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I N T R O D U C T I O N :
M E A S U R I N G  D I S T A N C E S  I N  S P A C E

Astronomers use a cosmic

distance ladder to measure

distances across the universe.

Methods vary by scale: from

nearby stars to galaxies billions

of light-years away.

Techniques build on each other

for more accurate

measurements.



Measures distances to stars within 100 light-years.

Based on Earth’s orbit around the Sun, using trigonometry.

Works for nearby stars; less effective beyond a few hundred light-years.

M E A S U R I N G  N E A R B Y  D I S T A N C E S  –  S T E L L A R
P A R A L L A X



S T A N D A R D  C A N D L E S  –  C E P H E I D  V A R I A B L E S

Cepheid Variables pulse in
brightness at regular
intervals.
The longer the pulse, the
brighter the star.
Used to measure distances
up to 80 million light-years.



Supernovae explode with a known energy
release.
Serve as "standard candles" for measuring
galaxies up to 10 billion light-years away.
Crucial for measuring large-scale
distances.
Provide consistent luminosity that allows
astronomers to compare their brightness
and calculate precise distances.

S U P E R N O V A E  –  T Y P E  1 A  S U P E R N O V A E

Supernova Remnant
Cassiopia A



C H A N G E  I N  W A V E L E N G T H  D U E  T O  T H E  M O T I O N
O F  T H E  O B J E C T



R E D S H I F T  A N D  T H E  E X P A N D I N G  U N I V E R S E

Galaxies move away, causing redshift in
their light.
Redshift shows the velocity of galaxies,
helping calculate their distance.
Hubble’s Law relates redshift to
distance for galaxies billions of light-
years away.



Radiation from the Big Bang, sets
a baseline for the universe’s size.
Age of the universe: 13.8 Billion
years.
Provides insight into the
observable universe, extending to
46 billion light-years.
The CMB helps us understand the
scale and structure of the
universe.

C O S M I C  M I C R O W A V E  B A C K G R O U N D  ( C M B )



S C A L I N G  T O  T H E  U N I V E R S E

Methods scale from solar system
(parallax) to the edge of the
observable universe (CMB).
Parallax measures nearby objects,
Cepheids and supernovae extend
to millions of light-years.
Redshift and CMB cover distances
up to the edge of the observable
universe (46 billion light-years).



R E F E R E N C E S

https://esahubble.org/science/age_size/ 

https://www.space.com/24073-how-big-is-the-universe.html 

https://imagine.gsfc.nasa.gov/science/questions/age.html#:~:text=An%20image%20of%20the%20galaxy,valu
e%20of%20the%20Hubble%20Constant.&text=Astronomers%20estimate%20that%20the%20Big,back%20t
o%20the%20Big%20Bang 

https://www.scienceabc.com/nature/universe/how-did-scientists-determine-the-size-of-the-
universe.html#google_vignette 

https://www.britannica.com/topic/observable-universe 

https://en.wikipedia.org/wiki/Cepheid_variable

https://study.com/academy/lesson/main-sequence-star-definition-facts-
quiz.html#:~:text=A%20main%20sequence%20star%20is,Tau%20Ceti%20and%20the%20Sun.

https://esahubble.org/science/age_size/
https://www.space.com/24073-how-big-is-the-universe.html
https://imagine.gsfc.nasa.gov/science/questions/age.html#:~:text=An%20image%20of%20the%20galaxy,value%20of%20the%20Hubble%20Constant.&text=Astronomers%20estimate%20that%20the%20Big,back%20to%20the%20Big%20Bang
https://imagine.gsfc.nasa.gov/science/questions/age.html#:~:text=An%20image%20of%20the%20galaxy,value%20of%20the%20Hubble%20Constant.&text=Astronomers%20estimate%20that%20the%20Big,back%20to%20the%20Big%20Bang
https://imagine.gsfc.nasa.gov/science/questions/age.html#:~:text=An%20image%20of%20the%20galaxy,value%20of%20the%20Hubble%20Constant.&text=Astronomers%20estimate%20that%20the%20Big,back%20to%20the%20Big%20Bang
https://www.scienceabc.com/nature/universe/how-did-scientists-determine-the-size-of-the-universe.html#google_vignette
https://www.scienceabc.com/nature/universe/how-did-scientists-determine-the-size-of-the-universe.html#google_vignette
https://www.britannica.com/topic/observable-universe


The Age of the Universe
and the James Webb
Space Telescope



A G E  O F  T H E  U N I V E R S E  –  O V E R V I E W

Estimated at 13.8 billion years based on multiple lines of evidence.
Determined through cosmic observations and mathematical

models.
Key methods include studying the cosmic microwave background

(CMB) and the universe’s expansion.



