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ABSTRACT

This paper presents an experimental analysis of the moving coil galvanometer, focusing on its
working principle, construction, and governing equations. A detailed literature review is
provided, followed by a new methodology for conducting experiments to measure the sensitivity
of the galvanometer. The results are presented in tabular form and illustrated with graphs based
on statistical experimental data. This study aims to enhance the understanding of galvanometer
functionality and its applications in measuring electric currents.

1 INTRODUCTION

The moving coil galvanometer is a sensitive instrument used for measuring small electric
currents. Its operation is based on the interaction between a magnetic field and a current-carrying
coil. Understanding its working principle and construction is essential for its effective
application in various fields, including physics and engineering.

2 LITERATURE REVIEW

The moving coil galvanometer has been the subject of extensive research. Early studies focused
on its construction and basic principles. For instance, [Baker et al. (2019)] detailed the design
and operational characteristics of galvanometers, emphasizing their importance in laboratory
measurements. Recent advancements have explored improvements in sensitivity and accuracy, as
discussed by [Smith et al. (2020)], who investigated the effects of coil design on performance.
The moving coil galvanometer, an essential instrument in electrical measurements, has been
extensively studied since its inception. This literature review aims to explore the historical
development, working principles, construction, and recent advancements in galvanometer
technology.

2.1 HISTORICAL DEVELOPMENT

The concept of measuring electric current can be traced back to the early 19th century. The first
moving coil galvanometer was developed by Johann Christian Poggendorff in 1821.
Poggendorff’s design utilized the interaction between a magnetic field and a current-carrying
coil, laying the groundwork for future developments in galvanometry [Poggendorff (1821)].
Over the years, various enhancements have been made to improve sensitivity and accuracy.

2.2 FUNDAMENTAL PRINCIPLES

The working principle of the moving coil galvanometer is based on electromagnetic induction.
When a current flows through the coil, it generates a magnetic field that interacts with an
external magnetic field, producing a torque that causes the coil to rotate. This rotation is
proportional to the current flowing through the coil, allowing for the measurement of small
currents. The governing equation for the torque experienced by the coil is given by:
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©=B 1A sin(0)
where B is the magnetic field strength, I is the current, A is the area of the coil, and 0 is the angle
between the magnetic field and the normal to the coil [Fitzgerald et al. (2004)].

2.3 CONSTRUCTION AND DESIGN

The construction of a moving coil galvanometer typically involves several key components. The
coil is usually made of fine wire wound around a non-magnetic frame to minimize interference.
The magnetic field is generated by permanent magnets or electromagnets, which create a
uniform field in which the coil rotates. The pointer attached to the coil moves over a calibrated
scale to indicate the measured current. Recent studies have focused on optimizing the design of
galvanometers to enhance their performance. For instance, [Kumar et al. (2021)] explored the
effects of coil geometry on the sensitivity of galvanometers, demonstrating that variations in coil
shape can significantly impact the instrument’s responsiveness. They found that a rectangular
coil design improved sensitivity compared to traditional circular designs.

2.4 CALIBRATION AND MEASUREMENT TECHNIQUES

Accurate calibration of galvanometers is crucial for obtaining reliable measurements. Several
methods have been proposed for calibrating galvanometers to ensure precision. [Johnson et
al. (2018)] examined various calibration techniques, including the use of standard resistors and
controlled current sources. Their findings indicated that systematic calibration procedures could
reduce measurement errors significantly. Additionally, [Smith et al. (2020)] investigated the
influence of environmental factors, such as temperature and humidity, on galvanometer
performance. They reported that fluctuations in temperature could affect the resistance of the
coil, leading to variations in the readings. This highlights the importance of conducting
measurements under controlled conditions to ensure accuracy.

2.5 ADVANCEMENTS IN GALVANOMETER TECHNOLOGY

With the advent of digital technology, modern galvanometers have seen significant
advancements. Digital galvanometers, which incorporate electronic components for improved
measurement and data logging, offer enhanced accuracy and ease of use. [Nguyen et al. (2019)]
discussed the transition from analog to digital galvanometers and the benefits of incorporating
microcontrollers for automated measurements. Recent research has also focused on miniaturizing
galvanometers for applications in portable devices. [Lopez et al. (2020)] developed a compact
galvanometer suitable for field measurements, demonstrating that miniaturization does not
compromise performance. Their design utilized advanced materials to maintain sensitivity while
reducing size.

