2/2/05 QUIZZ NR O Math118, O.Knill 5)

ABSTRACT. This pageshould give you an idea, how weekly multiple choice quizzeslook like.
The quizzesdo not any special preparation if you follow the lectures. Seeral choicesin the
multiple choicepart are possible. The questionsbelowv addresstwo lectures. The lecture today
aswell asthe lecture on Friday. Next Monday, we already have a quizz of this format.

1) How many midterms do we have in Math 118r?

~

a) None, we have quizzes. 6
b) One midterm
¢) Two midterms

2

~

Ched whatewer belongsto the theory of dynamical systems:

a) A group acting on a set.

b) Predict the future of systemsand explorethe limitations of this predictions.

¢) Compute squareroots of real numbers.

d) Understandthe iteration of maps. 7

~

3

~

Look at the map T(x) = x?+ x. Which of the following sequencegorm an orbit of x
through x = 1:

a) 1;6;12,20,30; ::

B1,2,5,30.... 8
c) 0;0;0;0;0;::

d)2,5,30,930....

~

4

=

Which of the following dynamical systemshave a discretetime? We replace"map" or "dif-
ferertial equation” with "system".

a) Henonsystem 9)
b) Van der Pool system

¢) Standard system

d) Geadesicsystem

e) Billiard system.

f) Digits of system.

g) Cellular automata system

Which of the following dynamical systemsis the Loren tz system
a)x+x+ (x> 1y=0.

b)
x = 10 x)
y = Xz + 28y
z X i
2= X 3
2 3 2
X 10y x)
)T4y5=4z+2% y5:
z xy %
What is a semigroup?

a) A set G with an operation .

b) A setG with an operation sud that (x ?y)?z= x?(y?2).

c) A set G with an operation sud that (x ?y) ?z = x ?(y ?z) with a neutral elemen e
satisfyingx ?e= x.

d) A setG with an operation sud that (x ?y) ?z = x ?(y ?z) with a neutral elemen e
satisfying x ?e = x and sud that for ewery x, thereis ay suc that x ?y = e.

Which of the following setsare semigroups?

a) The natural numbers.

b) The set of words over a nite alphabet with the operation v ?w = vw of putting the
words together.

c) The setof all subsetsof a nite setwith the operation A ?B = A[ B.

Which of the following dynamical systemsallow a numerical computation of the squareroot
of 7:

) T(xy) 3 (x+ y)=2 2xy=(x + y)).
b) T(x)="x 7.
C)T(X)=x2+ 7.

How could dynamical systemstheory helped to save lives. Chedk ead which apply:

a) Predict wave heigtts from the strength of earthqualestriggering tsunamis.
b) Predict the outcome of the lotto.

c¢) Predict the sectorin which the roulette ball falls.

d) Predict the global warming on earth.
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1) Look at the map T(x) = x2+ 1 on the real line. Which of the following sequencegorm an

2

3

~

~

orbit of x with initial condition xq = O:
a)0;1;2,3;4;:::

b) 0;1;2;5; 26; :::

) 0;0;0;0;0;::

d) 1,1;1;1;::

Which of the following orbits are periodic cyclesof the dynamical system?

a) (x(t);y(t)) = (sin(t);cost)) for the harmonic oscillator di erential equation é’—‘x(t) =
y(); &y = x().

b) The longestdiagonalin a corvex billiard table.
c¢) A singlealive cell in the gameof life.

d) The point 0 in the logistic map T(x) = 4x(1  Xx).

Which of the following dynamical systemshave a discretetime? We replace"map" or "dif-
ferertial equation” with "system".

a) The gameof life
b) The Lorentz system
¢) The billiard system.

i H dy — - dy =
d) The harmonic oscillator system zx = y; X = X.

