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WAVE-PARTICLE DUALITY OF LIGHT

In 1924 Einstein wrote:- “ There are therefore now two
theories of light, both indispensable, and ... without any
logical connection.”

Evidence for wave-nature of light

e Diffraction and interference
Evidence for particle-nature of light
 Photoelectric effect

« Compton effect

L ight exhibits diffraction and interference phenomena that
are only explicable in terms of wave properties

Light is always detected as packets (photons); if we look,
we never observe half a photon

*Number of photons proportional to energy density (i.e. to
square of electromagnetic field strength)

Consequence: Heisenberg uncertainty principle



De Broglie

MATTER WAVES

We have seen that light comes in discrete units (photons) with
particle properties (energy and momentum) that are related to the
wave-like properties of frequency and wavelength.

In 1923 Prince Louis de Broglie postulated that ordinary matter can have
wave-like properties, with the wavelength A related to momentum
p in the same way as for light

de Broglie relation 1 N planckes constant

_ D h=6.63x10"*Js

de Broglie wavelength

NB wavelength depends on momentum, not on the physical size of the particle

Prediction: We should see diffraction and interference of matter waves



Hert J.J. Thomson

Ty

PHOTOELECTRIC EFFECT

When UV light is shone on a metal plate in a vacuum, it emits
charged particles (Hertz 1887), which were later shown to be
electrons by J.J. Thomson (1899).

Light, frequency v

Vacuum

chamber ™ /
|
|

Classical expectations

Electric field E of light exerts force
F=-eE on electrons. As intensity of
light increases, force increases, so KE
of ejected electrons should increase.

Electrons should be emitted whatever
the frequency v of the light, so long as
E is sufficiently large

A

Ammeter For very low intensities, expect a time
lag between light exposure and emission,
while electrons absorb enough energy to
escape from material

Potentiostat
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PHOTOELECTRIC

Actual results:

Maximum KE of ejected electrons is
independent of intensity, but
dependent on v

For v<v, (i.e. for frequencies
below a cut-off frequency) no
electrons are emitted

There is no time lag. However,
rate of ejection of electrons
depends on light intensity.

EFFECT (cont)

Einstein

Einstein’s
interpretation (1905):

Light comes in packets
of energy (photons)

E=hv

An electron absorbs a
single photon to leave
the material

The maximum KE of an emitted electron is then

Ko =Hhv-W

/

AN

Planck constant.
universal constant of
nature

Work function. minimum
energy needed for electron to
escape from metal (depends on
material, but usually 2-5eV)

h=6.63x10"*Js

Verified in detail
through subsequent
experiments by
Millikan



COMPTON SCATTERING

Compton (1923) measured intensity of scattered X-rays from
solid target, as function of wavelength for different angles.

He won the 1927 Nobel prize.

X-ray source
Collimator Crystal

(selects angle)  (sglects AN
wavelength) "

Target ™ |

Detector

Result: peak in scattered radiation
shifts to longer wavelength than source.
Amount depends on & (but not on the
target material). A.H. Compton, Phys. Rev. 22 409 (1923)




COMPTON SCATTERING (cont)

Classical picture: oscillating electromagnetic field causes oscillations in positions of
charged particles, which re-radiate in all directions at same frequency ana wavelength as
Incident radiation.

Change in wavelength of scattered light is completely unexpected classically

NVAVAVA T | VAVAVA =
Incident light wave Oscillating electron Emitted light wave

Compton’s explanation: “billiard ball” collisions between particles of
light (X-ray photons) and electrons in the material

Before After D,

scattered photon

e N

Electron

Incoming photon

P,

® scattered electron




COMPTON SCATTERING (cont)
Before After ..

_ scattered photon
Incoming photon

o e I
14
Electron 4
P, @ scattered electron
Conservation of energy Conservation of momentum
2 2 .2 2 .4 \}?2 h-
hy +m,c? = hv'+( pZc® + mic*) p, ==1=P, +P,

From this Compton derived the change in wavelength

A== L(1—(:059)
m.c

=4, (1-c0s8)=0

A, = Compton wavelength = N oax10%m
m.c

e



SUMMARY OF PHOTON PROPERTIES

Relation between particle and wave properties of light
Energy and frequency E = hv

Also have relation between momentum and wavelength

Relativistic formula relating E2 _ pzcz +mc?
energy and momentum

For light E:pc and C= AV

I
A C
Also commonly write these as wavevector
27T h
E=hw P=FK w=27v k== &=

angular frequency A hbar 27T



et us Estimate some de Broglie wavelengths

» Wavelength of electron with 50eV kinetic energy

2 2
P N P 17x10%m

2m. ) 2m_A° J2m K

« Wavelength of Nitrogen molecule at room temperature

K=

K =%, Mass = 28m,
A= h =2.8x10""m
J3MKT
« Wavelength of Rubidium(87) atom at 50nK
A=— ' _12x10°m

V3MKT




HEISENBERG MICROSCOPE AND
THE UNCERTAINTY PRINCIPLE

(also called the Bohr microscope, but the thought
experiment is mainly due to Heisenberg).

The microscope is an imaginary device to measure
the position (y) and momentum (p) of a particle.

Heisenberg

Particle

NN AL O

Light source,
wavelength A

\ 012

| Resolving power of lens:
Lens, with angular

diameter 0 Ay > g



HEISENBERG MICROSCOPE (cont)

Photons transfer momentum to the particle when they scatter.

Magnitude of p is the same before and after the collision. Why?

Uncertainty in photony-momentum

= Uncertainty in particle y-momentum

0/2

—psin(0/2)< p, < psin(6/2)

Small angle approximation
Ap, =2psin(0/2)~ po

de Broglie relation gives p=h/A4 andso Ap, ~—

From before Ay > %

hé
A

hence ApyAy ~ h

HEISENBERG UNCERTAINTY PRINCIPLE.




HEISENBERG UNCERTAINTY PRINCIPLE

It follows that;

AXA
AYA
AZA

0, =2 hl2

HEISENBERG UNCERTAINTY PRINCIPLE.

We cannot have simultaneous knowledge
of ‘conjugate’ variables such as position and momenta.

Note, however,

AXApy >0 et

Arbitary precision is possible in principle for
position in one direction and momentum in another



HEISENBERG UNCERTAINTY PRINCIPLE

There Is also an energy-time uncertainty relation

AEAt > 71/2

Transitions between energy levels of atoms are not perfectly
sharp in frequency.

n=3

An electron in 7= 3 will spontaneously
WWW_’n —9 decay to a lower level after a lifetime
of ordert ] 10°s

E=hv,




CONCLUSIONS

Light and matter exhibit wave-particle duality

Relation between wave and particle properties h B E
given by the de Broglie relations v pP= 2

Evidence for particle properties of light
Photoelectric effect, Compton scattering

Evidence for wave properties of matter
Electron diffraction, interference of matter waves

(electrons, neutrons, He atoms, C60 molecules)
AXAp, > 71/ 2

Heisenberg uncertainty principle limits AYAp, > il 2
simultaneous knowledge of conjugate variables y

AZAp, > 71/ 2




PHOTOELECTRICITY

When light falls on metal surfaces, electrons are
emitted. This is the photo-electric effect. The emitted
electrons are known as photo-electrons i.e. when light
(e.g ultraviolent rays) fall on zinc plate, electrons are
liberated from zinc plates. This phenomenon is called
photoelectric emission.

In general, the emission of electrons as a result of
electromagnetic wave falling on the matter is
referred to as photoelectric effect.

Photo-electric emission occurs when electrons are
emitted from surface of metal plates when it is
Illuminated by light of sufficient high frequency.



The following important observations were made Iin the study of
the photoelectric effect. Electrons are emitted at the instant the
surface is illuminated even with light of very weak intensity:

 For each metal there is a well defined frequency called the
Threshold Frequency which must be exceeded for electrons
emission to occur, no matter how strong the intensity of light
may be.

 The maximum kinetic energy of the emitted electrons increases
with the frequency of the incident light but is independent of the
Intensity of light.

* This follows that, emission of electrons depends on the
threshold frequency, but rate of emission of electrons depends
on the intensity of the light.

 Threshold Frequency: is the minimum frequency of the illuminating light
which will just be sufficient to cause photoelectric emission. The threshold
frequency is not the same for all metals, the energy of the emitted electrons

varies from zero to a maximum.



PHOTOELECTRIC CELL AND ITS MODE OF OPERATION

|J/ N
AT L/
When light photons incident or fall on the cathode (i.e. emission metal plate)
electrons are emitted which goes to the anode or collector to generate

current flow.

When intensity of light varies, the rate of emission of electrons varies, thus,
the flow of current varies.

Explanation of what happens to energy of light before emission of electrons
begins.

The energy of illuminating light as absorbed by photo-cell and are used to
overcome the force that bind the electron together, but this may not be
sufficient to remove the electron until light with sufficient threshold frequency

IS attained. One factor that may affect the number of emitted electron is the
iIntensity of the light.



Work Function

The minimum energy tom liberate an electron from the surface of a metal is called work
function of that metal or Binding Energy.

Work function = hf,, where f, is the threshold frequency and h = Planck’s constant.
Energy of the illuminating light = hf; where f = frequency of the light.

« Part of this energy is also to overcome the work function of the metal (i.e. to get the electron
free from the atom and away from the metal surface). The reminder of the energy is used to
give the liberated electron a kinetic energy, (E, = ¥amv?) where v is the velocity of the
photoelectron of mass M. the work function, w = hf,

 Energy of the illuminating light = Work Function + Kinetic Energy of Electrons

« Maximum Kinetic Energy a photoelectron can posses = Energy of the illuminating light — Work
Function

o E =[hf-hf]; e ()
« whereE, = ¥2mv?; This is Einstein’s Photoelectric Equation.

* Note that, the energy of the ejected electron may be found by determining what potential
different (v) must be applied to stop its motion.

o Then, B = YoMV 2 = @V S oo oo e e e (i)
e The product eV is the electron-volt and Vs is the stopping potential.
Stopping Potential (Vs) is point attain for which no electrons reach the collector (Anode).

O V2 1 (iii)

Note also that, Number of electrons hitting the anode per second = current divided by electron charge.

current I

* i.e. No. of Electrons striking the target per second = =—
electron charge e

also, the Electric Power Input, P = Current x Voltage = IV



Examples:

Calculate the frequency of the photon whose energy is required to eject a surface
electron with K.E of 1.97x10%eV, if the work function of the metal is 1.33x10 V.
(1leV = 1.6x10™J; h = 6.62x107%Is

Solution

W = hfy= 1.33x10 eV

Ex = 1.97x107%yV,

Using Ex = [hf — hf,] (making f the the subject of the formula)

f — ER'I'h_rﬂ
h

1.97x10 1®+1.33x101®

6.6x10—34
3.3x10"16
=218 — 5 0x10"eV
6.6x10—34

Application of Photoelectric Emission
- Production of Television Camera

- Burglary Alarm
- Automatic Switches for putting on light at dusk

- Industrial controls and counting operations



Calculate the wavelength associated with the following objects
Electron moving with velocity of m/s

Bullet of mass 0.01kg with velocity 400ms

Sprinter of mass 60 kg with velocity 10m/s

Electrons are accelerated by a P.D

100v

400v

Calculate the wavelength associated with the electrons on each case.

An x- ray photon has a wavelength of 3.3xm. Calculate the momenturn, mass and energy of
the particle associated with the photon, which moves with a velocity c.

Electrons are accelerated from rest through a potential difference of 10,000v in an X-ray tube.
Calc.

