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Topic: Atomic Spectra

Class: CBSE CLASS XII

Subject: Physics

Unit: Unit12: Atoms

1. Why This Topic Matters

Ever wondered how astronomers know what distant stars are made of, or how fireworks get

their brilliant colors? The answer is atomic spectra, and it's one of the most powerful tools in

science. Understanding why a concept is important makes it far more engaging and easier to

learn. Atomic spectra aren't just a theoretical topic; they are the reason behind many

phenomena you see every day.

Here are a few real-world applications that are directly explained by atomic spectra:

Fireworks: The brilliant reds, greens, and blues in a firework show are not from dyes.
They are produced by different chemical elements (like strontium for red or copper for
blue) releasing light at their own unique, characteristic wavelengths when heated.

Neon Signs: The classic red glow of a "neon" sigh comes from exciting neon gas with
electricity. The electrons in neon atoms jump to higher energy levels and then fall
back, emitting light only at the specific wavelengths that our eyes perceive as reddish-
orange. Other gases, like argon (blue) or helium (pink), are used to create different
colors.

Astronomy: How do we know what stars are made of? We can't take a sample.
Instead, astronomers analyze the light from a star using a spectrometer. The unique
"fingerprint" of dark or bright lines in the star's spectrum reveals exactly which
elements are presentin its atmosphere.

The Northern Lights (Aurora Borealis): The beautiful, dancing lights in the polar skies
are caused by energetic particles from the sun striking atoms (mostly oxygen and
nitrogen) in Earth's upper atmosphere. These atmospheric atoms get excited and emit
photons of specific colors—green and red from oxygen, and blue or purple from
nitrogen.

Medical Diagnostics: Advanced lab equipment uses atomic spectroscopy to analyze
the elemental composition of blood or tissue samples. This can help detect
deficiencies (like low iron) or the presence of toxic heavy metals.
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e Environmental Monitoring: Scientists can detect pollutants like mercury or lead in air
and water samples by looking for their unique spectral signatures, allowing for precise
and sensitive environmental testing.

To understand how all these different applications work, we first need a simple way to
visualize what’s happening inside an atom. A simple analogy can help.

2. Think of It Like This

Complex physics concepts are often easier to grasp when we connect them to something
familiar. These "mental models" or analogies are powerful tools for building intuition. For
atomic spectra, one of the best analogies is a musical instrument.

The most intuitive way to think about this is the Musical Instrument Model. Imagine an atom
is like a piano. A piano can only play a specific set of notes (C, C#, D, etc.). You cannot play a
note that falls between two keys. In the same way, an atom can only emit light at specific,
discrete "notes" or colors. Each element is like a different piano, tuned to play its own unique

set of notes. When you "play" the atom by giving it energy, it emits light, but only in its own
characteristic colors.

Here are a couple of other ways to visualize the same idea:

o The Bell Model: An atom is like a bell. When you strike it, it rings with a specific,
natural frequency (its fundamental tone and overtones). It cannot produce just any
random sound. The specific frequencies of light an atom emits are like its natural
ringing tones.

o The Night Sky Model: The possible colors an element can emit are like stars in the
night sky. For hydrogen, the stars are in one pattern. For helium, they arein a
completely different pattern. The spectrum is a unique "star map" for each element.

At the core, all these analogies illustrate a single, simple process:
Energy In > Electron Jumps Up = Electron Falls Down > Specific Color Light Out

While analogies are fantastic for understanding the core idea, for your exams, you need to
know the precise, scientific definition.

3. Exact NCERT Answer (Learn This for Exams)

For your board exams, it is crucial to use the precise definitions and formulas provided in the
NCERT textbook. These are the exact points that examiners will be looking for.

Emission Spectrum Definition: "When an atomic gas or vapour is excited at low
pressure...the emitted radiation has a spectrum which contains certain specific
wavelengths...consists of bright lines on a dark background."
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The "Fingerprint" Concept: "Study of emission line spectra of a material can therefore serve
as a type of “fingerprint” for identification of the gas."

Photon Energy Formula (Bohr's Third Postulate): hv_if =E_ni-E_nf

Note for exams: This formula is part of Bohr's third postulate. Memorize it as such. It's the
mathematical heart of how spectra are formed.

Explanation of Symbols:

e h: Planck's constant (a fundamental constant that connects the energy of a photon to
its frequency).

v_if: The frequency of the emitted photon during the transition.

E_ni: The energy of the initial (higher) stationary state of the electron.

E_nf: The energy of the final (lLower) stationary state of the electron.

Now, let's connect the simple musical analogy from the previous section to this formal
physics equation.

4. Connecting the Idea to the Formula

The purpose of this section is to build a clear, logical bridge between the intuitive analogy of a
piano and the formal NCERT formula you need for exams. The connection is straightforward
and relies on one key idea: quantization.