4)

5)

6)

There is a sertence attributed to Steven Smalewhich appearsalsoin the movie "Jurassic
Park". The statemert is "The wing of a buttery in X can producea tornado in Y a few
weekslater":

a) X=Rio, Y=T exas
b) X=New York, Y = Los Angeles
c) X=Chicago, Y = New Orleans

We have seenthe map
Txy) = (x+ y)=2 2xy=(x +Y))
to compute the squareroot of numbers. The number 2xy=(x + y) is called the

a) The geometricmean.
b) The algebraicmean.
¢) The harmonic mean.

of x andy.

We have seentaht for a computer, iterations of the map T(x) = 4x(1 x) or the map
S(x) = 4x  4x? give di erent resultsfor T"(x) and S"(x) if n is large and this happened
for idertical initial condition x,. For which n, did we seedi erent results?

ayn=1
b) n= 10
c) n= 100
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Name: a) the number of periodic points.
b) the stability of periodic points.

c) the sign of logjf qx)j.
d) the sign of f {x).

6) The number of periodic points (of any period) of the logistic map f¢(x) = cx(1 x) is always
nite.
1) Which of the following properties do hold at a ip bifurcation ?
a) True
a) fqx) = 1. b) False

b)fqx) = 1.
c) (f9Hqx) = 1.
d) 9 = 1

The number of periodic points of a xed period n of the logistc map f«(x) = cx(1 Xx) is

A - . . . always nite.
e) The bifurcation is also called pitc h-fork bifurcation.
a) True
2) Which of the following properties do hold at a saddle node bifurcation ? b) False
a) f1x) i 1 7) The topological ertropy is a measurefor the exponertial growth of the number of periodic
b) f ng) N L points There are parametervaluesfor the map f.(x) = cx(1 x) for ¢ betweenO and 1 for
) (909 = L. which the topological ertropy is positive.
d) (fHx) = 1
e) The bifurcation is also called blue-sky bifurcation. a) True
b) False
3) The tent map g(X) =1 2]X 1:2] is Conjugatedto the |OgiStiC map fC(X) = CX(l X) for For ¢> 4, the |OgiStiC map fc(X) - CX(]. X) isa map on the interval [o’ l]
the parameter
a) Ci 0. a) True.
b)c= 1. b) False.
c)c= 2.
d)c= 3.
e)c= 4. 8) Which of the following things are true:
a) 1=2 is an ewertually periodic orbit of the Ulam map f (x) = 4x(1 x).
4) Which of the following formulas do give the Lyapunos exponert of an orbit Xo; X1; X; ::: of b) 1=2 is a periodic orbit of the Ulam map. o
amapf :[0:1]! [0;1]? c) The Lyapunor exponert (f; 1=2) is equalto log(2) if f is the Ulam map.

a) (fixo) = limaa logj(f ")qxo)j
b) (f;%o) = limny J%Iogj(f”)(’(Xo)J’
) (fiXo) = limpy qj(f”)O(Xo)i
d) (f;xo) = limpn  2(f")qx0)
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1) One of the following mapsis an areapreservingHenonmap. Which one?

2

3

4

5

~

=

=

~

aT(xy)=@B1 x3) y;2x)

b) T(x;y) = (2x y+ sin(x);X).
c) T(x;y) = (2x y+ sin(x); x=2).
d)T(xy)= B x3) y;x)

For a certain parametersc, the Standard map T(x;y) = (2x + csin(x)
integrable. Which integral veri es this fact?

y;x) mod 1 is

a)F(xy)=x .
b) F(x;y) = x
C) F(x;y) = x2+y2
d) F(xy)=1
Which of the following matrices is the Jacobean matrix of the transformation T(x;y) =
2+yH)=2
2X2 y2 :
= XY
DTN = 4 Dy
x?=2 y?=2
D) DTy = o Y
The map T of the previousproblem is areapreserving.
a) True
b) False
A mapin the planeis calledaninvolution if T? = Id, that isif every point is periodic with

period 2. Which of the following statemeris are true?

a) In general,an involution is integrable.
b) The map T(x;y) = ( Xx;y+ csin(x)) is an involution.
c) All linear involutions are area-preserving.