» The resultant energy of the electrons in eV
» The wavelength of the associated electron waves

» The maximum energy and the minimum wavelength of the x- ray
generated.( charge of the electron = 1.6 xc , mass of the electron =
9.11 xkg, h=6.62 xJS)



Calculate de- Broglie wavelength associated with a proton moving with a velocity
equal to 1/20 th of the velocity of light. Ans = 2.64 x101*m

Find the energy of the neutron in units of electron volt whose de- Broglie
wavelength 1A°. Given mass of neutron=1.67 x 10 -27 kg ,h = 6.6 x 10 *4JS, 1A° =
10-1®m ANS=E=8.13 x102eV

Compute the de-Broglie wavelength of 10KeV neutron. Mass of neutron may be
taken as 1.675 x10 ?’kg. ANS =2.86x 1033 m

What is de- Broglie wavelength of an electron which has been accelerated from rest
through a potential difference of 100V? ANS=A=1. 225A=1.225x 10-19m,

Compute the de-Broglie wavelength of a proton whose kinetic energy is equal to the
rest energy of an electron. Mass of a photon is 1836 times that of the electron.
ANS= 0.0004A=4x104A= 4 x 10 14m,

Energy of a particle at absolute temperature T is the order KT. Calculate the
wavelength of thermal neutrons at 27°c, gives mass of the neutron=1.67x10%" kg ,
h=6.6 x 10 -3*Js , Bolts- Mann’s constant k = 8.6 x 10 ° eVdeg* =8.6x 10~ x 1.6
x10 -19=1.376 x 10-23Jdeg*, T= 27°c=300°k.



Atomic & Nuclear Physics

AP Physics B



Life and Atoms
Inside an

Every time you breathe you are taking Y
in atoms. Oxygen atoms to be
exact. These atoms react with the
blood and are carried to every cell
in your body for various reactions
you need to survive. Likewise,
every time you breathe out carbon
dioxide atoms are released.

Nucleus

The cycle here is interesting.

TAKING SOMETHING IN.
ALLOWING SOMETHING OUT!

Electron




The Atom

As you probably already know an
atom is the building block of all
matter. It has a nucleus with
protons and neutrons and an
electron cloud outside of the
nucleus where electrons are
orbiting and MOVING.

Depending on the ELEMENT, the
amount of electrons differs as
well as the amounts of orbits
surrounding the atom.

Atomic
Structure

Neutron Proton



When the atom gets excited or NOT

+— 5

— 4 Rungs
correspond
— 3 to energy

levels.

— 2

+«~— n=1

Nucleus n=1 is the lowest

energy level.

To help visualize the atom think of it like a ladder. The bottom of
the ladder is called GROUND STATE where all electrons would
like to exist. If energy is ABSORBED it moves to a new rung on
the ladder or ENERGY LEVEL called an EXCITED STATE.
This state is AWAY from the nucleus.

As energy is RELEASED the electron can relax by moving to a
new energy level or rung down the ladder.



Energy Levels

Yet something interesting happens as
the electron travels from energy
level to energy level.

If an electron is EXCITED, that means
energy is ABSORBED and
therefore a PHOTON is absorbed.

If an electron is DE-EXCITED, that
means energy is RELEASED and
therefore a photon is released.

We call these leaps from energy level
to energy level QUANTUM LEAPS.

Since a PHOTON is emitted that
means that it MUST have a certain
wavelength.

Emission

(P

Photon

Absorption

thp —

Noreasing energy
n-23 of arbitz

Aphoton & cmitted
with energy E = hf




‘ Energy of the Photon

We can calculate the ENERGY
of the released or absorbed
photon provided we know the
Initial and final state of the
electron that jumps energy

n=3

otential Ene rg‘f}
[2)

nergy Levels

127:




Ener gy Level Diagt Ad1MS To represent these

transitions we can

Energy Level Diagram construct an ENERGY
LEVEL DIAGRAM

4
3 — |
> + Emission
+ >
o
Absorption e
w
A schematic

representation of the
orbital energy levels.

Note: It is very important to understanding that these transitions DO NOT
have to occur as a single jump! It might make TWO JUMPS to get back to
ground state. If that is the case, TWO photons will be emitted, each with a

different wavelength and energy.



J.00eV

‘ Example

An electron releases energy
as it moves back to its 100 eV
ground state position. As a
result, photons are i
emitted. Calculate the ove
POSSIBLE wavelengths of
the emitted photons.

Ground

Notice that they give us the
energy of each energy

-
2.00 eV i
i
3.00 eV 3.00 eV
h :
i A
[LOD eV 1.00 eV
v ¥ | |
Emission Absorption
transitions transitions

level. This will allow us to  This particular sample will release three
calculate the CHANGE in  different wavelengths, with TWO being
ENERGY that goes to the  the visible range ( RED, VIOLET) and
emitted photon. ONE being OUTSIDE the visible range
(INFRARED)




Energy levels Application: Spectroscopy

Spectroscopy is an optical technique by which we can
IDENTIFY a material based on its emission
spectrum. It is heavily used in Astronomy and
Remote Sensing. There are too many subcategories
to mention here but the one you are probably the
most familiar with are flame tests.

When an electron gets excited inside
a SPECIFIC ELEMENT, the electron
releases a photon. This photon’s
wavelength corresponds to the
energy level jump and can be used
to indentify the element.




Different Elements = Different Emission
Lines




Emission Line Spectra

So basically you could look at light
from any element of which the
electrons emit photons. If you

look at the light with a diffraction so0iUM

grating the lines will appear as -lll“

sharp spectral lines occurring at

specific energies and specific
wavelengths. This phenomenon
allows us to analyze the
atmosphere of planets or
galaxies simply by looking at the
light being emitted from them.

HYDROSEN

Wavelength




‘ Nuclear Physics - Radioactivity

Before we begin to discuss the specifics of radioactive
decay we need to be certain you understand the
proper NOTATION that is used.

To the left is your typical radioactive
isotope.

Top number = mass number = #protons
+ heutrons. It is represented by the
letter "A“

Bottom nhumber = atomic nhumber = # of
protons in the nucleus. It is represented
by the letter "Z"




Nuclear Physics — Notation & Isotopes

An isotope is when you have

the SAME ELEMENT, yet Q ﬁ
it has a different MASS. cr c
This is a result of have
extra neutrons. Since 2 R Ngha s
Carbon is always going to
be element #6, we can
write Carbon in terms of its

mass instead.

Carbon - 12

C b 1 4 Carbon-11 Carbon-12 Carbon-13 Carbon-14
ar O n - 6 protons 6 protons 6 protons 6 protons
5 neutrons 6 neutrons T neutrons 8 neutrons
unstable stable stable unstable



‘ Finstein — Energy/ Mass Equivalence

theory called the Energy-Mass

Equivalence in a paper called, “Does the

inertia of a body depend on its energy
content?”




Einstein — Energy/Mass Equivalence

Looking closely at Einstein’s equation we see that he
postulated that mass held an enormous amount of
energy within itself. We call this energy BINDING
ENERGY or Rest mass energy as it is the energy
that holds the atom together when it is at rest. The
large amount of energy comes from the fact that the
speed of light is squared.

4




Energy Unit Check

2

E, = Amc® — Joule = kg xm—2
S

W = Fx — Joule = Nm

F :maz%N=kg><ﬂ2

net
\)

2
m

E=W:kg><ﬂ2><m=kg><—2
S S



‘ Mass Detect oo

Calculaled Mass
Fluenne - 19 Atom

Figure 2-V. [lustration of a Mass Defect

The nucleus of the atom is held together by a STRONG NUCLEAR
FORCE.

The more stable the nucleus, the more energy needed to break it apart.
Energy need to break to break the nucleus into protons and neutrons is
called the Binding Energy

Einstein discovered that the mass of the separated particles is greater
than the mass of the intact stable nucleus to begin with.

This difference in mass (Am) is called the mass defect.




Mass Defect - Explained

< mass number # isotope mass # mass of separate
nucleons!

» example: carbon-12

6 pt @ 1.007276 amu each

OO D
oo O e
ceo 6 n @ 1.008665 amu each
mass number  mass of separate nucleons isotope mass
12 12.095646 amu 11.9967089 amu

mass defect: 0.098937 amu

Measured Mass
Fluaring - 19 Atom

Calculated Mass
Fliperine - 19 Atom

The extra mass turns into energy
holding the atom together.

Figure 2-V. Hlustration of a Mass Defect




Mass Defect —
Particle

Example ——

Neutron

Electron

(The atom has less mass than the individual parts)

@?ﬁ 400150 amu

403190 amu 4 00150 amu

The mass that is lost, is converted into
energy. This energy is the nuclear energy
that binds the nucleus of an atom together

12 =1.660559x107" kg

Mass(kg) u
1.6726x10% 1.007276
1.6750x10™ 1.008665
9.109x10™" 5.486x10™

Measurod Mass

Fluaring - 19 Atom

Calculated Mass
Fluerine - 19 Atom

E, = Amc’
E . = Binding energy

Am = mass defect



Radioactivity

When an unstable nucleus releases energy and/or
particles.

Radioactivity

Energy

alpha particles (He nuclei)

heavy, unstable

clement (e.g. Uranium) /‘ .

Radiation .

Q N,
Particle @ proton
@ beta particle (eleciron)

. neuiron

___pSpomiancous __ . o N ) gammaray

Radioactive decay

Atom




Radioactive Decay
There are 4 basic types of ; He

radioactive decay /
Alpha — Ejected Helium /_(l)e
Beta — Ejected Electron

0
*18

Positron — Ejected Anti- —
Beta particle

Gamma — Ejected Energy — 0 7/

1P
You may encounter protons _——

and neutrons being emitted On
as well



‘ Alpha Decay

Large, unstable wmp Smaller, more stable + Alpha particle

nucleus nucleus

alpha decay

a-particle=3He

2 Pu—" U+ He




‘ Alpha Decay Apphcatlons

I‘( XN

241A — He+.?

Americium-241, an alpha-emitter, is used in smoke detectors. The alpha
particles ionize air between a small gap. A small current is passed through that

ionized air. Smoke particles from fire that enter the air gap reduce the current
flow, sounding the alarm.




Beta Decay

beta minus decay

There aren'’t really any
applications of beta decay
other than Betavoltaics which
makes batteries from beta
emitters. Beta decay, did
however, lead us to discover
the neutrino.

—particle=e

*PRa— e+ Ac



Beta Plus Decay - Positron

beta plus decay

/e neutrino®
230
o Fa

2 1"._.'_.‘! I

L_. l:. ._:..-,'-'

8 08 gt T

.\-'\ -‘.

g particle=e

Isotopes which undergo this decay
and thereby emit positrons include
carbon-11, potassium-40,
nitrogen-13, oxygen-15, fluorine-
18, and iodine-121.

“Pa—s e+ Th



Beta Plus Decay Application - Positron
emission tomography (PET)

Positron emission tomography
(PET) is a nuclear medicine
iImaging technique which
produces a three-dimensional
Image or picture of functional
processes in the body. The
system detects pairs of gamma
rays emitted indirectly by a
positron-emitting radionuclide
(tracer), which is introduced
iInto the body on a biologically
active molecule. Images of
tracer concentration in 3-
dimensional space within the
body are then reconstructed by
computer analysis.




Gamma Decay

camma decay

v¥-radiation: high-energy
electromagnetic waves

240 240

L Pu—",, Pu+,y



Gamma Decay Applications

Gamma rays are the most dangerous type of radiation
as they are very penetrating. They can be used to
Kill living organisms and sterilize medical equipment
before use. They can be used in CT Scans and
radiation therapy.

. .
T eee

-wr R -

8 ERg
-'..--'!p
-

TR

Gamma Rays are used to view stowaways inside of a truck. This
technology is used by the Department of Homeland Security at many ports
of entry to the US.



Significant Nuclear Reactions - Fusion

Deuterium

"\ @ /C}'
g
Cc/ \>y v

Tritium Neutron

"H+H— He+n

nuclear fusion is the process by which multiple like-charged atomic nuclei
join together to form a heavier nucleus. It is accompanied by the release or
absorption of energy.