Here is the three-step connection:

o Step 1: Energy Levels are Like Rungs on a Ladder. Just like you can stand on the
rungs of a ladder but not in the empty space between them, an electron in an atom can
only exist at specific, fixed energy levels. These are the "notes" on the piano or the
"rungs" on the ladder. An electron cannot exist at an energy level between these
allowed states.

e Step 2: Falling Down Releases a Packet of Energy. When an electron is on a higher
energy rung (E_ni) and falls to a lower one (E_nf), the atom must get rid of the extra
energy. It releases this energy as a single, discrete packet. The size of this energy
packet is exactly equal to the difference between the two rungs: AE =E_ni - E_nf.

o Step 3: The Energy Packet is a Photon of Light. This packet of released energy is what
we call a photon—a particle of light. The energy of any photon is related to its
frequency by the famous equation E = hv. By substituting the energy difference from
Step 2, we arrive directly at the NCERT formula: hv = E_ni— E_nf. This shows that the
frequency (and thus the color) of the emitted light is determined precisely by the size
of the energy gap between the two levels.

To make this even clearer, let's break down the entire process from start to finish.
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5. Step-by-Step Understanding

Let's deconstruct the entire process of how an atom creates a spectral line into a sequence of
simple steps.

e 1.The Ground State: An atom normally exists in its most stable, lowest-energy state,
called the ground state. In this state, its electrons are in the lowest possible energy
levels.

o 2. Excitation: Energy is added to the atom, for example, through heat in a flame or by
passing an electric current through a gas. This process is called excitation.

e 3. The Jump Up: An electron inside the atom absorbs this energy and uses it to "jump"
to a specific, higher energy level. The atom is now in an excited state.

o 4. Instability: This excited state is unstable, much like a ball perched at the top of a
hill. The electron will naturally and quickly fall back down to a lower, more stable
energy level.

e 5.The Photon is Born: As the electron falls from the higher level to the lower level, the
energy difference between the two levels is released from the atom as a single particle
of light—a photon.

e 6. The "Fingerprint" is Created: Since there are only specific, allowed energy gaps
inside the atom, only photons with specific energies can be created. This results in an
emission spectrum with sharp, distinct lines of specific colors, which is the unique
line spectrum for that element.

Now that we understand the process, let's solidify it with a simple humerical example.
6. Very Simple Example (Tiny Numbers)

Working through a simple calculation is one of the best ways to make an abstract physics
concept feel concrete. Let's calculate the energy of a photon emitted in a classic transition
for the hydrogen atom.

Problem: An electron in a hydrogen atom falls from the n=3 energy level to the n=2 energy
level. What is the energy of the photon emitted?

Given:
o Energy of the initial state (n=3): E; =-1.51 eV
o Energy of the final state (n=2): E, =-3.4 eV

Step 1: Find the Energy Difference We use the formula for the energy of the emitted photon,
which is the difference between the initial and final energy levels.

AE = E_initial - E_final

© ScorelLab by Profsam.com
Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in
Physics, Chemistry, and Mathematics.



K scoreLab

Substitute the given energy levels:
AE=E;-E,
AE =(-1.51 eV) - (-3.4 eV)

Exam Alert: The most common mistake here is mishandling the negative signs. The energy
levels are negative because the electron is bound. The energy of the , however, must be
positive. E_initial - E_final will always give a positive result because E_initial is a less negative
number than E_final.

AE=-1.51eV+3.4eV
AE=1.89 eV
Answer: The emitted photon has an energy of 1.89 eV.

As we'll see in the advanced section, this energy corresponds to the famous red H-alpha line
(656 nm) in hydrogen's visible spectrum, part of the Balmer series.

This process is straightforward, but there are a few common misunderstandings that can lead
to errors. Let's look at what to avoid.

7. Common Mistakes to Avoid

Knowing the common pitfalls is just as important as knowing the correct concepts. Being
aware of these wrong ideas can help you avoid making careless mistakes in an exam.

1. Continuous vs. Line Spectra
WRONG IDEA: "Hot gases emit all colors, creating a continuous rainbow-like spectrum.”

Why students think this: We see hot objects like an incandescent bulb's filament glow with a
continuous range of colors, so it's natural to assume all hot things behave this way.

CORRECT IDEA: Hot solids emit continuous spectra, but hot, low-pressure gases made of
individual atoms emit line spectra. The isolated atoms have discrete energy levels, so they
can only emit light at specific frequencies.

Exam Pro-Tip: If a question mentions a hot, low-pressure gas, your mind should immediately
go to 'discrete lines' and ‘quantized energy levels.' If it mentions a hot solid (like a filament),
think 'continuous spectrum.’

2. Source of Spectral Lines

WRONG IDEA: "The different colored lines in hydrogen's spectrum must come from different
elements or impurities mixed in with the hydrogen."

Why students think this: It seems logical that different colors must come from different
sources.
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CORRECT IDEA: A single element can produce many different spectral lines. All the lines in
the Balmer series, for example, come from pure hydrogen atoms. The different colors
correspond to electrons falling from different higher levels (n=3, n=4, n=5, etc.) all to the same
final level (n=2).

