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ABSTRACT

Recent advancements in radio observation have empowered astronomers to overcome obstacles
presented by light pollution in urban areas. This current study delves into the utilization of karahi
based antennas as a novel approach to observing celestial phenomena, with a specific focus on the
emission of galactic neutral hydrogen. By capitalizing on radio waves’ exceptional ability to penetrate
urban noise, in conjunction with advanced digital signal processing techniques and Software-Defined
Radios (SDRs), precise measurements of galactic emissions can be attained. The paper provides
comprehensive insights into the design, construction, and optimization of karahi antenna, elucidating
engineering considerations and addressing practical challenges encountered throughout the project.
Through a combination of simulation studies and field observations, the study showcases the potential
of karahi antenna in radio astronomy applications, thereby offering a promising avenue for facilitating
accessible astronomical research and promoting public engagement efforts. The basic idea derives from
[https://arxiv.org/abs/2309.15163].
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1 Introduction

Engaging the public with astronomy, particularly in urban areas plagued by intense light pollution, has
long been a challenge. However, recent strides in radio observation technology offer promising solutions.
One such innovation involves the use of karahi antennas to measure galactic neutral hydrogen, a critical
element in understanding our galaxy’s structure and dynamics. This strategy is extensively discussed in1, 2,
where significant advancements were achieved in this field. Karahi is a traditional cooking utensil widely
used in the Indian subcontinent. It is a thick, circular, and deep pot made from cast iron, stainless steel, or
copper, designed for deep frying and slow cooking.

The idea of employing karahi antennas for astronomical observation arose from recognizing radio
waves’ ability to penetrate urban noise and atmospheric disturbances. Unlike optical wavelengths, radio
waves are less affected by light pollution, making them ideal for celestial observations even in noisy urban
settings. Through the application of digital signal processing techniques and affordable hardware like
Software-Defined Radios (SDRs), astronomers can capture and analyze radio emissions from space with
remarkable precision.

Traditionally associated with culinary usage in the kitchen, the karahi-based antenna provides an
inventive alternative to conventional parabolic dish antennas. Its concave shape resembles a parabola,
offering a cost-effective means of capturing and focusing radio signals. By combining a dipole antenna
with the karahi reflector, researchers can enhance signal reception and sensitivity, especially in narrow band
observations targeting the 21 cm emission line of neutral hydrogen. The origin of the 21 cm line in physics
stems from the hyperfine structure of neutral hydrogen atoms. This phenomenon involves transitions
between the spin orientations of the electron and proton, emitting radiation at a distinct wavelength of
approximately 21 centimeters. This characteristic wavelength facilitates the study of galactic dynamics
and cosmology by astronomers3, 4.

This project draws inspiration from past endeavors in amateur radio astronomy and builds upon
principles outlined in publications such as “Digital Signal Processing in Radio Astronomy" (DSPiRA) or
SDRSharp. DSPiRA is a code which is written in GNU Radio for radio telescopes. Integration of GNU
Radio or SDRSharp software and hardware components like the HackRF One SDR empowers researchers
to implement sophisticated signal processing algorithms and conduct precise measurements of galactic
neutral hydrogen emissions2, 5. The block diagram of Figure 1 describes the setup of radio telescope.

In this paper, we delve into the design, construction, and optimization of karahi antennas for measuring
galactic neutral hydrogen emissions. We explore engineering considerations including antenna geometry,
impedance matching, and signal processing techniques, highlighting practical challenges and innovative
solutions encountered during the project. Additionally, we present simulation results and experimental
data from field observations, demonstrating the feasibility and effectiveness of karahi antennas.
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Figure 1. A block diagram of the radio telescope describing a dipole antenna which is coupled in a
karahi reflector, a filter with LNA to improve SNR before processed by the SDR and a software (GNU
Radio) for extracting meaningful information about galactic neutral hydrogen. Here LNA = low-noise
amplifier and SDR = software-defined radio.

1.1 Historical Background

In earlier research, Rubin conducted studies on the speeds at which stars within the Milky Way were
moving away, revealing velocities that exceeded what could be accounted for solely by gravitational
interactions among the stars. This finding has commonly been interpreted as evidence supporting the
existence of dark matter6.

The structure of the Milky Way remains a subject of significant scientific interest today. Serving as the
galaxy that houses Earth, it provides a valuable platform for studying galaxy formation. The ability to
identify individual stars within the Milky Way allows for precise dating of star formation events within the
context of the galaxy7–9.

The motion of neutral hydrogen within the galactic plane is one primary focus of the current project,
as it encompasses the distribution of particles’ phase space, encompassing stars and gas particles. This
movement is influenced by diverse mechanisms of galaxy formation and the structure of the dark matter
halo, thereby impacting their velocity distribution. Hence, studying the motion of stars within the galaxy
offers valuable insights into the nature and characteristics of dark matter10, 11.

Theoretically, with notable improvements in the system’s noise figure, it could be utilized to investigate
extragalactic 21 cm emission, requiring a narrow beam to minimize interference from the galactic
foreground. Given that hydrogen makes up approximately 70% of the universe, accurately mapping
its distribution holds promise for significant cosmological insights. Extragalactic 21 cm tomography is
currently a standard technique for studying matter distribution on large scales (approximately 100 Mpc),
with numerous research-class radio experiments focusing on early universe 21 cm emission. Moreover,
there are ongoing efforts to enhance designs for 21 cm detection12, 13.

The spatial distribution of 21 cm emission provides valuable indications about the distribution of cold
gas, as it closely correlates with the distribution of dark matter. Research into the sudden absence of 21
cm emission from the early universe is actively pursued, attributed to cosmic reionization, during which
most neutral hydrogen became ionized due to the emergence of the first generation of stars14, 15.

1.2 Educational Versatility: Tailoring Learning Opportunities with the Karahi Antenna

The karahi system offers valuable opportunities for educational use across a wide spectrum, from ele-
mentary school to undergraduate levels. For students with basic mathematical skills, the focus can be on
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