Fusion Applications - IFE

In an IFE (Inertial Fusion Energy) power plant, many (typically
5-10) pulses of fusion energy per second would heat a low-
activation coolant, such as lithium-bearing liquid metals or molten
salts, surrounding the fusion targets. The coolant in turn would
transfer the fusion heat to a power conversion system to produce
electricity.

1. Target factory
To produce many low-cost targets.

Lover el

To heat and compress the 3
target to fusion Ignition. o

% 3. Fusion chamber
To recover the fusion energy
./ pulses from the targets.

4. Steamn or helium driven turbine-generator
To comvert fuslon heat Inlo EIEDI‘I‘[EII.‘},I'.

Many Focusing
beams element



Significant Nuclear Reactions - Fission

Figure 1

Slow neutron

@

235

92 U

(one possible pair of fission fragments)

n+%,U—' Ba+,.Kr +3,n+ energy

Nuclear fission differs from other forms of radioactive decay in that it can be
harnessed and controlled via a chain reaction: free neutrons released by
each fission event can trigger yet more events, which in turn release more
neutrons and cause more fissions. The most common nuclear fuels are 235U
(the isotope of uranium with an atomic mass of 235 and of use in nuclear
reactors) and 239Pu (the isotope of plutonium with an atomic mass of 239).
These fuels break apart into a bimodal range of chemical elements with
atomic masses centering near 95 and 135 u (fission products).



‘ Fission Bomb

One class of nuclear weapon, a fission
bomb (not to be confused with the
fusion bomb), otherwise known as
an atomic bomb or atom bomb, is a
fission reactor designed to liberate
as much energy as possible as
rapidly as possible, before the
released energy causes the reactor
to explode (and the chain reaction to
stop).
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PHY 142 Lecture Note 2014/2015

X -RAYS
Discovery of X-rays

Discovered in late 1895 by a German physicist, W. C. Roentgen was working with a cathode ray
tube in his laboratory. Production of X-rays

An X-ray tube is a vacuum tube designed to produce X-ray photons. The Crookes tube is also
called a discharge tube or cold cathode tube. A schematic x-ray tube is shown below.

The glass tube is evacuated to a pressure of air, of about 100 pascals, recall that atmospheric
pressure is 106 pascals. The anode is a thick metallic target; it is so made in order to quickly
dissipate thermal energy that results from bombardment with the cathode rays. A high voltage,
between 30 to 150 kV, is applied between the electrodes; this induces an ionization of the
residual air, and thus a beam of electrons from the cathode to the anode ensues. When these
electrons hit the target, they are slowed down, producing the X-rays. The X-ray photon-
generating effect is generally called the Bremsstrahlung effect, a contraction of the German
“brems” for braking, and “strahlung” for radiation. The radiation energy from an X-ray tube
consists of discrete energies constituting a line spectrum and a continuous spectrum providing
the background to the line spectrum.

Properties of X-rays

I. X-rays travel in straight lines.

ii. X-rays cannot be deflected by electric field or magnetic field.
iii. X-rays have a high penetrating power.

Iv. Photographic film is blackened by X-rays.

V. Fluorescent materials glow when X-rays are directed at them.



Vi. Photoelectric emission can be produced by X-rays.
Vii. lonization of a gas results when an X-ray beam is passed through it.

Continuous Spectrum

When the accelerated electrons (cathode rays) strike the metal target, they collide with electrons
in the target. In such a collision part of the momentum of the incident electron is transferred to
the atom of the target material, thereby losing some of its Kinetic energy, AK. This interaction
gives rise to heating of the target. The projectile electron may avoid the orbital electrons of the
target element but may come sufficiently close to the nucleus of the atom and come under its
influence. The loss in Kinetic energy reappears as an x-ray photon. During deceleration, the
electron radiates an X-ray photon of energy. hv = AK = K. — K; , The resulting spectrum is

continuous but with a sharp cut-off wavelength. The minimum wavelength corresponds to an
incident electron losing all of its energy in a single collision and radiating it away as a single
photon. If K is the kinetic energy of the incident electron, then

he

";Lmz':rz

K =hv =

Because of the large accelerating voltage, the incident electrons can

(i) Excite electrons in the atoms of the target.

(i) Eject tightly bound electrons from the cores of the atoms.
Characteristic X-Ray Spectrum

Excitation of electrons will give rise to emission of photons in the optical region of the
electromagnetic spectrum. However when core electrons are ejected, the subsequent
filling of vacant states gives rise to emitted radiation in the x-ray region of the
electromagnetic spectrum. The core electrons could be from the K-, L- or M- shell. If K-
shell (n=1) electrons are removed, electrons from higher energy states falling into the
vacant K-shell states, produce a series of lines denoted as Ka, Kp ,... as shown in the
Figure below. Transitions to the L shell result in the L series and those to the M shell
give rise to the M series, and so on. Since orbital electrons have definite energy levels,
the emitted X-ray photons also have well defined energies. The emission spectrum
therefore has sharp lines characteristic of the target element.
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The graph shows the following features:

A continuous background of X-radiation in which the intensity varies smoothly with
wavelength. The background intensity reaches a maximum value as the wavelength
increases, and then the intensity falls at greater wavelengths. The minimum wavelength
depends on the tube voltage. The higher the voltage the smaller the value of the
minimum wavelength. The sharp peaks of the intensity distribution occur at wavelengths
that is independent of the change in the tube voltage.

X-Ray Diffraction

A plane of atoms in a crystal, also called a Bragg plane, reflects X-ray radiation in
exactly the same manner that light is reflected from a plane mirror. Reflection from
successive planes can interfere constructively if the path difference between two
rays is equal to an integral number of wavelengths. This statement is called Bragg’s
law.

Aﬂ planes
& & 7

Thus, the condition for constructive interference to occur is

o o

ni = 2a

but, from trigonometry, we can figure out what the distance 2a is in terms of the spacing, d,
between the atomic planes.

a=dsin0

or2a=2dsin6

thus, nA = 2d sin 0

This is known as Bragg's Law for X-ray diffraction.

What it says is that if we know the wavelength ,A , of the X-rays going in to the crystal, and we



can measure the angle 6 of the diffracted X-rays coming out of the crystal, then we know the
spacing (referred to as d-spacing) between the atomic planes.

d=nA/2sin0

Again it is important to point out that this diffraction will only occur if the rays are in phase
when they emerge, and this will only occur at the appropriate value of n (1, 2, 3, etc.) and 6.

In theory, then we could re-orient the crystal so that another atomic plane is exposed and
measure the d-spacing between all atomic planes in the crystal, eventually leading us to
determine the crystal structure and the size of the unit cell.

Moseley’s Experiment

The high intensity penetrating radiation emitted by X-ray tubes, characteristic of the metal from
which the target anode is made, was first discovered by Barkla. Changing the metal or element
from which the target anode in the X-ray tube is made alters the wavelengths at which the high
intensity peaks occur. The most penetrating series in an element’s characteristic X-ray
spectrum is called the K series; the second is called the L series; the third the M series and so
on. Moseley carried out a systematic examination of the characteristic radiation of as many
elements as possible. Moseley discovered a simple empirical relationship between the
frequencies, (v) of the lines in each series and the ordinal number, Z, of the element’s position
in the periodic table (starting from hydrogen):

Vv =b(Z—a)? i i (1)
v = Frequency of characteristic radiation
b = Constant which is different for different series
a = Constant known as screening constant and is different for different series

me* ( 1 1 ) d i cinal . b
= — — — ), my andny are principal quantum numbers
BE% h3 ’n% T‘l% ! P palq
For K line, b was found to be equal to (%)R, where R is Rydberg constant and ‘a’ was found to
be practically a = 1, hence for K, line

Vg = TRE = D2 e (2)
Equation (1) is known as Moseley law or Moseley equation.

The exact form of Moseley law is

> =R(Z - 0)? (ni—ni) SO OOORORT ¢ )

where @ is a correction factor and n; and n, are the principal quantum numbers of the energy
levels between which the transition occur.



The square root /v of the frequency of an element’s K line as a function of the
ordinal number, N, of its position in the periodic table.

Moseley formed the opinion that some physical attribute of the atom must increase by (a)
regular fixed amount, from one element to the next, rising through the periodic table. He
postulated that this could only be the atom’s nuclear charge.

According to this hypothesis, the number N, that is the element’s ordinal position in the
periodic table, is equal to the number of natural units of positive electricity carried by the nuclei
of the element, i.e., N=Z . The number Z is now called the atomic number of the element; it is
equal to the number of protons in the element’s nuclei. Prior to Moseley’s investigation, the
elements were arranged in the periodic table in the ascending order of their atomic weights and
on the basis of their chemical properties. As a result of Moseley’s researches, which provided
the first direct means of determining an element’s atomic number, inaccuracies in the periodic
table were discovered and corrected.

Example 1

Find the minimum wavelength of X-rays produced by an X-ray tube operated at 1000 kV. If
h=6.63 x 107* joules—sec, e = 1.6 x107° Cand c = 3 x 10° m/sec

he (663 x 107*#)(3 x 10%)
eV (1.6 x1071%)(1000 x 10%)

Amin -

=0.01237 x 107 m = 0.01237A

Example 2
If the potential difference applied across an X-ray tube is 5kV and the current flowing through
it is 2 mA, calculate

i. The number of electrons striking the target per second

ii. The speed at which they strike

Solution
I. I =ne, where n is the number of electrons striking the anode per second.

| 2 X 1073

n=-= — = 1.25 X 10*° electrons
e 16x1071°

ii. Ifvis the velocity of striking electrons
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—mve = el
2

|| 2x(1.6x10719) % (50 x 10%)
|
N

51 10-% } = 42X 10"ms™*

Example 3
The spacing between the principal planes of a NaCl crystal is 2.82 A. It is found that the first
order Bragg reflection occur at an angle of 10°. Calculate the wavelength of X-rays.

Solution:
According to Bragg”s law

2dsin @ = ni

4= 2dsinf _ 2X(282x107*°) X sin 10°

n 1

A=0.98%10"1%n = 0.98A

Millikan’s Qil-Drop Experiment

In 1909 Robert A. Millikan came up with an experiment to measure the charge on an electron,
called the Oil Drop Experiment.

The apparatus was actually quite simple. There were two parallel plates set at a specific
distance apart with a known voltage between them. That way we know the electric field
strength. The top plate is positive, and the bottom plate is negative. Millikan drilled a very
small hole in the center of the top plate. He then used an atomizer to spray very fine drops of
mineral oil over the top plate. An atomizer is like those fancy perfume bottles you see that have
a ball you squeeze to make the perfume spray out. Friction between the nozzle of the atomizer
and the mineral oil droplets caused some of the drops to gain a small charge (charging by
friction).



............ Atomizer

Ilustrating the Milikan”s Oil Drop Experiment

Just by chance, some of the oil drops might fall down the hole in the top plate. If they have a
positive charge, we expect them to go accelerating down to the negative plate and crash into it.
If they have a negative charge, something different might happen. If the force due to gravity
(Fg) pulling the drop down is exactly balanced by the electric force (Fe) pushing it up, the drop
should float between the two plates. Since the force due to the electric field and the force due to
gravity are balanced, it is possible to derive an equation to calculate the charge on the droplet.

F,=F qE = mg QE=mQ QZT

7

g is the charge, m is mass of oil droplet, g is acceleration due to gravity, d is distance between plates
and V is the voltage.

After thousands of trials, Millikan had enough successful trials to show that all of the charges
he calculated were multiples of one number, 1.6 x 107%%C .

Example

An oil drop in a Millikan apparatus is determined to have a mass of 3.3e-15 kg. It is

observed to float between two parallel plates separated by a distance of 0.95cm with 340V of
potential difference between them. Determine how many excess (extra) electrons are on the
drop.