Exam Pro-Tip: Remember that a single element's spectrum is a 'family’' of lines. Different lines
come from different energy level transitions within the same type of atom.

3. Temperature and Color
WRONG IDEA: "Red light is from hot things and blue light is from cool things."

Why students think this: Students often mix up the rules for thermal radiation (where hotter
objects peak at bluer wavelengths) with atomic emission.

CORRECT IDEA: For atomic spectra, the color of light is determined by the specific energy
gap in the atom, a concepttied to quantum mechanics. The idea that hotter means 'bluer’

comes from thermal (black-body) radiation, governed by Wien's Law, which applies to hot

solids and liquids, not individual gas atoms.

Exam Pro-Tip: For questions about gas discharge tubes, neon signs, or aurora, the color is
determined by the element's unique energy levels. For questions about a glowing stove top or
a star's overall color, the color is determined by its temperature (black-body radiation).

To keep these correct ideas straight, a simple memory aid can be very helpful.
8. Easy Way to Remember

Using memory anchors or mnemonics can help you recall key facts quickly and accurately,
especially under exam pressure. Here are two useful aids for atomic spectra.

e Memorable Phrase:

o This phrase helps you remember the two most important ideas: that spectra are
unique to each element (the fingerprint) and that they consist of specific colors
(the song).

e Mnemonic for Hydrogen's Spectral Series:

o "BALMER RED": This reminds you that the Balmer series for hydrogen contains
the most famous visible lines, including the strong red H-alpha line.

o "LYMAN UV": This helps you recall that the Lyman series, which involves
transitions down to the n=1 ground state, is found in the UltraViolet part of the
spectrum.

With these tools in mind, let's do a final, high-speed review of the most critical points.

9. Quick Revision Points
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This section is a final summary of the most important facts about atomic spectra. Use these
points for last-minute revision before an exam.

e Atomic spectra are line spectra, consisting of discrete, sharp lines of specific colors,
not a continuous rainbow.

o Everyelement has aunique spectrum, which acts as its "atomic fingerprint" and
allows for its identification.

e Spectral lines are produced when electrons jump from a higher, unstable energy level
to a lower, more stable one.

e The photon's wavelength is determined precisely by the energy difference between
the two levels (hv = E_ni - E_nf).

e Thelinesin a spectrum are organized into series (like Lyman, Balmer, Paschen), where
each series corresponds to transitions ending at the same final energy level.

e The existence of line spectra is direct experimental evidence that the energy within an
atom is quantized—it can only have specific, discrete values.

For those who want to explore this topic in greater detail, the next section covers some more
advanced concepts.

10. Advanced Learning (Optional)

This section is for students who want to go beyond the core curriculum for a deeper
understanding or to prepare for competitive exams. The concepts here are extensions of what
we've already covered, not repetitions.

e The Rydberg Formula: While Bohr's model explains why the formula works, the
formula itself is an incredibly powerful predictive tool. For any electron transitionin a
hydrogen atom, you can calculate the exact wavelength of the emitted photon using:
1/A=R_H (1/n_f2 - 1/n_i2) where R_H is the Rydberg constant, n_f is the final level, and
n_iis the initial level.

e Spectral Series Names: The major spectral series in hydrogen are named after their
discoverers. You should know the first four:

o Lyman Series: Transitions ending at n_f =1 (Ultraviolet).
o Balmer Series: Transitions ending at n_f = 2 (Visible Light).
o Paschen Series: Transitions ending at n_f = 3 (Infrared).
o Brackett Series: Transitions ending at n_f = 4 (Infrared).

o The Series Limit: For any given series, there is a shortest possible wavelength, known
as the series limit. This corresponds to the highest possible energy transition, which
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occurs when an electron falls from the very edge of the atom (n_i = ©) down to the
series' final level (n_f).

e Line Intensity: The brightness of a spectral line depends on two factors: the transition
probability and the number of atoms in the initial excited state. At typical
temperatures, lower energy states are more populated, so transitions originating from
them (like Lyman-alpha from n=2) are often more intense than those from highly
excited states (like Lyman-delta from n=>5).

e Line Broadening: In reality, spectral lines are not infinitely sharp. They are slightly
"broadened" or smeared out by several effects. One major cause is the Doppler
effect: since atoms in a gas are moving randomly, light from atoms moving towards an
observer is slightly blue-shifted, while light from atoms moving away is red-shifted.
This smears the observed spectral line.

e Absorption vs. Emission: While emission spectra are created by hot, excited gases,
absorption spectra are created when a cooler gas is placed in front of a source of
continuous radiation (like a star's core). The cool gas atoms absorb photons at their
characteristic frequencies, creating dark lines. Crucially, the dark lines in a star's
absorption spectrum perfectly match the bright lines the same element would
produce in an emission spectrum.
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