= (x=2y) x>0
d) The map T(x;y) = ( 2¢y) x<0
e) In general,an involution is areapreserving.

is an involution.

6) Which of the following 6 pictures shaws the eigervaluesof a Jacokeanat a xed point of a

7) If the stable and unstable manifolds of a hyperbolic xed

8

~

map T in the plane which has stable and unstable manifolds:

@@ Q@ s ]
:

point (Xo;Yo) of intersect trans-
versely then this intersection point is called

a) an equilibrium point
b) an integral

¢) a homaclinic point
d) a periodic point

e) a horseshce

Which of the following facts are true about the Henon attractor, obtained with parameters
a= 1:4,b= 0:3?

a) It cortains the stable manifold of one of the hyperbolic xed points.
b) It cortains a horseshce.

c) It cortains in nitely many periodic points.

d) It is integrable.
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1) Which of the following di erential equationsproducesan area-preservingo w?

a) Ix=x+y%d
b) gx= X+ X%
0) fx=13dy=2
d) §x =y gy =%

y= y+x?
Sy=y y?

2) Which of the following 6 pictures of eigervaluesa Jacokean DF (xo; Yo) at an equilibrium

point (Xo;Yo) Which is stable?

15 15

05 [

05 05

15 15

3) What happensat a Hopf bifurcation?

a) A pair of eigervaluescrosseshe unit circle.
b) A pair of eigervaluescrosseghe imaginary axes.
¢) A single eigervaluescrosseghe unit circle.
d) A single eigervaluescrosseghe imaginary axes.

e) An attractiv e equilibrium point becomesepelling.

4) Which of the following formulations is the Poincare Bendixsontheorem?

5

6

7

~

~

~

a) An orbit in the plane which stays in a boundedregionis either asymptotic to an equilib-
rium point or to a limit cycle.

b) An orbit in the plane which is not asymptotic to a limit cycleis attracted to an equilib-
rium point.

c) Every orbit of a di erential equationin the planeis either asymptotic to a limit cycle or
to an equilibrium point.

A di erential equation of the form %x(t) = Hy(xy); %y(t) =  Hy(x;y), whereH(x;y) isa
function of two variables.

a) producesan area-preservingo w.

b) is integrable.

¢) hasan attractiv e limit cycle.

d) hasat least one attractiv e equilibrium point.

Which of the following di erential equationsis calledthe van der Pol oscillator ?

d? —
Q) gzX= X
d? d —
b) Sxx+ c(x* 1)Sx+x=0.

) &x+ o(x?  1)dx + sin(x) = 0.
Lienard systemshave

a) exactly onerepelling limit cycle.

b) exactly oneattracting limit cycle.

c¢) exactly onerepelling equilibrium point.
d) exactly oneattractig equilibrium point.



3/7/05 QUIZZ NR 5 Math118, O.Knill a) The graph of the function f (x) = sin(x) in the plane.
b) A lled triangle.

. c) The setf 1; 1=2; 1=3; 1=4; 1-5; 1-6; :::g
Name: d) The Cantor set.

5) Which of the following properties does a strange attractor K of a di erential equation in
spacepossess:

a) sensitive dependenceon initial conditions.

1) How many equilibrium points does the Lorenz system have in total for r > 1, when b) the dimensionmust be a non-integer.
> 0;b> 0 are xed? c) The setK hasto be an attractor.
d) The sethasto cortain a sink, (this is an equilibrium point for which all eigervalueshave
a) three. negative real part).
b) two.
z; ?lrc])ile 6) Which of the following di erential equationsin spaceproducesa volume preserving o w?
. a)
2) At the parameterr = ry = 24:74= 470=19, at ead of the two additional equilibrium points
C of the Lorenz system,somethinghappens,when the parameterr increases: x = ay Xx)
y = ¢cX Xz vy
a) A sub-critical Hopf bifurcation: an unstable limit cycle collideswith the critical point. zZ = xy bz
b) A Hopf bifurcation: a stable equilibrium point becomeaunstable and ejectsa limit cycle. b)
x = (y+2
c) A ip bifurcation: the equilibrium point C double and undergoa pitchfork bifurcation. y = x+02
. . . . - z = 02+xz ¢cz
d) A period doubling bifurcation for cycles: periodic cyclesdouble.
3) Wede ne anobject in the planesimilar to the Shirpinski carpet by cutting away 2 squaresof c)
length 1=4 from a squareof length 1 and repeating this construction with remaining squares _
of length 1=4 etc: the rst three stepsare shavn below: X=Y
y = y x+x3 ccogz)
A A ol z=1