_mgd 3.3 x107%%x 9.8 X 0.0095
v 340

q

g =9.0x1071%C

9.0 x 1071%¢
1.6 % 107 ¥electrons

Number of charges = = 5.65337316 electrons
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C onstants: Planck's constant h = &6 x 10> s
Speed of light=3 x 10F m/s
Eleciron charge = 1.6 x 10" C,
Mass of eleciron = 9.1 x 10 kg
M= 9109390 x 10" Kg
M,= 1672623 x 10 7Kg
M, = 1674929 x 10 “Eg
leV = 1.60x 10" ]
Eyberg Constant B = 1097 x 10m!
1 ‘Wave-panticle duality theory implies that:

A Light wave can diffract and scatter.
B Light wave can effect Compton effect
C *Light wave can undergo interference and cause photoemissionof elecirons on a metal.
] Light wave can be seen as a parfticle and as well effect photoeleciric effect.
2 Compion effect ohtained when X-rays are scatiered by a plane of laitice elecirons
[mplies:
A R adiation absoaption.
2] *Panticle nature of eleciromagnetic waves.
C X-rays control.
[ Crystallographic application of X-rays.
3 An entity exhibits panticle nature by possessing!
A Energy and wawvelength.
B Momentum and frequency.
C *Energy and momentum.
] ‘Wavelength and frequency.
4 Calculate the mass of a de Broglie's particle traveling at a speed of 30m/s

with wavelengih 1.4%c10 ™ nm:
A 43 x 107 ke,

B *.15ke.
C 0.35x 107 ke,
[ 0% ke,
5 Bohr proved elecirons as a particle while Schrkdinger proved it as a wave. The two ideas can be combined and represented as:
A Angular momentum =h/mv
B * Angular momentum =nh'2
C Angular momentum = nh /2T
[ Angular momentum = 2 7r'n
[ Calculate the wavelength of the eleciron-wawve for elecirons fixed round an orhit whose diameter is 1.2 nm if 24 complete waves are
formed round the orbit:
A *lbx 1" m
B 3A4x 10 m
C 4.3 % 10 m
[ Dix 10 m
F) HARD X-rays can be produced by
A [ncreasing the cathode temperature.
5] Altering the accelerating voltage
C Evacuating the tube completely.
] *Making the elecirons move faster
i All of these are components in X-ray production tube excepi:
A Concave cathode, Lead shield, Lead anode.
B X-ray window, conling fins, hot cathode.
C Accelerating voliage, Electton beam, Low melting print target metal.
[ *A and C.
9 The following are the properties of X- rays except:
A They are not deflected by eleciric fields.
. *Soft” X-rays can pass through human skull.
They can be used to discharge gold-leaf elecitosoope.
[ They can release photoelecir ons.

L] Reflection of X-rays that fell on two electron planes separated by distance
3.1 10" m were obtained. Calculate Brage's glancing angle, if the total path
difference between the reflected waves from the two planes is 6.2 x 10" m,

A ol B 45 C T3 Dvr



11 Calculate the wavelength of X-rays emitted when electrons accelerated through
0KV strike atarget, given that charge electron
A lx 1 m BAT11x 10™m Co05x% 10"m D57 x 100" m.

12 ‘What is the mininmum potential difference between the cathode and anode of an X-ray tube if rays of wavelength 0.050m where
produced

A kY B A5 kv O 25k D kY

13 Caloulate the thickness of the patient’s skin if 40°%, of the incident X-ravs were
absorhsed by his flesh, let absoaption coefficient ke 2 units.

& 0.53m B* 030m C 2Tem. D 1.2 cm.

14 Dricde valve works on principle of
A, Photoemission  B*. Thermionic emission. C. Compion scattering,
[». Eleciron drifting.

L5 [f sodium surface in a vacuum is illuminated with 200 nm wavelength beam. Caloulate the maximum velocity of the photoelectrons
released [ Take work function of sodium tobe 2.0 1007 .}

A 192% 1Fmis, B.47x 10fFmis, Co* a0y 107 mds, D .19 x 108 mis .

16 . The major use of diode valve is for
A *Rectification B Amplification C Fillering [ Muaodification.

|7, The appropriate characteristics curve for diode valve's L'V curve in the absence of
Extemal high tension potential is

A 1ay| B iR —

1{A)

Viv) V{v)

Viv)

iay] D )

i
.

e,

18 The major impression of Moseley's law penaining the line specira obtained during
the production of X-rays holds that:
A The frequency of the line is proponicnal 1o the X-ray intensity.

B The frequency of the line is smaller for atom with one atomic number, than for these with higher atomic numbers.
C The frequency of the line is propontional to the wavelength of the X-rays
[ The frequency of the line reduces time.
1% All of these are comect about photeeleciric emission except:
A Mo emission if work function and photon energy are equal.
5] High work function makes the photoelectrons to move faster,
C Aoand B,
[ Excess energy of photon serves as kinetic energy for the photoelecirons to
mave,

20 Calculate threshold frequency ina photeeleciric emission process if a photon of
Lvx 107" | released an electron o move with velocity of 2.4 x 10° m/'s

A lAx10=He BOlx 10 He C Alxl™He D 20x109Hz
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[FAE, Ax and &pare the smallest uncertainty messurements within the smallest uncerfainty time At, in energy, positicnand momentum

the uncertainty principle can be stated as:

A
B.
C.
[,

AE. Ax = hi2n
Ap. AE = hi2n
Ap. Ax = W2
At Ax = hi2n

All of these are instances when an entity behaves like a particle:

A
B
C
[

A Photonof 1.6x 10" ] did a work of 0.3 x 10" | 10 free an eleciron whose mass is 9.1 x 10 Ke. Calculate the velocity of the

Compion effect and diffraction.
Photoelectric effect and refraction.
X-Ray production and interference.
Photoemission and Compton eff ect.

eleciron after been released.
A& 53x10P mis B Gl x 1Fmis C 92x 10 mfs D L12x 10P mis

Ome of the following is not a proper use of X-rays:

e B == e O = s N = = e

Crystallographic study

Identification of alteration made on antistic works

Mapping the intemal organ such a5 bone mamow in human body
to analyze the intemal organ of metal machines

uwiment dies down in a working diode value, without an accelerating potential, because:

Anade is shielded.

Of the presence of space charge
Temperature of the cathode reduces.
Drinde values usually have shon life span.

‘Whichal the followirg i rot trueof 1,07 omson mode of aton?

a.

b.

Theres acertral rudels inwhich protors arebound
Positivecharges arespreadthrolg bout the atomformirg a kindof pasteinwhich dectrors aresusperded
Electrors movearourd the mucdlels rarchmiy,

Electromoccupy orly dscrete shells

InErrest Aut berford experiment

a.

b.

Alpha particles wereborrbarded by gold partices
Mo alphe particles weredeflect ed
&1 alphe particles were deflert ed

atorrs of old were borrbarded with alpka partices

accordrg to Errest Aot berfard

a,

b.

Electrors arecorcertratedat the certreol the atom
Electrors areoccupyirg diferent orbits or erergy levels
Electrors revolveranchmiy around the naclels

Electrars reirtain thar feed pasition around the nuclels



The shortest wavdergth of the Balmer's series i obtained when nis

Whichal the fallowirg represerts the wavdergth of the Paschen series
a I =RF-1m
b. 1/ = R{O/2-1/
¢ 1 =RO12-1/mM
d 1 =R -1

Anatom is assumed to haverero erergy inthe ground stateard its erergy inthe first, secord andthird excited states are 1635x 101,
1.93x 108 and 2024 x 10 respectively. What is thewavelergth of the photonwhich would excit e theatorm framthe first excited
state to theseord excit edstate?

A 661x10°m
b, 4.3%10°m
L 3Ax10'm

d  20x10°m

A blue lire of wavdergth 517210 'mis abservedin the spectrum of the atom inouestion & above. Thetrarsitio nbebween which
erergy levels will giveriseto the spectral line?

a. E2wE3
b. E3to B4
£ E3t0 B4

d EdtoE2

Thelorgest and the shortest wavelergthof the Balmer's are

4. 35T a5

b, bZbrm 35T

L BT 105

d  10%m B3

Whichal the fallowirg s trueafl Babr's model of hydrag enatom



a. Thetotal erergyaf the atom is positve
b. Thetotal erergy is deperdert on the radis of orbit
L Mo foree s exertedon dectrore irsidean orbit

d Total erergyis indeperdert of theradie

Bobr rrode ches rot apply where morethen ore dedron arepresent inanorbit round the nuclee becaiee
a. Thermodd cbes rot account for the dectrastat ic forces that dectrors exert on each other

b. Theerergy of sich atorre does rot fallow sirrple theory

¢ Theide of protonand quarta cb rot apply to such atorre

o Thaermmber of arbit wdll beroretban ama

What & the erergy ol the secord et edstate of hydrogen

a. -126eY
b, -240ey
C  -15ee
d #1136/

Theline spectrum emitt ed by atormic by drog enwhen dectrore trarsit frombig herengy leves to the third et edstate is called
a. Paschenseries

b. Balmer's series

Lo Lyrrenseries

o Bracket sefies

Deterrire the wavelergththat correspord to the trarsitionfromnd =6 ta nf =4
4. 4050
b, B
L 105

o 3050

Thedifererce between sportareols errssion ard stirmu ated ermssion s that
4, Sportaneols emission & a sumofl bothstimu ated ermission termard sporf aneols emrission

b,  Sportaren s emission ssell emssionwhich coes rot need ederral photon
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o Stirmuated ermission coes rot need exterral photon

d  Stimuated ermission occurswhen dedrore move lower energy to g ber enengy

Inthe procition of cattoderays Leirg photodentric dfed, the rmost irportart part inthe dscharge tube is
a. Cathode space

b. Thebright region

. Faracky dark region

d  Theposit e colurrm

Cathode rays areprociced in the deckarg etube when valtages bebween the plates i ircreased by mears of
a.  Break dman

b. Acceleration

¢ Collision

o Saturation

A beamof electrors movirg with a veocity of 1.0 x 10° my's erters mideay bebween two borizortal paralid plates P ardQ ina
direction paralle to the plates. PardQ areScm lorg and Zmapart and Fevea potertial difererce v applied between therm
Caleate V, if the beamis deflerteci sathat it just grazes theerfe of the low plate O assumea’m = 1.8x 10" TfKgl.

a 17.BY
b 44,5
£ BoOv

d 1780v

What isthe grazirg argle of the beamol dectrare movirg with a velocity of 1.0 x 107 rry's erterirg mickay bebween bwo borizartal
paralled plates P ard( ina drection parallel to the plates. Pard O areSom lorg and 2om apart and Feve a potential difererce
applied bebwesn them

a 5T

d 183
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A8

4%

51

Protorwith a charge- rrass ratio of 1.0x 10° ¢/kg is rotated ina credlar orbit of radice rwhen they erter a uriformmag retic ficd of
0.57. Caleulate the rurber of revolutiors.

a. 2% 10°He
b. «4x 10PH
£ bx 1FHe

d Bx10%H

Thepathof a beamol dectrors inaneectric fied &
a. (rde

b. Spiral

. Parabola

o Elipse

The maximum wavelength of light that can produce photoelectrons from sodium is 650nm. What is the work function of sodium?

a 305 1007
b, 3.Gx 102)

e 4.3 x 1007
d  6.50x% 107

The maximum wavelength of light that can produce photoelectrons from sodium is 650nm. If light of wavelength 436nm is used 1o
illuminate a sodium surface in a vacoum, what is the maximum ELE of the photoelectrons?

a 4.25x 107
b, 1.42x 109
e 1.50% 10"
d. 3.06x 10"

