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DAVISSON AND GERMER EXPERIMENT, MICROSCOPE AND DALTON ATOMIC THEORY

Davisson and Germer Experiment:
The Davisson and Germer experiment apparatus is enclosed within a vacuum chamber to eliminate
electron deflection and scattering caused by the surrounding medium.
The crucial elements of the experimental arrangement encompass:
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which releases electrons through thermionic
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filament to a specific temperature.

An electrostatic particle accelerator, comprising oppositely charged plates (positive and
negative), is integrated into the setup to accelerate the electrons to a predetermined potential.

A collimator, housed within a cylindrical structure, surrounds the accelerator, providing a narrow

passage along its axis for the electrons. Its primary function is to produce a focused, straight, and
narrow electron beam, preparing it adequately for acceleration.

The experiment utilizes a Nickel crystal target, positioned perpendicular to the electron beam and
rotatable around a fixed axis, offering flexibility in the experimental setup.

A movable detector is incorporated into the system to capture electrons scattered by the Nickel
crystal. The detector's mobility along a semicircular arc enhances its ability to capture electrons
scattered at various angles, facilitating comprehensive data analysis.

The Davisson and Germer experiment are based on the concept that waves reflected from different
atomic layers within the Nickel crystal exhibit consistent phase differences, leading to either
constructive or destructive interference and resulting in a diffraction pattern.

In their experiment, waves were metaphorically represented by electrons, which displayed a
diffraction pattern upon reflection, serving as experimental evidence of matter's dual nature. The
connection between the de Broglie equation and Bragg's law is as follows:

Based on the de Broglie equation, we can formulate:
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In this equation, m signifies the mass of an electron, e represents the charge on an electron, and h
denotes Planck’s constant. Therefore, for a given value of V, an electron will exhibit a wavelength
as determined by equation (1).
The expression for Bragg's Law is stated as follows:

nA = 2dsin(90°—0/2) - (2)
With the established value of d acquired from X-ray diffraction experiments, the wavelength of
waves that produce a diffraction pattern can be ascertained for different 6 values utilizing equation

).

Bragg's Law for waves
Bragg's Law, introduced by Sir W.H. Bragg and his son, Sir W.L. Bragg, establishes a relationship
between the spacing of atomic planes in crystals and the angles of incidence at which these planes
create powerful electromagnetic radiation reflections. William Lawrence Bragg and William Henry
Bragg proposed Bragg diffraction in 1913, observing unexpected patterns of reflected X-rays in
crystalline substances. They found that at particular wavelengths and incident angles, powerful
peaks of reflected radiation (Bragg peaks) were produced.

17



CLASS -12 JEE - PHYSICS

This conclusion was explained by W. L. Bragg, who modeled the crystal as a series of discrete
parallel planes separated by a constant parameter d, where incident X-ray photons would form a
Bragg peak if their reflections off different planes interfere constructively.

Bragg's Law is fundamental in X-ray diffraction studies, frequently used to identify crystal and
molecular structures. It states that the strength of dispersed waves as a function of scattering angle
creates a diffraction pattern, with intense intensities known as Bragg peaks appearing when
scattered waves satisfy the law.

According to Bragg’s law, as the scattering angle increases, the size of each dot (or reflection) in
the diffracted beam diminishes continuously, resulting in a pattern of concentric undulations. This
law is a special case of Laue diffraction, determining angles of coherent and incoherent scattering
from a crystal lattice.

In the process, X-rays incident on a particular atom cause the electronic cloud to move like an
electromagnetic wave, radiating waves with similar frequency, known as Rayleigh scattering. The
exact process occurs with scattering neutron waves via nuclei or coherent spin interaction with an
isolated electron, resulting in wave interference and the creation of a diffraction pattern known as
Bragg diffraction.

Equation of Bragg’s Law

nA = 2d sin 0
n = is an integer representing the order of the diffraction peak.
A =is the wavelength of the incident radiation.
d = is the spacing between crystal planes.
6 = is the angle of incidence of the X-ray beam with respect to the crystal planes.

Crystal

Applications of Bragg's Law:

> Ultrasound utilizes echoes from sound waves to locate organs and monitor fetal growth during
pregnancy.

> Magnetic Resonance Imaging (MRI) relies on powerful magnets to measure tissue water content,
providing detailed body images.

> Positron Emission Tomography (PET) detects radioactive tracers in the body, while
Electroencephalography (EEG) measures brain electrical activity.