C O S M I C  M I C R O W A V E  B A C K G R O U N D  ( C M B )

The CMB is the oldest light in the universe, a remnant of the Big
Bang.

Detailed mapping of CMB temperature variations helps estimate
cosmic age.

Data from missions like WMAP and Planck confirm the 13.8-
billion-year figure.



H U B B L E ’ S  L A W  &  U N I V E R S A L  E X P A N S I O N

The Hubble constant measures how fast galaxies move away from us.
Extrapolating backward suggests a singular origin: the Big Bang.

JWST refines this by observing early galaxies and testing expansion models.

I N T R O D U C T I O N  T O  J W S T

Launched December 25, 2021, as the successor to
Hubble.

Largest and most powerful space telescope ever
built.

Focuses on infrared astronomy to study the
universe’s earliest light, detecting weaker forms of

photons, detecing infrared photons.
Gold is utilized due to its extremely reflective

properties.



J W S T ’ S  P R I M A R Y  M I R R O R  &  I N S T R U M E N T S

6.5-meter gold-coated mirror captures faint and distant light.
Equipped with four major scientific instruments: NIRCam,

NIRSpec, MIRI, and NIRISS.
Designed for studying galaxies, exoplanets, and star formation.



J W S T ’ S  M I S S I O N  O B J E C T I V E S

Observing the first galaxies formed after the Big
Bang.

Investigating how galaxies and stars evolve over
time.

Studying exoplanets’ atmospheres to assess
potential habitability.

Detecting new galaxies that have not been
detected.



I N F R A R E D  A S T R O N O M Y  &  J W S T ’ S  A D V A N T A G E

Infrared light penetrates cosmic dust to
reveal hidden structures.

Allows observation of distant galaxies,
exoplanets, and forming stars.

Expands beyond Hubble’s capabilities by
detecting much older cosmic events.



J W S T ’ S  E A R L Y  D I S C O V E R I E S

Identified galaxies from 300 million years after the Big Bang.
Detected water vapor and methane in exoplanet atmospheres.

Observed star formation in unprecedented detail.

C O N N E C T I N G  J W S T  T O  T H E  A G E  O F  T H E  U N I V E R S E

JWST provides direct evidence of early galaxies, confirming the 13.8-billion-
year estimate.

Helps refine the Hubble constant by studying distant cosmic structures.
Expands our understanding of the universe’s evolution by tracing its earliest

light.



R E F E R E N C E S

https://imagine.gsfc.nasa.gov/science/featured_science/tenyear/age.html#:~:text=But%20with%

20advances%20in%20technology,did%20this%20come%20to%20be%3F

https://en.wikipedia.org/wiki/Age_of_the_universe wmap.gsfc.nasa.gov

https://science.nasa.gov/mission/webb/ https://webbtelescope.org/home

https://en.wikipedia.org/wiki/James_Webb_Space_Telescope https://webbtelescope.org/news?

utm



Atomic Spectroscopy
and the James Webb
Space Telescope



T H E  R O L E  O F  S P E C T R O S C O P Y  I N  A S T R O N O M Y

Spectroscopy analyzes light from
celestial objects to determine their
chemical compositions.
Elements emit/absorb light at unique
wavelengths, creating identifiable
spectral lines.
Helps astronomers study stellar
evolution, galaxy formation, and
cosmic chemistry.



A L L O W E D  L I N E S

Allowed lines are spectral lines that result from electron
transitions between energy levels that obey quantum mechanical

selection rules.

These transitions occur quickly and produce strong, easily
detectable emission or absorption lines in spectra.

Common in high-density environments like stars, allowed lines
help identify abundant elements such as hydrogen and helium.



