IAT -1 PHYSICS SOLUTION
1A

Particle in an infinite potential well problem:
Consider a particle of mass m moving along X-axis in the region from X= 0 to X = a in a one dimensional potential well as

shown in the diagram. The potential energy is assumed to be zero inside the region and infinite outside the region.
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Applying, Schrodingers equation for region (1) as particle is supposed to be present in region (1)

2 2
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V= Ofor region (1)

2 2
Auxiliary equation is (D +k )X =0
Roots are D = +ik and D = -ik

The general solution is

x=Ae™ + Be™™

= A(cos kx + isin kx) + B(cos kx — isin kx)
=(A+ B)coskx +i(A— B)sin kx

= Ccoskx + Dsin kx

The boundary conditions are (3 marks)

Latx=0, ¥=0..C=0

2. At x=a, ¥Y=0
Dsinka=0 =>ka=nll ... 2
wheren=1,23...

.. W =Dsin nE X
a



212
n°h

From (1) and (2) E= 2 (2 marks)

ma

To evaluate the constant D:
Normalisation: For one dimension
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1B Formula 1mark, Substitution 1 mark, Answer 1 mark
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HEISENBERG’S UNCERTAINTY PRINCIPLE:

The position and momentum of a particle cannot be determined accurately and simultaneously. The product of

h

uncertainty in the measurement of position (Ax) and momentum is always greater than or equal to

(2 marks)

h
(Ax) .(Ap) 2 a0

TO SHOW THAT ELECTRON DOES NOT EXIST INSIDE THE NUCLEUS:
We know that the diameter of the nucleus is of the order of 10-°m.If the electron is to exist inside the nucleus, then

the uncertainty in its position Ax cannot exceed the size of the nucleus

Ax =5x10"m
Now the uncertainty in momentum is
Ax =5x10"m

AP = o 0.1x10 " kg.m/ s
A7 xAx

Then the momentum of the electron can atleast be equal to the uncertainty in momentum.

P~AP=0.1x10"kgm/s
Now the energy of the electron with this momentum supposed to be present in the nucleus is given by (for small

velocities -non-relativistic-case)

2

E= pr__ 5.5x10"" J = 343MeV (4 marks)
2m

The beta decay experiments have shown that the kinetic energy of the beta particles (electrons) is only a fraction
of this energy. This indicates that electrons do not exist within the nucleus. They are produced at the instant of

+

decay of nucleus( I > p+€+V / p—=>n+€+V ) (1 mak)



ZB Formula 1mark, Substitution 1 mark, Answer 1 mark
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Time independent Schriodinger equation

A matter wave can be represented in complex form as

Y = Asin kx(coswt + i sin wt)
¥ = Asinkxe™

Differentiating wrt x

a¥ = kA cos kxe™"
dx

2
v = —k*Asinkxe™ =—k*W¥Y ... )

> —

dx

From Debroglie’s relation

1 h h
— = —— = — (3 marks)
A mv p
2z 2lp
A h
2
k* =411 p2 ................ @)

Total energy of a particle
E = Kinetic energy + Potential Energy
2

E=£ 1y
2m

E=—mv+V (3 marks)

p2 =(E-V)2m

Substituting in (2)
AT (E-V)2m

k’ e




.". From (1) (1 mark)
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+ =
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Expression for energy density: (3 marks)

Induced absorption:

It is a process in which an atom at a lower level absorbs a photon to get excited to the higher level.

Let E; and E: be the energy levels in an atom and N1 and N be the number density in these levels respectively. Let U, be the

energy density of the radiation incident..

E>
/\/\/’ y:E2_E1
' h

Eq

Rate of absorption is proportional to the number of atoms in lower state and also on the energy density U,

Rate of absorption = B N;Uy

Here B12 is a constant known as Einsteins coefficient of spontaneous absorption.

Spontaneous emission:

It is a process in which ,atoms at the higher level voluntarily get excited emitting a photon. The rate of spontaneous emission
representing the number of such deexcitations is proportional to number of atoms in the excited state.

Rate of spontaneous emission = Az N»

Here By2 is a constant known as Einsteins coefficient of spontaneous emission.
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Stimulated emission:
In this process, an atom at the excited state gets deexcited in the presence of a photon of same energy as that of difference

between the two states.