d)

asin(z) + ccosfy)
bsin(x) + acogz)
csin(y) + bcogx)

IN I
1

What is the dimensionof this object?

a) log(14)=log(4)
b) log(5)=log(3)
¢) log(20)=log(5)

4) Find the box courting dimensionsof the following sets:
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1) The billiard in an ellipseis known to be integrable. What is the integral F ?

2

3

4

-

<

=

a) The sum of the shortest distancesof the tra jectory line to the focal points.

b) The product of the shortest distancesof the trajectory line to the focal points.
c) The impact angle .

d) The distance of the focal points.

A billiard table is obtained by doing the string construction to a corvex set K. (For example, in the
homework for today, K wasa triangle or square):
Chedk all which applies:

a) The billiard has a caustic.

b) The billiard map can not have glancing trajectories: trajectories for which the angle can becomearbi-
trarily closeto 0 and arbitrarily closeto

¢) The billiard map has periodic orbits of period 17.
d) The billiard map hasan invariant curvein the annulus R=Z [ 1;1].

For which coordinates is the billiard map area-preserving?

a) The (s; ) coordinates, wheres is the arc length normalized that the table haslength 1 and where
impact angle.

is the

b) The (x;y) coordinates, where x is the arc length normalized so that the table has length 1 and where
y = cog ).

c) The (s;s9 coordinates, where (s;s% are successie impact points of the trajectory and where s is the arc
length parameter.

Every strictly corvex smooth Birkho billiard has periodic orbits, because
a) We can maximize the length functional of the polygon.
b) We can minimize the length functional of the polgyon.
¢) We can maximize the area functional inside a polygon.

d) We can minimize the area functional inside a polygon.

5) Which of the following are open mathematical problems?

6

7

8

-

-

-

a) Every billiard in a triangle has a periodic orbit.

b) Every exterior billiard hasthe property that for (x;y) outside the table, T"(x;y) ! 1 .

c¢) The solar systemis stable in the sensethat all planetsremain in a boundedregion near the sun for all times.
d) There exists a corvex billiard for which the Lyapunov exponert is positive on a set of positive area.

e) There exists a smooth cornvex billiard for which there are no glancing orbits.

Which of the following equationsis called the Euler equation ? We usethe notation hy(x;y) = @@h(x;y)
and ha(x;y) = gh(x: y). Just one answer is correct.

a) ha(xi 1;%;)+ ha(Xi;Xj+1) = 0. e) hi(xi 1;%i)  hz(Xi;Xi+1) = 0.
b) ha(xi 1;%i) + hi(Xi;Xi+1) = 0. f) ha(xi 1;%i)  hi(Xi;Xi+1) = 0.
c) hi(xi 1;xi) + hi(xi;xi+1) = O. 9) hi(xi 1;%i) hi(Xi;Xj+1) = 0.
d) ha(xi 1;xi)+ ha(xi;Xi+1) = O. h) ha(xi 1;%i)  ha(Xi;Xi+1) = O.

Which of the following matrices is conjugated to the JacobeanD T (x;;y;) of the billiard map. [; is the length
of the trajectory beforethe impact with the boundary where the impact angleis ; and the curvature is ;.

