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What Is The Internal Resistance (in Q) Of An Automobile Battery That Has An EMF Of 12.0
V And A Terminal Voltage?

Understanding the internal resistance of an automobile battery is crucial for diagnosing its health,
optimizing its performance, and ensuring the reliable operation of vehicle electrical systems. When an
automobile battery has an electromotive force (EMF) of 12.0 volts and a certain terminal voltage
under load, calculating its internal resistance provides insight into its condition and efficiency. In this

article, we explore what internal resistance is, how it relates to the battery's EMF and terminal
voltage, and how to determine it through practical methods.

What Is Internal Resistance in an Automobile Battery?

Definition of Internal Resistance

Internal resistance refers to the inherent opposition within a battery to the flow of electric current. It
arises from various internal factors such as:

¢ Electrolyte resistance

e Resistance of electrode materials

e Contact resistance within the battery components

e Chemical processes occurring during charge and discharge

This internal opposition causes a voltage drop inside the battery when current flows, meaning the
terminal voltage drops below the EMF under load conditions.

Significance of Internal Resistance

The internal resistance affects several key aspects of battery performance:

e Voltage regulation during load



 Battery efficiency and energy loss
* Heat generation within the battery

e Battery lifespan and health

High internal resistance indicates aging or damage, leading to reduced performance and potential
failure.

Understanding EMF, Terminal Voltage, and Internal
Resistance

Electromotive Force (EMF)

EMF is the maximum potential difference generated by a battery when no current is flowing. It
represents the ideal voltage of the battery in an open-circuit condition.

Terminal Voltage under Load

When the battery supplies current to a circuit, the terminal voltage (V) drops below the EMF due to
internal resistance:

\[
V = \text{EMF} - | \times r

\]

where:

-\( V) = terminal voltage under load

-\( I'\) = current flowing through the battery
-\( r\) = internal resistance

Relationship Between EMF, Terminal Voltage, and Internal
Resistance

The key relationship can be expressed as:

\[
V = \text{EMF} - | \times r

\]

or rearranged to solve for internal resistance:



\[
r = \frac{\text{EMF} - V}{I}
\]

This formula indicates that if we know the EMF, terminal voltage under load, and the current, we can
compute the internal resistance.

Calculating Internal Resistance of an Automobile
Battery

Prerequisites for Calculation

To determine the internal resistance, you need:

1. The EMF of the battery (given as 12.0 V)
2. The terminal voltage under load (measured during operation)

3. The current drawn by the load (measured during operation)

Step-by-Step Calculation
Suppose the battery has an EMF of 12.0 V, and when a load is connected, the terminal voltage is
measured as V, with a current | drawn.

The internal resistance r is then:

\[
r = \frac{12.0\, \text{V} - V}{I}
\]

Example:

- Terminal voltage \(V = 11.5\, \text{V}\)
- Current \(I = 10\, \text{A}\)

Calculating internal resistance:

\[

r =\frac{12.0\, \text{V} - 11.5\, \text{V}} {10\, \text{A}} = \frac{0.5\, \text{V}} {10\ \text{A}} =
0.05\, \Omega

\]



This indicates the internal resistance of the battery is 0.05 ohms in this scenario.

Factors Affecting Internal Resistance in Automobile
Batteries

Age of the Battery

As the battery ages, internal resistance tends to increase due to the deterioration of internal
components and electrolyte.

Temperature

Temperature influences internal resistance significantly:

e Higher temperatures typically decrease resistance, improving performance temporarily

e Lower temperatures increase internal resistance, reducing available current

State of Charge

A fully charged battery has lower internal resistance compared to a partially discharged one.

Battery Chemistry and Construction

Different types of batteries (lead-acid, AGM, lithium-ion) have varying internal resistances based on
materials and design.

Implications of Internal Resistance on Vehicle
Performance

Reduced Voltage and Power Delivery

High internal resistance causes a significant voltage drop under load, leading to dim headlights, slow
engine cranks, or electrical failures.



Increased Heat Generation

Higher internal resistance results in heat inside the battery, which can accelerate degradation or
cause safety hazards.

Battery Efficiency and Lifespan

Persistent high internal resistance indicates aging, which reduces the battery's ability to hold charge
and shortens its lifespan.

Impact on Starting and Electrical Systems

A battery with high internal resistance may struggle to provide the necessary current for engine
startup and operation of electrical accessories.

Measuring and Monitoring Internal Resistance

Methods of Measurement

Several methods are used to measure internal resistance:
1. Load Test Method: Measure terminal voltage and current under load, then compute
resistance using the formula above.

2. Conductance Testing: Specialized instruments send a high-frequency current and measure
conductance to estimate internal resistance.

3. Impedance Spectroscopy: Advanced method involving AC signals over a range of frequencies
for detailed internal resistance analysis.

