METODY RIESENIA FYZIKALNYCH ULOH 3 leto22 - Priklady 2
VZOROVE RIESENIA
Cvicenie 9.3.2022

Priklad 1
(a) Start with equations of x; and zs:

mlii:l = —k{xl — Te + i]'
mg.'flg = —k(mz S e E}

The sum of these equations describe the free particle motion of the center of mass
variable Tem = (mazy + maxa)/(Mmq + ma):

Fom =0

If the first equation is multiplied by mg and subtracted from the second multiplied
by mi, we find a simple harmonic equation for the variable y =z —z, — I:

mymay = —(my + mg)ky (1)

Thus, if we define wy = y/k/p with g = myms/(m; + ms) we have the solution:

y(t) = —Alcos(wot)
# mg(t'- - Af)
o my + ms

(b) The extra friction force does not change the structure of the equations:

midy = —k(x1—x2+1)— o(d1 — I2)
Mmels = —k(xe2—x1 —1)— o(Z2 — 1)

so they are solved the same variables z., and y:

y(t) = e "2Al {_, cos(wt) + % sin(wt)}
ma{l — Al)
Tem = ——
Ty -+ Mg

where v = o/p and w = Juwi — ¥2/4.



(c) The equations become less familiar if friction is introduced between the table and
my:

m1_:'r'.1 = —k{x] — Ty + f) - U‘ii?]

mals = —k{xz—z1-10).

Now the center of mass motion will couple with the oscillating variables and the
four frequencies present in this system of two coupled second order equations can be
found by solving:

_ 2 o 1 —_—
0 — det( miw* + k + iow k )

—k —maw? + k
= mmaw® — (my + ma)kw? + iow(k — maw?).

If ¢ = 0, these have the double root w = 0 and the two roots w = wy corresponding
to the z,(0) + Tcm(0)2 ¢cm mass and oscillatory motion above. These zeroth-order
results can then be substituted in the above equation to find the frequencies to first
order in o:

. Trig
w = Z4wy+ic—7m——
my(my + my)
) o
w =0, w=+4+i—m,
my -+ mMs

The w = 0 root corresponds to equilibrium with an arbitrary cm location, while
io /(ma+mg) describes non-oscillatory behavior with non-zero cm velocity, decreasing
exponentially to zero. Finally +wy + icma/(m1[m; + ma]) corresponds to oscillatory
motion damped by the motion of m;.
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Priklad 3

3. (a) At 107 K we estimate KE per neutron

kT =138 x1072 J/K x10" K ~ 10716 J

compare to neutron rest energy

mc? = 1.6 x 10727 x 9 x 1016 kg m/sec2 ~ 10710 J >> kT
these neutrons are nonrelativistic (by a factor of 10° or so)

(b) compute Fermi energy for nonrelativistic gas

241pp
h3 3

€ pF - R ii £
F=om ™ am\s8xV

N =

S0




plug in numbers, compute density p = 10'* g/em?® = 10'7 kg/m3
N/V = p/m = (107 kg/m>)/(1.6 x 10727 kg) ~ 10*'/m?
F~ 10797 J2 sec? x (102 m—3)?/3)/(1072" kg) = 10711 J >> kT

so neutron star can be considered a zero-temperature Fermi gas

(c) ground state energy of Fermi gas

E = f\fp ~ Neg

\J‘I o

pressure 1s volume derivative

dE\ 2E 2 _
p:_(av)ZEVZEMF/V

estimate

p~erN/V = 10711 Jx10¥m—2 = 10%} Pa

plug in to find
M = (10*3N/m2/1071° N m?/kg?)3/2 /(1034kg?/m®) ~ 10%° kg

is the mass needed to generate this pressure.

Note that this mass corresponds to a neutron star size of R ~ 10* m, and is roughly the
mass of our sun (which is 2 x 10%0 kg).

More careful analysis shows that the critical mass needed to create a neutron star (to force
electrons to combine with protons) is about 3 x 1030 kg.
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b)

a) The ground state for particle is:

()= YT cos(3)

and first excited state:

Wl(x) = \/% Sm(ZTH)

After the expansion the final eigenfunctions are, for the ground state:
wolx)= 005(21
and for the first excited state:
yi(x)=-sin(%)
In the sudden approximation, define PUJ. as the probability that the particle starts in the ground
state 0 and ends in the final state j, so that:
B =l ﬂf‘z
with:

Toy = [ dxwr) (o)



So the amplitude for the particle to remain in the ground state is:

5 (12 :
Lop= %J‘_wdxcos(%)cos(%)

)

-4 (sin(Z)+1sm(3)) |,

/2
Jimdx(cos(%ﬁ cos (3=

do o gt

So the probability I is:
(8}
Pao = (ﬁ)
c) For the transition between the initial ground state and the final excited state l,ylr , the amplitude

for the transition is:
Lj2 ;
Iy, = J-—sz deyr{(x o (x)
L/2 .
=2 [ dusin(F)eos(s)
Since this is an odd function in x and we are integrating over 7% <x< +%then Im =0 and the

probability F,is:
£, =0