> Computed Tomography (CT) constructs 3D images using X-ray slices at different angles, employing
Bragg's Law.

> Bragg's spectrometer determines X-ray wavelengths and crystal lattice spacings, akin to optical
spectrometers.

> In spectrometry, Bragg's Law aids in measuring wavelengths by adjusting the angle until a strong
signal is detected.

Optical Microscope:

The optical microscope, commonly referred to as the light microscope, stands as a cornerstone tool
in scientific exploration, educational practices, and various industrial applications. Its mechanism
relies on harnessing visible light and an arrangement of lenses to amplify minute objects, thereby
facilitating meticulous examination of structures imperceptible to the unaided eye.
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Types of Microscopes:

Optical microscopy constitutes a technique employed to scrutinize
specimens closely by enlarging them through the manipulation of visible
light with lenses. This traditional form of microscopy dates back to the
pre-18th century era and remains prevalent in contemporary practices.
Essential components of an optical microscope encompass the utilization
of either a singular lens or a sequence of lenses to amplify images of
diminutive samples using visible light. These lenses are strategically
positioned between the sample and the observer's eye, enhancing the
image for meticulous scrutiny and analysis.

Microscopes come in various types, each serving specific purposes and offering different features.
They range from basic models to advanced ones, providing enhanced resolution and contrast.
Here's an overview of some common types:

1)  Simple Microscope:
» This type utilizes a single lens, akin to a magnifying glass.
» Application: Widely employed by professionals like watchmakers, jewelers, educators, and
dermatologists. It's ideal for magnifying small parts or examining skin diseases.
2)  Compound Microscope:
» Incorporates a series of lenses to magnify the sample image with high resolution.
» Applications: Commonly utilized in modern research settings for studying bacteria, viruses,
conducting forensic analyses, and exploring metallurgical samples.
3)  Digital Microscope:
» Utilizes either simple or compound lenses but presents the image on a computer screen,
eliminating the need for an eyepiece.
4)  Stereo Microscope:
» Provides a stereoscopic image, offering depth perception.
» Applications: Often used for intricate tasks like dissecting specimens or examining detailed
structures such as historic artifacts, conducting microsurgeries, and observing crystals.
5)  Comparison Microscope:
» Allows simultaneous viewing of two different samples, each in one eye, facilitating side-by-
side comparison.
6) Inverted Microscope:
» Views the sample from beneath, making it suitable for observing liquid cell cultures.
Apart from these, there are other specialized optical microscopes like petrographic, polarizing,
phase contrast, epifluorescence, and confocal microscopes, each designed for specific applications
in fields such as geology, materials science, biology, and microscopy techniques like enhanced
contrast or fluorescence imaging
Electron Microscope:

In the 1930s, scientists were captivated by the intricate internal architecture of organic cells.
However, the light microscope's limitations hindered their ability to observe fine details within
structures like the nucleus and mitochondria, necessitating magnifications exceeding 10,000
times. With the light microscope's maximum magnification reaching only 1000 times with a
resolution of 0.2 micrometers, there emerged a dire need for microscopes offering higher
maghnification and resolution capabilities.

In response to this demand, Ernst Ruska and Max Knoll spearheaded the development of the first
electron microscope in Germany in 1931. This pioneering invention utilized an electron beam,
rather than light, to examine specimens, culminating in the creation of the Transmission Electron
Microscope (TEM). Subsequently, in 1942, the first scanning electron microscope was introduced,
with its commercial instrument launched around 1965. Electron microscopes transformed
microscopy by utilizing electron beams to magnify objects, achieving magnifications of up to one
million times.
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Principle and Functionality:

An electron microscope employs a beam of accelerated electrons as an illuminating source. Due to
the electron's significantly shorter wavelength compared to visible light photons, electron
microscopes boast a higher resolving power, enabling the visualization of minute objects.

When the electron beam interacts with the specimen, it undergoes energy loss through various
mechanisms, generating signals conveying information about the specimen's surface properties,
such as its topography and composition. The resulting image displayed by an SEM (Scanning
Electron Microscope) represents the varying intensity of these signals.

Applications:
Electron microscopes are utilized to explore the ultrastructure of a diverse array of biological and
inorganic specimens, encompassing microorganisms, cells, large molecules, biopsy samples,
metals, and crystals. In industrial settings, electron microscopes play a pivotal role in quality
control and failure analysis.

