
JWST Reveals Exoplanet Weather and Atmosphere Bias

Description

The James Webb Space Telescope (JWST) has created a near-daily weather report for WASP-94A b, a planet
situated 690 light-years from Earth. This finding is significant because it reveals the complex and dynamic
atmosphere of a distant celestial body.

WASP-94A b is a tidally locked gas giant with a mass slightly less than half that of Jupiter but a diameter
over 70% larger. Its surface temperature surpasses 1,500 Kelvin due to its unique orbit, where one side
experiences constant daylight, while the opposite remains in perpetual darkness. This arrangement results
in a stark temperature difference: the evening side is about 450 Kelvin warmer than the morning side,
leading to distinct atmospheric behaviour akin to two differing planets.

Observations show that the morning atmosphere is thick with clouds composed of vaporized magnesium
silicate, resembling sand, while the evening side is clear. This variability arises from equatorial super-
rotation, where strong winds at the dividing line lift the magnesium silicate from the night side, allowing it to
condense and later evaporate before reaching the evening limb.

The research team aimed to investigate whether the atmospheres of such exoplanets are static or dynamic.
Findings indicate that WASP-94A b’s weather is in constant motion, resembling a sandstorm circulating
between hemispheres.

An important implication of this research is the identification of a methodological bias in older exoplanet
studies. Previous assessments, which averaged light from entire planets, inaccurately suggested WASP-94A
b had an oxygen content 100 times greater than that of the Sun. When examined using limb-resolved
methods, the actual enrichment was found to be three to five times solar levels.

This correction is crucial for understanding planetary formation and could lead to reevaluations of many
other hot Jupiters’ composition estimates. The research team emphasises the need for improved techniques
to address these biases in observational data.

The JWST team has extended their work to eight additional hot Jupiters, discovering similar atmospheric
patterns. This advancement highlights JWST's capability to produce detailed spectral data, contrasting with
previous instruments that provided only averages.

Looking ahead, Mukherjee’s team intends to apply this observational technique to a broader range of
planets, including one with a highly eccentric orbit that could display unusual weather patterns. For now,
WASP-94A b serves as an exemplar of how a single exoplanet might reveal intricate atmospheric
phenomena when scrutinised closely.
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Vocabulary List:

1. atmosphere //ˈætməsfɪr// (noun): the layer of gases around a planet
2. equatorial //ˌekwəˈtɔriəl// (adjective): near a planet's middle, around the equator
3. condense //kənˈdɛns// (verb): change from gas to liquid or solid
4. limb //lɪm// (noun): the outer edge of a round body
5. bias //ˈbaɪəs// (noun): an unfair preference or wrong opinion
6. spectral //ˈspɛktrəl// (adjective): relating to a range of light or colors

Comprehension Questions

Multiple Choice

1. What is the primary function of the James Webb Space Telescope (JWST) regarding WASP-94A b? 
    Option: To measure its distance from Earth
    Option: To create a near-daily weather report
    Option: To determine its age
    Option: To analyze its surface composition

2. What is the mass of WASP-94A b compared to Jupiter? 
    Option: Slightly more than half that of Jupiter
    Option: Slightly less than half that of Jupiter
    Option: Equal to Jupiter's mass
    Option: Twice that of Jupiter

3. What is the surface temperature of WASP-94A b? 
    Option: About 1,000 Kelvin
    Option: Over 1,500 Kelvin
    Option: Less than 500 Kelvin
    Option: Around 2,000 Kelvin

4. What atmospheric feature is prevalent on the morning side of WASP-94A b? 
    Option: Vaporized magnesium silicate clouds
    Option: Clear skies
    Option: Ice formations
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    Option: Acid rain

5. What did previous studies inaccurately suggest about WASP-94A b's oxygen content? 
    Option: It had no oxygen
    Option: It had an oxygen content 10 times that of the Sun
    Option: It had an oxygen content 100 times greater than that of the Sun
    Option: It had an oxygen content equal to that of the Sun

6. How many additional hot Jupiters has the JWST team extended their work to? 
    Option: Five
    Option: Six
    Option: Eight
    Option: Ten

True-False

7. WASP-94A b is a tidally locked gas giant. 

8. The evening side of WASP-94A b is 450 Kelvin warmer than the morning side. 

9. Limb-resolved methods revealed that WASP-94A b's oxygen content is lower than previously thought. 

10. The research team aims to apply the observational technique only to WASP-94A b. 

11. The JWST has replaced older instruments entirely with its capabilities. 

12. WASP-94A b exhibits similar atmospheric patterns to other hot Jupiters studied by JWST. 

Gap-Fill

13. WASP-94A b is located  light-years from Earth. 

14. The surface temperature of WASP-94A b surpasses  Kelvin. 

15. The evening side of WASP-94A b is subjected to  daylight. 

16. Observation shows that the morning atmosphere is thick with  composed of 
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vaporized magnesium silicate. 