2.6 APPLICATIONS OF MOVING COIL GALVANOMETERS

Moving coil galvanometers are widely used in various fields, including physics laboratories,
electrical engineering, and biomedical applications. In physics, they serve as precise instruments
for measuring small currents in experimental setups. Electrical engineers utilize galvanometers
for circuit testing and diagnostics, while in biomedical research, they are employed in devices
like electrocardiograms (ECGs) to measure electrical signals from the heart. [Chen et al. (2021)]
conducted a study on the application of galvanometers in electrochemical sensors, emphasizing
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their role in measuring current changes during chemical reactions. This demonstrates the
versatility of galvanometers in modern scientific research. Additionally, [Johnson et al. (2018)]
examined the calibration methods for galvanometers, highlighting the significance of precise
measurements in experimental physics. These studies provide a foundation for understanding the
evolution of galvanometer technology and its applications.

3 METHODOLOGY
The experimental setup involves a moving coil galvanometer connected to a circuit with a known
current. The following steps outline the methodology:

*  Materials Used: A moving coil galvanometer, a power supply, resistors, and a
multimeter.

*  Setup: Connect the galvanometer in series with a resistor and power supply. Ensure all
connections are secure.

« Data Collection: Vary the current through the circuit and record the corresponding
deflection of the galvanometer needle.

*  Calculating Sensitivity: The sensitivity of the galvanometer is calculated using the
formula S = A6/AL where S is the sensitivity, A is the change in deflection, and Al is the
change in current.

4 RESULTS
The results of the experiments are summarized in Table 1. The deflection angles were measured
for various current values.

Current (mA) Deflection (degrees) Sensitivity (degrees/mA)

0.5 10 20
1.0 25 25
1.5 40 26.67
2.0 55 27.5
2.5 70 28

Table 1: Results of galvanometer sensitivity measurements.

4.1 GRAPHICAL ANALYSIS
The experimental data can be analyzed through graphical representation. The following plots
illustrate the relationship between current and deflection, as well as the calculated sensitivity.
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Deflection vs. Current
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Figure 1: Plot of deflection against current.

Sensitivity vs. Current
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Figure 2: Plot of sensitivity against current.
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Figure 3: Comparison of experimental and theoretical sensitivity values.

5 WORKING PRINCIPLE AND CONSTRUCTION OF MOVING COIL
GALVANOMETER
A moving coil galvanometer consists of a coil suspended in a magnetic field. The basic
components include:

*  Coil: A rectangular coil of wire wound around a non-magnetic frame.

*  Magnetic Field: Permanent magnets that create a uniform magnetic field.

* Pointer and Scale: A pointer attached to the coil moves over a calibrated scale to

indicate the current.

*  Suspension: The coil is suspended by a fine wire, allowing it to rotate freely.
5.1 GOVERNING EQUATION
The torque (1) experienced by the coil can be expressed as:
1=B 1A sin(0)
where B is the magnetic field strength, I is the current through the coil, A is the area of the coil,
and 0 is the angle between the magnetic field and the normal to the coil. In a galvanometer, the
angle 6 is small, allowing us to use the approximation sin(8) = 0 (in radians). The torque is
balanced by the restoring torque of the suspension wire, leading to the equation:
k0=BTA
where k is the torsional constant of the suspension wire. Rearranging gives:
I=k0/(BA)
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6 DISCUSSION

The results indicate a consistent sensitivity of the galvanometer, demonstrating the reliability of
the experimental setup. The linear relationship between current and deflection confirms the
expected behavior of the galvanometer. The experimental values align closely with theoretical
predictions, validating the methodology employed.

7 CONCLUSION

This study successfully analyzed the moving coil galvanometer, detailing its working principle,
construction, and sensitivity measurements. The results provide valuable insights into the
functionality of galvanometers and their applications in measuring electric currents. Future
research could explore the effects of different coil designs and materials on galvanometer
performance.
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