Tools and Instruments

Common tools include:

e Digital multimeters with current measurement capabilities
* Internal resistance testers or conductance meters

e Battery analyzers with internal resistance measurement features



Best Practices for Accurate Measurement

To ensure precise readings:

Perform measurements when the battery is at a stable temperature

Ensure the battery is fully charged before testing

Use appropriate load conditions matching real-world usage

Record measurements at different load levels to assess internal resistance variation

Maintaining Optimal Internal Resistance in Your
Automobile Battery

Regular Inspection and Testing

Routine checks help detect increases in internal resistance early, preventing unexpected breakdowns.

Proper Charging and Discharging

Avoid deep discharges and overcharging to preserve battery health and keep internal resistance low.

Ensuring Adequate Cooling

Maintain proper cooling systems to prevent overheating, which can increase internal resistance.

Replacing Aging Batteries

Replace batteries exhibiting high internal resistance to maintain vehicle reliability.

Conclusion

The internal resistance of an automobile battery is a vital parameter influencing its performance,
efficiency, and lifespan. When a battery has an EMF of 12.0 V and a known terminal voltage under



load, calculating the internal resistance provides valuable insights into its health. By understanding
the relationship between EMF, terminal voltage, and internal resistance, vehicle owners and
technicians can diagnose potential issues, optimize battery performance, and ensure the reliable
operation of automotive electrical systems. Regular monitoring and maintenance are essential to
keep internal resistance within optimal limits, thereby extending battery life and maintaining vehicle
dependability.

Keywords: internal resistance, automobile battery, EMF, terminal voltage, battery health, internal
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Frequently Asked Questions

What is the typical internal resistance of a standard 12V
automobile battery?

The internal resistance of a standard 12V automobile battery typically ranges from 0.002 to 0.005
ohms, depending on the battery's age and condition.

How does internal resistance affect the performance of an
automobile battery?

Higher internal resistance causes a voltage drop under load, reducing the effective voltage available
to the vehicle's electrical components and potentially leading to starting issues.

How can the internal resistance of a 12V battery be
measured?

It can be measured by applying a known load and measuring the voltage drop, then calculating
resistance using Ohm's law, or using specialized battery testers designed for this purpose.

What factors influence the internal resistance of an
automobile battery?

Factors include the battery's age, temperature, state of charge, and overall health; older or damaged
batteries tend to have higher internal resistance.

Why does internal resistance matter in the context of an
automobile battery with an emf of 12.0V?

Because it determines how much voltage is lost during operation, impacting the battery's ability to
deliver sufficient current for starting and running the vehicle effectively.



What is the relationship between emf, terminal voltage, and
internal resistance?

The terminal voltage (V) under load is related to emf (E) and internal resistance (r) by the formula V =
E - Ir, where | is the current drawn. Higher internal resistance leads to a larger voltage drop.

Can internal resistance of a battery be reduced or maintained
over time?

While internal resistance naturally increases with age and usage, proper maintenance, avoiding deep
discharges, and keeping the battery at optimal temperature can help preserve its low internal
resistance.

What are the signs that an automobile battery's internal
resistance is too high?

Signs include slow engine cranking, dim headlights, frequent need for jump-starts, and overall poor
electrical performance.

How does temperature affect the internal resistance of an
automobile battery?

Lower temperatures increase internal resistance, making it harder for the battery to deliver current,
while warmer temperatures decrease resistance, improving performance but potentially accelerating
battery aging.

Additional Resources

Internal Resistance of an Automobile Battery: An In-Depth Analysis

When considering the performance and reliability of an automobile battery, understanding the
concept of internal resistance is crucial. It directly influences how efficiently the battery delivers
power, impacts starting performance, and affects overall battery health. In this article, we will explore
what internal resistance is, how it relates to an automobile battery with an emf of 12.0 V, and how to
determine its internal resistance based on terminal voltage under load conditions.

Understanding Internal Resistance: The Fundamental
Concept



What Is Internal Resistance?

Internal resistance (usually denoted as \( r\)) of a battery is the inherent opposition within the battery
to the flow of current. It arises due to various internal factors such as:

- Electrolyte resistance

- Electrode material resistance

- Contact resistance within the battery components
- Chemical reaction dynamics

This resistance causes some of the energy supplied by the battery to be dissipated as heat, leading to
voltage drops when current flows.

Key Point: Internal resistance is a parasitic property; it is an unavoidable characteristic of all real
batteries, unlike the ideal emf which assumes no internal opposition.

Why Is Internal Resistance Important?

Understanding internal resistance is essential because:

- It determines the voltage available at the terminals when a load is connected.

- It influences the maximum current the battery can supply.

- It affects the battery’s efficiency and lifespan.

- It helps diagnose battery health; increased internal resistance often indicates aging or damage.

In the context of automobile batteries, internal resistance impacts starting torque, cranking speed,
and overall performance, especially in cold weather or under heavy load conditions.

