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Lokaprof. Kennari: Vidar Gudmundsson.

Leyfileg hjalpargogn eru skriffzeri og vasareiknivél.

[ préfinu eru 7 verkefni sem 61l vega jafnt. Leysa parf fimm peirra. Skrifid skyrt
og greinilega allar tutleidslur med hnitmidudum stuttum skyringum par sem pad 4 vid.
Oll verkefnin eru 16gd fyrir 4 islensku og ensku.

1. Islenska: Massi m hangir { 16dréttum gormi med kraftstuduli . Gormurinn er
hengdur upp 1 fostum punkti P. Annar eins massi hangir { eins gormi sem festur
er { fyrri massann. Heppilegast er ad mala stodu efri massans sem x; nidur a
vid frd jafnvagisstodu hans, og skilgreina samskonar hnit x5 fyrir nedri massann
midad vid jafnvegisstodu hans.

(a) Finnid hreyfijofnur kerfisins fyrir 16dréttar einvidar sveiflur.

(b) Reiknid eigintidni sveiflanna.

(c) Lysid eiginsveifluhdttunum.

(d) Berid eigintidnirnar saman vid par sem fést pegar 6drum massanum er hald-

10 fostum.

English: Mass m is suspended vertically attached to a spring with force coef-
ficient k. The spring is fixed to an immobile point P. Another identical mass
and spring system is attached to the first mass. It is convenient to measure the
displacement of the upper mass as x; downwards from its equilibrium position,
and define similarly x5 as the position of the second mass compared to its equi-
librium position.

(a) Find the equations of motion for the one-dimensional vertical oscillations of
the system.

(b) Calculate the eigenfrequencies of the system.

(c) Describe the eigenmodes of oscillations.

(d) Compare the eigenfrequencies to the frequencies obtained by holding one of
the masses fixed.



2. Islenska: Ogn med massa m hreyfist { einvidu stoduorkufalli

v =uf2(2) - (2))

par sem Uj og a eru jdkvadir fastar.

(a) Finnid kraftinn 4 6gnina.
(b) Rissid upp af U(x) og finnid stoduga og 6stoduga jafnvagispunkta.
(c) Metid tidni sveiflna um stoduga jafnvaegispunkta.

(d) Hver er minnsti hradinn sem 6gnin parf til ad sleppa ur kyrrstodu i midju
hnitakerfisins ut i buskann?

(e) Klukkan ¢t = 0 er 6gnin stddd { midju hnitakerfisins med pennan minnsta
sleppihrada. Finnid stodu hennar sem fall af tima x(t).

(f) Hve langan tima tekur hana ad sleppa?

English: A particle with mass m moves in a one-dimensional potential energy

-2 - )

with the positive constants U, and a.

(a) Find the force acting on the particle.
(b) Sketch U(x) and locate stable and unstable points of equilibrium.

(c) Estimate the frequency of oscillations of the particle around the stable points
of equilibrium.

(d) What is the lowest possible speed needed for the particle to escape with from
the center of the coordinate system to infinity?

(e) Attime ¢ = 0 the particle is located in the center of the coordinate system
with this lowest escape speed. Find its location as function of time z(t).

(f) How long time does it need to escape to infinity?

3. Islenska: Gerum r4d fyrir engu loftvidnami. Ogn er skotid beint upp 1 loftid upp
i hed h. Reiknid hnikun lendingarpunkts agnarinnar fra upphafspunkti hennar
vegna krafts Coriolis 4 nordurhveli jardar. Hvad gerist 4 sudurhveli? Hvers
vegna? Gerum rad fyrir ad h sé litil h&d midad vid geisla jardar.

English: Assume no air resistance. The particle is projected vertically into the
air to height h. Calculate the deviation of the landing place of the particle from
its launching place due to the Coriolis force in the Northern Hemisphere of the
Earth. What happens in the Southern Hemisphere? Why? Assume £ to be small
compared to the radius of the Earth.



4. Islenska: Ogn med massa m rennur 4n nénings { fostu pyngdarsvidi nidur gorm-
feril lystum 1 sivalninghnitum med z = k6, r = b, par sem b og k eru fastar.

(a) Finnid fall Lagrange fyrir kerfid og leidid tt hreyfijofnur agnarinnar.
(b) Finnid fall Hamiltons fyrir kerfid og leidid tut hreyfijofnur agnarinnar.

English: A particle with mass m in constant gravitational field slides without a
friction down a helix described in cylindrical coordinates with z = k6, r = b,
where b and k are constants.

(a) Find the Lagrangian function for the system and the equations of motion of
the particle.

(b) Find the Hamiltonian function for the system and the equations of motion of
the particle.

5. Islenska: Ogn hreyfist { midleegu kraftsvidi F'(r) = —k/r3. Finnid hreyfijofnu
agnarinnar og prenns konar mismunandi lausnir 4 henni. Lysid pessum lausnum
og athugid hvort stodugar hringbrautir séu mogulegar 1 pessu kraftsvidi.

English: A particle moves in the central force field F(r) = —k/r®. Find an
equation of motion for the particle and three possible different solutions to it.
Describe the solutions and check whether stable circular orbits are possible in
this force field.

6. Islenska: Ogn med massa m ferdast i einvidd i vokva par sem adeins vid-
ndmskrafturinn ' = mk+/v verkar gegn hreyfingu hennar. Setid fram hreyfi-
jofnu fyrir 6gnina. Finnid hrada hennar og stadsetningu sem fall af tima ef upp-
hafshradi hennar er vy. Hve langt kemst hin? Notid lidun Taylors til ad kanna
lausnina fyrir ,,1itid* ¢ og tdlkid nidurstoduna.

English: A particle with mass m in travels in one dimension through a liquid
where the only force acting on it is F' = mk+/v counteracting its motion. Write
down an equation of motion for the particle. Find its velocity and location as
functions of time if its initial speed is vo. How far does it get? Use a Taylor
series to explore the solution for “small” ¢ and interprete the result.

7. Islenska: Sveifill er gerdur dr massa m sem hengur er { annan enda massalauss
gorms med kraftstudul k. Hinn endi gormsins er hengdur upp { fastan punkt
og jafnvaegislengd hans med massanum er b { fostu pyngdarsvidi. Finnid fall
Lagrange fyrir sveifilinn og hreyfijofnur hans. Eru hreyfijofnurnar linulegar?

English: Oscillator is made from a mass m attached to one end of a massless
spring with force constant k. The other end of the spring is fixed to a point. The
equilibrium length of the suspended spring with the attached mass in a constant
gravitational field is b. Find the Lagrangian for the oscillator and its equations
of motion. Are the equations of motion linear?