10 1
a)Bi = ‘

) B w1 01

B 10

B)Bi= ¢ 1 2 1

10 1

c)Bi = 2 1 0 1|

sin( i)

Today is Pi-day. Somelndy cuts a piecefrom a circular apple pie. We use the remaining part as a billiard
table. Which of the following is true:

a) The table is convex.

b) The table is not corvex.
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1) Which of the following formulations is the full content of the Hedlund-Lyndon-Curtis theorem? (only one

2

3

4

5

-

<

=

-

answer is correct).

a) Any map T on X = f0;1g? which is continuous and commutes with the shift is of the form T(x), =
(Xn 13 Xn;Xn+1)-

b) A cellular automaton is a continuous map on X = f0; 1g%.
c) A shift commuting, continuous map on X = f0;1g? is a cellular automaton.

d) Any cortinuousmap on X = f0; 1g hasthe property that the n'th entry of T(x) dependsonly on nitely
many neigbors.

True or False?

a) There exists a cellular automaton T such that the set of periodic orbits is dense.

a) There exists a cellular automaton T sud that the set of periodic orbits of period 11 are dense.

b) There exists a cellular automaton T such that fT"(x);n = 1;2;::::g coversthe entire setX = f0;1g?.

c) There exists a cellular automaton T, such that fT"(x);n = 1;2;:::; g is densein X.

We have T(X)n = Xn+1 + Xn 1+ Xn mod(2). What is the image of the sequencex = (:::;1;0; 1;0; 1; 0; 1; ::::)?
a)(..1,1,1,1,1,1,1,1,1,1,1,...)
b) (...,0,0,0,0,0,0,0,0,0,0,0,...)

¢ (..1,01,01,01,01,0,1...)

Assumea cellular automaton hasthe property that T3(x) is the shift. Which of the following statemerts are
true?

a) T is chaotic in the senseof Devaney.
b) T3 is chaotic in the senseof Devaney.

c) T? is chaotic in the senseof Devenay

If x = (::1;0;1;0;1;0;1;0; 1, 0; ::: with xo = 1 and y = (:::;0;0;0; 0; 0; :::), then the distance betweenthese
two points d(x; y) is

a)l

b) 1/2

c)0

d) 2

6) True or false?

7

8

~

-

9)

10

-

If d(x; y) = 1=10, then d( (x); (y)) = 1=10, where is the shift.

A lattice gascellular automaton

a) consenesthe total momertum of the particles

b) is usedto simulate uids

c) is usedto simulate sand dynamics.

d) consenesthe total angular momertum of the particles.

e) consenesthe total energy of the particles.

What is a "glider" in the gameof life (X;T)?

a) A con guration x which satises T"(x) = ™(x) for n;m > 0.

b) A con guration with nitely many living cellswhich satises T"(x) = ™(x) for n;m > 0.
c) A con guration which satises T"(x) = x for n > 0.

d) A xed point of T.

Who is believed to have rst comeup with the notion of cellular automata?
a) Hedlund at Harvard
b) Wolfram at Caltech

b) Ulam and von Neuman at Los Alamos

If you allow the alphabet of a cellular automaton to becomea corntinuum, then the corresponding dynamical
systemis called a

a) partial di erential equation.
b) coupled map lattice.
€) map on an in nite dimensional space

d) anin nite system of coupled ordinary di erential equations.

11) (5 points if correct) A one dimensional automaton mapsx to y, where

X = 111011001100 O0O0T10O0
y = 10011 00O010O0110 01

What is the Wolfram number of this cellular automaton?
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With f.(z) = z? + ¢, which of the following statemeris are true?
a) The Mandelbrot setis the set of complexnumberssud that f(c)! 1.

b) The Mandelbrot set is the set of complex numbers suc that f[(c) 2 for all n. (You
have shown in the homework that if f?(c) > 2 then cis not in the Mandelbrot set).

¢) The Mandelbrot setis the set of complexnumbers suc that f ['(c) stays bounded.

