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A galvanometer is an essential instrument in electrical engineering and physics used to
detect and measure small electric currents. When designing or adapting a galvanometer for
specific applications, understanding its resistance, sensitivity, and how to modify it for
different current ranges is crucial. In this context, a galvanometer with a resistance of 50
ohms, which produces a full scale deflection at a current of 1 milliampere (mA), is to be
adapted for various measurement purposes. This comprehensive guide explores the
principles behind such an adaptation, the calculations involved, and the methods to extend
or modify the galvanometer's current range effectively.

Understanding the Basic Characteristics of the
Galvanometer

Key Parameters
Before adapting the galvanometer, it’s important to understand its fundamental
parameters:

Resistance (R): 50 ohms

Full scale deflection current (I_fs): 1 mA (0.001 A)

Deflection sensitivity: the degree of needle deflection per unit current

Working Principle
A galvanometer works on the principle of electromagnetic induction. When a current flows
through its coil placed within a magnetic field, the resulting torque causes the needle to
deflect proportionally to the current. The deflection is calibrated to give a direct current
measurement.



Extending the Measurement Range: The Need for
Modifications

Galvanometers are typically sensitive to small currents, and their measurement range can
be extended by connecting additional components. The main goals are:

To measure larger currents without damaging the galvanometer1.

To calibrate the instrument for different current ranges2.

To improve accuracy and precision3.

These objectives are achieved mainly through the use of shunt resistors or by converting
the galvanometer into an ammeter with a known current range.

Methods of Adapting a Galvanometer for
Different Current Measurements

1. Using a Shunt Resistor
The most common method involves connecting a low-resistance shunt resistor in parallel
with the galvanometer. This allows the majority of the current to bypass the galvanometer,
enabling measurement of larger currents.

Principle
The total current flowing through the circuit is divided between the galvanometer and the
shunt resistor in inverse proportion to their resistances:

\[
I_{total} = I_g + I_s
\]
where:
- \( I_g \) is the current through the galvanometer
- \( I_s \) is the current through the shunt resistor

Since the galvanometer shows full scale deflection at 1 mA, to measure a larger current \(
I_{max} \), a shunt resistor \( R_s \) is chosen such that:

\[
I_{max} = I_g + I_s
\]



When the galvanometer is at full scale (deflection corresponding to 1 mA):

\[
I_g = 1\, \text{mA}
\]

The shunt resistor \( R_s \) is calculated to divert the excess current:

\[
R_s = \frac{R_g}{\left( \frac{I_{max}}{I_g} - 1 \right)}
\]

where \( R_g = 50\, \Omega \) is the resistance of the galvanometer.

Calculating the Shunt Resistor
Suppose you want to adapt the galvanometer to measure currents up to 10 mA:

\[
I_{max} = 10\, \text{mA} = 0.01\, \text{A}
\]
\[
I_g = 1\, \text{mA} = 0.001\, \text{A}
\]

Then:

\[
R_s = \frac{50}{\left( \frac{0.01}{0.001} - 1 \right)} = \frac{50}{(10 - 1)} = \frac{50}{9}
\approx 5.56\, \Omega
\]

Connecting a 5.56-ohm resistor in shunt across the galvanometer enables it to measure up
to 10 mA full scale.

2. Conversion into an Ammeter
By adding an appropriate shunt resistor, the galvanometer can be calibrated as an
ammeter for a specific maximum current.

Steps to Convert

Determine the maximum current you wish to measure (\( I_{max} \)).1.

Calculate the shunt resistor \( R_s \) using the formula above.2.

Connect the shunt resistor in parallel with the galvanometer.3.

Calibrate the instrument to correspond the needle deflection at full scale to \( I_{max}4.



\).

3. Using a Multirange System
For versatility, multiple shunt resistors can be used, allowing the galvanometer to switch
between different current ranges.

Applications and Practical Considerations

Choosing the Right Shunt Resistor
Selecting an appropriate shunt resistor involves considering:

Power Dissipation: The resistor must handle the heat generated, calculated as \( P =1.
I_s^2 R_s \).

Tolerance and Resistance Stability: High precision resistors reduce measurement2.
errors.

Physical Size and Mounting: For portable or laboratory instruments, size constraints3.
matter.

Calibration and Error Correction
To ensure accurate measurements:

Calibrate the galvanometer after modification using known current sources.

Account for temperature variations affecting resistor values.

Use high-quality resistors with low temperature coefficients.

Limitations of Adaptation
While shunt resistors are effective, there are limitations:

Increased power dissipation can lead to overheating.



Accuracy diminishes if resistors are not precisely known or stable.

Very high currents require very low resistance shunts, which can be physically
challenging.

Advanced Techniques for Modifying
Galvanometers

1. Series Resistance Addition
Adding a resistor in series with the galvanometer can reduce sensitivity, suitable for
measuring larger currents.