F O R B I D D E N  E M I S S I O N  L I N E S  &  T H E I R
I M P O R T A N C E

Emission lines from elements like
nitrogen, sodium, and oxygen
appear under low-density
conditions in space.
These lines help identify the
composition and temperature of
nebulae and distant galaxies.
They provide crucial data on star
formation regions and black hole
surroundings.



J W S T ’ S  S P E C T R O S C O P I C  C A P A B I L I T I E S  &
N I R S P E C

JWST’s Near-Infrared Spectrograph (NIRSpec) observes light from 0.6 to 5.0
micrometers.
Can analyze up to 100 objects at once, ideal for studying distant galaxies and
exoplanets.
Enables scientists to examine the atmosphere of exoplanets and the early
universe.



J W S T ’ S  K E Y  D I S C O V E R I E S  U S I N G
S P E C T R O S C O P Y

Identified JADES-GS-z14-0, the most
distant galaxy, from 290 million years
after the Big Bang, compared to what HST
found ~700 millions years after Big Bang.
Detected frozen CO₂ and hydrogen
peroxide on Pluto’s moon Charon,
revealing surface chemistry.
Found “rogue planets” (planetary-mass
objects without stars), providing
insights into planet formation.



R E F E R E N C E S

https://www.britannica.com/science/spectroscopy/Applications

https://library.fiveable.me/astrochemistry/unit-2/atomic-structure-spectroscopy/study-
guide/IIjWRFXldNzTFwhE

https://www.azooptics.com/Article.aspx?ArticleID=1984

https://en.wikipedia.org/wiki/NIRSpec?utm_source

https://www.reuters.com/technology/space/webb-telescope-reveals-surprising-details-plutos-
moon-charon-2024-10-01/?utm_source

https://www.thescottishsun.co.uk/tech/13423233/rogue-worlds-james-webb-space-telescope/?
utm_source



O B J E C T I V E S  O F  T H I S  S T U D Y

To identify spectral lines in JWST data from a distant galaxy using observed
wavelengths.
To calculate the redshift of these lines from an astronomical object.
(1) Use the redshift to gain information regarding to age and distance from
Earth of the object.
(2) To match the rest-frame wavelengths with known transitions using the
NIST database. Along with identifying and confirming the presence of certain
elements.



T H E O R E T I C A L  B A C K G R O U N D  
i .  E x p a n s i o n  o f  t h e  U n i v e r s e

Velocity and redshift relation: v ≈ c×z (for small redshifts)
Higher redshift means greater distance from Earth
Redshift helps determine both composition and look-back time

Edwin Powell Hubble found that the universe is expanding from
observation; He introduced a constant, known as Hubble’s constant,
H0

Hubble’s constant is related to the distance and age 
of the object. 

Hubble’s constant is no longer a constant however as 
the universe is expanding at an accelerating rate. Hubble’s
law is estimated to be 73 km per second per megaparsec



T H E O R E T I C A L  B A C K G R O U N D
i .  E x p a n s i o n  o f  t h e  U n i v e r s e



T H E O R E T I C A L  B A C K G R O U N D
i .  E x p a n s i o n  o f  t h e  U n i v e r s e



i i .  A t o m i c  T r a n s i t i o n s  a n d  t h e  R y d b e r g  F o r m u l a

Atoms emit light at specific wavelengths when elections transition between energy
levels
These energy levels are quantized, meaning they can only occupy specific states.
The Rydberg Formula helps predict the wavelengths of hydrogen spectral lines based
on these energy transitions.
For hydrogen, we can have various series of transitions — Lyman series and Balmer
Series (shown in the top-right side of the figure above).