E2

The number of stimulated emissions is proportional to the number of atoms in higher state and also on the energy density Uy,
Rate of stimulated emission = Bz; NoU,

Here B.; is the constant known as Einsteins coefficient of stimulated emission.

At thermal equilibrium,
Rate of absorption = Rate of spontaneous emission + Rate of stimulated emission

B:NiUy = Ax N + BaN2 Uy
— A2]N2
4
Blle _leNz

Rearranging this, we get

7_321 BI2N1 _1
leN2

hy
5 L _ kT
From Boltzmann’s law , —— = ¢
2

Hence

From Planck’s radiation law,




Comparing these expressions, we get

ﬁ _ Sﬂh73 dBl2
B, ¢ B,

=1 (3 marks)

Conclusions 1 mark
1.Rate of stimulated emission is directly proportional to wavelength
2. Rate of Induced absorption is equal to rate of Stimulated emission

4 B Formula - Imark, Substitution - 1 Mark, Answer- 1 mark
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Carbon dioxide laser

It one of the high efficient laser with power output in the range of few 100W to

Kilowatt.

Construction. Construction ( 3 marks)

1.Active medium — Mixture of CO2, N2 and He in the ratio 1:2:8. Nitrogen absorbs

energy from the pumping source efficiently.Helium gas conducts away the heat and

also catalyses collisional deexcitation of CO2 molecules.

2.The discharge tube consists of a glass tube of 10-15mm diameter with a coaxial

water cooling jacket.

3.Partially reflecting and fully reflecting mirrors are mounted at the ends of the tube.

4.0Optical pumping is achieved by electric discharge caused by applying potential

difference of over 1000V.

Water cooling
jacket
10-15mm diameter and

length 1-2m depending on B [ J[—
power required CO+Ny+He

Fully silvered
mirror [

3000V Voltage source to
produce 100 W Laser
output

Brewsters
window

Polarised

e * laser beam

Partially silvered
mirror



Working: working ( 4 marks)

1.COz is a linear molecule and has three modes of vibration —Symmetric stretching
(100), Asymmetric stretching (001) and bending (010).

2. Asymmetric stretching (001) is the upper laser level which is a metastable state.
(100) and (020) are the lower lasing states

3.During electric discharge, the electrons released due to ionisation excite N
molecules to its first vibrational level which is close to upper lasing level of COs..

4.N; molecules undergo collisions with CO, molecules and excite them to (001). This
results in population inversion.

5.Lasing transition occurs between (001) and (100) emitting at 10.6pum and (001) to
(020) emitting at 9.6pum

6. CO2> molecules deexcite to ground state through collisions with Helium atom.

Upper Lasinglevel
A (001)

0.3eV Y

Collisional transfer (100)

of energy I[owTr Laser
eve

v

4 (010)

Collisional deexcitation
with He atoms

> Ground state

Nz COZ

SB

Formula 1mark, Substitution 1 mark, Answer 2 marks
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LASER RANGE FINDER (3 marks)

Laser rangefinders have numerous applications such as measuring of rooms and
buildings in the construction sector, to determine the depth of snow in inaccessible
areas, Cloud base height for atmospheric study, air pollutant distribution, attitude
characterization of space debris, trajectory of aircraft, satellites. Laser technology is
more cost effective.

The laser rangefinder uses a laser signal is transmitted and returned from a target. The
time delay between transmission and receipt of the signal is used to determine the
distance to the target based on the speed of light. The receiver consists of reflector,

photodetector and amplifier.

LASER beam

/ s

> Date Processing
\ system

Range of the intruding object = Velocity x Time
LASER PRINTER (3 marks)

e To begin the laser printer process, the document is broken down into digital data and
sent from the respective computer to the printer.

e The process called conditioning involves applying a charge to the drum unit and the
paper as it passes through the corona wire. Adding a static charge to the paper
allows an image to be electrostatically transferred to the laser printer page.



