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Uselul Conversions and Combinations

Fov = Leo2 1o M
Poa = 4184 ]
[ u = 83L5 MeV/ &
{ MeVA2 = 1073w 107 a = 1783 %X 107 g
L& =167 m =Ll nm
fm =0 Y m
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fio= 1973 X 102 ¢V nm = 3362 2 1078 om
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I MeV/e = B35 0107 kg

Wien's displacement law:

Amaxe] = 2898 x 103 m K
Compton’s effect:

AN—A = (1~ cosB)
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SECTION A

1. (a) What was the significance of the Davisson and Germer experiment?

[3]

(b) Lightning produces a maximum air temperature on the order of 10% K,
whereas a nuclear explosion produces a temperature on the order of 107 K,

(i) Use Wien's displacement law to find the order of magnitude of the
wavelength of the thermally produced photons radiated with greatest
intensity by each of these sources,

2]
(ii) Name the part of the electromagnetic spectrum where you would expect
each to radiate most strongly.
[2]
(c) A 70 meson is an unstable particle produced in high energy particle
collisions. Its rest energy is approximately 135 MeV, and it exists for alifetime

of only 8.70 X 10~17 s before decaying into two gamma rays. Using the
uncertainty principle, estimate the fractional uncertainty Am/m in its mass
determination.
[4]
(d) Photons of wavelength 450 nm are incident on a metal. The most energetic
electrons ejected from the metal are bent into a circular arc of radius 20.0 cm

by a magnetic field with a magnitude of 2.00 X 107> T. What is the work
function of the metal?

[4]

(e) The wave function for a quantum particle is given by

Ax for 0 £x <1.00
P(x) =
0 elsewhere
Find the value of the normalization constant 4, and the probability that the
particle will be found between x = 0.300 and x = 0.400.
(5]

(f) The matrix below operates on the input data (y;y, Vip) to yield the output

data (ygut, Vout) for a magnifying glass.

M=[1_q/f p+qa—pq/f
—1/f 1—-p/f

(i)  Find the image location and magnification.

[2]
(i)  Describe the image in the limitp — f.

[3]

(g) An antelope is at a distance of 20.0 m from a converging lens of focal length

30.0 cm. The lens forms an image of the animal. If the antelope runs away
from the lens at a speed of 5.00 m/s, how fast does the image move?
Does the image move toward or away from the lens?

[5]
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(h) A point source is located at a given position. You have a lens with focal length
f. How far away from the source should you place the lens so that the
distance from the source to the image is minimum?

[5]

(i) The input data (yq, V1) for a ray that propagates a distance L in space with
constant index of refraction is modified by the transfer matrix J to yield the
output data (yo, V). Find the transfer matrix 3.

[5]

SECTION B

2. (a) Assuming that all angles are small with respect to the horizontal, derive the
transfer matrix which acts on a ray of light crossing a flat interface
between two materials with indices of refraction nq and ny.

[5]
(b) An object is located a distance a to the left of a single flat interface
between two materials with indices of refraction nq and ny. A distance
b to the right of this interface is a concave mirror with radius R.
See Figure 1 below.
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Figure 1

(i) Use the matrix method to find the location of the image (that is, the
horizontal distance x from the mirror.}

[10]
(ii) Show that the condition that must be satisfied for a real image is
2
- (a +b f}w) > el
R ny ny
Check the limiting case nq1 = ny.
(5]
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3. The left hand of a long plastic rod of refractive index 1.56 is ground and
polished to a convex (outward) spherical surface of radius 2.8 cm. An object
2 ¢m tall is located in the air and on the axis at a distance of 15 cm from the
vertex, See Figure 2 below.
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Figure 2

Find the position and size of the image inside the rod
[20]

4. A ray of light with input data (y;,, Vi), ) starts at a distance d1 from a thin
lens (of focal length f) and is observed a distance d) away from the lens
on its right hand side with output data (¥oyt, Vout)-

(a) Derive the ray transfer matrix which modifies (y;y, Vin) to

out: Vout)-
[6]
(b) Show that the imaging condition leads to the lens formula
1 + 1 1
di dp f
(4]
(c) Find the magnification. Is the image upright or inverted? Explain your
answer,
(5]
(d) Describe the form of the image for the case of dy < f.
[5]
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5. A photon having energy Eg = 0.880 MeV is scattered by a free electron
initially at rest such that the scattering angle of the scattered electron is
equal to that of the scattered photon as shown in Figure 3.

Figure 3
(a) Determine the scattering angle of the photon and the electron.
(10]
(b) Determine the energy and momentum of the scattered photon.
5]
(¢) Determine the kinetic energy and momentum of the scattered electron.
[5]

6. (a) Since a charge e moving with an acceleration a in classical physics radiates
energy at a rate of
dE _ 2e 242
dt 3 (3

the classical hydrogen atom is unstable, and the electron will spiral into the
proton.

(i)  Show from the above equation (assuming quasicircular motion) that
the radius of the orbit decreases with time as

dr_ 4 64 1
dt  3m2e3y2

Integrate this result and find the time t, it takes the electron to fall

from an initial rg tor = 0. Forrg = 12 /me? ~ 0.0529 nm (the Bohr

radius), what is this lifetime in seconds?
[10]

(i)  What power would 1 gram of this “classical hydrogen” radiate initially,
if each electron starts at one Bohr radius from the proton?

(5]
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(b} In his 1922 paper, F. S. Brackett reported a transition in hydrogen ata
wavelength of 1 = 4.05 + 0.03 gm. Compare this with what you would expect
for a transition from the n = 5 to n = 4 levels of the Bohr atom, given by the

energy level formula

B = ?’H.CZCXZ
n- 2n2
[5]
[@=1/137.036 ;  mc2=511keV; e? = hcal

END OF PAPER
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