17. The research team emphasized the need for improved techniques to address biases in 

 data. 

18. The JWST team intends to apply this technique to a  range of planets. 

Answer
Multiple Choice: 1. To create a near-daily weather report 2. Slightly less than half that of Jupiter 3. Over 
1,500 Kelvin 4. Vaporized magnesium silicate clouds 5. It had an oxygen content 100 times greater than 
that of the Sun 6. Eight
True-False: 7. True 8. False 9. True 10. False 11. False 12. True
Gap-Fill: 13. 690 14. 1,500 15. constant 16. clouds 17. observational 18. broader

Vocabulary quizzes

Multiple Choice  ( Select the Correct answer for each question. ) 

1. What force is responsible for keeping planets in orbit around the sun? 
    Option: Electromagnetism
    Option: Friction
    Option: Gravity
    Option: Nuclear

2. Which term refers to the path followed by an object moving through space? 
    Option: Velocity
    Option: Altitude
    Option: Trajectory
    Option: Orbit

3. What is the term for adjusting a measuring instrument for accuracy? 
    Option: Standardize
    Option: Calibrate
    Option: Regulate
    Option: Compile

4. What do we call the layer of gases surrounding a planet? 
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    Option: Ocean
    Option: Lithosphere
    Option: Atmosphere
    Option: Crust

5. What term describes the action of driving or pushing forward? 
    Option: Suspension
    Option: Propulsion
    Option: Restoration
    Option: Manipulation

6. In space missions, what does the term payload refer to? 
    Option: The weight of the spacecraft
    Option: The materials carried into orbit
    Option: The costs of the mission
    Option: The number of missions planned

7. Which term best describes a journey undertaken for a specific purpose, especially exploration? 
    Option: Journey
    Option: Expedition
    Option: Migration
    Option: Vacation

8. What is the term for working jointly with others towards a common goal? 
    Option: Isolation
    Option: Segregation
    Option: Collaboration
    Option: Competition

9. What term describes an attitude of doubt or disbelief? 
    Option: Optimistic
    Option: Sceptical
    Option: Trusting
    Option: Indifferent

10. What term refers to activities intended for profit or in business? 
    Option: Domestic
    Option: Commercial
    Option: Civic
    Option: Academic
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Gap-Fill  ( Fill in the blanks with the correct word from the vocabulary list. ) 

11. The spacecraft needed to  in order to enter the desired orbit. 

12. The new material used in the construction of the lander was found to be . 

13. The research team focused on the  regions for their surveys. 

14. It’s essential to minimize any  during data collection. 

15. The results of the  phase were promising, indicating potential success. 

16. The new technology aims to  issues faced by previous systems. 

17. They were able to  the necessary components for the mission. 

18. Repeated  led to a delay in the launch schedule. 

19. We must assess the  of the experiments’ results. 

20. His  grew as he waited for the results of the test. 

Matching Sentences  ( Match each definition to the correct word from the vocabulary list. ) 

21. Gravity pulls objects towards each other, which is why we stay grounded on Earth.

22. To avoid obstacles in its path, the spacecraft had to manoeuvre skillfully.

23. The trajectory of the rocket was calculated meticulously to ensure a successful launch.

24. It is important to calibrate instruments before starting any measurement.

25. The composition of the atmosphere is vital for sustaining life.

26. The sculpture had a distinctive metallic sheen that attracted many viewers.

27. The new data portal is user-friendly and highly accessible to researchers worldwide.

28. The experimental design was innovative and pushed the boundaries of current knowledge.
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29. Successful projects often result from good collaboration among team members.

30. The underperformance of the project was attributed to a lack of resources.

Answer
Multiple Choice: 1. Gravity 2. Trajectory 3. Calibrate 4. Atmosphere 5. Propulsion 6. The materials carried 
into orbit 7. Expedition 8. Collaboration 9. Sceptical 10. Commercial
Gap-Fill: 11. manoeuvre 12. metallic 13. equatorial 14. bias 15. experimental 16. alleviate 17. procure
18. postponements 19. validity 20. impatience
Matching sentence: 1. gravity 2. manoeuvre 3. trajectory 4. calibrate 5. composition 6. metallic 7. accessible
8. experimental 9. collaboration 10. underperformance
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