Challenges and Solutions:

While electron microscopes offer unparalleled imaging capabilities, they entail significant costs for
construction and maintenance. However, the capital and operational expenses of confocal light
microscope systems now overlap those of basic electron microscopes. Samples are predominantly
examined in a vacuum to avert electron scattering by air molecules.

Conventional high-vacuum mode scanning electron microscopes typically image conductive
specimens, necessitating a conductive coating for non-conductive materials. Nonetheless, the low-
voltage mode of microscopes enables the observation of non-conductive specimens without
coating.

Non-conductive materials can also be imaged using a variable pressure (or environmental)
scanning electron microscope. Certain stable specimens, such as carbon nanotubes, diatom
frustules, and small mineral crystals, necessitate no special treatment before examination.
However, hydrated materials, including almost all biological specimens, necessitate various
preparation methods to stabilize them, reduce their thickness, and enhance their electron optical
contrast

Dalton Atomic Theory:
Dalton's Atomic Theory stands as a pivotal milestone in the annals of chemistry, delineating
fundamental insights into the essence of matter.
The theory posits that all matter comprises minuscule entities known as atoms, refuting the
prevalent notion of continuous substance prevalent during its conception. This assertion
revolutionized the understanding of matter's fundamental building blocks.
Dalton asserted that atoms within a specific element share identical attributes such as size, mass,
and other properties, while atoms of distinct elements exhibit variations in these parameters. This
tenet laid the groundwork for the development of the periodic table, elucidating elemental
relationships based on atomic properties.
Central to Dalton's postulation was the notion of atom indivisibility and indestructibility. He
conjectured that atoms remain immutable and cannot be further subdivided into smaller
constituents—a proposition later challenged by the discovery of subatomic particles.
The theory elucidates the propensity of atoms from diverse elements to amalgamate in fixed,
whole-number ratios, culminating in the formation of chemical compounds. This principle,
encapsulated in the law of definite proportions, underscores the predictability of chemical
interactions.
In delineating chemical reactions, Dalton elucidated the dynamic rearrangement of atoms,
emphasizing that no new atoms are created nor destroyed in these processes. This principle,
embodying the law of conservation of mass, underscores the preservation of matter's quantity
across chemical transformations.
Despite its widespread acceptance, Dalton's Atomic Theory has undergone refinement in light of
subsequent discoveries.
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Three notable revisions include the acknowledgment of:

Subatomic particles, revealing the internal structure of atoms.

[sotopes, signifying variations in atomic mass among atoms of the same element.

Nuclear phenomena like fission and fusion, challenging the erstwhile notion of atom
indestructibility.

Dalton's Atomic Theory, though conceived centuries ago, endures as the cornerstone upon which
modern atomic theory is erected. Its enduring legacy continues to shape our comprehension of the
infinitesimal realm, guiding contemporary scientific inquiry into the fabric of matter.

]J.J. Thomson’s Atomic Model

D
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3)
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J.J. Thomson's Atomic Model revolutionized our understanding of the atom and its structure. Let's
explore the key components and significance of Thomson's model:

The Unveiling of the Electron:

In 1897, through meticulous experimentation with cathode ray tubes, J.J. Thomson stumbled upon
a significant revelation: the existence of a minute, negatively charged particle, eventually
christened as the electron. This groundbreaking discovery shattered the longstanding notion of
atomic indivisibility, as championed by Dalton's atomic theory.

The Conceptualization of Thomson's Atomic Model:

In 1900, William Thomson proposed an innovative hypothesis regarding the internal architecture
of the atom, known as the Thomson atomic model. This theoretical framework garnered staunch
support from Sir Joseph Thomson, the very scientist who had earlier unearthed the enigmatic
electron.

Delving into Thomson's Model:

Thomson's model painted a vivid picture of the atom as a positively charged sphere, intricately
punctuated by embedded electrons—a metaphorical portrayal akin to seeds nestled within a
succulent watermelon. Dubbed the plum pudding model, it postulated that the positive charge
enveloped the atom akin to the pudding's bulk, while the electrons assumed the role of dispersed
plums.

Enduring Impact and Reverberating Influence:

Despite its shortcomings in accurately delineating atomic intricacies, Thomson's model wielded
profound influence, leaving an indelible mark on the trajectory of atomic theory. Pioneering the
identification of subatomic constituents, it served as a springboard for subsequent explorations
into the essence and composition of atoms, catalyzing a paradigm shift in scientific inquiry.
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