on physics education in Brazil, a Russian translation of which was published in
Uspekhi Fizicheskikh Nauk 148:3 (1986)).

In Feynman’s words, these stud d d nothing, but never ask questions, so that they
appear to understand everything. If anybody begins to ask questions, he is quickly put in his place, as
he is wasting the time of the lecturer dictating his lecture and the students copying it down. The
result is that no one can apply anything they have been taught to even a single example. The

i too (dogmatic like ours: state the definition, state the th ) are always successfully
passed. The students reach a state of “self-propagating pseudo-education” and can teach future
gencrations in the same way. But all this activity is completely senseless, and in fact our output of
specialists is to a significant extent a fraud, an illusion and a sham: these so-called specialists are not
in a position to solve the simplest problems, and do not possess the rudiments of their trade.

Thus, to put an end to this spurious enhancement of the results, we must specify not a list of
theorems, but a collection of problems which students should be able to solve. These lists of problems
must be published annually (I think there should be ten problems for each one-semester course). Then we
shall sce what we really teach the students and how far we are successful. So that the students learn
to apply their knowledge, all examinations must be written examinations.

Naturally the problems will vary from college to college and from year to year. Then the standard
of different teachers and the output in different years can be compared. A student who takes much
more than five minutes to calculate the mean of sin'®x with 10% accuracy has no mastery of
mathematics, even if he has studied non-standard analysis, universal algebra, supermanifolds, or
embedding theorems.

The compilation of model problems is a laborious job, but I think it must be done. As an attempt
I give below a list of one hundred probl forming a h ical mini for a physi !
Model probi (unlike syllat ) are not uniquely defined, and many will probably not agree with
me. Nonetheless I that it is y to begin to determine mathematical standards by means
of written examinations and model problems. It is to be hoped that in the future students will receive
model problems for each coursc at the beginning of each and oral inations for which
the students cram by heart will become a thing of the past.

1. Sketch the graph of the derivative and the graph of the integral of a function given by a free-
hand graph.
2. Find the limit
sin tan £ — tan sin z
arcsin arctan z — arctan arcsin z

lim
X0

3. Find the critical values and critical points of the mapping z + z2+27 (sketch the answer).
4. Caloulate the 100th derivative .of the function

2241
B—z°

5. Calkulate the 100th derivative of the function

1
2243z 42
at x = 0 with 10% relative error.
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6. In the (x, y)-plane sketch the curve given parametrically by
z= 2t — 415, y= t*— 3th

7. How many normals to an ellipsc can be drawn from a given point of the plane? Find the
region in which the number of normals is maximal.

8. How many maxima, minima, and saddle points does the function x*+y*+ 2+ u* +0v* have on
the surface x+ ... +v = 0, 2+ o+ 02 =1, .+ v = C?

9. Does every positive polynomial in two real variables attain its lower bound in the plane?

10. Investigate the asymptotic behaviour of the solutions y of the equati X +x%7 = » that
tend to zero as x —+ 0.

11. Investigate the convergence of the integral

oo
‘(¢ dzdy
14 atyt
ey
12. Find the flux of the vector field .?/r’ through the surface

z—1p+pr+2=2
13. Calculate with 5% relative error

|4
S z*dz.
1
14. Calculate with at most 10% relative error
S (244 4z + 4)1%0¢,
-0
15. Calculate with 10% relative error
S cos (100 (z* — z)) dz.
-0
16. What fraction of the vol of a 5-di ional cube is the volume of the inscribed sphere?

What fraction is it of a 10-dimensional cube?
17. Find the distance of the centre of gravity of a uniform 100-dimensional solid hemisphere of
radius 1 from the centre of the sphere with 10% relative error.
18. Calculate
— 2 x ‘I
S. ..Se i<igi<n dz;. ..d.z“.
19. Investigate the path of a light ray in a plane medium with refractive index n(y) = y*—y*+1,
using Snell’s law n(y) sin o = const, where a is the angle made by the ray with the y-axis.
20. Find the derivative of the solution of the equation % = x+Ax* with initial conditions
x(0) = 1, X(0) = 0, with respect to the parameter 4 for 4 = 0.