2. Moving Coil and Magnetic Field Adjustments
Changing the magnetic flux or coil parameters can modify the sensitivity and range
intrinsically, though this is more complex and less common.

3. Digital Calibration and Signal Conditioning
Incorporate electronic circuits for calibration, filtering, and digital readouts to enhance
measurement accuracy.

Summary of Key Formulas and Calculations

Shunt Resistance: \( R_s = \frac{R_g}{\left( \frac{I_{max}}{I_g} - 1 \right)} \)

Power Dissipation in Shunt: \( P = I_s^2 R_s \)

Conclusion
Adapting a galvanometer with a resistance of 50 ohms, which gives a full-scale deflection at
1 mA, to measure larger currents involves strategic incorporation of a shunt resistor. Proper
calculation ensures the instrument can be used as an ammeter for various current ranges,
improving its versatility and utility in electrical measurements. Key considerations include
resistor selection, calibration, and thermal management. With these techniques, the
galvanometer becomes a flexible and accurate measuring instrument suitable for both
laboratory and field applications.



---

Note: When performing any modifications, always ensure safety precautions, especially
when dealing with high currents or power dissipation. Proper calibration and testing are
essential for reliable measurements.

Frequently Asked Questions

What is the purpose of adapting a galvanometer of
resistance 50 ohms with a full-scale deflection of 1 mA?
The purpose is to convert the galvanometer into an ammeter capable of measuring larger
currents without damaging the instrument, by adding a suitable shunt resistor.

How do you determine the value of the shunt resistor
needed to convert the galvanometer into an ammeter?
The shunt resistor is calculated using the formula: Rs = (G / Ig - 1) Rg, where G is the
desired full-scale current, Ig is the galvanometer's full-scale deflection current, and Rg is
the galvanometer's resistance.

What is the significance of the galvanometer's
resistance being 50 ohms in adaptation?
The resistance determines the amount of current the galvanometer can handle and
influences the calculation of the shunt resistor needed to convert it into an ammeter of
desired range.

If the galvanometer gives a full-scale deflection at 1
mA, what is its internal resistance at that current?
The internal resistance of the galvanometer at full-scale deflection is given as 50 ohms,
which remains constant regardless of the current, assuming linear behavior.

How does adding a shunt resistor affect the
measurement range of the galvanometer?
Adding a shunt resistor allows the galvanometer to measure larger currents by bypassing
excess current around the galvanometer coil, effectively increasing the measurement
range.

What is the step-by-step process to adapt this



galvanometer into an ammeter?
First, determine the desired maximum current for the ammeter, then calculate the shunt
resistor value using the galvanometer's resistance and full-scale deflection current, and
connect this resistor in parallel with the galvanometer.

Can the same galvanometer be adapted into a
voltmeter? If yes, how?
Yes, by connecting a high resistance in series with the galvanometer, it can be used as a
voltmeter, where the voltage range depends on the series resistance and the
galvanometer's full-scale deflection current.

Additional Resources
A Galvanometer Of Resistance 50 Ohms Which Gives A Full Scale Deflection For 1mA Is To
Be Adapted To measure larger currents or be converted into various measuring instruments
such as an ammeter, voltmeter, or other electrical measurement devices. Understanding
how to adapt this sensitive instrument effectively involves examining its fundamental
properties, the principles of its operation, and the steps necessary to extend its range or
modify its functionality. This guide provides a comprehensive approach to adapting a
galvanometer with the specified characteristics for broader applications, ensuring accurate
measurements while maintaining safety and precision.

---

Introduction to Galvanometers and Their Significance

A galvanometer is a sensitive electrical instrument used primarily to detect and measure
small electric currents. Its core operating principle is based on the deflection of a magnetic
needle or coil proportional to the current passing through it. The sensitivity, resistance, and
scale of a galvanometer determine its usefulness in various electrical measurement
contexts.

The galvanometer of resistance 50 ohms which gives a full scale deflection for 1mA is
considered a sensitive instrument. Its high sensitivity makes it suitable for precise
measurements but also necessitates careful adaptation when measuring larger currents or
integrating into other instruments like ammeters and voltmeters.

---

Fundamental Parameters of the Galvanometer

Before proceeding with adaptation, it is critical to understand the key parameters of the
galvanometer:

Resistance (R)
- Given as 50 ohms, which influences the current passing through the galvanometer for a
given voltage.



Full Scale Deflection Current (I₀)
- 1 mA (0.001 A); the maximum current that causes the needle to deflect fully.

Sensitivity
- Defined as the deflection per unit current; in this case, the galvanometer is highly
sensitive to small currents.

Magnetic and Mechanical Factors
- The coil's magnetic properties and the restoring torque determine the needle's deflection
and linearity.