Automobile Battery: Characteristics and Parameters

Basic Specifications of a Typical Car Battery

Most standard automotive batteries are lead-acid types with typical parameters such as:

- Electromotive Force (EMF): Approximately 12.0 V (nominal voltage)
- Design Internal Resistance: Usually ranges from 0.005 Q to 0.020 Q when new
- Terminal Voltage: Varies with load; around 12.0 V at rest, drops under load

In our scenario, the battery has an emf \( E = 12.0 \text{ V} \). When a load is applied, the terminal
voltage \( V'\) dips below emf due to internal resistance.



Note: The emf is the ideal voltage the battery would produce if no current were flowing.

Determining Internal Resistance: Theoretical
Foundations

The Basic Model: The Equivalent Circuit

The simplest model to analyze a battery is the electrical equivalent circuit:

- EMF source: \( E\\)
- Internal resistance: \( r\)
- External load resistance: \( R\)

When a current \( I'\) flows, the terminal voltage \( V'\) is given by:

\[
V=E-Ir
\]

Alternatively, rearranged as:

\[
V=E-Ir
\]

This relationship indicates that the voltage drops linearly with current, proportional to the internal
resistance.

Measuring Internal Resistance: Practical Methods

Since internal resistance cannot be measured directly, it is typically inferred through load tests:

1. Open Circuit Measurement: Measure terminal voltage when no load is connected (\( V_{oc} \)). This
equals emf\( E\).

2. Loaded Measurement: Connect a known load \( R \), measure the terminal voltage \( V\), and the
current \( 1).

Using these measurements, internal resistance is calculated as:

\[
r = \frac{E - V}{I}
\]



or, since \( E\) is approximately equal to the open-circuit voltage:

\[
r =\frac{V_{oc} - V}{I}
\]

Applying Concepts to an Automobile Battery

Scenario Assumptions

Suppose we have an automobile battery with:

-EMF\(E\) =120V
- Terminal voltage \( V\) under load = 11.2 V

This scenario could occur when the starter motor draws a large current to crank the engine.

Calculating the Internal Resistance

Step 1: Determine the current drawn under load.

Suppose the load (starter motor) has a known resistance \( R \), or more practically, the current is
measured directly. For this example, assume the current \( I'\) is known or can be estimated.

Let's say the starter motor draws approximately 150 A during cranking (a typical figure for a car
engine).

Step 2: Use the relationship:

\[
r = \frac{E - V}{I}
\]

Plugging in the known values:

\[

r =\frac{12.0\, \text{V} - 11.2\, \text{V}}{150\, \text{A}} = \frac{0.8\, \text{V}} {150\, \text{A}}
\approx 0.00533\, \Omega

\]

Result: The internal resistance of this battery under these conditions is approximately 0.0053 Q.



Significance of the Calculated Internal Resistance

- Low internal resistance (around 0.005 Q) indicates a healthy, new battery capable of delivering high
current without significant voltage drop.

- Impact on Starting Performance: The voltage drop (0.8 V) under load is acceptable for most starting
systems.

Factors Influencing Internal Resistance in Automobile
Batteries

- Age of the Battery: Resistance tends to increase as the battery ages due to sulfation and corrosion.

- Temperature: Cold temperatures increase internal resistance, reducing starting power.

- State of Charge: A fully charged battery has lower internal resistance compared to a discharged one.
- Maintenance & Condition: Proper electrolyte levels and cleanliness help maintain low resistance.

Practical Implications and Diagnostic Use

Why Measure Internal Resistance?

- Diagnose Battery Health: Elevated internal resistance can signal aging or damage.
- Predict Battery Failure: Higher resistance leads to poor starting performance.
- Optimize Maintenance: Regular testing can prevent unexpected breakdowns.

Common Testing Methods in Practice

- Conductance Testing: Portable testers measure internal resistance directly.

- Load Testing: Applying a known load and measuring voltage drop.

- Electrochemical Impedance Spectroscopy (EIS): Advanced method for detailed internal resistance
analysis.



Conclusion: Internal Resistance as a Key Parameter

The internal resistance of an automobile battery, typically in the range of a few milliohms, plays a
pivotal role in the battery’s ability to deliver high currents during engine start-up. For a battery with
an emf of 12.0 V, a terminal voltage of around 11.2 V under load indicates an internal resistance of
approximately 0.0053 Q, which is within the expected range for a healthy lead-acid battery.

Understanding and monitoring internal resistance allows vehicle owners and technicians to assess
battery health, anticipate failure, and ensure reliable vehicle operation. Regular testing, especially
under cold weather conditions or after prolonged use, can help maintain optimal performance and
prolong the lifespan of the battery.

In summary:

- Internal resistance is an inherent property of all batteries, impacting voltage and current delivery.

- For a typical automobile battery with an emf of 12.0 V and a terminal voltage of 11.2 V under a 150
A load, the internal resistance is approximately 0.0053 Q.

- Monitoring internal resistance is essential for diagnosing battery health and ensuring vehicle
reliability.

By grasping these concepts, vehicle owners and automotive professionals can better appreciate the
importance of internal resistance and its role in ensuring dependable vehicle operation.
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