‘When a metal is illuminated by monechromatic radiation of wavelength 248nm, the maximum kinetic energy of photoelectrons emitted
is found to be §.6 % 107]. Calculate the work function of the metal.
a  -RA5%x 10

b, 7.l6x 1077
c -R58x10)
d  1.72x 107

‘Which of the following is the failure associated with the Rutherford's model of the atom.
a.  atoans are nod electrically neutral
k. electrons can only move round the prodon in elliptical orhits
. the charges are evenly disiributed
d. eleciron will spiral into the proton which is at the center of the nucleus

If the energy levels E, is related to the principal quantum number "n® by E, = - 13.6eV/n?, calculate the ionizstion energy of the
hydrogen atom.

a -136eV

b, 13.4eV

o De¥

d. =272V
X-rays of wavelength 1.5 x10-10m is incident on a orystal and it gives a third order diffraction for a glancing angle of G0, What is the
separation of the layers of aboms in the crystal?

a  2d6x 10'"m

b 1.23x 10"m

o F3Mx 10m

d. b x 10m
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‘Which of the following does account for the failure of the Bohr model of atom
a.  itisnot intellectually satisfactony
h. it could not explain the ohserved fine structure of the atomic specira
¢, it only explains the single eleciron atoms
d. it ocould nod explain the observed atomic specira

The potential difference between the target and cathode of an xs-ray tube is 20KV and the cument is 20mA. Only 5% of the total energy
supplied is emitted a5 x-rays., What is the mininum wavelength of the x-ray emitted?.

a G 09x 10'm

b, 387 x 10fm

o, 322w 107"m

d. 27.22x 10'm

Calculate the velocity of electrons accelerated from rest to a target in hot cathode vacuum tube by a potential difference of 25%.
a 29y 10°m/fs
b 3% x 10Fms
o 28x 1Fmis

d. 444 x 1FPmis

Electrons moving with a constant velocity enter a uniform magnetic field B ina direction perpendicular to B. The path of the elecirons
inthe field is

a helix

a straight line parallel io B

a straight line perpendicular io B

a circle

PR ER

Calculate the De Broglie wavelength of a (L01kg material having a velocity OF 10m/s
G630 10 m
G 63 x 10 m
G633 10 *m
B3 1 10 P m

ppE R

The wavelength of the speciral line in the hydrogen specirum are given empirically by 10 = B{ 1/'n? - Line) where B = 1097 x 107/m
and nand m are integers. Calculate the wavelength of Hp in the Balmer s series,

A0 % 10 "m

AB6x 10 m

1.37 x 1lr'm

T30 x 10 'm

pr R

Which of the following is a cormect statement of Milikan's famous experimental resulis?
a.  eleciron is a common constitwent of all matter

b,  all charges are integral multiple of a discrete elecironic charge

¢, eleciron can be deflected by both the electric and magnetic feld

d.

elecironic - mass ratio is constan

& radivactive source contains 1.0x 10-%g of platinum 239, It is estimated that this source emits 2300 alpha particles per second.
Calculate the T1/2 of platinum.
a 750 105

b, T.50x 10Ys
c. R0Dx 10"s
d B59x10Vs

Dreuterium is represented by the symbal 2 H,. What nuclesns constitute its nucleus?
a.  tone proton, one neutron
b, two protons, two neuirons
., TW pIeions, one neuinon
d.  one proton, two neunens

Calculate the nuclear hinding energy of deuterium “H, given that mass of one atom of deuterium is 20014 10mu, mass of one hydrogen
atom is LOOTERmu and rest mass of a newiron is LO0ESTmuw. {Imu = 166 x 107 ke,

L. 749Mey

b, *2.74TMeY

¢ 3 2MTMey

d. A (eiMev

S



#2  In an x-ray tube, electrons each of charge q are accelerated through a potential difference W and then sirike a metal target. If h is
Planck's constant and ¢ is the speed of light, what is the minimum wavelength of the x-ray produced?

a A
& ASE
& Yol
o AP
63 Calculate the mininmum wavelength of the x-ray produced of elecirons on the screen of a television set where the accelerating potential
is HOEV.
a L5651 % 107™m
b, L260x 10 m
o, DS x 10Tm
d. LS x 10"m

. Calculate the energy and momentum of a photon of light of wavelength S00nm.
(a) . o3 x 1077), 1330 % 10=kam/s
(b 298 x 10, 00133 x 10-=kem/s
(c) *3.98 = 10", 0013 = 10="kgm/s
(d) 400 1Y), 1330 x 10=kgm/s

65, If the fission of an atom of “*L vields energy of 200MeV, how much energy would be released by the fission of 1g of 17
(@) *B.20x 10
by 820 x 107)
(o) 8.2x 10M)
(d) 82 x 10
L] The most abundant isotope of helium has a *:He nucleus whose mass is
Gufedd T x 10" kg, For this nucleus, find the mass defect Am.

{a) 0.0620 % 10 kg
ib) *.0503 x 107 ke
{c) 0.0412 % 107 kg

i) 00205 x 107 ke

a7 The most abundant isotope of helium has a 4:He nucleus whose mass is
Gl T x 10" ke, For this nucleus |, find the hinding energy of the nucleus

@ *28.3MeV
B 26.4MeV
ic) 7.2 MeV
i) 30.0MeV

L] Determine the energy released when “5,:10 decays into “ 4™,
ST = 238 0508

4 Th = 23404 38u

%, He = 4.0026u
lu=931.5 MeV.
(&) 7.8 MeV i) 2.8 MeV o) S MeW (d) *4.3 MeV.
o9 When Uranium .1 is decays to Thorium * "™ a gamma ray of 00009 MeV is also emitted. What is the wavelength of the emitted
gamma ray
fa) 4.3x 10 "m
by 3 x 10 'm

(¢l *2.51x 10" m
i) 121 x 10" 'm

T Radon “=5.Fn was produced when radium = xRa undergoes a - decay. Suppose 30 x 107 radon atoms are irapped and the half-life of
radon is 383 days. How many radon atoms remain afber 31 days.

(@ 42 x10° (b 11x 10° {c) 23 x10° (d) 3.0x 10°.



i Radon “.Rn was produced when radium = oRa undergoes O - decay. Suppose
3.0x 10 radon atoms are irapped. The half-life of radon is 3.83 days.
Find the activity for elemend {a*) 63Bg
iy S0Bq fc) A5Hq (d) TOBq.

12 A0 activity of about 018 Bg per gram of carbon was measured on a scroll. Determine the age of the scroll, If activity Ay = 0.23Bq
and the half life is T30years,

(@) 40 x 1y b)) 30 x 10 o) *20x 10%r (d) 10 x 10%yT.
73. A device that can be used 1o detect a, B and ¥ ravs is
{a) *Geiger counter i) Mewion counter {c) Thempson counter {d) Compionoounter.

T4, ‘Whai is the wavelength of the 0. 186 MeW - ray that is emitted by radium g Ra,
(@) 5.72x 10"%m
by 468 x 10 m
fc) * 6B x 10 2m
(dy 701 % 1002

5. Determine the symbol *.X for the parent nucleus whose 4 - decay produces the
same daughter as the B decay of thallium ™, TL.
{a) My Po
{h:l 2w, P
fc) %.Po
(dy *'iePio

T What is the hinding energy {in MeV) for oxygen "0 atomic mass = 15.990%] 5.
(@) 1276 MeV by 125Mey o) 123.6MeV  (d) 12006 MeV.

T Muclei that contain the same number of protons but a different number of
Neutrons are known as
{a) [sotopes i) Allotropes  {c) Nuclesns {d) Positive Particles

TR The todal numbser of protons and neutron is refemed toas
Atomic Volume

Atomic Counting

Atomic Summation

Atomic mass num bser,

PR

L The spontanecus disintegration of unstable nucleus of an element is called
{a) Insiahility ik} Breaking effect {c) Radicactivity  {d)Solidification.

0 The following particles andfor high energy photons are released when an
Tnstable nucleus disintegrate
(i) Alpha rays {ii) Betarays (iii) Meutton ray {iv) Gamma ray.

{a) i,iiand iv (b} i, iiand iii  {c) iand ivonly {dy iv only.

81. A siable nucleus requires certain energy to separaie its prodon and newtron.
This energy is called

{a) Bindingenergy (b) Fissionenergy {c) Potential energy {d) Threshold energy.

k- M

£ i

£2 The process of a-decay for which Uranium ™ parents is converted into the ™ daughter is known as
{a) Transformation {b) Translation {¢) Transmutation {d) Tranfiguration

83, Nuclides having the same number of neviron N but a different atomic numbser 2 and therefore a different mass number A are called

{a) [sotones (k) Lotopes  {c) Lsohars  {d) Entropid



R,

#5.

Muclides which have the same total numbser of nuclesns but which differ in atomic numbser Z and alse in neviron number M called.
{a) lsotones (b)) Lsotopes ) Lobars  (d) Allotropes

Caloulate the nuclear radius of a nucleus with mass numbser 4. Given tha B.=1.4 x 1{r"™m

(@ 222 x 10"°m (b) 162 x 10"m () 278 x 10"m (@) 104 x 10"m

&7,

A9,

1.

s,

g

The atomic mass unit {amu) used in expressing the masses of nuclei is

aj iOne tenth of the mass of the '*C atom
b Ume fifth of the mass of the ' *C atom
il e twelfth of the mass of the '*C atom

() e third of the mass of the “C atom
[f one atomic mass unit  lamu) is 166 x 10 "ke. Calculate the energy equivalence of this mass.

{a) 9337MeV (b)) 6832 MeV () 9000 MeV (d) T093 MeV

1

()
The binding energy of ' is 280 MeV. Find its mass in atomic mass unit {amu). Given that 1 amu = 931 MeV

fa) Ml5amu (b)) 030 amu {c) 052 amu {d) 0444 amu

The fission of a uranium nucleus by a newiron produces lanthanum and bromine nuclei according 1o the equation. Given thai
pi ] 14 L

£ = 23512, H = B4B4d Lo = 147% & = 1.009

L k£ E 1}
i L (] 4] I

g+ = Lo+ B +3 8+ 2
a2 i a7 1 i

Calculate the energy released
(a) 200 MeV (b) 180 MeV {c) 230MeV {d) 218 MeV
Dreutron and tritium fused to form a helium nocleus according 1o the relation

2 | 4 I
g+ A= &S + 5+
I i 2 il
Caloulate the energy released.

I

2 1 1
=100 K =2015 S =404 & = 3017

Rest masses inamu are " . 2 ¥

{a) 150MeV {b) 177 Mev () 127MeV (d) 202 MeV

[f the half - life of a sample of radicactive material is &0 days, what fraction of the original rsdicactive nuclei will remain after 120

1 | 2
=@z @ = @z
@ 3 2 3

A radicactive material has a half-life of 14 hours. How much of 100 of the isptope will ke left after 42 hours and what time has

elapsed when 625z of the 1{dg are lefi.
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{a) 25g, 60h (b} S0g, T0h (c) 125g 56h (d) 625g, 49h

A counter positionad close toan 4 - panticle emitter reads 2080 per second and this reduced to 50 per second in T20 seconds.  Determine
the half life of the sournce.

(@) % minuwes (b) & minwes () 10 minutes {d) 12 minwes

‘Which of the following is the graphical representation of exponential decay and half life pericd of a radicactive material.

(a) (b) [ [
(c) (d)
3 - EEN
Dz i
| BT - T|.'_z ] TI.'.E -

[n a Millikan experiment, a charged droplet of mass 1.8 x 10"kg just remains stationary when the potential difference between the plates,
which are |2mma  apartis 150V, If the droplet suddenly gains an exira elecinen, calculate the initial acceleration of the droplet.