True or False?
a) Every quadratic polynomial is conjugatedto the polynomial f .(z) = z? + c.
b) Every cubic polynomial is conjugatedto a polynomial g¢(z) = z° + c.

c) Every cubic polynomial is conjugatedto a polynomial g.n(z) = z° 3a%z+ b

True or False?
a) The union of the Julia setand the Fatou setis the ertire complexplane.

b) The Fatou setis the complemen of the Mandelbrot set.

Who was historically rst to have made pictures of the Mandelbrot set?
a) John Hubbard.

b) Douady and Hubbard.

c¢) Benoit Mandelbrot.

d) Brooksand Matelski.

5) A xed point of a quadratic map f (z) is de ned to be stable, if (only one answer applies):

6

~

7

8

9

~

~

a)f9z) < 1.
b)jf2)j 1
c) if (2)j = 0.

d) if (2)j < 1.

True or False?
a) The Ulam map f (z) = 4z(1 z) is in the complexplane conjugatedto f »(z) = 22 2.
b) The Julia set of the polynomial f¢(z) = z? is the circle with radius 1.

c) The lled in Julia set of the polynomial f (z) = 4z? is the disc of radius 1=2.

True or False? The Ulam map f (z) = 4z(1 z) restricted to its Julia setis conjugatedto
X 7! 2x mod 1.

Which of the following dynamical systemsis called the Newton iteration to nd the root
f(z)=0:

aT@=1 f@2=f92)

by T(z)=2z fY2)=f(2)

0)T(2)=1 fq2)=f(2)

d)T(2)=z f@=fq2)

In orderto nd a xed point of amap S, we cantry to apply the Newton method to one of

the following:
a)T(z)=S(z) z
b) T(2) = SY2) z

)T =2z S(@2=K2).

10) True or False?The Mandelbrot setis a fractal becausets dimensionhasshavn to be smaller

then 2 and bigger than 1.
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1) Which of the following properties apply to the Baker transformation T on the square
0;1) [G;1).

a) The map is cortinuous.

b) There is a conjugation of the map to a subshift S(Y) f0; 1g%
c) There is a conjugation of the map to the shift S(Y) f0; 1gM
d) The map is area-preserving.

e) The map hasmany periodic points.

f) The map has no periodic points.

g) The map is invertible.

2

~

True or False: If you take a subshift X of nite type, and a cellular automaton , then (X)
is a subshift of nite type.

3) True or False: If you take a sophic subshift and a cellular automaton , then (X) is a
sophicsubshift.

4) Which of the following inclusionsare true? (I had this oncewrong on the bladkboard and
Orr had correctedit):

a) subshifts subshiftsof nite type sophicsubshifts.

b) subshifts sophicsubshifts subshiftsof nite type.

5) True or False: the language of a subshift of nite type is the set of forbidden words.

6) What canyou sa about the subshift X of nite type over the alphabet f a;b;cg de ned by
the forbidden words f aa;bbicc;ac;ba;ctg?

a) X doesnot cortain any point.
b) X cortains only nitely many points.
¢) X cortains in nitely many points.

7

~

Which of the following subshifts is the shift over the alphabet f a;bg for which all words
babpaaabbaaaaabbaaaaaaabhasmaaaaaaal::: etc. are forbidden?

a) The Fibonaccishift
b) The ewen shift

¢) The goldenmeanshift
d) The full shift.

8) When doing symbolic dynamics for the Arnold cat map T(x;y) = (2x + y;x + y) mod 1,

one usesa subshift of nite type over an alphabet with a minimal amourt of letters. This
alphabet has

a) 2 elemetts.
b) 3 elemetts.
c) 5 elemetts.
d) 6 elemetts.

9) Two random variablesY and Z taking nitely many valuesare called uncorrelated if and

only if
a) P[Y = a;Z = b= P[Y = a]P[Z = b for all possiblenumbers a;b.

b) E[YZ] = E[Y]E[Z].