---

Goals for Adaptation

Adapting this galvanometer involves one or more of the following:

- Increasing the maximum measurable current (e.g., converting it into an ammeter).
- Converting it into a voltmeter with a specified voltage range.
- Extending its range for measuring larger currents or voltages.
- Improving sensitivity or linearity for specific applications.

The primary challenge is to modify the circuit such that the galvanometer can safely handle
larger currents or voltages without damaging the instrument or compromising accuracy.

---

Step-by-Step Guide to Adapting the Galvanometer

1. Converting the Galvanometer into an Ammeter

Objective: To measure currents greater than 1 mA, say up to a certain maximum value, by
adding a shunt resistor.

Principle:
- A shunt resistor (Rₛ) is connected in parallel with the galvanometer.
- The shunt bypasses most of the current, allowing only a small fraction to pass through the
galvanometer.

Calculation of Shunt Resistance:

Suppose we want the ammeter to measure a maximum current \( I_{max} \).

- The galvanometer's full-scale deflection current: \( I_g = 1\, \text{mA} \)
- The maximum current to measure: \( I_{max} \)

The shunt resistor \( R_s \) is determined by:

\[
R_s = \frac{R \times I_g}{I_{max} - I_g}
\]



Example: To measure up to 10 mA,

\[
R_s = \frac{50 \times 0.001}{0.01 - 0.001} = \frac{0.05}{0.009} \approx 5.56\, \Omega
\]

Implementation:
- Connect the resistor \( R_s \) in parallel with the galvanometer.
- The total circuit allows larger currents to be measured while protecting the galvanometer.

2. Converting into a Voltmeter

Objective: To measure voltages up to a certain maximum voltage \( V_{max} \).

Principle:
- Connect a high resistance \( R_v \) in series with the galvanometer.
- The voltage across the series combination causes the full-scale deflection.

Calculation of Series Resistance:

\[
V_{max} = I_g \times (R + R_v)
\]

\[
R_v = \frac{V_{max}}{I_g} - R
\]

Example: To measure up to 2 V,

\[
R_v = \frac{2}{0.001} - 50 = 2000 - 50 = 1950\, \Omega
\]

Implementation:
- Place \( R_v \) in series with the galvanometer.
- Adjust and select a resistor value to match the desired voltage range.

3. Extending the Range for Larger Currents or Voltages

- For measuring very high currents, multiple shunt resistors can be cascaded or designed
with specific resistance values.
- For measuring high voltages, multiple series resistors or a combination of voltage dividers
can be used.
- Always ensure that the resistor wattage ratings are sufficient to handle power dissipation:

\[
P = I^2 R
\]
or
\[



P = \frac{V^2}{R}
\]

4. Calibration and Verification

- After circuit modifications, calibrate the instrument using known current or voltage
sources.
- Plot a calibration curve to verify linearity.
- Ensure the deflection is proportional to the current or voltage within the desired range.

---

Additional Considerations

Temperature Effects
- Resistance can vary with temperature; choose resistors with low temperature coefficients
for stability.

Safety Precautions
- Never exceed the maximum voltage or current ratings.
- Proper insulation and circuit protection are essential.

Mechanical and Magnetic Factors
- Ensure the galvanometer's needle and coil are free from mechanical obstruction.
- Regular calibration maintains accuracy over time.

---

Practical Applications and Usage Tips

- Measurement accuracy: Use precise resistors and calibration procedures.
- Range selection: Always select shunt or series resistors based on the required
measurement range.
- Connection quality: Use good quality connectors and minimize contact resistance.
- Maintenance: Keep the galvanometer and resistors clean and in good condition for reliable
measurements.

---

Summary of Key Formulas

| Application | Resistance Calculation | Example Values |
|----------------------------|----------------------------------------------------------------------|---------------------------
-------------------|
| Ammeter (up to \( I_{max} \)) | \( R_s = \frac{R \times I_g}{I_{max} - I_g} \) | For 10 mA:
\( R_s \approx 5.56\, \Omega \) |
| Voltmeter (up to \( V_{max} \)) | \( R_v = \frac{V_{max}}{I_g} - R \) | For 2 V: \( R_v
\approx 1950\, \Omega \) |

---



Conclusion

Adapting a galvanometer of resistance 50 ohms which gives a full scale deflection for 1 mA
is a fundamental task in electrical measurement engineering. Whether converting it into an
ammeter, voltmeter, or extending its measurement range, understanding the underlying
principles and calculations ensures accurate and safe operation. Proper selection of shunt
or series resistors, calibration, and maintenance are key to achieving reliable results. With
thoughtful modifications, this sensitive instrument can serve a multitude of precise
measurement needs in laboratories, industrial settings, and educational environments.

---

Remember: Always verify calculations, use high-quality components, and adhere to safety
standards when modifying and operating electrical measurement instruments.
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