(@) 231 m5* (k) 300 m5° {c) 260 m5° {d) 1.11 m5°

In a Milikan experiment, a charged droplet of mass 1.8 x 10-""kg just remains stationary when the potential difference between the plates,
which are |2mm apart, is 150%. If the droplet suddenly gains an exira eleciron, find the
vinltape needed to hring the droplet o rest again

ia) 120% (k) 135 % {3 10V {d) 250V

The primary uses of the Cathode ray oscillosoope (CBO) are 1o measure the bl loowing exoepd
fa) Voltage (b) Frequency {c) Phase (d) Mass

‘Which of the following is not a feature of the Cathode ray Oscillosoope?

ia) I gl img com panment

ik Heated cathode to produce a beam of electron

{cl Aocelerating anode

) Fluorescent Screen

Which of the following is inoomect

al 41 — particle is slightly deflecied by magnetic and Eleciric field and positively charged.

b3 0 - particle is slightly deflected and B - particle is greatly deflected but both are negatively charged
) p - particle is greatly deflected by magnetic and Electric field and negatively charged

d y-ray is unaffected by magnetic and Electric field and uncharged.

Matural Radicactive decay rate depends on

{a) Numbser of nuclei available to disintegrate

i Temperature of the nuclei

il Time of the day

i) Location of the nuclei on the planet.

The following are the advantages of Fusion over Fission excepd
&) Easily achieved with light test elements

it By - product are non-radiocactive
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111

11z

113

il Baw materials are cheaply available

i) Wery high temperature is required

Radiation from radio [sotopes is useful in

LEY] R adiotherapy

i) Earth digging

il Archaseclogical dating

id) Thickness gauging

Calculate the count rate produced by 0.1 jig of caesium 137, if the half life of Csl37is BRI x 1075,
(@ 3.45x 1058q (M12.20x 105Bq (<) Lodhx 1058 (d) 4.12 x 1050q

In an archaeological sitea piece of hone is found to give a count rate of 15 counds per minute, A similar sample of fresh bone gives a
oount rate of 19 counts per minute. Calculate the age of the specimen.

{a) 1789vis (b) 1566yrs {¢) 1897y () 2011y

The three types of radiation from radicactive decay process are
{iva, B and A radiation (ii)a, B and y radiation (iii)a, P and v radiation

fa) ionly (B) i or dii  {c) ii only {d) None of the abowe

Determine the velocity of a de Broglie's panticle whose mass and wavelength are (.15 kg and 1A% 10 nm: [Planck’s constant = 6.7 x

L= Js}

{a) 43 mifs.
ik} 15 mis.
il 15 m/fs.
i) 30 mis.

ne of following is an advantage of semiconductor dicde over dicde value? [ is:
{al Smaller in size (b)) Easier to produce (c) Cheaper to purchase {d) All are its advantages

A photon with requency 1.76 x 107Hz released 9.1 x 10" kg mass electron at 4.4 x 10° Hz threshold frequency. Caloulate its speed.
{Planck's constant h= 663 x 10r]s)

(@ 33 x 1P mfs (b L6 x 10" mis
(o) 104 x 10Fmfs (d) L7 x 10 mis

During photoeleciric emission, if work function is the same with an incoming photon in quantity, one of the following is comect:

{a) Photoel ectrons may not be obtained

ik Photoel ecirons may move slower

ich Photoelectrons may possess little kinetic energy
() All abowve are wrong,

Oine of the following is the effect of the reverse hias connection of a diede value at a very low voltage:

{al Damage the valve i Evacuate its tube

il The dicde stops conducting () Siratifies the tube

The process of gjecting electrons from the surface of acold metal by an eleciromagnetic radiation is an evidence of;
{a) X-radiation (k) particle nature of wave {c) Thermicnic emission

{d) Compioneffec

The household tube television works onthe principle of;
{a) Themmionic emission (b) Dispersion of white light {c) Photeemission
{d) Polarisation

A beam of x-rays with the atomic spacing (. 72nm is incident on a crystal and gives a first order maximum when the glancing angle is 8";
find the wavelength of the beam. {a) 0.2nm (b))  1072nm (¢} O55um  {d) O0%m
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127

An electron of mass 9.1x10% kg and charge 16310 ¢ is accelerated 1o a target by applying a potential difference of 25 kY, calculate
its velocity at an instance.
fa) 3. 30107 mss (b)) 5Bl mis () 938x107 mis {d) 4. 79107 mis

One of these laws is aimed &t seeing how Particles could behave like waves
fa) Bioha's law

i) Rutherford's 1awy)

ic) de Broglie’s law:

id}) Oifum's e

All of these are wrong about photoelectric emission except:

LEY] Mo emission if work function and photon energy are equal.

it Decrease in workfunction makes the photoelectrons to move Faster.

icl Excess energy of photon serves as kinetic energy for the photoelecirons to
mave,

a) (a) and (b)

X-rays can be suitable to study intemal structure of a charged object because it is:

{a) Fasi(b) Neuiral {¢) Positively Charged {d) Negatively Charged

X-rays have charge characteristics comparable with that of!
a)  Gamma rays (b)) Beta rays () Proton {d) Alpha particles

The presence of space charge in a working dicde valve without an accelerating potential causes:
&) [ncrease inocurrent.

i Cument todie down

ic) Temperature reduction in the valve,

(d) Drigde walwes 1o have shon life span.

Which of these elecironic components is most suitable for AC-TC rectification?
{a) Transistor (b} [ntegrated circuit  ({c) Capaciter {d) Themionic diade.

Omly 5%, of photon energy, with frequency 20 Hz, falling on a metal served & workfunction to release an electron. Caloulate the
velocity of the photoelectron released. {Eleciron mass = 9. 1x 10 ke, Planck constant h= 6.63x 10 ]5)
(@) 017 mfsdb) 255 mfs (o) 807 mss (d) 3.7x10" mis

3l. All of these are characteristics of "HARDER' x-rays except:
LEY] High speed {(ky  Shon wavelengih
ic) High Kinetic energy {d)  ahility to peneirate lead materials

Thermionic emission is a principle for the production of:

(2 Gamma rays (k) Beta rays
fcl Xrays {d) Cathode rays

“Soft” X-ravs are most suitable in;

LEY] Analysing internal faults in auto maintenance workshops

i) [dentifying alteration made on paper anistic works

ich Mapping the intemal organ such as bone mamow in human body
(d) Analysing the intermnal organ of metal machines

Ahility 1o measure accurately, the position and velocity of a panticle at a certain time, according to uncertainty principle, implies that it is:

a) poasible to predict its state at any given future time
1)) poasible to predict its momentum and size
cl possible to predict its size only at a time

di impossible to make a decision absout it &t any time

The Uranium nucleus %1 undergoes successive decays, emitting respectively an a-particle, a f-panticle and a y-ray. What is the
atpmic number and the mass number of the resulting nucleus?
fa) 91, 234 i) B, 236 (c) B8, 236 () 92, 234

The isotope which decays by f-emission to produce ' s.0n is
{a,lll.z_mq_g {"h‘.l “'Lufd- {t:llluwﬁg {d.::l ||5m5n_



128 A stationary thorium nucleus (& = 22, £ = W) emits an 4- panticle of kinetic energy E. What is the kinetic energy of the daughter
nucleus.
@E (MEI12 fc) Ef30 (dy Ef54.
L2, An approximate relationship between the radius B of a nucleus and its nucleon number N is B/m = 1.2 x 107 N'* | Estimate the
number of nucleons per unit volume of the nucleus.
(@012 10 mc® (b)) 1A x 108 m e 578 x 10™m = {d) 1.2 x 10 m®

130 Which of the following gives the relationship between the decay constant A and the half life T of a radicactive isotope.
{a) N=Ne™ (M T=In ic) T=1In Z/& i T=AN.

131 z'sl;he isotope “ 4™ has a half-life of 24 davs and decays to**%, Pa. How long does it take for 0% of a sample of %" to decay 1o
@0dys @ 6dys  © Tdys (@ B0days.

132 The decay of a radicactive nuclide is represented by the equation dN Mt = -AM where A=24x 10% 5! . What is the half life of the
:[:;ﬂl:ﬁex 107 (e B33 107 o) 1.25x 107 §d) 1.25% 1075

133 [f the fission of a atom of <1I vields an energy of 200 MeV. How much energy would be released by the fission of 1g of “*11.
(2l 820 10"] by 8.200] (o) B0 1000 ) B 20 10

134 The mass of a @, ;MNe nuclide is 19 9% 244amu. [f the rest mass of a proton and a neviron are 1L0OTE25amu and 1. 008665amu respe ctively,
calculate the nuclear kinding energy and hence the nuclear hinding energy per nucleon of 2 ;Ne.

() 29 10], 129 x 10 7]
(b 258 x 10", 129 107
(o) =297 x 10, 1.29 x 100 ).
{d) Mone the above .
135 The resulis of the Ceiger and Muller experiment proves that
{a) Elecirons are present in the atoms
(k) Elecirons move randomly in atoms
i) There isa central nucleus

{d) There are protons and electrons in an atom.

136 The length of an a-particle track in a cloud chamber is 37mm. If the average energy required to produce an ion pair is 5.2 x 10'") and
on the average an d-particle produces 5.0 x 10° ion pairs per mm of its itack, calculate the initial energy of the a-particle.

{a) 6.01 eV B 061IMeY  {c) 6.01 MeV  {d) 0.006 Me¥

137 The splitting of a large nucleus into smaller nuclei is refemred 1o as

{a) Fusion i) Radipactivity {c) Fission {d) Decay.
138 [n aradicactive decay reaction , the number of radicactive atoms

{a) Decreases sinusoidally with fimes

it Increase s exponentially with time

icl Decreases hypothetically with times



i) Decreases exponentially with time
139 ‘Which of the following gives the relationship between the nuclear hinding energy AE and mass defect Am of a nucleus.

(@) AE= hv (B AE=he () AE =Ame  {d) AE = Am¢®.

14 HAouraninm nucleus 2% L, emits two alpha particles and two beta particles and finally forms thorium (Th) nucleus. What is the symbol
of this nucleus.

@ :Th @ WTh ) PTh )
141 The half-life of radium is 10 days . After how many days will only one-sixteenth of radium sample remain.
fa) 30 i) 45 i) A (d) 50

142 How mwch %1 mustunderge fission per day in a nwclear reactor that provides energy toa 10OMW electric power plant . Assume
perfect efficiency. Given that | kg of .U can generate 9 x 1007 | of energy.

(@) 9.6x 107 kyjday
(b} 7.6 x 107 kejday
(c) 34 x 107 kg/day
(d) 68 x 10°ke/day

143 Calculate the hinding energy of *;.Fe whose mass is 56.9353%8 a.m. u given that the mass of protons = LTS a. mu and the mass
of nevwiron = 100665 amau . | amu =931 MeV .

fa) 250V by ey o) AldeV iy S0ede’

1441 A sample of a radicactive isotope is left to decay . After | minute, only L® of the isolope remains inthe sample. Caloulate the decay
oonstant.
fa) Dul235 i D21 o) U213 ) 0L0347T

145 Which of the following is a common characteristic among 0-panicle and y-rays.
{a) They are e-m radiation of shont wavelengths
i) They are deflected by eleciric fields

{ic) They cause some substance to fuoresce

{d) They have strong penetrating power.

L4 Electrons are emitted with negligible speed from a plane cathode in an evacuated tube, The electrons are accelerated toward a plane

anpde which is parallel to the cathode and 20cm from it by a pod of 160, Find the time taken for an eleciron to mowve from the cathode
o the anode {efm = 1.8 x 10" ikg).