21. Find the derivative of the solution of the equation ¥ = i%+x with initial condition x(0) = 0,
%(0) = A with respect to 4 for 4 = 0.
22. I igate the boundary of the domai of stability (max Re A, < 0) in the space of
coefficients of the equation % +ax +bx+ex = 0.
23. Solve the quasi-homog quati
dy 8
d_z=$+7'

24. Solve the quasi-h

i = 25+ 2.
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25. Can an asymptotically stable equilibrium position b ble in the Lyap sense
under linearization?
26. Investigate the behaviour as 1 —+ + o of solutions of the systems

&=y, =y,
{y=25iny——-y—z. j =2z — 2% — 22— gy,

where e < 1.

27. Sketch the images of the solutions of the equation

&= F (z) — kt, F= —dUldz,

in the (x, E)-plane, where E = x%/2+ U(x), near non-degenerate critical points of the potential U.

28. Sketch the phase portrait and investigate its variation under variation of the small complex
parameter e:

i=¢ez— (1+i)z|z|>+ 7%

29. A charge moves with velocity 1 in a planc under the action of a strong magnetic field B(x, y)

perpendicular to the plane. To which side will the ccm.rc of the Larmor nclghbou:hood drift?
Calculate the velocity of this drift (to a first approxi ). [Math ically, this concerns the curves

of curvature NB as N =+ o0.]
30. Find the sum of the indexes of the singular points other than zero of the vector field

2224 244274,
31. Find the index of the singular point 0 of the vector field with components

(zt+ yt + 24, 2By — zyd, azy2?).
32. Find the index of the singular point 0 of the vector field
grad (zy + yz + zz).

33. Find the linking coefficient of the phase trajectories of the equation of small oscillations
¥ = —d4x, 5 = —9y on a level surface of the total energy.
34. Investigate the singular points on the curve y = x* in the projective plane.
35. Sketch the geodesics on the surface
(224 y2— 2)2+ 22 = 1.
36. Sketch the evolvent of the cubic parabola y = x* (the evolvent is the locus of the points

?(‘) + (c—9) —;?(l), where s is the arc-length of the curve 7 (s) and c is a constant).
37. Prove that in Euclidean space the surfaces
(4 — AE)1 2, 2) =
passing lhrough the point x and con‘espondmg to different values of A are pairwise orthogonal (4 is a

P without multipl
"3, (‘ Iculate the integral of the Gaussian curvature of the surface

A (22 yt— 1) (222 + 32— 1) = 0.

39. Calculate the Gauss i 1

ﬂ(d?{ dB, Z E‘)
e T

where 4 runs along the curve x = cos &, y = sin o, z = O,nnd_ﬁalong the curve x = 2 cos® P,
y = %Yasin B, z = sin 2.

40. Find the parallel displacement of a vector pointing north at Leningrad (latitude 60°) from west
to cast along a closed parallel.

41. Find the geodesic curvature of the line y = 1 in the upper half-plane with the Lobachevskii —
Poincaré metric

= (dz® + dy?)/yt.

11
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42. Do the medians of a triangle meet in a single point in the Lobachevskii plane? What about
the altitudes?

43. Find the Betti numbers of the surface X+ ... +x§—)f— .. =y} = 1 and the set
B+ .. +xt € 1+y}+ ... +)f in a (k+/)-dimensional linear space.
44. Find the Betti numbers of the surface x>+y*> = 1+ 2% in threc-dimensional projective space.

