
Attempt all questions. Time allowed: 2.5 hours

Midterm Examination: Modern Physics

1. (a) You want to explore the shape of a certain molecule by scattering electrons of

momentum p from a gas of the molecules and studying the deflection of the

electrons. You will be able to see finer details in the molecules by

i. Increasing p

ii. Decreasing p, or

iii. Not worrying what p is. (2 Marks)

(b) How is it possible to distinguish between the two isotopes of hydrogen, 1H and

2H? (2 Marks)

(c) The filament of a light bulb has many atoms that become thermally excited into

the same excited states. Why doesn’t the bulb act as a laser? (2 Marks)

(d) Why is the wave nature not apparent to us in our daily lives? (2 Marks)

(e) An electron is moving from left to right in a straight copper wire. It encounters a

gap of width w in the wire. You would like to decrease the speed of the electron

emerging from the right of the gap. Only possible way of achieving this is,

i. Increase the width w of the gap.
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ii. Increase Uo, the potential energy of the gap.
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iii. Increase the potential energy to the right of the gap.
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iv. Decrease the potential energy to the right of the gap.

v. More than one of the changes above would decrease the speed of the electron.

(4 Marks)

(f) The plot on the above left shows a potential energy function, V (x) versus x,

corresponding to an “asymmetric” infinite well. The infinite well is of width 2a,

with impenetrable walls at x = ±a, and where V (x) = +V0 for -a < x < 0 and

V (x) = 0 for 0 < x < +a. Of the figures on the right, which is/are most likely

to be physically acceptable energy eigenstate solutions for the time-independent

Schrodinger equation for this well?. (3 Marks)

i. I and IV only

ii. I only

iii. II and III only

iv. II only

v. IV only
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2. A bright star easily visible to the naked eye, emits radiation such that the intensity

(power per unit area) at earth’s surface is I = 1.6 × 10−9 W/m2 at a wavelength of

560 nm. If the pupil of the eye has a diameter roughly equal to 5 mm, estimate the

rate at which photons from such a star enter the night−adapted eye. Assume that the

human eye responds to a rate of 15 photons/s. What is the minimum power needed

to trigger the optic nerve? At this wavelength, how much farther away could this star

be and still be seen? (5 Marks)

3. A consequence of Stefan-Boltzmann law is that a blackbody at temperature T emits

radiation at a rate of P (T ) = σT 4. Suppose we have two ultra-large plates maintained

at 300 K and 6000 K. We place a small black plate between the two. This black plate

absorbs all radiation that falls on it. Assuming that at equilibrium, this plate emits as

much energy as it absorbs, what temperature will it acquire on reaching equilibrium?

(5 Marks)

4. Electrons are diffracted from a crystal with planar spacing between the atoms being

d. Diffraction maxima are obtained for 2d sin θ = nλ. If d = 0.45 nm, what energies

would electrons need for you to be able to observe upto four interference maxima? (5

Marks)

5. Monochromatic light of wavelength 720 nm passes through a fast shutter, which stays

open for a nanosecond. What will be the wavelength spread of the beam after the

light emerges through the shutter? (3 Marks)

6. Consider a particle of mass m with potential energy U(x) = −U0

(
x
a

)
for x < 0 and

U(x) = +U0

(
x
a

)
for x > 0, as shown in the Figure.

x

U(x)

Slope=Uo
a

Use the uncertainty relations to estimate the lowest energy the particle can have.

When is the minimum energy zero and why? (7 Marks)
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7. The de Broglie wavelength of a free electron of energy E is given by λ = h/p =

h/
√
2mE. Suppose the electron enters an electric field, acquiring a potential energy,

U(x) = −eV (x), where V is the electric potential. The energy changes to E =

p2

2m
+ U(x). (a) Write an expression for the de Broglie wavelength in the presence of

the electric field. (b) Effectively, the velocity of the electron changes in the presence

of the field. Show that its appears that the electron is moving through a medium of

refractive index n(x) =
√

E/(E − U(x)). (10 Marks)

8. (a) Show that the transmission coefficient T for tunneling from region I to region III (as

shown in the Figure) can be written as the product T1T2, where T1 is the transmission

coefficient for the barrier 1 and T2 is the transmission coefficient for the barrier 2. (b)

Construct a physical picture of the tunneling of a single electron through a barrier

with the transmission coefficient 1/2. (10 Marks)

9. The energy of an electron in a Bohr’s atom is En = −13.6Z2

n2 eV. An electron in

chromium (Z = 24) makes a transition from the n = 2 to n = 1 state without

emitting a photon. Instead, the excess energy is transformed to an outer electron in

the n = 4 state, which is ejected by the atom. This is called an Auger electron. Find

the kinetic energy of the Auger electron. (5 Marks)
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mass of an electron : me = 9.1× 10−31 kg

mass of a proton : mp = 1.67× 10−27 kg

Planck’s constant : h = 6.63× 10−34 J/s

~ = 1.054× 10−34 J/s

Speed of light : c = 3× 108m/s

1 eV = 1.6× 10−19 J

hc = 1243 eVnm

November 20, 2011 5