10) Assume,a sequencef independen idertically distributed random variablesYs; Ys; Y3; ::: de-

scribes drawing a card from an in nite ded cortaining 52 types of cards. It is assumed
that ead card appearswith the sameprobability 1/52 and that a card can appear multiple
times. How do you model theserandom variables?

a) Yi(y) = yk, wherey 2 f1;::;;52gN .
b) Yi(y) = k, wherey 2 f1;::::;529M .

c) Y(y) = y, wherey 2 f1; ;529N .



| 4/18 QUIZ NR 10

Math118, O.Knill

Name:

1) What is special about the golden ratio = (p 5 1)=2? Ched ewerything which applies:

2

~

a) It hasthe smallestpossiblecortinued fraction expansion = [ag; a;; ap; as; :::1].

b) The partial fractions p,=g, have the property that g, and p, grow like Fibonnaccinum-
bers.

c) isasolution of x = 2=(2 + x).

Which of the the following numbers hasthe cortinued fraction expansion

1

1
2+ [ —
2+

x=100;21,2121:]=

a) x is a solution of x = 1=(2 + 1=(1 + x)).
b) x is a solution of x = 1=5(2 + 1=x)).
c) x is a solution of x = 1=(1 + 2=x)).
d) x is a solution of x = 1=(1 + 1=2+ X)).

3) Which of the following statemerts is called Dirichlets theoremfor an irrational number
a) For ewvery n, there existsq n sud that
i oped 1=q:
b) For every n, there existsq n sud that
i p=d =g
c) For ewery q, there existsp sud that
i ped 1=q:
d) For ewery q, there exists p sudh that
i p=q 1=q:
4) Which of the following three formulas give the correct recursion for the partial fractions
Pn=Ch:

&) Pr+r = @Pnt Pn 15 Chet = @nCh + Gh 1.
D) Pr+t = Pn* @Pn 1, Cher = Ch + AnGh 1.
C)Prn+1 = @nPnt @y 16h 1, Cher = @nPn + 80 1Gh 1

5)

6)

7

~

8)

9)

The dynamical logarithm problem is the problem

a)to nd the time to read from a point x to a neighborhood of a point y.
b) to nd the point y which is reated after time t when starting from x.
c) to nd the initial point x, whenreading the point y after time t.

Which dynamical systemis involved when making a decimal expansionof a real number.
a) T(x) = 10x.

b) T(x) = 10x mod 1.
c) T(x) = 10=xmod 1.

The quadratic map T(x) = x? + cis alsousefulin number theory. Where?

a) to compute the eclipsetimes in calendars.

b) to factor large integers.

c¢) to understandwhy our tonal systemhas 12 scalesbetweenan octave and 19 scalesfor a
perfect fth .

Who cameup with the ideato factor integersn by nding two numbersx andy satisfying

x2 = y? mod n and then having a commonnontrivial factor of x y with n?

a) Fermat.

b) Tchebychev.

¢) Minkovsky.

When nding lattice points closeto graphs of quadratic polynomials, we were led to a dy-

namical systemon the two dimensionaltorus. This systemis

a)(x;y)! (x+ 2a;x+y) mod 1.
b) (x;y)! (2x+ y;x+ y) mod 1.
c)(xy)! (x+y;x y)mod 1.

d) (x;y)! (ax?+ bx+ c;x) mod 1.

10) Ched for whatewer cortinued fractions are useful:

a) To compute eclipsecycles.

b) To justify why we usea 12 scalesystemin music.
c) To nd lattice points closeto linesin the plane.
d) To factor integers.
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1) True or False: there are always equilibrium solutionsto the Newtonian n-body problem.

2) What is the minimal number of bodiesfor which onecan prove that an escag to in nit y in
nite time is possible?
a) 2
b) 3
c) 4
d)5

3) Which of the following problemsare considered'restricted three body problems™:
a) The Earth-Moon-Sunsystem.
b) The Sitnikov problem.
c¢) A planet moving in the in uence of a uniformly rotating binary star system.
d) The Kepler problem.