The same for the surfaces z = xy, z = x%, 22 = X+)%
45. Find the self-intersection index of the surface x*+y* = 1 in the projective plane CP?,
46. Map the interior of the unit disc conformally onto the first quadrant.
47. Map the exterior of the disc conformally onto the exterior of a given ellipse.
48. Map the half-plane without a segment perpendicular to its boundary conformally onto the half-

PUp

plane.
49. Calculate
dz
1z=2 1/1 + 210 '
50. Calculate
H eikx
S TFade
—0c0
51. Calculate the integral
C 1—¢
1kx
d
S ¢ 14 ¢ T

52, Calculate the first term of the asymptotic expression as k — co of the integral

©
S PP
S V4™

53. Investigate the singular points of the differential form dt = dx/y on the compact Riemann
surface y?/2+.U(x) = E, where U is a polynomial and E is not a critical value.

54, ¥ = 3x—x’—1. In which of the potential wells is the period of oscillation greater (in the
shallower or the deeper) with equal values of the total energy?

55. I igate topologically the Ri surface of the function

= arctanz.
56. How many handles has the Riemann surface of the function
w= VY14 "
57. Find the dimension of the solution space of the problem dufdz = 8(z—i) for Im z > 0,
Imu(z) = 0forImz = 0, u = 0 asz - oo.
58. Find the dimension of the solution space of the problem du/dz = ad(z—i)+b8(z+1) for
Izl < 2,Imu = 0 for |z| = 2.
59. Investigate the exi and uniq of the solution of the problem yu, = xu,,
ulx=y = cos y in a neighbourhood of the point (1, yo).
60. Is there a solution of the Cauchy problem

du . ou
2@+ g TV =0 Bly—p=1
in a neighbourhood of the point (xo, 0) of the x-axis? Is it unique?

61. What is the largest value of ¢ for which the solution of the problem
du
at

can be extended to the interval [0, £)?

du .
+ ugzy =sinz, ufg_g=0,

12
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o 6§. Find all solutions of the equation y du/dx—sin x du/dy = u” in a neighbourhood of the point
, 0).

63. Is there a solution of the Cauchy problem y dufdx +sin x dufdy = p, uly=0 = »* on the whole
(x, y) plane? Is it unique?

64. Does the Cauchy problem uly=, = 1, (Vu)?> = 1 have a h solution in the d
y 2 ¥ In the domain y < x?

65. Find the mean value of the function In r on the circle (x—a)?+( y—b)* = R? (of the function

1/r on the sphere).
66. Solve the Dirichlet problem
Au=0 for 224 2<{;
u=1 for 224 y2=1,y>0;
= —1 for 224 2=1, y<O.

67. What is the dimension of the space of solutions continuous on x*+y* > 1 of the problem
Au=0 for 2®-+ y2>1, du/on =0 for 2%+ y2= 1?

Y ou \* du \2
inf éS (52) + (&) as v
xi42<1

68. Find

for C*-functions u that vanish at 0 and are equal to 1 on x*+)* = 1.

69. Prove that the solid angle based on a given closed contour is a function of the vertex of the
angle that is harmonic outside the contour.

70. Calculate the mean value of the solid angle by which the disc x*+y? < 1 lying in the plane
z = 0 is scen from points of the sphere x> +y*+(z—2)> = 1.

71. Calculate the charge density on the conducting boundary x>+ y*+22 = 1 of a cavity in which
a charge ¢ = 1 is placed at distance r from the centre.

72. Calculate to the first order in € the effect that the influence of the flattening of the earth
(e ~ 1/300) on the gravitational field of the earth has on the distance of the moon (assuming the
carth to be homogencous).

73. Find (to the first order in €) the influence of the imperfection of an almost spherical capacitor
R = 1+ef(p, 0) on its capacity.

74. Sketch the graph of u(x, 1), if 0 < x < 1,

)
kU lemo = 2% U |qay = 2%
75. On account of the annual fluctuation of temperature the ground at the town of N freezes to a
depth of 2 metres. To what depth would it freeze on of a daily fi ion of the same
amplitude?