{a) 4.5x 10%
{b) 1B x 10%s
(c) 2.11% 10%
{d) 190 x 1075

147 Find the energy difference and the wavelength of the photon which is emitted when a hydrogen atom undergoes a transition from n=5ton=2.
(@) 28562V, 6.9 x 107°m
(b 0. 2856eY, 6.343 x10 "m
(o) 2856V, 4343 x10"'m
(d) 02B56eY, 4.343 =10 m

148 Proton with a charge-mass ratio of 1.0x 10°C kg are rotated ina circular orbit of radius rwhen they enter a uniform magnetic field of
0.5nT. Caleulate the number of revolution
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L5

a 2% 1PH
b. 4% 1FH
£ bx 1EH
o BxI0SH

‘What is the maximum kinetic energy of electrons emitted by light of wavelength (. 8nm from a surface which has a threshoeld
wavelength of 0%%nm?
fa) -3, 168 = 10)
(b 3. 168 = 10%)
(o) 198 x 102%)
(d) 2 1TH = 107)
X-rays of wavelength 1.5 x 10" "m is incident on a crystal and it gives a third erder diffraction for a glancing angle of G0, What is the
separation of the layers of aboms in the crysial?
{a) 244 x 10- 10m
(b 387 x 108m
{c) .38 x 10-10m
{d) 4.5% 10-10m
The potential difference between the target and cathode of an x-ray tubeis 20BY and the cument is 20mA. Only 0.5% of the total
energy supplied is emitted a5 x-rays. What is the mininum wavelengih of the x-ray emitted?
(@) 619 x 10" "'m
(b 387 x 10%m
(o) G l9 x 10%m
(dy 4.00x 107m
Caloulate the velocity of elecirons accelerated from rest 1o a targed in hot cathode vacuum tube by a pod of 25V
(a) 29 x 10Fm/s
(b 398 x 10¥m/s
(o) 208 x 10" m/s
(d) 398 » 10°m/s
Calculate the energy and momentum of a photon of light of wavelength 500nm.
(a) 396 x10-19], 132 x 10-27kem/s
by 3.3 x D0-31], 1.32 x 10-2Tkgms
fc) 3.3 x 1040, 1.32 % 10-2Tkem/s
{d) Mo answer
An alpha panticle of energy 5.30 Mel moves directly towand a lead nucleus ™ P which is stationary, Calculate the nearest distance of
approach of the alpha particle from the least nucleus.
(@) 3128 x 10 "m/s
(b1 3.75 % 10*m/s
{c) 394 » 10 ms
(d) 4.425 % 10 "m/s
[n the production of x-rays most modem x-ray tubes use lungsten for the target because
{a) they are good targets
i) they are not costly
{c) they have the highest efficiency for x-ray production
{d) they serve as the best conling agend
What is the shorest wavelength inthe Lyman series of hydrogen?
fa) 1097 x 10m
(b 9l x 10 Fm
(o) 2.7 % 10°Pm
{d) 3.65% 107m
The length of an alpha particle track in acloud chamber is 37mm. if the average energy required 10 prodwce an ion pair is 5.2 x 10-14]
and on an average an alpha particle produce 5% 10 3 ion pairs per mm of its track, calculate the initial energy of the particle.
{a) dblev
by D6l 1Mev
() ] Mev
() D.DdGMev
[f the wavelength of the incident light in a photoeleciric experiment is increased From 30007Tnm o 010, calculate the comesponding
change inthe stopping potential.
{a) 138 = 102V
(b 138 = 109y
{c) 138 » 109V
(dy 1.38x 107

Calculate the velocity of elecirons accelerated from rest to a target in hot cathode vacuum tube by a potential difference of 25%.



{a) 298 x 10Fm/s
(b 3.75x 10¥m/s
{c) 298 x 10°m/s
{dy 398 x10°m/s

L ‘What is the wavelength of the Balmer series for n= 47
(@) A8 x 10 "m
(b 9.7 x 10%m
{c) 1.BR = 1d*m
{dy 20 x 10 m
L6l Electrons are knocked off the cathode at low pressures and low pod in a discharge tubse through
{a) Electrical process
(k) Thermionic emission
{ ¢) Photoelectric effect
{d) Explosion process

162 The point in a discharge tube at which the growth of elecirons become unconirellable at high voltage is known as
{a) Unconirollable point
(b} Avalanche poind
) Gas breakdown poind
{d) Cathode dark paind

163 One disadvantage of the method of discharge tube for the production of cathode rays is
{a) cathode ray prodweed is usually small
i) production of x-rays as by-product
{c) very low pud is required
{d) no gas is required
Ll In the modem method of cathode ray production, cathode rays are produced by
{a) chemical method
(k) thermionic method
{c) photoelectric effect
{d) small veltage
165 ‘Which of the following is common to both the discharge tube method and the  moden method of producing cathode rays
{a) they both require gas
{lx) they both require metals
{c) small elecirons produwced must be accelerated
{d) they produce x-ravs as by-product
170] An application of cathode ray isin
{a) x-ray production
(b} gamma ray production
{c) cathode ray oscillosoope
{d) production of alpha particle
167 In Milikan experiment, an alomizer is used 1o
{a) produce tiny charged droplet of ail
i) atomize the environment of the oil
{c) produce a high pud in the oil
i{d) keep the oil motionless
168 Aecording to Milikan, the charge on an oil drop is given by
(@) g=Ed
b g =11
() q= mgd/V
(dy g ="id
1659 The ionization energy for hydrogen atom is
{a) -13.6eV
i{h) +13 6eVe
) -10.2eV
(d) +10.2eV

17 ‘What is the maximum kinetic energy of elecirons emitted by light of wavelength (. 8nm from a surface which has a threshold
wavelength of 0. 9%nm?
fa) -3. 168 = 107
by 3. 168 x 100%)
(o) 198 = 102%]
(dy 2178 = 100%)



171 [FAE, Ax and &pare the smallest uncertainty messurements within the smallest uncerfainty time At, in energy, positicnand momentum
the uncertainty principle can be stated as:
LEY AF fAx =h2mik) Ap AE =hf2m{c) Ap &x=hidr {d) &t dx =Wan

172 All of these are instances when an entity behaves like a panicle;
fa) Compton effect and diffraction.
b} Photoelectric effect and refraction.
ic) X-Ray production and interference.
id) Photoemission and Complon effect.
173 A Photonof 1.6x 10" | did a work of 0.3 % 10" | to free an electron whose mass is 9.1 x 109 Kg. Caloulate the velocity of the
eleciron after heen released.
(@ 53x10° mis (b)) 0Ll x 1P mss () 92 x 100 mis (d)  112.% 10° mis

174 One of the following is not a proper use of X-rays:
LEY] C rystallographic study
)] [dentification of alteration made on antistic works
ich Mapping the intemal organ such as bone mamow in human body
(d}) To analyze the intemnal organ of metal machines
175 Cument dies down in a working diode value, without an accelerating potential, because:
ia) Anode is shielded.
il Of the presence of space charge
il Temperature of the cathode reduces.
i) Dhigde valwes usually have shoat life span.

1 T, ‘Which of these statements is not tnue of x-rays? They:

a) helong 1o eleciromagnetic specinm
b appear neuiral
) can be made faster or slower at will

d} originate from energy changes in the nuclei of atoms

177, [f x-rays are hrought near the top cap of a positively charged gold leaf  electroscope, the divergence of the leaves will:

3] decrease to zero slowly
il steadily increase
d) remain constant
€l decrease 10 zero and then increase 1o maximum.
178, Bohr confirmmed that the motion of electron towards nucleus of BEutherford atomic masdel is

{a) Helical (k) Zigeag {c) Spiral ({d) circular

17, ke Broglie's law is aimed at seeing how:
ia) Particles could behave like waves
i) K-rays can be made "HARDER"
ic) ‘Waves can exhibit particle nature
) X-rays can he made "SOFTER'
180, Production of x-rays is sourced from the principle of

&) Phaotoeleciric effect i Thermicnic emission
icl Photovotaic emission () Comption effect

LEL. ‘Which of these is wrong about "HARLD x-rays? They have:

fa) High speed (k3 Shon wavelengih
c) High Kinetic energy {dy  Ahility to penetrate plane paper only
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X-rays pand jare reflected from atomic planes x and v ina crystal. For maximum intensity of reflection, in Brage™s view, the
path difference must be in the form

(&) hﬁ—ma =g (M al=2singd () sl =4d5ind@ (&) roosd =l
183, A beam of x-1ays of wavelength (.2 nm is incident on a crystal and gives a first order maximum when the glancing angle is 8" find the

alomic spacing in the crystal,
(@) 0%nm (b)) 0.72am () 0.55nm  (d) 00%m

184, ‘When a diede value is connected in a forwand bias mode the appropriate
Cument Voltage W characteristics curve that will be obtained is:

I I b I I 4
w\ l} o @
W i L W

-

185, A dinde value connected in a reverse hias mode will have I characteristics curve inthe form of.

1
b
" (] ®
v -V I Vo
I
L | {c) (d})
v ] /
v v
10 Diinde value works on the principle of:

al Phato emission ik Compion effect
il Thermicnic emission i) X-Ray emission

LET, The reverse bias connection of a dicde value at a very high voltage can

fal Damage the value i) Lead tothe production of a stahilizing device
ch Evacuate its tube {d) Siratify the tube

88, A0 w10 kg mass electron was released by a radiation to move with a speed of Lx 10 mSs. If the threshold frequency is
4.4 x 105 Hz calculate the frequency of the source radiation. (Planck's constant h= 463 x 107¥]s)



{8 334 x 10°Hz (B 5.11 x 10°Hz
() 10.4 x 10°Hz (&) 176 x 10°°Hz

‘Which of the following is an advantage of diode value over semiconductor diode? It is:
(@) made of glasses (b)) usually smaller {c) easier tomake {(d) cheaper

During photoelectric emission, if work function of a metal is exiremely high then

{a) Photoelectrons may not e obtainsd

i) Photoelectrons may move slower

il Photoel ecirons may possess litthe kinetic energy
{d) Al absove are possible outcome.d
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PHY 142 PRACTICE QUESTIONS

1}. Therucdear atormroda 5 valicted by
Bobr's experimert
Rutherford’s experiment
Loreri: s experimert
Daltorts experiment

3. WhenliH k& ircidert ona metal plate dectrore are
erritt e arhy when the frecueroy of the light exceeck a
certain value krown as

Protogect ric frequery
Photoeledtric threshold frequency

Waork furction
Warkirg poteritial

3. Oremajor diference between the dectrormeg retic
spectrum erritt ed by solid amdg ases & that

al  Gases emit cortinuD LB spectr umiwhile solics
errits lire spectrum

bl Gases emit line spectrumwhile solids emits
continuous spectrum
o Gases ermits both line and cortinLD LE spectrum
whilesolid ermits orly cort inup us spectrum
o Gases ermits line spectrum whilesolids ermits
both lire and cortinuo e spectrum
4).radation with a waveergth 281 rmshines ana metal
surfaceand gerts dectrare that Favea raximam
welocity of 358 = my's, which oneal the followirg metals
i presert, the values in pareribess barg thework

furctiore potassium (2 20e], calcum (27184, wranium
{3.63ay], A lumirum ©.08ey), ardgold (4,82

Lk arium

Alurninum
Calcium
Potassium
5.thetotal erergyal the Bobr atomn is gvenby

FL=F

kzedf2r

HhIEd A

P.E
6]. Radationwith a g venwavelergth causes dectrors
ta beemitted fromthe surfaceof one metal but rot
fromthe surfaceof arother metal. Which of the
followirg coudbe the reasar?

Thiy bath Fevesarmework Turction

The metals have diff erent work function
Themsaks Feve diferent frecuercy
Themeals Fevesamefrequercy
7). Ceasiurm hes awork furction of 1.9, Fird its
threshold wavdergth

1.5 %

B.54 %

ELIC

4. 565=
LT e rrawinrum kinetic erergy of the dectrore emitted
froma metaliic surface s 1.6 = when thefreoueroy of
the ircidert radation ks 7.5= H. Calod ate the minimum

frecuerey of radation for which dectrore will be emritted

4E= H

E1= Hz
HE63x H
39 = H

9. Deter rirethe De Brog liewavdergth for an dectran
frress -2 1 = kgl rovirg at aspeedal 6.0= mys.

1.5%8= m

1.2%m

1.79% m

21% m
10}, Thework furction for asibver is'W, =473 Fird
the rrasirmum frecpenoy thet ligHE must Fevein order to
gert dectron fromthe surface [1ed=1.6% .