Rydberg Formula:

Explains how electrons falling between energy levels emit light.
Focus on hydrogen’s Balmer series (transitions to n₁ = 2).
Variables explained: λ = wavelength of emitted light, R = Rydberg constant, Z
= atomic number (for hydrogen, Z=1)
n1, n2= lower and higher energy levels respectively

i i .  A t o m i c  T r a n s i t i o n s  a n d  t h e  R y d b e r g  F o r m u l a



METHOLOGY
M A T C H I N G  S P E C T R A L  L I N E S  T O  E L E M E N T S

Used JWST’s publicly available near-infrared spectral data from a
distant lensed galaxy
Visually estimated emission line positions based on the spectrum’s
micron scale
Converted observed wavelengths to rest-frame values using the
redshift equation
Compared rest-frame wavelengths to NIST Atomic Spectra Database
for atomic transition matches



V E R I F Y I N G  L I N E S  A N D  R E D S H I F T  V A L U E S

Rest-frame wavelengths were calculated by dividing observed values
by (1 + z)
These wavelengths were converted from microns to angstroms
(×10,000)
Rest values were compared to NIST database entries to identify atomic
transitions
This process verified the redshift and supported consistent element
identification across all lines



R E S U L T S  &  D I S C U S S I O N
I N I T I A L  D A T A  A N D  V I S U A L  A N A L Y S I S

Started with JWST spectral image of a galaxy lensed by SMACS 0723.
Emission lines visible in near-infrared range.
Wavelengths estimated by eye, matching lines to micron (μm) scale on
spectrum.
One prominent line observed at 3.7 μm chosen for redshift estimation.



J W S T  S P E C T R U M



Initially, the 3.7 micron line was thought to come from
hydrogen’s Lyman series, but the wavelength was too
long.
Attention shifted to the Balmer series, where electrons
fall to the n=2 level, producing visible and near-infrared
light.
The Rydberg formula was used to test energy level
transitions by trial and error.
The n=9 to n=2 transition matched a rest wavelength of
0.434 microns, leading to a calculated redshift of about
8.65.

I D E N T I F Y I N G  T H E  R E D S H I F T E D  L I N E



A P P L Y I N G  R E D S H I F T  A N D  I D E N T I F Y I N G  E L E M E N T S

Applied redshift uniformly to all observed emission lines.
Calculated rest wavelengths by dividing observed wavelengths by (1 + z).
Converted rest wavelengths from microns to angstroms (×10,000).
Compared results to NIST Atomic Spectra Database for elemental
identification



I D E N T I F I C A T I O N  O F  T H E  S P E C T R O S C O P I C  L I N E S
O B S E R V E D  B Y  J W S T



C O N C L U S I O N S  O F
R E D S H I F T  A N D  E L E M E N T A L  M A T C H E S

Redshift (z = 8.65) was calculated using a hydrogen Balmer line at 3.7
microns.
Rydberg formula and trial-and-error were used to find the correct
transition (n=9 → n=2).
This redshift allowed the rest of the spectral lines to be matched across
the galaxy’s emission.
Elements like hydrogen, oxygen, and neon were identified by comparing
to NIST reference wavelengths.



I N T E R P R E T I N G  T H E  D E T E C T E D  E L E M E N T S

Hydrogen Balmer lines suggest active star formation and young, hot
stars.
Oxygen detections point to chemical enrichment from past star
formation cycles.
Neon indicates the presence of massive stars and rapid evolution in early
galaxies.
These results show that this galaxy had already undergone significant
chemical development.



I N T E R P R E T I N G  T H E  D E T E C T E D  E L E M E N T S



L I M I T A T I O N S  A N D  O V E R A L L  S I G N I F I C A N C E

Wavelengths were estimated by eye, which introduces uncertainty.
Redshift was based on a single hydrogen line using trial and error.
Manual matching reduces precision compared to automated or
statistical methods.
Despite limitations, consistency across data supports the findings.



F U T U R E  P L A N S  A N D  C O N C L U S I O N S

This study confirmed redshift (z = 8.65) and identified elements using
JWST spectral data and Balmer line analysis.
Future work will use software to extract spectral lines more precisely
and reduce human error.
Statistical fitting tools can improve redshift accuracy and help confirm
more elemental matches.
Applying this method to additional galaxies and using lensing models
can reveal how early galaxies evolved across the universe.



T H A N K  Y O U !
I  w o u l d  l i k e  t o  t h a n k  T h e  O h i o  S t a t e  U n i v e r s i t y  a n d

P r o f e s s o r  S u l t a n a  N .  N a h a r  f o r  c a r r y i n g  o u t  m y
r e s e a r c h  p r o j e c t .

I  c a n  t a k e  q u e s t i o n s  n o w .