76. Investigate the behaviour at £ —+ + oo of the solution of the problem
ug - (usin 2)e = elugy, Ul =1, e L1

77. Find the eigenvalues and their multiplicities of the Laplace operator A = div grad on a sphere

of radius R in Buclidean space of di ion n.
78. Solve the Cauchy problem
4 a4 #R  #B
e =Yg — 2B, 5@ =0 5a =24,
a4 aB

Al =cosz, Bl_4=0, ‘aTL;o =_6T|¢;ﬂ =0

(X}

79. How many soluti has the boundary-value p

Ugx + Au = sin z, u (0) = u (n) = O?
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80. Solve the equation
1
(@ + v @ dr = @) 1.
0

81. Find the Green's function of the operator d%/dx*—1 and solve the equation
o0
{ eVl y) ay =,
—c0

82. For what values of the velocity ¢ does the equation u, = u—u’+uy, have a solution in the
form of a travelling wave u = @(x—ct), p(—) = 1, ¢(0) = 0,0 < u < I?

83. Find solutions of the cquation 4, = uyy,+uu, in the form of a travelling wave u = @(x—ct),
(o) = 0.

84. Find the number of positive and negative squares in the canonical form of the quadratic form
E (z; — :j)2 in n variables, The same for the form 2 z.z;5.

i<j i<j
85. Find the lengths of the principal axes of the ellipsoid
2 = 1.
i<j

86. Through the centre of a cube (tetrahedron, icosahedron) draw a straight line in such a way
that the sum of the squares of its distances from the vertices is a) minimal, b) maximal.

87. Find the derivatives of the lengths of the semiaxes of the ellipsoid x*+y?+ 22 +xy +yz+2x =
= | +exy with respect to e at e = 0.

88. How many figures can be obtained by i ing the infinite-di ional cube (x| < 1,

k = 1, 2, ..., with a two-dimensional plane?

89. Calculate the sum of vector products [[x, y], z]+[[y. 2], x]+[[z, x], y]).

90. Calculate the sum of matrix commutators [4, [B, C]]+[B, [C, 4])+[C, (4, B]), where
[4, B] = AB—BA.

91, Find the Jordan normal form of the operator e¥* in the space of quasi-polynomials {Mp(1)},
where the degree of the polynomial p is less than 5, and of the operator ad,, B v [4, B), in the space
of nxn matrices B, where A is a diagonal matrix.

92. Find the orders of the subgroups of the group of rotations of the cube, and find its normal
subgroups.

93. Decompose the space of functions defined on the vertices of a cube into invariant subspaces
irreducible with respect to the group of a) its ries, b) its

94. Decompose a 5-dimensional real linear space into the irreducible invariant subspaces of the
group g ted by cyclic p ions of the basis vectors.

95. Decompose the space of homogeneous polynomials of degree 5 in (x, y, z) into irreducible
subspaces invariant with respect to the rotation group SO(3).

96. Bach of 3600 subscribers of a telephone exchange calls it once an hour on average. What is
the probability that in a given second 5 or more calls are reccived? Estimate the mean interval of time
between such seconds (i, i +1).

97. A particle performing a random walk on the integer points of the semi-axis x > 0 moves a
distance 1 to the right with probability a, and to the left with probability b, and stands still in the
remaining cases (if x = 0, it stands still instead of moving to the left). Determine the steady-state
probability distribution, and also the expectation of x and x? over a long time, if the particle starts at
the point 0.

98. In the game of “Fingers”, N players stand in a circle and simultancously thrust out their right
hands, cach with a certain number of fingers showing. The total number of fingers shown is counted
out round the circle from the leader, and the player on whom the count stops is the winner, How
large must N be for a suitably chosen group of N/10 players to contain a winner with probability at
least 0.97 How does the probability that the leader wins behave as N —+ oo? e

99. One player conceals a 10 or 20 copeck coin, and the other guesses its value. If he is right he
gets the coin, if wrong he pays 15 copecks. Is this a fair game? What are the optimal mixed
strategies for both players?

100. Find the mathematical expectation of the area of the projection of a cube with edge of length
1 onto a plane with an isotropically distributed random direction of projecti

dfdt
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