T.d=H

1.14= He
1.7T8=H
21 =H
11} Calculate the wave number of the second line in

lyman series for an hydregen atom. (R = 1087
% 10 m

G.75= 10fm!
9.75x 1Fm!
T.75= 10fm”
B.25= 10Pm"

123 If the line with the longest wavelengih in Pfund
series for double ionized Lithium atom is counted as the
first line, what is the wavelength of the founth line?

S66= [0 m
3.49% 10°m
6.66% 10°'m
25x10°'m

13). The ground state energy of a particular atom is - 544
eV, calculate the energy of the 3™ excited state of this
alom

3.4eV

=34 ¥V



=4 5a%

=136V

[4}. The ground state energy for double ionized lithium
atom L7 {Z = 3)is -122.4 V. Calculate the ionization
energy in Joules for this aiom

.45 1017)
L% x 10r°J
254 x 1007]
L% % 1 m

15} In a Butherford scattering experiment, an Q-particle
i+ 2e) heading directly towards a  nucleus of a silver

foil (£ = 47 come to an halt 30 « 107" m fom the nucleus.
Caloulate the kinetic energy of the 0-panticles. {e = 1.6 %
1 C, k=920x 10" Nm*c)

Ans 721 = 10001]

15). Calculate the wavelengih of the thind line in Pfund
series for double ionized lithium atom. (B = 1097 x
10m ")

225 10°m
416 10°m
6.65% 107 m
31E=107m

161 In a certain Bohr's ohit, the total energy is - 680 eV,
Forthis orkit, determine the kinetic energy of the elecinon,

1 3.6
it B0 eV
5.54deV
L

171, The velocity of the electron in the first Bohr's orhit

{n = 1) for an hydroegen atom %, = 219 x 10 m/s.
Caloulate the velocity this eleciron when it moved 1o

fourth arhit {n = 4)
3158 % 10Pm/Ss
5.48 x 10°m/s
A5 % 10Pm/s
G TRy 10Pm/Ss

L&) The eleciron in an hydrogen atom underpoes a
transition from the ground state level to the third excited
state level, calculate the excitation energy required for
this transition. E, =-13.6e¥

3.6

12.75eV

B.Dbe

5 S
1% [f the wavelength of the incident light ina
photoelecric experiment is inmeased from 30ETnm 1o
01D, caleulate the comesponding change in the
stopping potential.

L6 x 10

L.38 x 10"

2ol x 10

368 x 1Y

2. The ground siate energy for the atoms of a particular
substance is <545 &%, calculate its energy when it is in
second excited state.

-13.6eW
=604 £V
-1.54eV

54 5eV

210 Find the energy of the photon that is emitted when
the electron inan hydrogen atom undergoes iransition
from the n= 7 energy level o produce the first line in the
Paschen series. (E.= 136 V)

2. 3aV
L23 eV
[ 3.6V
S.deV

22 In a fine-heam tube method for measuring e'm,
calculate the circular radius of the deflecting elecirons if
the magnetic field strength is 6.0 x 10° T are the
accelerating voltage in the eleciron gun is 3207

0.0Tm

0Zm

DERERE

0. 20m

23). In a certain Bohr's orbit, the tofal energy is — .80 eV,
For this orhit, determine the value of the electric
potential energy of the elecinon.

1 3.6V
-13.6eV
5. 54det

-2 5e

245 Inan evaoeded iuhe, elechon are acoelerated rom nest
thraugha potential difference of 3500 Y and then travel;ina
narmow heamihrough a Held free space helore entering a
uniform magnetic fiekd the flux lines of which are
perpendicular ta the beam. I the radius of its path inthe lekdis
1 3cme. Caloulate the magnitude af the magnetic lux demsiy B

186 x 10T



154 x 10T
1.5« 10°°T

251 Caleulate the velocity of elecrons sccelersted from nestia
a farged in hot cathode vaouum tube by a poteniial difference of
25V,

388 x 1P ms
298 x Wmfs
128 x 10 mi's
467 x 10'mds

264 1T the electron in an hyd rogen atom, initial a1 the hirst
excied stsle moved {oanothey excoied state when 1t ahsorbed
an additianal 255 «V. What 15 the guantum number af the state

ima which the electon moved? (E, = =136 eV for hydrogen atom)

oo op W

275 Ina Rutherhord scatiermg experimend, an O-particle (+ 2=)
heading directly tewards a nuclews of a silver laoidl (£ = 47)
comee (a an hal 30 x 107 m fram the nucleus. Caloulate the
kmehic energy ul'll'leﬂ-parﬁ-:h.ﬂe- lax 1M Ck=90x
1F Mme')

R [
721210
235 x 10"
AW 10"

281 For rad um " Rag (adamidc mass = 226029 402u )
abtamn the mass defed in atomic mass umt

017 107
014107
028190
L 10T

29} Ina Rutherford scafering experimend, an O-particle {+ 2e)
heading directly towards a nuclear af a gald fadl (£ = 79 wall
come taan hah when allthe partick’s kmetic energy is
comveried fo elecine polential energy. Caloulate how close the
O-particle et ta the nuclews if its kinetic enengy is 6.5 x 1007 ],
(o= L& x 100 C k=90 x 10° Mm'A&t)

G0 1 10 m
55 10 %m
4 5y 10 %
22910 %n

304 An electon with a velacity of 107 mds enters verticallya
region af um fonm magnetic field of 0112 T, caloulate the radms
af the circular path of the electon indhe hiekd. (efm= 1.8 « 10"
ckg' Mass alelecton =911 x 10704 e = 16 x 1009 ),

556 7 10m
459 % 107 m
AT« 100
& 0% 10-4m

31} For racom 2 Rag (adomicmass = 226029 302u )
abtain the hinding energy pernuclean.

OaETas M MeV
0581 4450 MeV

05347580 MeV

=R -

of 06396757 MeW

321 Calculate the sharest vavelength in Brackef! semes fora
smgle iomueed Helium atom.

al a89x 10°m
bl 365% 10"m
o 456% 10'm

of 2s6% 10'm

A3Caloulate wavelength of the first line im Bal mer semies Tar
an hydragen atom (R = 1097 x 107m 'y

al 535 x 10 'm
bl 66l x W0'm
o 475 x 10'm

o 47«10 'm

34y Calculate the enexgy afthe phaton, ineV, that is ahsorhed
when the electraon ina douhbleiontesd 1Rkium adom L* (£ =3}
undergoes a iransdion lam n = 1 energy level fan = 3 energy

level (E, = =136 &V larhydrogen atam)

al 544ev
bl 1088 eV
d 138ev
d  aatev

351 A device used in rdistion therapy for cancer confams
0.50g atcahah ““Coy. I the hall lite of cobali is 5.2 Tyears,
dietermine the activily afthe radonact ve material .

al 632 x 10°%vear
bl 6.57 x W0**jyear
o 776 x W0 hear
o 354 10

36)1 an accelerating potential diffevenceal 3000V is applied
toan electran heam, caloulate the kinetic enengy al
the electon. (Massof elecion=9.11x 107" *e= 14 x 10

al 55 k10
bl 48 x10-16]
o 3ox1av

o 35x10'

3T Hihe ground ststeenesgy lor an hydrogen stom E, ., =
136 eV, caloulate the ground state energy lora
domble jompeed 1hium atom B0

al  122.8W
bl -122deV
o 136ev

o -134eW



3EL I the lme with the longesi wavelength in Balmer semies for
alamic hvdragen is counted as the firsd lme, caloulae ihe
wavelength ofthe second line (R = 1097 « 107 m ')

al 555 % 107m
bl 486 x W0 "'m
¢ 380x10'm
d 35x10'm

349 Ta make the dixl of 2 watch glow in the dask, 1.00 x
10%g ofmdmum ** Ragg 15 used. The hatf-life aof this
izatope is LG 1{Fyears. How many grams of radum
dEagppeur while the walch 1sinuse ficve Sy e

al tixiog
21%10%

b
g 31xl10'%
d

4.1 x 10g

Ay Whatis the maxmumkinetic energy of eleciom emitexd
by light of wavelength 0 8nm lrom a swlace which hasa
threshald wavelength at 0. %nm?

al 3078 x10%)
bl 2178 x10)
o 4178 x10%
d 1178« 104

A1 Caloulate the frequency al the photan emitied when an
electnon malkes 3 ouantum jump fraom n= 4 stde fathe
gremmed state afthe hydrogen atome (faound state energy bor
hydragenatam E, = =136V, h = 66346 x 107" Jsh

al 306x 10°H,
bl 206 x 10°H,
g 347« 10VH,
o 448 x 10UH,

423 Calculate the wavelength af the photon emdted when an
election makes a guanfumjump fram n= 4stde to the ground
siate of the hydrogen atom. (Ground stie enengy forhydrogen
atam E, = =136 eV, h = 6,626 x 10" ]s)

al 347x10°'m
bl 1d6x 107m
o 4.13x10'm
d 225x10'm

A3 Calculate the energy and momenium ofa phatonal lighiaf
wavelength SMnm

al 448 x10-19], 132 & 102 Tkgmds
bl 396 x10-19), 132 & 10-2Tkgm/s
ol G467 2 10=19], 132 » 10-2Tkgmbs

d 39 x10-19], 123 x 10-2 Tkgmis

44y A sample of orecomaming 2 radioactive element has an
activily of 4.0x 10'Bg. How many grams of the lement are in
the sample, assummg the element 15 radum e | o I:_hall: life =
146 x 1(Fyears)

al 2.1x10%
bl 1.1 xlbg
o 32x10%
d 4sax10%

451 The number al radoactive nucle present st the st ol an
experiment 15 4.60 x 105 The number present fwenity days
alter is 814 x 10" what ds the half -life {in days ) af the nucle?

al dadaw
bl S3days
o 3sdaw
d 2ldas

i) The isatape which decays by B emission to produce ' Ing
15

2.2 Rakl

112 Agdy

115 Ind&

e &0 =2 =

111 Ags0

471 The rad s alihe firs Bohe's arfiidn = 1) inan hydragen
atam r, = 529 x 10" 'm. Caloulate the radius of the thind arhit
{n =3}

al 347 x 10
b} 4% = g

o 448 10%



4 226 x 10%g

A8 The ground state energy forsmgle jonteesd hebium atom H.'
(£ = 2515 =544 eV, Caloulase the jontation enengyin Joules
for this atam.

al TR0 x 10
bl #.70% 10°%)
o 523 % 10

o 3m0x 109

49). Inthe deflection iuhemethad formessuring the fm,
caloulate the magmitude althe el swengih requined to deflec
electon in & ciroular radms Som if the acosleration valtsge in

the electran gum is 320 V. (Mads of electaon = 9.11 »
100 e = 16 5 105

al 301 x100T
bl 1.2 x10°T
o 22x100T

o 32x10T

53 The ground stte energy ofa particularatom 15 =54 AeV,
Calculate the iontstion enengy for this atom.

al  =544eW
bl S4.4 eV
o 122.8=W

of -1228%

51} The half-life for the 0 decay of uranium ¥ 10, 15 4.47 x
1Fyears. Determane the age ofa rock thet comtadns sty
peroent afits orignal *' L, stams.

13467 x 107 yemrs
12647 x 10" years

146743 x 10" years

o o = &

1,155 x 10 yemars

52uCalculate the longest wavelength in Brackesl seves fora
smgle ionueed Helium atom

al 347 x 10¢m
bl 1.1 x Wém
156 x 10*m

of 18« 10°m
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