Solution

Part 1a

a.
Vret = \/ v} — 2(e/m)V = 1.956 x 10%m/s
Vace = \/ V3 + 2(e/m)V = 2.044 x 10°m/s

Tret = Uretl, Xace = Ugce (t — T/Q)

Vgeel'
Tret = Tace — thunch = ﬁ =11.61T
ace re

b = Upettpunch = 2.272 x 1072 m.

b. The phase difference:

t
Ap =+ ( "“;C" - n> 27 = £0.61 x 27 = £220°.

OR
A = +140°
Part 1b
M
= Nr —
PL LNA

where ny, is the number of molecules per cubic meter in the liquid phase

Average distance between the molecules of water in the liquid phase:

Mo\
dr, = (n _1/3:<>
o= (nr) prNa
P.V =nRT,
where n is the number of moles
p_nMRT _ BT _nyMRT
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where ny is the number of molecules per cubic meter in the vapor phase.

RT )1/3

dy = (ny) ™13 = (P N
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(0.9 pts)
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(0.3 pts)

Part 1c
a. (0.5 pts.)
t
b. Vi >> Vi (0.2 pts)
c.
Vi = Vi (1- e /)

(0.2 pts)

If
Vi>>V;, T/RC<<1, e /B¢ x1—(T/RC)
then
T = (V¢/V;) RC

(0.2 pts)
d. R (0.2 pts)
e. SG and R (0.2 pts)
f. Correct circuit (0.4 pts)
Vo (0.3 pts)
V! — V¢ with the correct polarity (0.3 pts)
Total (1.0 pts)

Part 1d

As the beam passes through a hole of diameter D the resulting uncertainty in the
y-component of the momentum;

(0.6 pts)
and the corresponding velocity component;

h
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(0.4 pts)
Diameter of the beam grows larger than the diameter of the hole by an amount
AD = Avy.t,
where t is the time of travel. (0.2 pts)

If the oven temperature is T, a typical atom leaves the hole with kinetic energy

1 3
KE = —Mv* = kT
2" T2
(0.4 pts)
_[3kT
TV M
(0.2 pts)
Beam travels the horizontal distance L at speed v in time
L
t="=,
v
SO (0.2 pts)
L h Lh Lh
YT WMD T, Jsr  DVBMAT
M
(0.4 pts)

Hence the new diameter after a distance L will be;

Lh

Dyew =D 4+ ———
new D\3MET

(0.1 pts)



