3. NUCLEAR REACTORS (6 points) — Solution
and grading scheme by Topi Lind, Melvin Stor-
backa, Oleg Kosik, Aleksandr Sorokin and Lud-
mila Belogrudova.

i) (1 point)If the speed of the particle is much
less than the speed of light, we can use non-
relativistic approach. For non-relativistic
particles we know v = /2E)/m. Substitut-

ing values givesus vy = 2.2 x 103ms~!. This

is much less than the speed of light and thus
justified. Another way to justify the applic-
ability of the non-relativistic approach would
be to say that kinetic energy is significantly
less than the rest energy (Ey < mnc?).

Typo in problem description. E; = 0.025eV
is the mode of the Maxwell-Boltzmann distri-
bution which gives E = kyT. Average gives
E = (3/2)kT.

Using the mode of the Maxwell-Boltzmann
distribution, F = kgT, and remembering to
convert from eV to J correctly, we find

_0.025-1.602 x 107
Tr="Tasx= = 20K

With E = (3/2)kgT we find Ty ~ 193 K.

ii) (1 point)The non-relativistic approach jus-
tified as in previous task. Same approach
gives us vg = 2.0 x 10" ms~1.

Grading i)+ii): (preliminary)
- Expresses vy = +/2E;/m and/or vy =

\/m 0.3 pts
- Calculates vy = 2.2x10®ms™! and/or
vo = 2.0x10"ms! for two correct nu-
merical values; 0.5 pts; if only one value is
correct 0.3 pts.
- Uses By = 3kpT 0.3 pts
- Using this formula calculates T' = 193K
0.3 pts
- Justifies the validity of the classical ap-
proach in both cases 0.3 + 0.3 pts
Remark. Using E; = kT without justifica-
tion and finding T' = 290 K gives 0 pts for
the formula and 0.3 pts for the numerical
calculation.

iii) (2.5 points) In a collision between
particle 1 (mq,v1,; and vy,f) and particle 2
(ma,ve,; and vy y) momentum is conserved,

ml(Ul,f - Ul,i) = mz(vz,i - Uz,f)

and since the collisions are elastic, kinetic
energy is also conserved:

ma(vf ;= vi ;) =ma(v3; —v3 ).
Dividing the latter by the former leads to
V1,4 V1, f = V2, + V2, f

Substituting this to the conservation of mo-



mentum gives for particle 1:

mi1 — Mo ng

and similarly for particle 2:

2my mip —ma

V1,5 + V2,5
my + me my + me

V2,f =

We see that with m; = mo there is a max-
imum transfer of momentum. Assuming
that particle 1 is the neutron and particle 2 is
the target, and that the target is at rest for all
intents and purposes, the mass of the moder-
ators atoms should be the same as the neut-
rons.

In a single collision with a stationary
atom of the moderator, the speed of the neut-

ron decreases by the factor of 71222 so the

speed of the neutron after N head-on col-
lisions with stationary atoms of moderator

will be
N
_ mip — Mao
= ()
Hence,
B In(vs/vo)
N = W0y — o)/ ma o)
1 In(E;/Ep) _
~ 2In[(my — ma)/(m1 +mo)] ol

Grading: (preliminary)
- T < Ty, so moderator atoms are essen-

tially at rest 0.3 pts
+ Justifies that maximum momentum trans-
feris when m,, = M 0.4 pts
- Applies energy and momentum conserva-
tion 0.3 pts+
0.3 pts
- Expresses u = vl 0.4pts
N
+ Expresses vy = vg <z£z§> 0.5 pts
- Calculates N = 614 0.3 pts

iv) (1.5 points) We can model the gas in-
side the rod as an ideal gas. Simply due to
swelling the pressure inside the rod would
increase from 2.5 MPa to 5 MPa as we know



from Boyle’s law PiV; = PyVo ~» Py =
P, V1 /V5. Thus, the release of xenon must
contribute 1.5 MPa’s worth of pressure due to
Dalton’s law piot = pre + pxe. From ideal gas
law we find the amount of xenon moles as

nxe = pxeV/RTH = 5.5 x 107* mol,

where px. = 1.5MPa, Vo = 9cm® and T =
293 K. In a similar manner we find that the
amount of helium in the beginning was

nie = pueVo/RTp = 1.8 x 10~? mol,

where Pye = 2.5MPa, V5 = 18cm? and
To = 293 K. The ratio of the two is

e 3.3,

NXe

Grading: (preliminary)

- Applies Boyle’s law 0.3 pts
- Applies Dalton’s law 0.4 pts
- Expresses nx. = px.V/RT1y 0.2 pts
- Calculates nx, = 5.5 x 1073mol 0.2 pts
- Expresses nyge = pueVo/ R 0.2 pts

+ Calculates 1= = 3.3 0.2 pts