6B

The primary charge roller springs to life, spinning the adjacent organic
photoconductor (OPC) drum. lons on the corona wire coat the drum with static
electricity. The electro-photographic process begins at the molecular level. The drum
completes its revolution, slathered with a negative charge.

the photosensitive drum is exposed to a laser beam. Every area of the drum exposed
to the laser has its surface charge reduced to about 100 volts DC.

An invisible latent print is generated as the printer's drum turns. The image that will
ultimately be printed exists for the first time as a thin layer of electrons on the OPC
drum.

The darkness within the printer cartridge is broken by the glow of the laser. The beam
bounces off a spinning, multi-sided mirror and breaks into countless rays of
information, spraying the OPC drum with its knowledge, turning the negative charges
positive.

Line-by-line, the laser speaks to the revolving surface of the drum unit, describing a
page with the language of charged toner particles. This part is black, this part is
yellow, and this part...yes, this part...is wonderfully magenta. The drum wears a
positively charged image on its surface, ready to transfer onto the paper.

In the developing stage, toner is applied to the latent image on the drum. Toner is
composed of negatively charged powdered plastics — black, cyan, magenta, and
yellow. The drum is held at a microscopic distance from the toner by a control blade.
Toner is 85-95% finely ground plastic. Other toner ingredients used in printers include
colored pigments, fumed silica, and control agents. Silica keeps the toner particles
from clumping and sticking together. It also helps the toner flow smoothly from the
cartridge to the printer. Bits of zinc, iron, and chromium are used as control agents to
retain the negative electrostatic charge of the toner particles.

The secondary corona wire, or transfer roller, applies a positive charge onto
the paper. The agitator unit inside the toner cartridge hopper spins, and the toner
begins to heat up. The toner adder spins, pulling toner in, gathering toner dust on its
surface. A doctor blade sweeps over the adjacent developer roller, leveling the toner
to a precise height. All the spinning and commotion has left the magenta particles on
its surface with a negative charge, and when it comes in contact with the positively
charged image on the OPC drum, the laws of attraction take over. The negatively
charged toner on the surface of the drum is magnetically attracted to the positively
charged areas on the paper.The magenta toner particles are pulled from the
developer onto the drum according to the precise instructions left by the laser. A few
magenta toner particles here, several there, and a bunch more that will blend with
black, yellow, and blue to form a rainbow of beautiful colors. The sheet of paper
passes over each color cartridge -- magenta, yellow, cyan, and finally black — as the
image is transferred onto the paper.

The final phase is fusing. Heat and pressure are applied to the toner by the fuser unit.
The toner generates a permanent bond as it is pressed and melted into the paper.
Teflon covers the fuser unit as a light silicon oil is applied in order to remove any
possibility of the sheet of paper sticking to them.

The fuser unit essentially melts the toner powder onto the page, creating the image. A
wiper blade cleans any remaining particles off the OPC drum and deposits them into
a waste bin. Any latent charge left on areas of the drum surface is erased, restored,
refreshed, and ready for the laser printer to sing again.

Formula 1mark, Substitution 1 mark, Answer 2 marks
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Matter waves are the probability waves associated with matter. The
wavelength of the group of waves associated with particle of mass m

moving with a velocity v is given by the expression (I1mark)

h h h

ﬂ/:_: =
mv  \2meV  \2mE

where his the Planck’s constant

Properties of Matter waves: (2marks)

1. Matter waves represent the probability density variation in a region.

2. A matter wave in complex form is written as
W = Asin kx(cos wt +isinwe) . It 1s obtained as general solution to
Schrodinger’s equation.

3. Matter waves are neither transverse nor longitudinal and their velocity
is equal to that of Particle.

4. They propagate as group of waves.

Derivation: (3marks)

E =mc?
E=hf
hf = mc®
hf h h
=mc=—-—=—=—
P c ¢ A
f
=t
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Formula 1mark, Substitution 1 mark, Answer 2 marks

n =2

3L/4
2 nr 2 1—cos2nmx/L
Probability = Hdx=| Ssin* —xdyx== dx
=] 2o a2 10
3L/4 . 3L/4
21 2 rcos2nmx/L 1 1|sin2nmx/L
=—J.—dx—— —dx:—[x] - —
L2 2L L Ll 2nx/L |,

=0.347



