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EDL302G Afifraeoi

Sjukra- og upptokuprdf 1 jandar 2020. Kennari: Vidar Gudmundsson.
Leyfileg hjalpargogn eru skriffeeri, 61l prentud og skrifud gogn og vasareiknivél.

[ préfinu eru 5 verkefni sem 61l vega jafnt. Leysa parf fjogur peirra. Skrifid skyrt
og greinilega allar tutleidslur med hnitmidudum stuttum skyringum par sem pad 4 vid.
Oll verkefnin eru 16gd fyrir 4 fslensku og ensku.

1. Islenska: Stoduorka agnar med massa m { tvividu metti og heimi er { pélhnitum
U(r) = —UyIn|(r/a)? + 1], par sem a og Uy eru jakvadir fastar.
(a) Finnid alhnit agnarinnar og fall Lagrange.
(b) Er eitthvert hnitid rasad?
(c) Leidid ut hreyfijofnu agnarinnar.

(d) Finnid fall Hamiltons fyrir 6gnina. Munid ad pad er fall af alhnitum og
alskridpungum agnarinnar.

(e) Finnid hreyfijofnurnar samkvamt kérjofnum Hamiltons.

(f) Lysir fall Hamiltons heildaorku agnarinnar?

English: The potential energy of a particle with mass m in a two-dimensional
world and potential in polar coordinates is U(r) = —UyIn [(r/a)? + 1], where a
and U, are positive constants.

(a) Find general coordinates for the particle and the Lagrangian.

(b) Is there a cyclic coordinate?

(c) Derive the equation of motion for the particle.

(d) Find the Hamiltonian for the particle.

(e) Find the equations of motion from the canonical equations of Hamilton.

(f) Does the Hamiltonian describe the total energy of the particle.



2. Islenska: Perla med massa m rennur 4n vidndms 4 hringlaga gjord med geisla
a. Gjordinni er komid fyrir 4 stong med lengd R sem snyst med hornhradanum
w 1 1aréttri sléttu eins og myndin synir um punktinn O.

(a) Finnid fall Lagrange fyrir perluna.
(b) Leidid 1t hreyfijofnu perlunnar.
(c) Finnid jafnvegisstodu perlunnar.

(d) Finnid tidni smarra sveiflna fyrir perluna um jafnvaegisstoduna.

English: A bead with mass m slides without a friction on a hoop of radius a.
The hoop is mounted on a stick with length R that rotates with the angular speed
w in a horizontal plane as the figure shows around the point O.

(a) Find the Lagrangian for the bead.
(b) Derive the equation of motion for the bead.
(c) Find an equilibrium position for the bead.

(d) Find the frequency of small oscillations for the bead around the equilibrium
position.



3. Islenska: Ogn med massa m er skordud til ad fylgja braut { 16dréttri sléttu sem
lyst er med fallinu 2z = z In [(x/x0)? + 1], par sem z og g eru jakvaedar sterd-
ir. Pyngdarkraftur verkar 4 6gnina.

(a) Finnid heppileg alhnit fyrir 6gnina.

(b) Finnid fall Lagrange fyrir 6gnina.

(c) Leidid ut hreyfijofnur agnarinnar 4 brautinni.

(d) Reiknid alkraftana sem verka 4 6gnina 4 hreyfingu hennar um brautina sem

foll af stadsetningu hennar og hrada.

English: A particle m is constraint to move along a track in a vertical plane
described by the function z = zyIn[(x/x0)? + 1], where 2, and x are positive
parameters. Gravitational force acts on the particle.

(a) Find convenient generalized coordinates for the particle.

(b) Find the Lagrangian for the particle.

(c) Derive the equations of motion for the particle on the track.

(d) Calculate the generalized forces acting on the particle during its motion on
the track as functions of its position and the velocity.



4. Islenska: Sniningspenddll er gerdur dr stjarfhlut sem hengdur er upp i vir
pannig ad hann sveiflist ekki til, en snuist getur upp 4 hann og vegna efnis-
eiginleika virsins leitast stjarfhluturinn aftur { jafnvegisstodu eins og venju-
legur pendull, vegna vaegis en ekki krafts. Einfaldasta utgafa hreyfijofnunnar
er 16 = —x0, par sem x er vagisstudullinn, sambarilegur vid kraftstudulinn %
sem einkennir venjulegan gorm sem fylgir Logmali Hooks.

(a) Finnid sveiflutima tenings med massa m og hlidlengd b sem hendur er upp
4 einu horninu { vir med lengd L.

(b) Hvernig breytist sveiflutiminn pegar tengingurinn er hengdur upp { mid-
punkti eins jadarsins milli tveggja flata hans?

English: A torsional pendulum is made from a rigid body that is suspended from
a wire such that it does not oscillate, but can turn and the material properties of
the wire counteract it with a torque on the body that directs it back to the equilib-
rium position. In its simplest form the equation of motion is / 0 = —k#, where
k is the torque coefficient comparable to the force coefficient k ,characterizing a
usual spring obeying Hooks law.

(a) Find the oscillation period of a cube with mass m and side length b that is
suspended from one corner from a wire with length L.

(b) How does the period change when the cube is suspended from the midpoint
of one of its edges?



5. Islenska: Fall Lagrange sem Iysir einvidu kerfi tveggja vixlverkandi agna er

L= ; (mﬂﬁ + m2d§) - I; (qf + qg + aqi1qe + OéQ2Q1) )

par sem « er viddarlaus tengistudull sem styrir styrk vixlverkunar agnanna.

(a) Finnid tidni smarra sveifina kerfisins.
(b) Hver eru normalhnit kerfisins?
(c) Lysid normalhattum kerfisins.
(d) Finnid lausn kerfisins fyrir upphafsgildin ¢;(0) = a,¢2(0) = 0, ¢:(0) =
0, ¢2(0) = vy, par sem a og vy eru fastar.
English: The Lagrangian for a one-dimensional system of two interacting parti-
cles is
L= ; (mﬂ]'% + mgé%) - ]; (qf + @+ aqge + 04(12%) ;
where « is a dimensionless coupling coefficient governing the strength of the

interaction of the particles.

(a) Find the frequencies for small oscillations in the system.
(b) What are the normal coordinates of the system?

(c) Descibe the normal modes of the system.

(d) Find the solution for the system for the initial values ¢;(0) = a, ¢2(0) = 0,
G1(0) = 0, ¢2(0) = vy, where a and vy are constants.



