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Answer 1:

a) The directions of the cosmic background radiation are uniformly distributed over the full solid angle.
The rate of particles that pass through a unit area depends on the azimuthal angle 6: The maximum
flux is obtained when 6 = 0,7, and the minimum flux (=0) is obtained when § = 7/2. Thus, we, first,
need to find the number density as a function of azimuthal angle . This can be found by using the solid
angle for photon directions between ¢ and 6 + d6:
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The number density as a function of azimuthal angle must be proportional to the ratio of solid angle
defined by the shaded area above to the total solid angle:

~ ~2mrdf27sin(6)de
n(0)d0 = K== = K

where k' is the normalization constant that yields the total number density of n over the full 47 solid
angle coverage. Since, k' is unknown, let us define another constant &k such that it includes all the other

constants as follows:
n(0)df = ksin(6)dé

Then, we write the total number density in order to find k:

n = / A(6)d6 k/ sin(6)d6 — 2k
0 0

which gives the normalization: k& = n/2. Thus, we get the number density for the cosmic background
radiation in the direction between [0, 6 + df] as:

7(0)df = gsin(e)dG
This was the first step in solving this problem. Now, we can find the particles that pass through an area
of dA with an azimuthal angle between [0, 0 + d], using the number density for given direction, and
integrate it over the half range for which the number of particles that pass through the area from one
side to the other is found. Then, we multiply it by two —using the symmetry— to find the total rate for
both sides.



[V N

--» dAcos 0

The photons that pass through the area dA, with the azimuthal angle [0, 6 + df] in time §t occupy the
volume:

dV = dA |cosf| cot
Then, the number of particles that pass through dA in §t = 1 second with the azimuthal angle [0, 6 + d6]
can be calculated using the angular number density we found:
d(dN) = dV -na(0)do
= dv. g sin 6 df

= dAgC|COSQ|Sin9 dé
The integration over the total area A yields:
A
dN = ¥|c059| sin @ d6

The number of particles that pass through area A from left to right with respect to the above sketch is
calculated by the following integral:
/2 A /2 A
Nieft—sright = / N == cosOsinf df = =
0 2 Jo 4
By symmetry, Nieft—right = Vright—left, then the total number of particles that pass through a total area
of A per second can be found by:
N - Acn
2
(1.8 x 0.4 m?) - (3 x 108 m/sec) - (4 x 10% 1/m3)
2

N = 43x10% gec™!

This is about 2—3 orders of magnitude smaller than the number of photons emitted by the laser in question
2.

b)
E=u-V=(27x10°eV/m?) - (1.8 x 0.4 x 0.3 m*) = 39 keV/

Answer 2:
Energy of a single photon for this green laser is:

he 6.6 x107% J- s x 3 x10% m/s

v A 532 x 10~9 m
= 37x107197

Power is:
N-E,

P =37




Thus N is:

N = P-AT/E,
(5J/5)(1s)/(3.7 x 10712 J)
1.4 x 10" photons per second.

Answer 3:
The energy of directed photon is:

_@_1240ev-nm

B, =2 —6.2eV
TN 200 nm ¢

The work function for the silver metal is ¢ = 4.3 eV. Then, the maximum kinetic energy of the emitted
electron from the silver surface is, simply:

EP —F,—¢=62—43=19¢eV

Answer 4:
The orbital frequency is found by the speed divided by the orbital path length:
v nh B n2h?

n
forb = Un = Tn =
217y, mry mke?

and, combining these three equations and using the definition of fine structure constant o = ke?/hc, we
get:

a’me? 1
forb = h ﬁ

The orbital frequency at n = 3:
a’me? 1

forb,?) = T ' 277

The frequency of photon released by the transition from n; to ny is:
2, .2
a“me 1 1
E,=h-r = — - —
o' rad 2 (TL?@ 7%2 )
1

f _ a?mec? 1
rad = 2h n?c nlz

The first allowed transition is n = 3 — 2:

frad =

a?mc? (1 1)_a2mc2 5
2n \4 9/

The ratio of frequencies:
1 72
forb/frad,3%2 =—=-—=~0.5

The second allowed transition is n = 3 — 1:

frzzd =

2h \1 9

a’mec? <1 1) _ a’mc® 4
1 9/ 9

The ratio of frequencies:

1 9
forb/frad,fi%l - 277 : Z ~ (0.1

Answer 5:
We can use my, > m,, (ratio is ~1:10),




In order to have the minimum wavelength, the energy must be the maximum; the transition is for
n=o00— 1.

ozzm“CQ
2
= (1/137)%- (106 MeV/c?) - (¢*)/2

= 2800eV

E,=E.—FE = 0+

Then, the wavelength is found as:

~ 1240 eV -nm 1240 eV -nm

A -
E, 2800 eV

~ (0.5 nm