4) Who wasthe rst to nd non-collisionsingularities of the Newtonian n-body problem?

a) JosephGerver
b) Je Xia

c) Jurgen Moser
d) Henri Poincare

5

~

If for all t, we have a skew-symmetricmatrix B(t) and S(t) satis es the matrix di erential
equation S.= BS with the initial condition S(0) = I, then S is

a) orthogonal

b) skew symmetric

c) symmetric

d) the identity matrix

6

~

Which of the following are ingredierts of the proof of chaotic orbits in the Sitnikov problem

a) A horseshce construction.

b) Stable and instable manifolds

¢) The Jacobiintegral.

d) The Poincarereturn map.

e) The Poincarerecurrencetheorem.
f) Continued fraction expansion.

7

8)

9

~

10)

11)

12)

Which of the following statements is called the third Kepler law:

a) The radius vector covers equal areain equaltime.
b) Each of the bodiesmoveson an ellipse.
c) T?=a is constar.

The solar systemis a dynamical systemwhich shavs very weak type of chaos. If oneknows
the position of the earth with accuracylkm, how long doesonehave to wait until the uncer-
tainty of the orbit hasgrown to about 1 astronomicalunit (the meandistanceof the earth
to the sun)?

a) 10'000years

b) 1 Million years
c) 100 Million years
d) 10 Billion years

Which periodic three body solution has beenobsened in our solar system?

a) Euler motion.

b) Lagrangemotion.

c) Hills solutions.

d) Moore choreographies.

How mary integralscanone nd for a generaln-body problem:

a)l

b) 10
c) 3n
d) 6n

How mary integrals (consened quartities) did you nd for the n-body Toda system?

b) 2
b) n
c) 2n

Which of the following forcesoccur in a rotating coordinate systemand depend on the an-
gular speedof the rotation?

a) Certrifugal force
b) Coriolis force
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9

~

1) True or False?
A gedesicon a surfaceconnectingtwo points P and Q is always the shortest path between
P and Q.

2) True or False?
For any surfacethe following is true: betweentwo points, thereis exactly onegealesicwhich
connectsthem.

3

~

On a surfaceof revolution, the geadesic ow is integrable. Which of the following integrals
are presened along the orbit? (Seweral can apply).

a) the Clairot integral

b) the energyintegral

c) the momenum integral

d) the angular momertum integral

4) On the hyperbolic plane, a geaesicis

a) either a circle or a vertical line.
b) aline
c) acircle

5) True or False? On any surfaceof revolution, the longitudinal lines (the intersectionwith a
plane through the axesof rotation) is a gealesics.

6) True or False?On a surfaceof revolution symmetric with respect to the z-axes,ead inter-
section of the surfacewith z = constis a geaesic.

7) Snells law tells us something about the slope of the shortest connectionsbetween two
points. Assumeto the left of the plane, moving is twice as hard as moving to the right and
the angleto the left is and the angleto the right is , then

a) sin( ) = 2sin( )
b) 2sin( ) = sin( )
c)sin( ) = sin( )
d) cos( ) = 2cos( )
e)2cos( ) =cog )
f) co{ ) = coq )

True or False? If we have a surfaceof revolution and we look at the Poincare map at an
"equator”" which is the intersection of the surfacewith a plane perpendicular to the axesof
rotation, then a gealesicwhich starts with an angle0 < <  to the equator, then the
gedlesiccurve returns to the equator at somelater time.

Which of the follqgéving equations are called the Euler-Jacobi equations for the action
functional I ( ) = PF(t x; x) dt?

a)Fp = %FX.

b) Fx = &Fp.

c) Fy = %Fp.

d) Fp = an

Hint: If F(t;x;x) = x?>=2 V(x) = TV is the kinetic minus potertial energy then the
Euler-Jacobiequationsare the Newton equationsx = V.

10) On which of the following surfacesis every gealesicperiodic?

a) The sphere

b) The at torus

c¢) The one sheetedhyperboloid

d) The torus embeddedin space(the doughrut)



